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PREFACE. 


The  first  edition  of  the  Reference  Handbook  was  begun  in  1884  and  was  completed  in  1887. 
In  1894  it  was  believed  that  the  work  might  be  brought  up  to  date  by  the  publication  of  a  supple- 
mentary volume,  and  accordingly  such  a  volume  was  issued.  During  the  past  year  the  same  need 
for  alterations  and  additions  again  made  itself  felt,  and  the  question  then  arose,  Shall  we  issue  a 
second  supplementary  volume?  This  question  was  considered  very  carefully  in  all  its  bearings,  and 
the  conclusion  was  soon  reached  that  the  publication  of  a  second  suj^plementary  volume  would  be 
unwise  owing  to  the  fact  that  every  new  subscriber  to  the  work  would  be  obliged  to  purchase  the 
original  volumes,  in  which  the  proportion  of  useless  text  would  be  constantly  increasing  with  the 
lapse  of  time.  Accordingly  measures  were  taken  with  a  view  to  the  complete  reconstruction  of  the 
Handbook.  The  plan  of  procedure  which  we  adopted  was  the  following :  All  the  articles  of  the 
existing  nine  volumes  were  collected  together  in  groups,  each  of  which  represented  a  special  depart- 
ment of  medical  knowledge.  Each  such  group  of  articles  was  then  intrusted  to  a  competent  specialist 
in  that  particular  branch,  with  instructions  to  determine  which  among  these  numerous  articles  were 
worthy  of  being  republished  (with  or  without  revision  on  the  part  of  the  authors),  which  should  be 
fused  together  and  published  under  a  single  title,  and  which  should  be  discarded  altogether.  By 
this  process  it  was  hoped  and  believed  that  we  should  learn  what  portions  of  the  original  edition 
were  still  valuable,  and  what  therefore  might  be  utilized  in  the  reconstruction  of  the  new.  When 
this  preliminary  part  of  the  work  had  been  completed  it  was  found  that  we  could  not  possibly  hope 
to  retain  more  than  one-half  of  the  actual  text  of  the  first  edition.  This  discoveiy  illustrates  well 
how  many  and  how  great  are  the  changes  which  have  taken  place  in  medical  knowledge  during  the 
past  fifteen  years. 

After  our  expert  advisers  had  determined  to  what  extent  we  could  advantageously  utilize  the 
material  contained  in  the  older  edition,  they  undertook  the  further  task  of  furnishing  lists  of  the 
different  topics  upon  which,  if  the  entire  field  of  medical  knowledge  were  to  l)e  covered  with  some 
deg^e  of  completeness,  articles  would  have  to  be  written.  The  names  of  the  men  who  have  per- 
formed this  double  task  and  who  have  made  it  possible  for  me  to  bring  the  rebuilding  of  this  great 
structure  to  a  successful  issue,  are  mentioned  in  the  accompanying  list.  To  one  and  all  of  them  I 
desire  to  express  my  grateful  thanks,  for  I  recognize  fully  that  without  their  efficient  aid  I  should 
not  be  able  to  cope  successfully  with  the  task  of  deciding  what  shall  be  the  contents  of  the  new  series 
of  volumes. 

Finally,  I  desire  to  acknowledge  the  generous  manner  in  which  the  publishers  have  responded 
to  all  my  demands  upon  them.  When  they  have  been  convinced  of  its  wisdom,  any  suggestion  from 
myself  or  from  one  of  our  authors  has  been  by  them  promptly  adopted. 

New  York,  September  20,  1900.  Albert  H.  Buck. 
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AACHEN  (Aix-laCliapelle,  Fr.),  renowned  for  its  hot 
sulphur  apriogs.  is  an  aDcient  Prussian  town  of  IO(),OO0 
mhabitanls,  easily  mtched  from  Paris,  Brusaels,  or  Co- 
logne, being  only  forty-four  miles  distant  from  ibe  latter 
city.  In  its  ancient  and  renowned  culhedml  "are  the 
Camous  relics  of  Charles  the  Great,  who  has  Ix^n  honored 
as  the  discoverer  of  the  springs  and  founder  of  the  town ; 
but  thennal  waters  at  Aachen  were  certainlv  known  to 
tbc  Romans."  whose  predilection  for  baths  and  hot  springs 
ia  well  known.  a»  Iheir  elaborate  remains  at  Bath,  £ag- 
land,  and  elsewhere  testify.  The  springs  of  Aachen  were 
aim  risited  in  k.v.  T<W  by  King  Pepin  the  i^hort.  The 
town  is  at  an  elevation  uf  about  565  feet  above  sea  level,  is 
"built  on  sandy  soil,  and  is  fairly  stiicltered  by  hills.  Al- 
tbough  the  town  itself  has  become  entirely  modem,  its 
■uTTuundings  are  very  attractive.  The  climate  is  moder- 
ately moist.  The  average  temperoturc  is  51°  F..  and  the 
number  of  lainy  days  1 10, 

The  entire  ciry  is  underlaid  with  hot  springs,  and  witliin 
a  distance  of  1.316  metres  the  water  issues  from  ten 
flpringa.  The  principal  ones  are  the  Kaiserquellc  (tlie 
strongest) .  with  a  temperature  of  191°  F. ;  the  Quirinus- 
quelle,  l^'  F. :  the  K'lwnquelle.  117.5'  F. :  and  llie  Cor- 
neliusquelle,  114'  F.  The  watent  of  the  various  iiprjngs 
wc  very  uniilar  in  mineral  constituents,  diftering  in  tem- 
perature and  the  amount  of  sulphur  they  contain.  The 
Elisenbrunnen.  the  one  miMt  used  for  drinking  purposes, 
derive*  its  water  froni  the  Kaiseniuelle. 

At  the  larger  lulli  establishments,  which  are  elegantly 
fitted  up  and  arranged,  there  are  vapor  batki,  inlialatio'u 
«hambeni  for  broncliial  and  laryngeal  alTeclious.  and  other 
nmms  set  apart  for  the  various  hydroiherapeutic  pruc- 
caees.  'The  great  advantage  of  Aix-ia-Cliapellc,"  says 
l>r.  fiaruch.  ~  U  the  fact  that  nearly  all  the  baths  are  situ- 
ated in  Ave  hotels,  and  there  Li  no  necessity,  as  at  Aix-les- 
%ins,  fur  the  patients  to  be  carried  in  sedan  chairs  from 
the  springs  to  the  hotels."  In  the  town  is  a  Zander  In- 
stitute, with  Ur.  Zander's  medico -mecluinical  appliances 
for  Swedish  gymnasties.  Although  one  can  be  IreHle<l  at 
Aachen  at  all  times,  the  two  seasons  are  the  summer,  from 
April  13  to  October  M,  and  the  winter,  from  November  to 
April,  The  Bccommndalions  are  ven'  good,  and  one  can 
lirein  the  bath  establishments  themselves,  as  lias  been  said. 

In  lU.llDU  parts  of  water,  the  Kaiserquelle,  according 
to  the  analysis  of  J.  von  Liebig,  coDlains: 
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The  action  of  the  Aachen  thermal  waters,  as  indeed  of 
all  thennal  waters,  is  to  increase  tissue  metamorphosis  and 
thus  to  promote  absorption  of  chronic  inQammaloryprod- 
ucts,  as  in  chronic  rheumatism  and  gout:  but,  as  'Weber 
wisely  remarks,  "hot  ballis  and  hot-water  drinking  are 
likewise  beneficial  in  these  conditions,  and  it  is  not  cer- 
tain that  the  presence  of  small  quantities  of  sulphur  adds 
much  to  the  effect  of  hot  water";  "the  same,  he  adds, 
"ma J'  be  said  with  regard  to  some  chronic  skin  diseases," 
In  another  place  tbc  same  writer  remarks  that  in  other 
cases  besides  those  of  syphilis  the  reputation  of  the  Spa  Is 
due  not  so  much  to  the  water  as  to  the  energetic  bydro- 
theispeiitic  measures,  special  exereises,  massage,  etc,, 
wliicb  are  employed  there. 

On  account  of  the  chloride  of  sodium  which  tlicy  con- 
tain the  waters  are  used  in  catarrlial  conditions  of  the 
Btomach  and  alimentary  canal  and  of  the  bronchi.  There 
are  inhalation  chambers,  as  has  been  staled  above,  for 
bronchial  and  laryngeal  affections.  The  waters  are  also 
used  in  various  affections  of  the  abdominal  viscera:  in 
sluggish  action  uf  the  bowels  and  stagnaliiiD  in  branches 
of  the  porial  vein,  with  the  resulting  dyspeptic  troubles; 
in  congestion  of  the  pelvic  organs  and  hemorrhoidal  res- 
seU :  and  in  enlargement  of  Ilic  liver.  Chronic  skin  dis- 
eases, such  as  ecKema  and  psoriasis,  are  treated  at  Aacben 
with  nioreor  less  success,  "the  results  obtained,"  as  one 
author  n'marks,  "doubtless  partly  due  to  the  medicinal 
Irealmeiil."  Besides  chronic  skin  diseases,  the  follow- 
ing afTt'CIiona  constitute  the  major  part  of  Ibosc  treated 
at  Aaclien:  chronic  rheumatism,  gont,  and  the  stiffness 
of  joints  resulting  from  these  a&ections:  metallic  poi- 
soning: and  syphilis.  ra.sea  of  the  latter  disease  by 
far  outnumber  all  the  rest,  for  out  of  the  20,0(H)  annual 
visitors  at  the  Spa,  14.0IMI  are  said  to  come  there  for 
syphilitic  treatment.  "The  value  of  these  baths  in  this 
disease."  says  Burueh,  "has  produced  such  an  afflux  of 
syphilitica  lliat  the  town  lias  obtained  quite  an  unenviable 
reputation,  which  prevents,  it  is  said,  purely  gouty,  rheu- 
matic, and  other  [Mitienls  from  frequenting  it."  Weber 
thinks  that  the  reputation  of  Aix-la-Chapellc  in  syphilis 
has  been  due  in  great  part  to  the  ordinary  metlicinal 
treatment  employed  there  and  to  Ibe  attention  paid  to 
the  subject  by  tlie  local  doctors. 

Be  this  aa  it  may.  the  success  of  the  Aix  method  of 
treating  syphilis  is  undoubted,  and  it  will  be  of  interest 
to  repeat  here  the  detailed  account  of  that  method  which 
Dr.  E.  C.  IVendt  gave  in  the  tirst  edition  of  this  Hakd 
BOOK.     It  is,  in  alT  essential  respects,  as  follows: — 

Dr.  Brandis.  one  uf  the  experienced  physicians  of  the 
Spa.  insists  on  three  points: 

1.  The  body  must  always  be  adequately  prepared  for 
the  absorption  of  the  mercury,  and  the  ^my  ointment 
must  always  be  nsed  carefully  and  in  suHicienI  quaniitr. 
The  patient  is  directed  to  take  a  warm  bath  of  half  an 
hour's  duration,  at  a  tempcialure  of  95°  F..  so  as  to 
be  pretiare«l  for  the  subsequent  inunction.  From  this 
rule  it  may  be  necessary  to  deviate  for  various  reasons. 
A  very  frequent  cause  which  compels  us  to  adopt  other 
measures  liist  is  the  fact  that  mercurialism.  the  result  of 
previous  incautiously  applied  mereurial    treatment.   Is 
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present.  After  the  bath  the  patient  must  be  most  care- 
fully dried,  and  immediately,  in  the  bathroom,  rubbed 
with  gray  ointment. 

During  the  entire  treatment  it  is  advisable  to  allow  the 
patient  to  drink  the  warm  waters ;  two  or  three  glasses 
&ould  be  drunk  in  the  morning,  and  a  similar  quantity 
In  the  evening  also.  In  winter  and  cold  weather  the 
waters  should  be  taken  in  bed ;  during  the  summer  and 
on  warm  days,  while  walking  about.  Nevertheless,  we 
must  carefully  notice  whether  the  internal  employment 
of  the  waters  disturbs  the  digestion,  whether  it  takes  away 
the  appetite  and  thus  interferes  with  the  fulfilment  of  a 
very  weighty  indication,  namely,  the  nourishment  of  the 
body. 

For  removing  debility  Dr.  Brandis  relies  not  on  the  use 
of  The  waters,  but  on  the  abundant  drinking  of  warm  milk, 
a  measure  the  merits  of  which  have  not  been  sufficiently 
appreciated. 

Vapor  baths,  followed  by  copious  sweating,  are  indi- 
cated when  the  mercury  no  longer  exercises  a  beneficial 
effect  upon  the  healing  process.  As  a  rule,  patients  are 
directed,  possibly  after  the  twentieth  inunction,  to  take  a 
vapor  bath  on  three  consecutive  days,  and  then  subse 
quently  after  each  tenth  inunction. 

As  to  the  method  of  performing  the  inunctions,  Sig- 
mund's  instructions  are  observed.  It  is  essential  that 
competent  rubbers  do  the  work. 

Both  hands  must  be  employed  in  rubbing  in  the  oint- 
ment. The  use  of  gloves  ana  pads  is  prohibited,  as  they 
absorb  too  much  of  the  ointment.  Mercurial  poisoning 
in  the  rubbers  has  not  been  observed.  Every  rubbing  is 
to  last  fully  twenty  minutes,  ten  minutes  for  each  half  of 
the  dose. 

The  further  instructions  of  Sigmund  are  as  follows : 

On  the  first  day  rub  both  legs;  on  the  second,  both 
thighs ;  on  the  third,  the  abdomen  and  the  breast ;  on  the 
fourth,  the  back ;  and  on  the  fifth,  both  arms. 

Many  patients,  however,  cannot  endure  the  rubbing 
of  the  abdomen  and  breast;  in  such  persons  the  rub- 
bing is  applied  to  the  sides  of  the  body  and  the  nates. 
The  daily  dose  varies  with  the  body-weight  and  the 
susceptibility  of  the  patient — between  four  and  five 
grammes  for  adults,  and  from  one  to  two  grammes  for 
children. 

2.  During  a  course  of  treatment  the  body  must  be 
maintained  in  good  condition ;  the  patient  must  take  ex- 
ercise in  the  open  air,  he  must  occupy  a  spacious  bed- 
room, and  he  must  liave  good  food  in  plenty. 

The  treatment  of  the  mucous  membrane  of  the  mouth 
is  of  great  importance,  for  it  is  in  this  way  that  much 
can  be  done  to  prevent  mercurial  stomatitis. 

Dr.  Brandis  employs  as  a  mouth  wash  a  preparation 
made  according  to  the  following  recipe : 

9  Pulveris  aluminis, 

Plumbi  acetatis ^    30.0 

AquaB  destilUit® 300.0 

Misce  et  flltra. 

This  solution  may  be  used  by  diluting  it  either  with 
pure  water  or  with  some  aromatic  water,  in  the  propor- 
tion of  about  two  dessertspoonfuls  to  the  glass  of  water. 
The  mouth  must  be  regularly  rinsed,  from  the  beginning 
of  treatment,  ten  or  twelve  times  a  day,  or  even  oftener. 
Even  when  taking  walks  the  patient  must  carry  a  small 
bottle  of  the  liquid ;  and  in  urgent  cases  he  must  use  it  re- 
peatedly, even  at  night.  After  each  meal  the  teeth  must 
be  brushed  with  a  mixture  of  prepared  chalk  and  cam- 
phor. 

Dr.  Brandis  states  that  by  carrying  out  these  meas- 
ures very  carefully  the  patient  will,  as  a  rule,  escape 
salivation;  but  occasionally  it  happens  tliat  the  physician 
is  obliged  to  order  a  temporary  suspension  of  the  inunc- 
tions. One  thing  more  is  to  be  observed— namely,  we 
may  accustom  even  highly  sensitive  patients  to  tolerate 
mercury.  If  we  know  beforehand  that  we  have  to  deal 
with  such,  we  should  begin  with  small  doses  of  the  mer- 
curial ointment,  and  gradually  increase  to  larger.     Or  if 


we  have  the  misfortune  to  induce  stomatitis,  and  are 
obliged  to  suspend  treatment,  we  must  postpone  resum- 
ing it  until  all  these  symptoms  have  disappeared;  we 
then  begin  again  with  small  doses,  and  gradually  rise  to 
larger.  A  practical  suggestion  reflates  to  ulcerative  proc- 
esses, so  frequently  observed  in  the  course  of  syphilis.  It 
is  not  always  an  easy  matter  to  distinguish  mercurial 
from  syphilitic  ulcerations ;  they  both  occur  in  the  most 
various  parts  of  the  mucous  membrane  of  the  mouth,  and 
may  look  very  like  each  other.  Above  all.  this  holds  good 
of  those  mercurial  ulcerations  which  occasionally  appear 
on  the  tonsils  and  on  the  soft  palate.  Here  frequently 
only  long-continued  observation  can  decide  the  matter ;  if, 
however,  we  remain  in  doubt,  the  inunctions  must  be 
suspended;  the  mercurial  ulcers  will  then  heal,  whereas 
the  syphilitic  ulcers  will  be  aggravated.  They  also  be- 
have differently  when  cauterized  with  nitrate  of  silver. 
The  mercurial  sore  stands  an  energetic  cauterization  very 
well;  in  fact,  its  healing  is  furthered  by  it;  whereas  the 
contrary  is  generally  the  case  with  the  venereal  ulcer. 
Increased  secretion  of  saliva  may  also  occasion  doubt,  for 
at  times  syphilitic  disorders  which  affect  the  cuvity  of 
the  mouth  direct  ly  produce  salivation.  Another  disagree- 
able result  of  the  inunction  treatment  is  mercurial  diar- 
rhoea. This  symptom  sets  in  suddenly ;  the  evacuations 
follow  one  another  rapidly,  there  is  pain  and  tenesmus, 
and  the  stools  are  scanty  and  show  mucus  and  blood. 
Treatment  by  opiates  is  indicated,  while  the  inunctions 
must  at  once  be  interrupted. 

Healthy  pnirsons  lose  in  weight  if  subjected  to  mercu- 
rialization.  In  contradistinction  to  this,  syphilitic  pa- 
tients gain  in  weight  as  soon  as  they  enter'the  stage  of 
convalescence.  This  applies  to  recent  cases  as  well  as 
to  those  of  long  standing. 

The  inunctions  must  he  employed  for  a  sufllciently  long 
time.  As  our  task  consists  in  healing  the  symptoms  of 
the  disease,  and  as  much  as  possible  in  averting  relapses, 
the  earlier  the  syphilitica! ly  infected  person  is  brought 
under  mercurial  treatment,  the  milder  will  be  the  course 
of  the  disease. 

3.  Above  all  things,  Brandis  insists  that  we  must  not 
too  soon  dismiss  the  patient  from  treatment — indeed, 
not  until  all  symptoms  have  disappeared,  to  the  last 
vestige;  and  also,  that  even  the  slightest  attacks  must 
be  energetically  treated  from  the  outset.  If  experi- 
ence shows  us,  on  the  one  hand,  that  inadequate  treat- 
ment fails  to  remove  completely  the  existing  symptoms, 
or,  after  apparently  curing  them,  is  not  competent  to 
prevent  later  relapses,  it  also,  on  the  other  hand,  dem* 
onstrates  the  fact  that  a  long  and  energetic  mercu- 
rial treatment  will  generally  accomplish  the  desired 
object. 

In  all  ordinary  cases  the  inunctions  are  prolonged 
eight  or  ten  days  beyond  the  time  of  healing  of  visible 
lesions;  the  thermal  batlis  need  not  be  given  for  a 
longer  period. 

In  this  country  the  Hot  Springs  of  Arkansas  is  per- 
haps the  most  renowned  place  for  the  treatment  of 
syphilis,  and  so  far  as  the  waters  are  concerned,  it  offers 
essentially  Hie  same  advantages  as  Aachen. 

Edicard  0.  Otis. 

ABDOMEN.  (ANATOMICAL.)— The  abdomen  is  the 
region  of  the  body  lying  between  the  thorax  and  the 
pelvis.  It  includes  the  abdominal  wall,  the  abdominal 
cavity,  and  its  contents,  the  latter  comprising  almost  the 
whole  of  the  digestive  apparatus  and  a  part  of  the 
urinary.  Above,  the  abdominal  wall  is  s<.^parated  from 
the  thorax  by  the  costal  arch.  Below,  it  is  continued 
into  the  pelvis  and  thighs,  the  lines  of  separation  being 
the  iliac  crests  laterally  and  Poupart's  ligaments  mesially. 
These  superficial  boundaries  of  the  wall  are  not  coexten- 
sive with  those  of  the  cavity,  for  it  extends  above  into 
the  vault  of  the  diaphragm,  corresponding  superficially 
to  the  fourth  intercostal  space  on  the  right  side  and 
the  fifth  on  the  left.  Below,  it  passes  into  the  pelvic 
cavity,  the  line  of  separation  between  abdomen  and  pel- 
vis being  the  linea  ilio-pectinea.      Here  the  lower  limit 
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is  tlie  upper  surface  of  the  levator  ani  and  coccygeus 
muscles. 

The  form  and  external  appearance  of  the  abdomen  var}* 
with  sex,  age,  and  the  condition  of  the  abdominal  wall  and 
underlying  organs.  In  infancy,  as  the  pelvis  is  unde- 
veloped and  the  organs  in  the  upper  part  of  the  cavity  are 
relatively  large,  the  abdomen  is  cone-shaped,  the  apex  of 
the  cone  being  directed  downward.  In  adult  males  the 
region  is  cyl£drical  and  slightly  flattened  from  before 
backward.  In  females  it  is  agam  cone-shaped,  but  the 
apex  of  the  cone  is  above,  as  the  diameter  of  the  lower 
circumference  of  the  thorax  is  always  less  than  that  of 
the  pelvis. 

The  ABDOinNAL  WALL  presents  antero-lateial  and 
posterior  aspects.  It  differs  from  the  walls  of  other 
cavities  in  l^ing,  for  the  most  part,  devoid  of  skeleton, 
which,  with  the  elastic  character  of  the  tissues  composing 
it,  allows  the  cavity  to  vary  in  capacity  according  to  the 
size  of  the  contained  viscera.  At  all  times  it  exerts  upon 
them  a  gentle  pressure,  supporting  them,  and  causing  the 
more  soud  to  impress  the  softer.  This  pressure  may  be 
appreciated  in  any  laparotomy  wound,  when  the  omen- 
tum and  more  movable  intestmes  are  retained  with  dif- 
ficulty. The  antero-lateral  wall  is  composed  of  the 
following  layers  of  tissue,  which  must  be  considered  in 
detail: — 

Skin, 

Superficial  fascia       {  ^"ee^'^^'tJ.'*^- 

External  oblique  muscle, 
Internal  oblique  muscle, 
TransversaliB  muscle, 
Rectus  muscle, 
Transveraalis  fascia, 
Properitoneal  tissue, 
Panetal  peritoneum. 

In  addition  to  this  general  description,  certain  regions 
which  are  commonly  tlie  seat  of  hernia  must  receive 
especial  study.    These  are : — 
The  inguinal  region, 
The  inguino- femoral  region. 

The  Skin  of  the  abdominal  wall  is  thin  and  movable 
except  in  the  region  of  the  navel,  where  it  is  attached  to 
the  underlying  tissue.  Corresponding  to  the  linea  alba 
is  a  furrow  which  indicates  the  space  between  the  recti 
muscles.  Two  transverse  tlexion  folds  are  usually  pres- 
ent, one  at  the  level  of  the  umbilicus,  a  second,  one  inch 
above  the  pubis.  This  latter  marks  the  summit  of  the 
moderatelv  distended  bladder.  In  pregnancy,  or  during 
the  growth  of  large  intra-abdominal  tumors,  the  stretch- 
ing of  the  skin  may  give  rise  to  a  series  of  longitudinal 
lines,  called  striae  gravidarum. 

Superficial  Fascia. — Of  this  there  are  two  lay  era. 

The  superficial  layer  varies  in  thickness  according  to 
the  amount  of  fat  deposited  in  it.  Both  above  and  be- 
low it  is  continuous  with  the  corresponding  layer  of 
tissue  in  adjacent  regions.  In  the  pubic  re^ou  it  passes 
into  the  scrotum,  losing  the  fat,  and,  joinmg  the  deep 
layer,  it  assists  in  the  formation  of  the  dartos.  At  the 
posterior  border  of  the  scrotum  it  becomes  continuous 
with  the  same  layer  of  the  perineum.  The  amount 
of  fat  deposited  in  this  layer,  together  with  that  in  the 
omentum  and  mesenteries,  is  the  principal  factor  in  deter- 
mining the  external  appearance  of  the  abdomen.  Ac- 
cordingly, all  gradations  occur,  from  the  thin  concave 
abdomen  of  the  emaciated  to  the  thick  pendulous  one 
of  the  obese.  These  variations  become  of  importance 
in  examinations  of  abdominal  organs  or  in  operations 
upon  them.  The  thick  wall  renders  the  task  more 
difficult. 

The  deep  layer  is  thin  and  more  fibrous  in  structure. 
It  can  be  separated  distinctly  only  in  the  lower  half  of 
the  wall ;  above,  it  is  lost  in  the  superficial  layer.  Below, 
externally,  it  is  connected  with  the  iliac  crests ;  anteriorly, 
it  passes  over  Poupart's  ligaments,  to  be  attached  to  the 
wcia  lata  half  an  inch  below  them.     In  the  pubic  region, 


together  with  the  superficial  layer  it  jiasses  into  the  scro- 
tum to  form  the  dartos.  At  the  posterior  border  of  the 
scrotum  the  lavere  again  separate,  the  deeper  one  forming 
the  corresponaing  fascia  of  the  perineum.  This  latter 
fascia  is  attached  on  each  side  to  the  rami  of  the  pubis 
and  ischium,  and  turning  around  the  posterior  border  of 
the  transverse  perineal  muscles,  it  becomes  continuous 
with  the  deep  perineal  fascia.  It  is  beneath  this  layer 
of  tissue  that  urine  or  an  infection  is  guided  from  the  peri- 
neum through  the  scrotum  upon  the  abdomen.  The  at- 
tachment of  the  fascia  to  the  bony  margin  of  the  pelvis 
prevents  the  spread  into  the  thighs  on  their  inner  sides, 
while  the  attachment  to  the  fascia  lata  prevents  a  simi- 
lar spread  from  in  front.  The  deep  superficial  fascia  is 
separated  from  the  aponeurosis  of  the  external  oblique  by 
loose  areolar  tissue  except  along  the  linea  alba,  where  the 
attachment  is  more  intimate. 

External  (Miqnc  Muscle  (Pigs.  1  and  2).— This,  the 
strongest  and  most  superficial  of  the  abdominal  mus- 
cles, arises  by  fleshy  digitations  from  the  eight  lower 
ribs,  interdigitating  in  the  upper  half  with  the  ser- 
ratus  magnus,  in  the  lower  with  the  latissimus  dorei. 
The  fibres  are  directed  downward,  forward,  and  in- 
ward, those  from  the  last  two  ribs  almost  vertically 
downward  to  their  insertion  in  the  anterior  two-thirds 
of  the  external  lip  of  the  iliac  crest.  The  remaining 
fibres,  more  oblique  in  direction,  terminate  in  a  broaa 
aponeurosis,  which  at  the  mid-line  joins  with  the  aponeu- 
rosis of  the  remaining  muscles  in  the  linea  alba.  The 
following  structures  in  the  aponeurosis  of  the  external 
oblique  require  especial  mention : — 

PouparVs  Ligament,  formed  by  the  thickened  lower 
border  of  the  aponeurosis,  stretched  between  the  ante- 
rior superior  iliac  spine  and  the  pubic  spine.  Attached 
to  it  below  is  the  fascia  lata,  which  gives  to  the  liga- 
ment an  outline,  convex  downward.  The  flexor  mus- 
cles of  the  thigh,  the  femoral  vessels,  and  the  anterior 
crural  nerve  pass  behind  the  ligament  in  their  course 
downward. 

OimbeniaVs  Ligament  (Pig.  5). — Reflected  from  the 
pubic  end  of  Poupart's  ligament  to  the  linea  ilio-pectinea 
for  about  three-quarters  of  an  inch,  is  a  triangular  layer 
of  fibrous  tissue  termed  Gimbemat's  ligament.  It  has 
upper  and  lower  free  surfaces,  and  a  concave  external 
border,  bounding  the  femoral  ring  internally. 

Exterruil  Abdominal  or  Inguinal  Ring  (Fig.  2). — Situ- 
ated in  the  lower  and  inner  part  of  the  aponeurosis  is  an 
oval  opening,  formed  by  the  separation  of  the  fibres  com- 
posing this  part  of  the  aponeurosis  from  the  fibres  of 
Poupart's  ligament.  The  long  axis  of  the  ring  corre- 
sponds in  direction  to  that  of  the  fibres  of  the  aponeu- 
rosis. Its  base  is  formed  by  the  pubic  crest,  its  sides  by 
the  diverging  fibres,  which  are  called  the  pillare  of  the 
ring.  The  superior  or  internal  pillar,  thin  and  flat,  is  at- 
tached to  the  anterior  surface  of  the  symphysis  pubis, 
while  the  inferior  or  external,  thick  and  prismatic,  essen- 
tially the  inner  end  of  Poupart's  ligament,  curves  inward 
to  terminate  at  the  pubic  spine.  Further  facts  concerning 
the  external  rin^  will  be  mentioned  in  the  special  descrip- 
tion of  the  inguinal  region. 

Intercolnmnar  Fascia. — Binding  together  the  fibres  of 
the  aponeurosis  above  the  Inguinal  opening  is  a  set  of 
fibres  which  arch  transversely  inward  from  the  outer 
half  of  Poupart's  ligament,  thus  closing  the  angular  in- 
terval left  between  the  diverging  pillars.  At  the  margins 
of  the  opening  these  fibres  are  continued  over  the  sper- 
matic cord  and  testicle  as  a  fine  fascia,  the  intercolnmnar 
or  spermatic  fascia. 

Internal  (Miqve  Mu»cle  (Fig.  1). — The  general  direction 
of  the  fibres  composing  this  muscle  is  the  opposite  of  that  of 
the  external  oblique.  It  arises  below,  from  the  outer  half 
or  two-thirds  of  Poupart  's  ligament,  from  the  anterior  two- 
thirds  of  the  middle  lip  of  the  crest  of  the  ilium,  and  from 
the  lumbar  fascia  in  the  angle  between  the  crest  of  the 
ilium  and  the  outer  bonier  of  the  erector  spina*  muscle. 
From  this  oripn  tlu;  fibres  ascend  over  the  side  of  the 
abdomen  to  be  disposed  of  as  follows:  the  most  posterior 
fibres  pass  upward  to  be  inserted  into  the  outer  surfaces 
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of  tbe  three  lower  ribs:  those  from  the  crest  anteriorly, 
the  H|iiDe,  and  Poupart'a  ligamtnt  end  in  a  broad  aponeu- 
rosis which  extends  from  tlie  thorax  to  the  pubis,  and  at 
the  outer  bonier  of  the  rectus  divides  into  two  layers,  to 
enclose  this  muscle,  uniting  again  at  the  hnca  altra.  Tlie 
anterior  layer  is  iuseparabfy  united  with  the  aponeurosis 
of  tbe  external  oblique,  the  posterior  with  that  of  the 
transversa  lis,   and  above  with  tbe  seventh  and  eighth 


dirouRh 


.-On  tlie  left  side,  tbe  eilenuil  oblique  Bud  the  snterlor layer  of  (he  i 
Buntb  ire  remm-Hl ;  on  Om  riKht  Bide,  Ihi-  exttrmal  and  Inlenial  obltaiie 
Uie  \0WKT  bsif  at  tbe  rePtus.    The  deep  eplgnglrlc  BTter;  Is  »huwn  llir< 
Uie  wall.      (JotsKI.I      a,  Rectua  abdoinlnls;    b,   tiucrlpllD  lendlnw;    r. 
eilernal  oblique:  il.  lines  alba;  t.  Internal  oblique:  /,  ruirlatranaveniillii: 
a,  Iniemul  abdominal  ring;  h,  lympart's  llmment:  i,  anlerlnr i-niral  nerve; 
J. temunil  artery:  li. remufsl  vein;  I. ipennallc cord ;  in.IuwaovalU;  ii.divit 
eplgastrlf  artery,  ihown  throunh  ahdiimlnal  wall;  o,  transver»all«  ~    — 


horizonlaliy  inward,  the  fibres  terminate  In  an  aponeu- 
rosis about  an  inch  external  to  tbe  border  of  the  rectus, 
except  at  the  upper  extremity,  where  the  flbrcs  pass  be- 
hind the  rectus  almost  to  the  middle  line.  The  arrange- 
ment of  tlio  apoDcurosia  was  descrilMil  with  that  of  the 
internal  oblique, 

Stettit  Abdiiminif  Jiu»eUlFig.  1).— This  muscle  consist* 
of  vertical  dbrcshing  within  the  sheath  formed  by  the  ia- 
temal  oblique  as  described  above.  Situated  oa 
either  side  of  the  mid-line  of  ihe  abdomen,  it 
arises  from  the  anterior  surface  and  crest  of  the 
pubis.  Expanding  and  becoming  thinner  as  it 
ascends,  it  Is  inserted  into  the  cartilages  of  the 
fifth,  sixth,  and  seventh  ribs,  as  well  as  the  bone 
of  the  flflh.  The  fibres  of  the  muscle  are  inter- 
rupted by  three  or  more  tendinous  intersections, 
inseriptiones  tcndineie.  placed,  the  first  at  the  um- 
bilicus, the  second  at  tbe  tower  end  of  theensiform 
process,  the  third  midway  between  them.  They 
are  confined  clilefiy  to  its  anterior  fibresand  are 
linnly  united  to  tbe  anterior  wall  of  ibe  muscle 
shealh.  When  additional  transverse  lines  occur, 
they  are  usually  incomplete  and  are  placed  below 
the  umbilicus. 

The  Linen  Alba,  formed  by  the  union  of  the  ap- 
oneuroses of  the  two  ohiiaue  and  transverse  mus- 
cles, extends  in  tlie  mid-line  from  the  ensiform 
process  to  ttic  pubis.  A  little  below  the  middle 
It  is  n'idencd  into  a  eirciiUr  space,  in  tbe  cen- 
tre of  which  Is  the  umbilicus.  Above  the  um- 
bilicus the  recti  muscles  diverge  and  the  linea 
alba  broadens.  Below  the  umbilicus  the  recti 
muscles  converge  and  the  linea  becomes  narrower 
and  passes  in  front  of  the  conjoined  inner  heads 
of  tlie  recti  muscles  to  the  pubis.  Passing 
from  the  linea.  behind  the  conjoined  heads,  is 
n  siuall  band  of  longitudinal  fibres,  the  admin- 
iciilum  llneffi  albte,  which  spreads  out  below  into 
a  triangular  expansion  attached  to  the  upper 
border  of  the  pubis  beiiind  the  external  head  of 
the  rectus.  Durinc  pregnancy,  or  when  the  ab- 
domen is  distended  by  disease,  Ihe  linea  alba  is 
much  increased  in  breadth. 

The  Lnirn  iSemiltinart*.  situated  along  tbe 
outer  border  of  the  rectus  muscle,  is  a  curved 
linear  depression  corresponding  to  the  narrow 
portion  of  the  aponeurosis  of  tbe  internal  oblique. 
between  Ihe  temiinalion  of  the  muscular  fibres 
and  the  division  of  the  aponeurosis  to  form  the 
rectus  shealh. 

Tlie  fh»eiii  DraTtsreiimli*. — This  thin  layer  of 
fascia  lines  the  posterior  surface  of  the  trans- 
versnlis  muscle  and  Is  continued  on  to  Ihe  under 
surface  of  the  diaphragm.  Above  the  umbilical 
line  it  is  exceedingly  thin,  but  below,  espe- 
cially in  tbe  inguinal  region,  It  is  moie  strongly 


lold  uf  Douglaa. 

costal  cartilages  and  the  ensiform  ]>rocess.  This  arrange- 
ment obtains  only  in  the  upper  two-thirds  of  the 
aponeurosis.  In  the  1ow-er  third  tbero  is  no  division 
Into  layers,  Imtli  internal  oblique  and  transversalis  i>ass< 
ing  in  front  of  the  rectus  with  the  exli-mal  oblique. 
The  deficiency  resulting  in  the  sheath  of  the  rectus  Is 
marked  above  by  a  semilunar  edge,  known  as  the  semi- 
lunar fold  of  Douglas.  The  lowest  fibres  which  arinc 
from  Poupart's  ligament  arch  downward  and  Inwanl, 
and,  joining  similar  fibres  from  the  transveraalis,  form 
the  conjoined  tendon  of  these  two  muscles,  by  which 
ther  are  inserted  into  tlie  anterior  surface  of  the  pubis 
and  the  inner  part  of  the  ilio-pectincal  line,  behind  Giin- 
bemat's  ligament. 

The  TrantTersatin  Miinfh  (Fig.  1),  situated  beneath  the 
Internal  oblique,  arisi-s  from  Ibe  inner  surfaces  of  Ihe  si.x 
lower  ribs,  from  the  transverxc  processes  of  ihe  liimlwr 
Tertebne  by  an  aponeurosis,  sud  from  the  unterii)r  two- 
thirds  of  the  inner  lip  uf  the  crest  of  Ihe  ilium.     Passing 


the  inner  lip  of  the 
crest  of  the  ilium  and  is  continuous  with  the 
iliac  fascia.  An  opening  in  the  transversalis,  the  Internal 
ab<iominal  ring,  will  be  described  below. 

I^jierilaiieal  Timie  and  Piirifliil  Pfrilonfum, — The 
properitoncal  tissue  is  a  variable  layer  which  is  situated 
between  tlie  Iransversalis  fascia  and  the  peritoneum, 
and  is  more  highly  tieveloped  in  Ihe  inguinal  regions. 
Farther  up  on  the  alidominal  wall  il  is  frequently  absent. 
In  this  la.ver  are  situated  the  niosl  important  blood-vessels 
of  the  abilominal  wall,  nie  parietal  jwritoneum  will  be 
more  especially  noted  below.  For  the  most  part  il  is  sepa- 
rated from  Ihe  fascia  Iransversalis  by  the  properitoncal 
tissue,  but  along  Ihe  linea  alba  and  the  umbilical  region 
the  two  are  united. 

m-MHt-Vi-mU  Iff  ihr  Anterior  Ahdmninal  WalL—tbe 
Arteria  of  the  alxlominal  wall  are  in  two  sets,  superficial 
and  deep.  The  sii)H.'rficiul  vessels  an^  situated  in  the 
superficial  fascia.  They  are  the  superficial  epigastric 
and  the  superficial  circumllex  iliac,  derived  irom  the 
femoral. 
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The  deep  get  compriaeB  the  six  lower  intercostals,  the 
lumbar,  the  deep  clrcumtlex  iliac,  the  superior  epigaa- 
tric.  and  the  deep  epigastric  artery.  Of  these,  the  latter 
requires  especial  description. 

ArisiDE  from  the  distal  end  of  tlic  external  iliac,  the 
deep  ep^astric  artery  passes  upward  and  inward  across 
the  rear  wall  of  the  inguinal  caiial  to  the  posterior  sur- 
face of  the  rectus;  entering  the  slicath  of  the  rectus  it 
continues  its  course  upward  to  anastomose  with  the  su- 
perior epigastric,  a  branch  of  the  internal  mammary.  It 
lies  between  the  fascia  transvcrsalis  and  the  parietal  peri- 
toneum in  the  preperitoneal  tissue.  In  the  beginning  of 
its  course  it  encircles  the  lower  and  internal  boiiudariea 
of  tbu  inlemal  inguinal  rin^. 

Two  small  branches  arise  from  the  deep  epigastric 
artery:  the  cremasteric,  wliich  accompanies  the  sper- 
matic cord,  and  the  pubic  branch,  which  ramifies  ou  the 
superior  surface  of  Gimbemat's  ligamentand  the  posterior 
surface  of  the  pubic  bone.  On  the  surface  of  the  ab- 
domen the  courseof  the  artery  maybe  indicated  by  a  line 
drawn  from  Ihe  junction  of  the  inner  third  with  (he  outer 
two-thinls  of  Puupart's  ligament,  obliquely  upward  to 
the  umbilicus. 

The  reiiu  are  likewise  divisible  into  a  superficial  and  a 
deep  set.  TbesupcrBctal  include  tlie  superllcial  epigastric, 
the  superficial  circumflex  iliac,  and  the  vena  tegumentosa 
The  latter  connects  the  axillary  with  either  the  HUjiertlcial 
epiitastric  or  the  femoral  veins. 

"fhe  deep  vems  accompany  the  corresponding  nrtencs 
and  arc  double.  Tl>cy  anastomose  with  one  another,  and 
also  with  the  superficial 

veins  on  one  side  and  with  ,, 

the  portal  system  on  the 
other,  through  the  para- 
umliilical  veins  which  run 
in  the  falciform  ligament 
of  tlie  liver.  In  pathologi- 
cal states  which  interfere 
with  the  circulatioQ  in 
either  the  vena  cava  in- 
ferior or  the  pi)rtjil  system, 
the  aiipcrflcial  veins  may 
be  much  [nore  prominent 
than  is  usual.  In  the 
former  case,  the  blood 
current  is  upward,  tow- 
ard the  umbilicus,  the 
veins  assisting  in  the  for- 
mation of  a  collateral  cir- 
culation. In  the  latter 
case  the  current  is  down- 


Above  the  umbilicus 
tiM  t'lperfieial  lymiihatirM 
emptv  into  the  axillary 
j^lanas:  below  it.  into  the 
inguinal  glands.  The 
deep  lymphatic  vessels 
cniptv  into  the  sternal 
glands  above  and  into  the 
iliac  glands  below. 

Ntrm. — The  abdominal 
muscles  are  supplied  by 
tlie  six  lower  intercostal 
nerves;  the  skin  of  the 
aUlomen,  by  cutaneous 
branches  of  the  same  to- 
gether with  the  ilio-hypo- 
gastric  and  the  ilio-ingui- 
uat  from  the  first  lumbar. 


lateral  cutaneous  branches  which  supply  the  skin  of  the 
lateral  aspect  of  the  abdomen. 

In  this  connection  it  is  interesting  to  note  the  relation- 
ship existing  between  the  nerve  supply  of  the  abdomlmJ 
wall  on  the  one  hand,  and  that  of  the  abdominal  viscera 
and  peritoneum  on  the  other.  The  viscera  derive  their 
principal  nerve  supply  from  the  three  splanchnics,  which 
are  formed  by  the  union  of  the  rami  communicantes  of 
the  six  lower  intercostals.  Therefore  the  abdominal  vis- 
cera and  the  abdominal  walls  are  all  connected  with  the 
BBinc  M'gments  of  the  central  nervous  system. 

In  disease  these  nerve  connections  may  serve  to  ex- 
plain many  of  the  symptoms  and  signs,  such  as  reflected 
pains  and  rigid  abdominal  muscles  In  acute  inUammalory 

The  surgeon  is  frequently  called  upon  to  open  the  ab- 
dominal cavity  through  the  anterolateral  wall.  The  in- 
cisions sliould  be  carefully  planned,  first,  to  give  ample 
room  for  the  necessary  intra-al>daminBl  manipulatloDs: 
second,  to  do  the  least  possible  injury  to  the  abdominal 
wall,  thus  reducing  to  a  minimum  the  liability  of  a  sub- 
setiuent  veniral  hernia. 

The  most  common  line  of  incision  is  through  the  linea 
alba,  this  route  being  chosen  in  most  pelvic  operations,  in 
those  upon  tlie  intestines  in  general,  and  in  many  of  those 
upon  the  stomach.  The  line  is  easily  followed  above  the 
umbilicus,  where  the  linca  alba  is  broad,  but  below, 
w  litre  it  is  narrow,  the  line  is  followed  with  diillculty. 
In  incisions  above  the  umbilicus  the  position  of  the 
fakifurni  Irgami  nt  of  the  liver  should  be  remembered. 


iTiiral  nervr;  if.  free  BlBBuf  H 


...    iJoi.«»ri.i    0,  Fiiuwn's  IMmuicnl;  li.  npfmiBlli:  ■ 

R  pnniiiii  of  fawlu  law  ;  i.  femoral  nniTy ;  /,  femorel  vkI 

_  ..._ iM'lHl  piirtkin  of  Glmbemiifs  llsampiil ;  /,  tatf\a,  irsns 

Idli-nial  oblliiue !  (•.  exleni»l  ubiliiite;  q.  dpep  eplBiutrlc  vessels :  r.  superior  plllur  ot  llieei 
t,  Inferiur  iiIIIbt  ut  the  eilenuil  ring ;  I,  InUTrolutiiniir  rasclH. 


The  nerves  ai 


tuaied  be 
tween  the  l.ransversalis  and   the   internal   oblique,  and 

Sursuc  a  course  corresponding  to  the  intercostal  space, 
■om  which  they  emerge  us  far  as  the  slieath  of  the 
rectus,  which  they  pierce  to  become  cutaneous.  Tjiter- 
ally,  between  the  origins  of  Ihe  external  oblique,  the  la- 
tissimusdorai,  and  the  scrnitus  magnus,  arises  B  series  of 


Many  surgeons  prefer  an  incision  slightly  to  one  side  of 
the  llnea,— one  which  opens  the  sheath  of  the  rcctusmuscle 
anil  seiMirates  Its  fibres.  They  believe  tliat  such  a  wound 
heals  more  solidly  than  one  that  divides  the  linea  alba, 
formed  as  it  is  by  the  inlerhiccment  of  numerous  aponeu- 
rotic layers.  C'ertainly  the  linea  has  but  one  possible 
advantage,  that  is,  avascularity.    The  rectus  should  be 


AbdomeB. 
Abdomen. 
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separated  only  in  its  inner  half,  because  of  the  position  of 
the  nerve  trunks  in  its  outer  half.  For  this  reason  a 
transverse  incision  will  do  less  damage  than  a  longitud- 
inal one  in  the  outer  half  of  the  rectus. 

In  lateral  incisions  three  points  must  be  borne  in  mind : 
(1)  The  direction  of  muscular  or  aponeurotic  fibres;  (2) 
the  course  of  nerves ;  (3)  the  course  of  blood-vessels. 

All  longitudinal  or  oblique  incisions  will  divide  one  or 
more  layers  of  muscular  fibres  which,  in  many  instances, 
it  is  impossible  to  avoid.  However,  when  possible  the 
plan  of  McBumey  should  be  followed — namely,  that  of 
separating  each  aponeurotic  layer  in  the  direction  of  its 
fibres.  When  the  fibres  of  all  the  layers  cannot  be  sepa- 
rated in  this  manner,  it  is  advisable  to  separate  those  of 
the  external  oblique  and  divide  the  remaining  layers. 
The  separation  of  the  fibres  possesses  many  advantages — 
it  is  almost  bloodless,  no  large  nerves  are  injured,  and 
the  edges  of  the  wound,  instead  of  tending  to  separate, 
tend  to  approximate.  It  has  the  disadvantage  of  requir- 
ing a  larger  number  of  assistants  and  of  not  giving  as  free 
an  opening  as  direct  incision. 

When  it  becomes  necessary  to  incise  the  entire  thick- 
ness of  the  abdominal  wall,  the  incision  should  be  planned 
with  due  regard  to  the  nerves,  remembering  that  they  are 
continued  forward  from  the  intercostal  spaces  between 
the  transversalis  and  the  internal  oblique.  For  this  rea- 
son, lateral  longitudinal  incisions  along  the  rectus  are  ob- 
jectionable, division  of  the  nerves  being  followed  by  more 
or  less  paralysis,  which  is  an  important  predisposing 
factor  in  the  development  of  a  hernia. 

Transverse  incisions  in  the  lower  abdominal  region 
must  avoid  the  deep  epigastric  artery  the  course  of  which 
is  indicated  above.  In  the  upper  half  they  must  avoid 
the  superior  epigastric  artery,  which,  however,  is  of  less 
importance  than  the  deep  vessel. 

Tlie  INGUINAL  REGION  is  boundcd  below  by  Poupart's 
ligament,  internally  by  the  median  line  indicated  by  the 
linea  alba,  and  above  by  a  horizontal  line  extending  from 
the  anterior  superior  iliac  spine  to  the  median  line. 

The  tissue  layers  composing  the  wall  are  the  same  as 
those  of  the  wall  in  general. 

Piercing  the  region  in  an  oblique  direction  from  behind 
forward,  downward,  and  inward  is  the  spermatic  cord 
in  the  male  and  the  round  ligament  in  the  female.  Tlie 
track  which  the  spermatic  cord  pursues  in  the  abdominal 
wall  is  known  as  the  inguinal  canal,  but  it  must  be  un- 
derstood that  a  true  canal  exists  only  in  a  pathological 
state. 

The  canal  presents  for  description  an  external  opening, 
an  internal  opening,  and  four  walls.  As  mentioned,  the  ex- 
ternal opening  is  formed  by  the  separation  of  the  lower  and 
the  inner  fibres  of  the  aponeurosis  of  the  external  oblique. 
The  ring  is  closed  by  the  intercolumnar  fascia,  which  is 
continued  over  the  cord  and  testicle  and  must  be  teased 
from  the  cord  before  the  ring  is  plainly  visible.  At 
the  upper  angle,  it  binds  the  columns  together,  thus 
strengthening  the  ring  above.  The  external  ring  varies  in 
size,  depending  upon  the  development  of  the  intercolum- 
nar fibres.  Normally,  the  opening  will  admit  the  end  of 
the  finger,  but  this  is  modified  by  the  position  of  the  body. 
Flexion  and  external  rotation  of  the  thigh  relax  the  open- 
ing, extension  of  the  thigh  or  contraction  of  the  abdomi- 
nal muscles  contracts  the  opening, — facts  which  should 
be  remembered  in  the  reduction  of  hernia  by  taxis.  In 
corpulent  persons  and  in  women  it  is  sometimes  diffi- 
cult to  locate  the  ring,  but  it  should  be  remembered  that 
it  is  immediately  above  and  external  to  the  spine  of  the 
pubis.  When  the  spine  cannot  be  located,  the  tendon  of 
the  adductor  longus  will  serve  as  a  guide,  as  it  lies  im- 
mediately beneath  the  pubic  spine  and  can  in  all  cases  be 
easily  recognized. 

The  internal  ahdominal  ring  is  situated  half  an  inch 
above  the  middle  of  Poupart's  ligament.  Here,  on  the 
posterior  surface  of  the  transversalis  fascia,  the  spermatic 
cord  enters  the  inguinal  canal,  being  invested  throughout 
its  entire  length  by  a  process  of  the  fascia  known  Jis  th(» 
processus  vaginalis  fasciie  transversalis  or  the  infundibuli 
form  fascia.     Thus  it  is  seen  that  the  transversalis  fascia 


is  not  perforated  by  the  cord,  but  is  puslied  forward  as 
an  investing  membitine. 

The  anterior  wall  of  the  canal  is  formed  by  the  aponeu- 
rosis of  the  external  oblique,  the  fibres  of  which  are  here 
crossed  by  the  intercolumnar  fibres. 

The  posterior  wall  of  the  canal  is  composed  of  the  apo- 
neurosis of  the  internal  oblique  and  the  transversalis,  and 
of  the  fascia  transversalis.  It  is  divisible  into  two  parts :  a 
lateral,  formed  b}-  the  transversalis  fascia,  and  an  inner, 
formed  by  the  conjoined  tendon  of  the  internal  oblique 
and  the  transversalis. 

The  upper  wall  of  the  canal  is  bounded  by  the  lower 
fibres  of  the  internal  oblioue  and  the  transversalis.  When 
the  origin  of  these  muscles  from  Poupart's  ligament  ex- 
tends mr  inward,  the  cord  runs  for  a  ^ort  distance  be- 
tween them  before  taking  its  usual  position  in  the  canal. 
From  the  lower  border  of  the  internal  oblique  a  series 
of  loops  of  muscular  fibres  connected  bv  fine  fascia  is 
again  prolonged  over  the  cord.  The  fibres  form  the 
cremasteric  muscle  and  the  connecting  fascia  is  the  crem- 
asteric fascia. 

The  lower  wall  or  floor  of  the  canal  is  Poupart*s  liga- 
ment. The  subserous  fatty  tissue  in  this  region  is  well 
developed  and  forms  one  of  the  layers  investing  a 
hernia. 

Rear  View  of  the  Anterior  Abdominal   Wall  in  the  In- 
guinal Region. 

The  parietal  peritoneum  covering  this  region  of  the 
abdominal  wall  is  thick  and  freely  movable.  It  presents 
a  median  and  two  lateral  longitudinal  folds  separating  as 
many  depressions.  The  median  fold,  extending  from  the 
summit  of  the  bladder  to  the  umbilicus,  is  aiused  by  the 
urachus  and  is  known  as  the  plica  urachi.  On  either 
side  of  it  lies  the  internal  inguinal  fossa.  Of  the  two 
lateral  folds  the  median  is  formed  by  the  lateral  ligament 
of  the  bladder,  the  obliterated  hypogastric  artery  of  the 
foetus.  It  is  known  as  the  plica  hypogastrica,  and  sepa- 
rates the  internal  inguinal  fossa  from  a  second,  the  middle 
inguinal  fossa.  The  external  of  the  lateral  folds  corre- 
sponds to  the  deep  epigastric  artery,  and  separates  the 
middle  inguinal  fossa  from  a  third,  the  external  fossa. 
This  fold  is  the  plica  epigastrica. 

In  the  floor  of  the  external  inguinal  fossa  is  situated 
the  internal  abdominal  ring  bounded  internally  by  the 
deep  epigastric  artery.      The  floor  of  the   middle   in- 

fuinal  fossa  is  the  posterior  wall  of  the  inguinal  canal, 
he  floor  of  the  internal  inguinal  fossa  corresponds  to  a 
point  in  the  abdominal  wall  immediately  external  to  the 
outer  border  of  the  rectus  muscle. 

The  floor  of  each  fossa  may  be  the  exit  of  one  of  the  va- 
rieties of  inguinal  hernia.  The  most  important  landmark 
of  the  above  is  the  plica  epigastrica,  formed  by  the  deep 
epigastric  artery  separating  the  external  from  the  middle 
inguinal  fossa.  Two  forms  of  inguinal  hernia  are  de- 
scribed according  to  their  relation  to  the  deep  epigastric 
artery. 

Thus,  a  hernia  emerging  through  the  external  inguinal 
fossa  is  an  oblique  or  external  inguinal  hernia.  It 
travels  the  entire  length  of  the  inguinal  canal,  and  the 
neck  of  the  hernial  sac  lies  external  to  the  deep  epigastric 
artery. 

A  hernia  emerging  through  the  middle  or  internal  ingui- 
nal fossa  is  an  internal  or  direct  inguinal  hernia.  Instead 
of  traversing  the  entire  length  of  the  canal,  it  passes 
through  the  lower  portion  only,  to  emerge  at  the  external 
ring.  The  deep  epigastric  artery  is  external  to  the  neck 
of  the  sac.  A  hernia  emerging  through  the  internal  in- 
guinal fossa  is  rare  and  is  described  by  Joessel  as  an  in- 
ternal oblique  inguinal  hernia.  Quain,  however,  dis- 
misses this  variety  with  the  simple  statement  that  it  is 
rare,  and  reserves  the  term  internal  (>bli(iue  inguinal  hernia 
for  those  cases  of  internal  hernia  which  emerge  between 
the  conjoined  tendon  and  the  deep  epigastric  artery,  and 
so  traverse  a  considerable  portion  of  the  inguinal  canal  be- 
fore reaching  the  external  ring. 
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External  or  oblique  iD^inal  licmia  nisy  be  eoiigciiital 
or  acquired.  In  deBcribing  the  I'ongcnilal  variety,  it  la 
neceaaarj  to  state  that  ttic  histick  in  itn  descent  from  tlie 
abdomen  Into  tlie  scrotum  is  acfompanied  by  a  pouch  of 
peritoneum  which,  about  the  time  of  birth,  Is  separated 
by  the  adhesion  of  its  walls  from  the  geiieial  peritoneal 
cavity.  The  obliteration  extendi)  normally  fn)Mi  the  Iti- 
temai  abdomioal  ring  lo  Ihe  epididymis,  rlie  lower  portion 
of  the  pouch  remainmg  as  the  tunica  vaginalis  tcsii.s.  the 
upper  portion  being  gradually  converti'd  into  a  tibrous 
coni.  However,  the  obliteration  may  fall  wholly  or  In 
part.  Thus  the  pouch  may  be  obtiteralnl  only  at  Ihe 
internal  ring  or  immediately  above  the  testicle,  or  it  may 
remain  in  complete  communiciitlon  witli  tlie  gi'neral 
peritoneal  cavity.  Wlieii  ttie  latter  condition  obtains.  It 
is  an  easy  matter  for  a  loop  of  intestine  lo  enter  the  jin)- 
ccssus  vaginalis  peritonei 
and  so  fonn  a  liemia. 
Such  a  hernia  usually  de- 
velops before  or  soon  after 
birth,  and  is  distinguished 
by  the  fact  that  the  herni- 
al contents  are  In  direct 
relation  with  the  t<^ticlc. 
and  that  Ihe  liemiul  sac 

Again,  such  a  hernia  first 
shows  itself  In  mon;  adult 
ag«  and  may  be  stlspecteil 
in  rapidly  developinj; 
casi-s.  Thus  it  is  seen 
that  Ihe  term  congenital 
applies  railier  to  the  ci)n- 
dltions  existing  tlian  lo 
le  of  life  at  which 


However,  tlie  neeli  of  the  sac  is  still  encircled  on  its  inner 
side  by  the  deep  epigastric  artery.  As  the  Ucruia  trav- 
erses the  inguinal  canal  it  is  invested  by  the  coveringa 
given  to  the  gpemialiccont  from  the  several  layers  of  the 
abdominal  wall,  Thest-  coverings  are:  {!)  skin,  and 
supertleial  fascia;  (3)  fascia  uropria,  composed  of.  lint. 
intcrcolumoar  fascia:  sucond.  crcmaslerie  muscle  and 
fascia;  (3)  infundibuliform fascia ;  (4)  the properitoncal 
tissue  and  peritoneum  composing  the  lierniul  sac.  In 
congenital  hernia  this  Is  the  processus  vaginalis  peritonei, 
and  may  l>e  distiuguished  from  the  ocquire^l  peritoneal 
cout  by  its  relation  lo  th<'  testicle  and  its  firm  adherence 
to  the  fascia  iiropria.    The  acquired  sac  is  easily  scpa- 

*  directly  in  front  of  and  In  c 


the  he 


appei 


uld  the  congenital 
hernia  reach  the  scrotum, 
it  passes  tielow  tlie  testi- 
cle, surrounding  it  so  that 
it  is  necessary  tu  examine 
carefully  in  order  lo  Und 
this  organ.  This  may 
serve  to  differentiaU;  be- 
tween congenital  and  ao- 
auired  hernia.  Should 
le  obliteration  fail  In  the 
upper  portion  of  the  pro- 
cessus vaginalis  peritonei, 
but  below  forni  a  nor- 
mal tunica  vaginalis,  then 
the  conditions  are  present 
which  allow  the  develop- 
ment of  a  variety  of  her- 
nia described  as  hernia  in- 
to the  funicular  process. 
It  resembles  the  congenital 
form  in  all  particulars  ex- 
cept in  tliat  of  coining  into  direct  contact  with  the  lesllcle. 

In  eariy  childhood  the  inguinal  canal  pursues  a  very 
direct  course  through  theabdomlnal  wall,  but  as  develop- 
ment proceeds,  the  pelvis  widens  and  the  eanal  acquires 

1  oblique  course,  the  internal  rin^  receding  from  ihi' 


the  pel 

se,  the  internal  ...       „   .._. 

external.    This  change  in  the  direction  <if  the  canal  may 
be  followed  by  spontaneous  healing  of  the  hernia. 

Afqiiired  Ktlemil  Ing«inal  Hernia. — lliis  variety,  not 
having  a  congenital  sac,  provides  Itself  with  one'  from 
the  parietal  peritoneum.  Entering  the  inlernal  opening, 
it  passes  slowly  along  the  canal  lo  theextcmal  opening  and 
follows  the  cord  into  the  scrotum,  being  always  sepaniteil 
from  the  testicle  by  Its  own  sac  and  the  outer  layer  of  the 
tunica  vaginalis.  Bucli  a  hernia  is  of  slow  development 
and  may  remain  for  u  long  time  within  tlie  <'anal  before 
emerging  from  the  outer  opening  and  passing  into  llie 
scrotum.  During  the  first  stages  the  canal  n-talns  its 
obliquity.  As  the  hernia  increases  in  sixe  nnil  weight 
the  internal  ring  approaches  the  externa),  so  that  the 
sac  passes  almost  directly  through  the  abdominal  wall. 


'  with  the  veasels  of  the  spermatic  conl.  but  does  not  pass 
below  tile  testicle. 

I  Two  additional  forms  of  acquired  external  incuinal 
hernia  are  descrilied.  and  though  both  are  associated  with 
ineotnplete  obliteration  of  the  processus  vaginalis  peri- 

1  tonei.  they  are  not  provided  with  a  congenilal  sac.    Tlie 

;  first  is  Ihe  infantile  variety,  in  which  the  processus  vagi- 

j  nails  peritonei  is  obliterated  only  at  Ihe  intemiil  ring, 
leaving  a  large  lunlca  vaginalis  testis,  l>eliind  whicli  the 
newly  formed  hernial  sac  descends. 

In  the  si-cond  form.  Iliat  of  encysted  bemia.  the  condi- 
tion of  the  processus  vaginalis  perilonei  is  the  same;  but 

'  the  septum  wlilch  is  undergoing  obliteration  yields,  and, 
passing  down  into  the  tunica  vaginalis  testis,  invests  Ilie 

I  new  sac.  In  a  dissection  of  Ihe  first,  three  layers  of  pcri- 
loneum  must  be  divided,  in  a  dissection  of  ilie  latter  only 
two.  before  the  hernial  contents  are  exposed. 

Iiileriiiil  hri-uiii  is  of  much  less  fretiuenl  occurrence  and 
differs  fnmi  the  oblique  variety.  ( I )  in  passing  through  Iho 

,  abdominal  wall  in  the  floor  of  the  middle  or  intemHl  in- 


jtbdomAD, 
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guinal  fossa,  aud  conRcqueotly  always  lying  on  the  inner 
3de  of  tlie  (k-ep  epi^tric  artery ;  {'i)  in  Dot  pasaiug 
along  llic  enlirc  canal;  (3)  Id  external  appearaDce.  be- 
ing Bmaller  anil  more  globular  in  fonn:  (4)  in  being 
situated  over  Ilic  os  pubis  and  not  in  the  eourse  of  tlie 
inguinal  canal.    Tlie  most  valuable  diSereotial  point  in 


—Heti  Vipv  of  Anterior  Abdominal  Wall,  tbe  Perltoneuin  tuTlng  tirra  Reinnvti]. 
ilerlormiral  nerre:  b.  eitern&l  llticarlcr;:  c.  eilwnil  Iliac  veto;  d.  obluralor  arterr :  e.olil 
e:  /.  umbllli:iil  an^rr:  p,  ureler;  h.gemliiBl  vesicle i  I,  bladder:  J.  admlnli'uluiu  lloeiealbie: 


rold  of  DouKlaa 


the  position  of  the  di^ep  epigastric 

tbe  middle  inguinal  fossa  is  the  rea 

canal.     It  is  divisible  into  two  parts:  An  inner  part,  the 

conjoined  tendon  of  the  intenial  obliqucand  tronsversalis : 

an  outer  part,  the  transvcrsulig  fascia.     The  conjoined   |  Is  attached,  ends  at  the  linea  ilio-peetlnca. 


guinal  canal  tliroueh  the  outer  portion  of  tbe  rear  wall, 
and  lies  between  the  conjoined  tendon  inlernally  and 
the  deep  epigastric  exttimally.  It  passes  for  a  con- 
siderable distance  along  the  canal,  which  gives  it  a 
certain  degree  of  obliquity.  The  coverings  of  this 
hernia  are  tbe  same  as  those  of  tiie  first  variety,  with 
tbe  exception  of  the  con- 
joined tendon,  which  is 
replaced  by  a  layer  de- 
rived from  the  cremasteric 
fascia. 

The    iNGl'tNO-PEMORAL 

Rboiok. — Upon  removing 
the  skin  of  the  inguino- 
femoral region  the  super- 
ileial  fascia  of  the  lliigb 
Is  exposed,  ascending  as 
a  continuous  layer  upon 
the  abdomen,  descending 
upon  the  thighs,  and  in- 
ternally passing  into  the 
dartos  of  the  scrotum  and 
thesuperticialfiisciBoftbe 
perineum.  A  deep  layer 
of  superficial  fascia,  (bin 
and  membranous,  can 
also  be  distinguislied.  It 
is  this  layer  which  is  at- 
tached lo  the  margins  of 
the  saphenous  opening, 
closing  it  and  receiving  In 
this  locality  the  special 
name  of  cribriform  fascia. 
Delween  the  two  tuyere 
are  the  superficial  blood- 
vessels and  tbe  lympliatics 
of  the  thigh. 

The  deep  fascia  of  the 
thigh,     tbe     fascia     lata, 
strong   and    aponeurotic, 
concerns  us  only  in  its  an- 
terior and  upper  regions, 
where   it  is  descritied  as 
consisting  of  two  portions, 
the   iliac  and    the   pubic. 
The  iliac  portion,  attached 
Ibroiighout   to  Foupart's 
ligament,  lies  in   front  of 
the   femoral  slieath,  and, 
at  the  Inner  end  of  Poti- 
part's  ligament,  termi- 
nates    in     a     free    edge, 
wliich,  passing  downward 
and  outwanl  and  then  inward,  in  tbe  angle  between  the 
internal  saphenous  and  femoral  veins,  becomes  continu- 
ous with  the  pubic  portion.     The  pubic  portion,  con- 
tinued upward  l>chind  the   femoral  shealh  lo  which  it 


tendon  v 


ts  development.     In  many  ci 


strongly  developed,  especially  in  Its  deeper  portion  which 
is  denved  from  tlie  transvcrsalis  muscle,  and  which  muy 
bound  the  canal  as  far  outward  as  the  internal  ring. 

There  are  two  forms  of  Internal  hernia  which  pass  out 
through  tiie  middle  fossa.  The  first  and  most  common 
form  protrudes  in  ttie  inner  {»irt  of  the  fossa,  cither 
separating  or  pushing  l>efon;  it  tbe  conjoined  tendon. 
It  traverses  only  the  lower  end  of  the  canal,  lo  emerge  at 
the  external  ring.  Tlie  coverings  of  this  variety,  from 
within  outward,  are  the  peritoneum  and  subperitoneal 
tissue,  the  fascia  transversa  lis,  and  the  conjoint  tendon. 
except  in  those  cases  in  whieli  the  sac  passes  between  the 
fibres  of  tbe  tendon,  the  intercolumnar  fascia,  the  super- 
ficial fascia,  and  the  skin.  The  spermatic  cord,  placed 
behind  and  on  the  outer  side,  is  not  in  contact  with  the 
sac,  the  cremasteric  and  the  iufundibuliform  fascia  be- 
ing interposed. 

Tbe  second  form  of  internal  hernia  {>asscs  into  the  in- 


Thus  is  formed  the  saphenous  opening  through  which 
the  internal  saphenous  vein  passes  to  Join  the  femoral 
vein.  Its  upper  extremity  lies  about  an  inch  external  to 
the  pubic  spine.  Its  vertical  diameter  is  about  an  inch 
and  a  lialf  or  two  Inches.  Only  tbe  outer  side  of  the 
opening  is  well  marked,  where  the  free  ed^  of  the  iliac 
portion  of  the  fascia  forms  a  distinct  falciform  border, 
ending  above  and  l)elow  in  superior  and  inferior  comua. 
On  the  Inner  side,  the  pubic  portion  dO(>s  not  form  a  well- 
marked  edge,  but.  after  covering  the  peetineus  muscle, 
passes  upward  behind  the  femoral  sheath  to  which  it  is 
connect<^,  lothe  linea  ilio-pcctinea  where  it  iscontinuous 
with  the  iliac  fascia.  The  <lecp  laver  of  the  superflcial 
fascia  is  attached  to  the  margin  o^  the  opening  which 
it  closes,  and.  because  it  is  perforated  by  the  internal 
saphenous  vein  and  numerous  small  arteries  and  veins.  Is 
known  as  the  cribriform  fascia, 

PonpaH'a  Ligament. — Tlie  defect  in  the  anterior  wall 
of  the  pelvis  between  the  anterior  superior  spine  of  the 
ilium  and  the  spine  of  the   pubis  is  bridged  over  by 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


female :  its  long  diameter,  direct«d  ttsDBverael]'.  is  about 
UDL'tialf  incii. 

T]>e  ring,  covered  by  the  parietal  peritjiQeum.  shows  a 
slight  depression,  wliich,  if  not  visible,  can  easily  be  felt. 
Bcneatli  tbe  peritoneum  is  &  tliiu  layer  of  condeosed  pro- 
peritoucal  tissue,  tlie  septum  crurale,  which  closes  the 
ring.    The  ring  is  bouDUcd  anteriorly  by  I'oupari's  liga- 


portion  of  llie  fascia  lata:  externally,  by  the  external 
iliac  vein.  Internally  to  Ihe  ring  are  the  sharp  margins 
(if  Oimbemat's  ligament,  the  conjoined  tendon,  and  the 
deep  femoral  arcli.  With  the  exception  of  the  cxtemal, 
the  boundaries  of  the  ring  are  formed  by  very  unyield- 
ing structures. 

Rdatioag.  The  position  of  the  eil«nial  iliac  vein  has 
been  noted.  The  deep  epigastric  veaaela  cross  the  supc- 
rinr  and  external  angle.  A  small  communicating  branch 
b<'tween  tlie  deep  epigastric  and  obturator  arteries  is  usu- 
ally found  on  the  superior  aspect  of  Oimbemat's  ligament. 

ObturuUir  Artery. — In  two  out  of  every  five  subjects, 
thoobturutorarisesfrom  Ibcdeen  epigastric  on  one  o[  both 
sides.  It  then  turns  backward  into  the  pelvis  to  reach 
the  thyroid  foramen.  In  doing  so  it  may  pursue  one  of 
two  courses;  First,  it  may  turn  backward  close  to  the 
external  iliac  vein,  and  will  then  be  on  the  outer  side  of 
tbe  femoral  ring:  second,  it  may  tirst  run  inward,  then 
arch  backward  along  the  free  edge  of  Oimbemat's  liga- 
■      ■  This 


ment.  and  will  then  be  o 


Tside  of  the  ring. 


Poupart's  ligament.  The  space  between  the  ligament 
And  the  pelvic  bones  serves  for  the  passage  of  certaiu 
structures  from  tbe  abdomen  into  tbe  thigh,  and  is  divided 
into  three  compartments  by  tlie  fasciie  investing  tbem. 

The  first  or  iliac  compiutment.  situated  externally,  is 
formed  anteriorly  by  Poupart's  ligament  and  the  iliac 
fascia,  posteriorly  by  the  ilium,  and  internally  is  sepa- 
rated from  the  second  or  pectineal  compartment  by  an 
intermuscular  septum.  This  compartment  transmits  the 
ilio-psoas  muscle  and  anterior  crural  nerve. 

The  second  or  piectmeal  compartment,  lodging  tJic  up- 
per end  of  tbe  pcctineua  muscle,  does  not  communicate 
with  the  abdomen,  but  corresponds  to  the  space  between 
the  pubic  portion  of  tlie  fascia  lata  and  tbe  pectineal  sur- 
face of  the  OS  pubis. 

The  third  or  vascular  compartment  is  the  most  impor- 
tant. It  is  situated  in  front  of  the  other  two,  being 
boundetl  anteriorly  by  Poupart's  ligament,  and  posteriorly 
by  the  continuous  iliac  and  pectineal  fasciie.  It  transmits 
Into  the  thigb  tbe  external  iliac  vessels  and  the  crural 
branch  of  the  genilo-crural  nerve. 

flmoral  Slitnth. — As  the  external  iliac  vessels  become 
the   femoral,   they  arc   enclosed   within  the  femoral  or 
crural  sheath,  which  accompanies  them  into  the  thigh. 
The  anterior  wall  of  tbe  sheath  is  derived  from  tbe  trans- 
verealis  fascia,  tbe  posterior  wall  from  the  iliac  fascia. 
On  the  outer  side  of  the  artery  the  two  layers  are  con- 
tinuous and  closely  embrace  it;  but  on  the  inner  side. 
while  they  are  continuous,  a  space  is  left  between  them 
and  tlie  vein.     Furthermore, 
both    the  anterior   and   pos- 
terior walls  are  attachea   to 
the  iliac  and  pubic  portions 
of  the    fascia  lata,   respect- 
ively. 

Within  the  sheath  the  ar- 
tery lies  external  to  the  vein, 
and  is  separated  from  it  by  a 
thin  septum  stretched  from 
the  anterior  to  tlie  posterior 
wall.  A  second  septum  com- 
pletes, on  tbe  inner  aide,  the 
compartment  for  tbe  vein,  and 
_   ..,^  _    _.__..- 

in  lei„ 
.  ___  .__.  ..uand  the  i 
wall  of  the  sheath.  This  is 
the  funnel -sliapcd  crural  ca- 
nal, through  which  a  femolsl 
hernia  descends.  Thus  each 
vessel  has  its  separate  com- 
partment, and  ibere  remains 
a  small  internal  compartment 
containing  only  areolar  and 
lymphatic  tissue. 

Thf  FfTiurral  or  Ciiiral  Ca- 
nal.— Tbe  size  of  the  femoral 
canal  varies  in  different  per- 
sons, bein)^  Urger  in  the  fe- 
male than  in  the  male.  Like 
the  external  abdominal  ring. 
the  size  of  tbe  femoral  canal 
and  the  degree  of  tension  of 
Its  oriflces  are  markedly  in- 
fluenced by  the  position  of 
the  thigh.  Extension,  ab- 
duction, and  external  rota- 
tion contract  the  opening, 
while  flexion,  adduction,  and 
internal  rotation  relax  the 
femoral  canal  and  its  orifice; 

conseciucntiy  this  latter  position  sliould  he  used  in  the   |   inner  position  is  more  frcijuent  in  males  than  in  females, 
appli^ationof  taxis  to  a  femoral  hernia.  though  tlic  epigastric  origin  on  the  whole  is  somewhat 

The  four  walls  of  this  canal  will  be  understood  from  '  mon-  coiunion  in  females  lliau  in  males. 

~  ■  -     .      I       xi„.|^  anonmlies  can  be  detected  in  a  given  case  only 

by  palpation  of  the  artery  through  the  femoral  canal. 
'  Amoral  htriiia  is  rare' as  compared  with  the  inguuial 

variety.     It  occurs  more  frequently  in  females,  and  is  al- 
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irarUTy  Is  shown  artaloK  fn™  Ihe  <lmi  eplmmtrlc. 
unpnt  In  dlagraaimalloally  shown  an  the  ^efl  side. 
•,  external  lilac  arterj  and  vein;  r.  lymphnle 
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the  above  description.  Below,  it  terminates  benealb  the 
■aphenous  opening,  while  above,  it  opens  on  the  anterior 
abdominal  wall  by  an  aperture  known  as  the  femoral  or 
cnu^  ring.    This  aperture  is  oval,  and  is  larger  in  the 
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ways  acquired.  Entering  tlirougb  ilie  femoral 
ring,  it  [lassca  vertically  downward  along  tlio 
femoral  canal  as  far  as  the  end.cairjiDg  before  it 
a  sac  of  peritoneum  and  tlie  septum  crurele. 
Having  reached  this  point,  the  hernia  turns  for- 
wanl  tLroiigh  tlie  Baphcnoiis  opening,  when;  it 
derives  a  covering  from  tlie  cribriform  fascia. 
and  tlien  ascends  Dcnealh  the  auperflcial  fa.%ia 
of  the  groin  as  far  as,  or  above,  Poupart's  liga- 
ment. The  fascia  propria  Is  composed  of  the 
septum  crurale  and  the  femoral  slieath,  hut  at 
times,  instead  of  distending  the  shealh,  it  posses 
through  an  opening  in  it. 

Within  the  canal  the  hernia  is  small,  as  it  is 
surrounded  by  imylclding  structures;  but  liav- 


the  position  of  tlie  body  should  be  borne  in  mind 
during  attempts  at  reduction  by  taxis.  Thus 
the  lower  limb  should  be  flexed,  addncted.  and 
rotated  inward.  The  pressure  shouhl  l>c  first 
downward,  then  backward,  and  tlnally  up- 
ward. 

A  fenioml  hernia  may  lie  strangulated  at  any 
put  of  tlie  canal  or  at  the  siiplicniius  opening, 
the  most  frequent  point  being  the  fcmoml  ring. 
In  all  cases  the  stricture  may  be  safely  divided 
in  an  upward  direction.  At  tlu-  femoral  rini;:. 
the  leaat  damage  will  lie  done  by  ilividiiig  Gim- 
bernal's  ligament,  except  in  tiisi'S  of  aiiotnalous 
obturator  artery. 

Tlic  eovorings  of  u  fcmortil  henilii.  from  with- 
oat  inward,  are  Ilie  skin,  llie  superlleiid  fascia, 
the  cribriform  fascia,  the  fuA'in  propria,  consist- 
ing of  the  femoral  Kliiiilh  and  the  septum  criiriile. 
and  the  peritoneum, 

""      "  ■  AMoHiu-il  »'-ll.     The  iiostcricr 


abdominal  wall  is  of  simpler  conslniclion 
and  of  less  extent  tlian  the  an tero- lateral. 
In  its  centre  is  the  portion  of  tlie  spinal  col- 
umn composed  of  the  five  lumbar  vertebra 
with  their  connecting  ligaments  and  carti- 
lages. On  each  side  arc  arrangi'd  tlie  mus- 
cles— iliopsoas,  quadratuslumborum.and 
erector  spinte — encloBeti  within  sheallis  of 
fascia,  tliaiof  lite  iliopsoas  muscle  bcingof 
especial  imiKirtance.  This  fascia  isattachcd 
to  thenpinal  column  about  the  origin  of  the 
muscle:  lothe  ligamentumarcuatiim inter- 
num and  to  the  anterior  layer  of  the  lumbar 
aponeurosis  along  the  outer  border  of  the 
muscle.  Below,  it  firmly  binds  the  iliac 
portion  of  the  muscle  into  the  false  pel- 
vis, being  attached  about  its  entire  circum- 
ference, with  the  exception  of  tlie  space 
where  it  passes  beneath  Poupart's  liga- 
ment to  form  the  posterior  wall  of  the 
femoral  sheath.  It  follows  the  tendon  of 
the  ilio-psoas  to  its  insertion,  and  ends  by 
blending  with  the  fascia  lata.  Beneath 
this  fascia  collections  of  pus  resulting 
from  caries  of  the  spine  or  of  the  ilium 
may  be  guidc-d  into  the  ihigti,  to  appear 
just  below  the  groin  on  the  outer  side 
of  the  femoral  vessels.  These  collec- 
tions of  purulent  fluid  sliould  be  ilistin- 
guished  from  those  situated  beneath  the 
Iransversalis  fascia  or  in  the  subperitoneal 
tissue.  In  the  fiist  instance,  the  pus  can 
spread  no  farther  backwartl  limn  llie  outer 
edge  of  the  psoas,  and  no  farther  down- 
ward than  the  iliac  crest  and  Poupart's 
ligament:  inlerually.  it  Is  arrested  at  the 
mid-line.  In  the  second  instance,  an  ab- 
scess is  in  close  contact  with  the  ca'cum  or 
sigmoid  flexure.  an<t  may  open  into  one  of 
them ;  or  it  niay  follow  the  iliac  blood-ves- 
r  Bels  into  the  thigh.    In  any  case  the  typ{- 
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dtl  picture  mar  be  lost  should  on  aliscess  penetretc  the 
layer  of  fascia  beneath  which  it  origiDallv  developed.  ' 
'The  incisioDs  through  the  posterior  abdomiDuI  wall  arc 
made  to  expose  the  kiduev  and  colon.  They  are  Doted 
under  the  descriptioDS  of  these  organs. 

Abdovinal  Cavity  and  Contents  — Tlie  abUominai 
caMty  IS  arbitrarily  divided  into  Dim.  regions  hy  two 
honzontal  and  t«o  vertical  lines  Tlie  siipenur  lion 
zontal  line  extends  bet^tcen  tlie  cartilaginous  (u<is  of  llie 
tenth  nbs  the  infcnor  between  the  aDtt.rior  supenor  Iliac 
spines  These  two  lines  divide  the  caMt\  into  ttirec 
zones  epigastnc  mesngastric  and  \i\  pogaslric  each  of 
which  IS  subdivided  into  three  regions  hj  vor 
tical  linc?8  passing  upnard  from  the  ilio  pec 
tineal  eminences  to  the  higher  horizontal  line 
The  epigastnc  zone  contains  in  ordtr  the  nght 
h}  pochondriuDi  cpigostnum  and  left  hy  pochou 
dnum  The  mesogastTit  zone  contains  the  nght 
lumbar  umbilical  and  left  lumbar  regions  The 
hjpogastnc  zone  contains  the  nght  aiac  hjpo 
gssinc  and  left  iliac  regions 

The  Mscera  situated  u  each  region  are  shown 
in  the  following  table 


correspond  to  the  line  above  given,  for  the  reason  that 
the  anterior,  right,  and  posterior  surfaces  are  considerably 
overlapped  by  the  lower  edge  of  the  lung.  This  line  fn 
the  mid-line  falls  at  the  end  of  the  sternum,  in  the  right 
nipple  line  at  tbe  sixth  rib.  in  the  midaxillary  line  at  the 
eighth  rib  and  in  the  scapular  lint  at  the  tenth  rib. 
Vi  hen  the  border  of  the  li\  er  can  be  p&lpalcil  this  method 
of  determining  its  lower  limit  mil  be  found  more  accu- 
rate tlian  that  by  means  of  percussion 

Btlattong  The  lntr  presents  superior  antenor,  pos- 
terior inferior  and  nght  surfaces 

The  ittpenor  itirfaee  is  accurately  moulded  to  the  dia- 


thondrium 
Llrer 
RlKtal  kMney. 

Utbt 

SUHnncb 
Spleen. 
LeftVldnPT. 

RfoW  Li^mbar. 
RIgbt  Udner 

AKVDdlUBWlaii. 

Umbttlail. 
Truiivene  ooIod. 

Left  Lnml>ar. 
Smill    pun  o(  lelt 

KIqM  lilac. 
Ust  coll  ol  Ileum. 

Small  iDtotlnn. 
BluMerlnclilKlm. 
DlNeDded  bladder 

In  wlulU. 
Presiunt  uterus. 
Sigmoid  colon. 

I^ft  niac. 
Sigmoid  colon. 

Lifer. — The  liver  occupies  the  right  hvpocbon- 
driac  region  and  part  of  the  epigastric,  ancl  extends 
into  the  left  hypochondriac  region  as  far  as  the 
mammillarj  line ;  at  times  it  descends  into  the  right 
lumbar  region.  With  the  exception  of  a  small 
part  of  the  right  and  left  lobes,  which  come  in 
contact  with  the  anterior  abdominal  wall  iu  the 
subcostal  angle,  it  lies  behind  the  ribs  and  cosial 
cartilages. 

Sarfiue  Outline.  Tlie  outline  of  the  liver  may  be 
indicated  on  the  surface  of  the  body  as  follows: 
Superiorly,  a  line  beginning  in  the  maniiiiillary 
Une  in  the  fifth  left  inlercostal  space,  extending 
toward  the  right,  through  the  lower  end  of  the 
sternum,  gradually  rising  to  the  fourth  right  in- 
terspace lust  inside  tbe  nipple  line,  tlicn  sloping 
downward  beliind  Uie  tifih  and  sixth  ribs,  where 
the  superior  surface  is  continuous  with  the  right 
surface.  Interiorly,  beginning  on  the  right  side  at  the 
upper  border  of  the  thin)  lumbar  vertebra,  the  line  runs 
directly  to  the  costal  areh.  which  it  follows  as  far  upward 
as  the  tip  of  the  ninth  costal  cartilage.  Here  It  crosses  the 
subcostal  an  ^le  to  thceighthleftcartilage.  then  gradually 
rises  to  lerminale  at  the  beginning  of  the  superior  line. 
The  right  surface.  Iving  behind  the  seventh,  eighth, 
ninth,  an<l  tenth  ribs,  is  separated  from  them  only  bv  the 
thin  edge  of  tlie  lung,  tlie  diaphragm,  and  the  preura. 
It  is  thus  apparent  that  the  low<'r  border  is  miisl  accessi- 
ble to  examination,  aud  especially  tliat  part  of  it  wliich 
lies  across  the  subcostal  angle.  Here  It  itsiiully  mtehes 
a  point  midway  between  the  end  of  the  sternum  and  llie 
umbilicus.  When  the  lower  border  in  the  n-mainder  of 
its  extent  is  easily  palpable,  the  llvi-r  is  either  displsred 
or  enlarged.  The  superior  extent  can  be  delemiiiicd  only 
by  percussion,  but  the  line  of  absolute  dulncss  does  not 
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phragm,  which  separates  it  from  the  pleunc,  lungs,  peri- 
cardium, and  heart. 

The  nnterivr  nDfure.  also  in  contact  with  tlie  dia- 
phragm, with  tbe  exception  of  the  small  region  coming 
in  contact  with  the  ab<loinInal  wall  in  the  siibcustiil  angle. 
lies  b<^^liiiid  the  fifth  to  the  ninlli  costal  cartilagi's  and  ail- 
JiiO'iit  portions  of  tlic  ribs.  In  its  upper  part  it  Is  over- 
lapiH'd  by  Ibc  lower  margin  of  the  lung. 

The  jMfleri'ir  loirfnfe.  also  in  coiilact  with  Ihe  dia- 
phragm and  overla'ppe<t  by  Ihe  lung,  c<ivcrs  in  turn  the 
right  suprarenal  capsule,  t fie  vena  cava,  the  thoracic  duct, 
and  the  u'sopliagtis. 

The  iiifi-rior  mirfafe  is  plainly  inipressed  bv  the  fol- 
lowing nrgiins;  IJi'ginning  at  the  right,  in  front,  tbe 
hepatic  llesure  of  the  colon:  behind.  Ihe  right  kidney. 
i  mined  lately  to  llic  left  of  which  U  the  impression  of  the 
duodenum,  and  to  Ihe  left  of  both  the  iin|>rei>.''ion  of  ilic 
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gall  bladder.     The  succeeding  part  of  the  tivi 
quadrate   lobe,   lying  in   froDt  of  the   lesser  o. 
Finally,  the  under  Hurface  of  the  left  lobe  overlaps  the 
lesser  curvature  and  upper  part  of  the  anterior  surface  of 
the  stomacli. 

The  right  rnrfnee  lies  inlernal  to  the  seventh,  eighth, 
niuth.  tenth,  and  eleventh  ribs,  being  scparati'd  from  them 
by  the  diaphragm,  and  being  overlapped  above  by  Ihe 
lung.     Many  clinical  facts  of  importance  can  be  learned 
by  a  close  study  of  these  relations.     In  gunshot  and  stub 
woundsof  the  lower  part  of  the  thoracic  wall,  lung,  pleura, 
diaphragm,  peritoneum,  and  liver  may  all  be  involved. 
The  end  of  a  fractured  rib  may  penetrate  the  liver.     Ab- 
scesses of  tlie   liver  may 
extend   through  the  dia 
phmgm  and  open  into  the 
pleural  ca\ily    or    when 
this  is  obfiteraled    by 
adiiesions    into  the  lung 
and  a  bronctius     Behind 
an    enlargement     of    (he 
liver  may  retard  thi  cir 
culation  in  the  uoria  the 
vena  cava  or  tiiL  thoracic 
duct.     Belon      the    close 
relations  of  the  stomach 
duodeniiin  and  colon  i  x 
plain  the  eiu^e  nith  nhich 
adhesions  develop  be 
tween  these  organs,  and 
disease  spreads  from  one 
to  tlie  otliirs 

During  inttpiration  the 
liver  desceniU  about  the 
breadth  of  one  inUrcostal 
space.  Tlie  lower  border 
is  more  eanily  palpable  in 
tlie  erect  posture  than 
in  the  rrcuinbent,  as  in 
the  latter  it  recedes  some- 
what ttehind  the  costal 
arch.  These  changes  in 
position,  especially  the 
Srst,  may  serve  to  dlstln- 
gui^  a  tumor  or  swelling 
of  the  liver  from  one  of 
the  stomach,  kidney,  ad- 
renal gland,  or  pancreas. 
Tlie  peritoneal  relalions  of 
tlic  liver  are  extensive  and 
important.  For  the  most 
part  its  surface  looks  into 
tlie  general  peritoneal  ce 
ity,  and  the  reflections  of 
the  peritoneum  from  tlie 
abdominal  wall  and  dia- 
phragm ait;  the  principal  i 
agents  in  supponing,  or 
rather  suspending,  the  or- 
gan. A  snisll  part  of 
lU  posleriorBurtBce  is  not 

visible  from  the  greater  caviiy.  as  it  looks  into  the  lesser.   '  through  it  gall  stones  n 

This  corresponds   in   extent  to  the  Spigelian   lobe.     A  The  ducts  are  all  situated  betwei^n  the  layers  of  the 

second  area  of  the  poaU-iior  surface,  between  the  layers  lesser  omentum,  and  can  tie  easily  exposed  by  removal 
of  the  right  torouary  ligaments,  is  not  covered  by  peri-  ,  of  its  anterior  layer.  The  portal  vein,  hepatic  arlerj'.  and 
' "  '"  -  't  contact  with  the  <liapliragm.      This      hepatic  nervesare  found  in  the  same  space,  but  tin' ducts 
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entering  the  inlralobular  capillaries.  They  are  distin- 
guished by  (heir  relatively  thick  walls  and  collapsed  slafe 
on  cross  section.  An  Infective  thrombo-phlebi(!s  in  a  dis- 
tant part  of  Ihe  abdomen  or  pelvis  may  be  followed  by 
a  metastatic  abscess  or  abscesses  in  the  liver,  a  phenome- 
non explained  by  the  anatomy  of  the  portal  circulation. 

1'lie  nepatic  veins  are  remarkable  for  their  tliin  walls, 
whicli,  closely  connected  with  the  surrounding  liver  sub- 
stance. 8tan<f  widely  open  on  section.  Consequently  a 
rupture  or  incised  wound  of  Ihe  liver  bleeds  with  great 
freedom  and  the  bleeding  lias  little  tendency  to  cease  spon- 
taneously. The  hepatic  veins  emerge  on  the  posterior  sur- 
face of  the  liver,  entering  immedlattUy  tlie  inferior  vena 
cava  within  lialf  aninchto 
an  inch  from  its  tennina- 
tion  in  the  right  auricle. 
TliLVha^eno  valves;  con- 
stquinllv  the  circulation 
m  them  is  easily  impeded. 
In  some  forms  of  valvular 
heart  lesions, — t.g.,  tricus- 
pid insutflciencv.  — the 
pulsation  of  the  heart 
may  Ik  transmitted 
through  them  to  the  liver. 
The  cicrelory  appara- 
tus of  the  liver  consisis  of 
the  hepatic  duct,  the  cystic 
duct  and  gall  bladder, 
and  the  common  duct 
The  gall  bladder,  three  or 
four  intbes  in  length  and 
with  a  capacity  of  from 
onetotwooun^,  is  held 
in  position  on  the  under 
Biirfiiie  of  the  liver  by  the 
peritoneum.  As  a  rule.  It 
is  closely  applied  to  the 
liver  snbslance,  lying  in  a 
distinct  fossa;  but  it  may 
bang  free,  completely  in- 
vested by  peritoneum 
and  suspende<l  by  a  me- 
sentery. Its  fundus  pro- 
jects beyond  the  l()wcr 
bonier  of  the  liver  op- 
posite the  ninth  costal  car- 
tilage. It  is  directed 
downward,  forward, 
and  to  the  right,  while  the 
neck  is  in  the  opposite 
direction.  Immediately 
below  it  arc  the  transverse 
colon,  duodenum,  and 
sometimes  the  nvlonts  of 
the  stomach.  The  rela- 
tion to  Ihe  colon  is  most 
constant  and  important. 
An  artificial  opening  is 
sometimes  formed  be- 
tween the  two  organs,  and 
be  passed. 


locality  is  the  favorite  seat  of  subphrenic  abscesses,  and 
here  they  most  easily  spread  to  the  pleura  and  lung. 

The  artery  of  the  liver  is  the  hepatic  branch  of  the 
celiac  axis.  It  reaches  the  organ  between  the  layers  of 
the  lesser  omentum,  and  entering  at  the  transverse  fissure 
its  branches  accompany  those  of  the  portal  vein. 

The  i>ortal  vein,  formed  beliind  the  head  of  the  pan- 
creas by  the  union  of  the  superior  mesenteric,  splenic, 
inferior  mesenteric,  and  the  veins  of  the  stomach,  also   ' 
ascends  in  the  lesser  omentum  to  the  transverse  llssurc. 
In  the  substance  of  the  liver  its  bmnches  arc  sltiiateil   . 
within  the  portal  spaces,  t'.e.,  outside  the  lobules,  before 
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anterior  to  them,  and  occupy  tlie  right  free  edge  of 
the  omentum.  In  making  a  disseciion.  or  in  an  opera- 
tion, the  foramen  of  WinsTow  should  first  be  located,  and 
with  the  fingers  of  the  left  hand  in  It  for  a  guide  an  ex- 
posure can  DC  easily  accompllslied.  The  cyst  ic  duct, 
arislnj?  at  the  neck  of  the  gall  bladder,  is  an  inch  and  a 
half  in  length.  It  is  directed  downward,  backward, 
and  to  the  left,  to  join  (be  hepatic  duct  at  an  acuteangle. 
Tlie  hepatic  duct,  about  two  inches  in  lengtti.  is  directed 
downward,  backward,  and  to  the  right.  It  arises  at  the 
liver  by  two  main  branches.  The  common  bile  duct, 
formed  by  the  union  of  these  two,  continues  the  direction 
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of  the  hepatic  along  the  right  free  edge  of  the  lesser 
omentum  on  the  anterior  sunace  of  the  portal  vein,  and 
to  the  right  of  the  hepatic  artery.  Approaching  the 
duodenum,  the  vein  tends  to  the  left,  the  duct  to  the 
right.  This  relation  of  the  vein  to  the  duct  is  remarkably 
constant,  but  the  hepatic  artery  and  its  branches  are  sub- 
ject to  frequent  variations  which  should  be  guarded 
against.  As  the  common  duct  reaches  the  duodenum,  it 
passes  behina  its  first  portion,  then  downward,  between 
the  second  portion  and  the  head  of  the  pancreas ;  or  it  is 
embedded  in  the  latter,  from  which  point  onward  it  ac- 
companies the  pancreatic  duct  into  the  lower  part  of  the 
second  portion  of  the  duodenum.  The  duodenal  orifice  is 
markedly  constricted,  but  just  proximal  to  it  the  duct  is 
dilated,  forming  a  well-marked  diverticulum.  Conse- 
quently a  calculus  may  successfully  pass  the  entire  duct, 
to  be  arrest^  at  the  terminal  orifice.  To  cause  a  jaun- 
dice, calculi  must  be  situated  in  either  the  hepatic  or  the 
common  duct,  for  any  number  may  occupy  the  gall 
bladder  or  the  cystic  duct,  yet  give  rise  to  few  or  no 
symptoms  as  long  as  they  remain  there  and  the  gali -blad- 
der is  not  infect^.  Not  all  cases  of  jaundice  are  due  to 
gall  stones.  Enlarged  lymphatic  glands  in  the  lesser  omen- 
tum, tumors  of  adjacent  organs,  especially  of  the  head  of 
the  pancreas,  hydatids,  ascaris,  adhesions  producing  flex- 
ures of  the  ducts,  and  many  other  causes  have  been  noted. 

The  stomach  varies  in  position  and  relations  according  to 
the  degree  of  distention.  When  empty,  it  lies  in  the  left 
hypochondrium  and  left  lialf  of  the  epigastrium,  the  car- 
diac orifice  being  four  or  five  inches  posterior  to  the  inter- 
val between  the  seventh  left  costal  cartilage  and  theensi- 
form  process,  on  a  level  with  the  eleventh  or  twelfth  dorsal 
vertebra.  This  is  the  most  fixed  portion  of  the  stomach, 
and  participates  only  slightly  in  any  changes  of  position. 
The  pylorus  is  in  or  near  the  mid-line,  at  the  level  of  the 
last  dorsal  or  first  lumbar  vertebra.  It  looks  toward  the 
right,  and  is  the  most  movable  portion  of  the  stomach. 
Thus  a  tumor  of  the  pylorus  may  be  found  in  the  central  or 
lower  part  of  the  abdomen.  The  anterior  and  posterior  sur- 
faces are  separated  by  sharp  borders,  and  the  entire  viscus 
recedes  from  the  anterior  abdominal  wall  behind  the  liver. 

When  distended,  the  fundus  fills  the  left  cupola  of  the 
diaphragm,  impinging  upon  the  liver  and  heart.     The 

freat  curvature  comes  in  contact  with  the  anterior  ab- 
omiiial  wall  in  the  subcostal  angle,  and  may  enter  the 
left  lumbar  and  umbilical  regions.  Immediately  below 
it  is  the  transverse  colon.  The  pylorus  moves  to  the 
right  as  much  as  two  or  three  inches,  and  rotates  so  that 
it  is  directed  backward,  being  concealed  from  in  front  by 
the  dilated  lesser  cul-de-sac. 

Relations.  The  anterior  surface  is  divisible  into  two 
regions:  the  upper  and  right  region,  which  includes  the 
pylorus  and  cardia,  and  is  overlapped  by  the  right  and  left 
lobes  of  the  liver;  and  the  lower  and  left  region,  which 
may  be  subdivided  into  two,  viz. ,  the  small  triangular 
portion  in  contact  with  the  anterior  abdominal  wall, 
and  above  this  the  portion  lying  behind  the  costal 
arch  and  diaphragm.  The  fundus  is  also  overlapped 
by  the  lung  and  pleura  in  the  fifth  and  sixth  intercostal 
spaces.  Here,  again,  a  wound  may  involve  both  tho- 
racic and  abdominal  viscera.  Posteriorly,  the  stomach 
is  in  relation  with  the  diaphragm,  spleen,  left  kidney 
and  capsule,  pancreas  and  the  splenic  flexure  of  the  colon, 
all  of  which  taken  together  form  for  it  a  concave  bed. 
The  peritoneal  relations  of  the  stomach  are  compli- 
cated. Its  anterior  surface  faces  the  greater  peritoneal 
cavity,  but  the  posterior  surface  is  concealed  behind  the 
great  omentum,  which  hangs  from  its  greater  curva- 
ture. Furthermore,  joined  to  the  posterior  surface  of 
the  omentum  are  the  transverse  colon  and  the  mesocolon. 
When  the  omentum  is  raised  these  stnicturcs  are  carried 
with  it.  Only  by  passing  the  finger  through  the  fora- 
men of  Winslow  can  the  posterior  surface  of  the  stomach 
be  reached.  In  a  dissection,  however,  one  of  two  ix)utes 
may  be  chosen.  The  first  lies  between  the  greater  curva- 
ture and  the  transverse  colon ;  the  second  passes  tlirough 
the  transverse  mesocolon.  Surgeons  choose  the  fonner. 
A  peritonitis  arising  from  perforation  of  the  posterior  wall 


of  the  stomach,  whether  due  to  trauma  or  to  disease,  will 
at  first  involve  the  lesser  cavity  only  and  may  be  limited 
entirely  to  it.  In  operating  for  wounds  of  the  stomach, 
the  posterior  surface  should  always  be  examined  in  the 
manner  indicated.  The  lesser  omentum  is  attached  to 
the  entire  lesser  curvature,  while  the  gastro-splenic  and 
greater  omenta  are  continued  from  the  greater  curvature. 

The  arteries  of  the  stomach  are  derived  from  the  three 
branches  of  the  cceliac  axis,  and  reach  the  organ  between 
the  layers  of  the  omenta.  On  the  lesser  curvature  an  arch  is 
formed  by  the  gastric  and  pyloric  branches  of  the  hepatic ; 
on  the  greater,  a  similar  arch  is  formed  by  tlie  gastro-epi- 
ploic  dextra  and  sinistra.  From  these  arches  transversely 
directed  branches  arise  which  anastomose  near  the  centre 
of  the  surfaces.  Incisions  in  the  stomach  wall  are  best 
made  in  the  direction  of  the  transverse  branches,  with  the 
exception  of  the  central  region  where  the  sets  anasto- 
mose. 

Small  Intestines. — With  the  exception  of  the  duo- 
denum, the  small  intestines  are  surrounded  throughout 
by  peritoneum,  and  are  suspended  from  the  posterior  ab- 
dominal wall  by  a  mesentery. 

The  line  of  attachment  of  the  mesentery  extends  from 
the  left  side  of  the  second  lumbar  vertebra  obliquely 
across  the  vertebral  column,  aorta,  vena  cava,  and  thirJi 
portion  of  the  duodenum  to  the  right  sacroiliac  articula- 
tion. Although  this  line  is  only  six  or  eight  inches  in 
length,  and  the  average  width  of  the  mesentery  is  eight 
or  ten  inches,  it  reaches  at  its  convex  intestinal  edge  a 
length  of  some  twenty  feet.  The  middle  or  lower  intesti- 
nal loops  have  the  wiaest  mesentery  and  are  therefore  most 
likely  to  enter  a  hernia.  Between  its  layers  are  the  blood- 
vessels, lympliatics,  and  nerves  of  the  intestine. 

The  duodenum  is  for  the  most  part  situated  behind  the 
peritoneum,  a  position  which  it  acquired  when  the  large 
intestine  of  the  embryo  crossed  the  small.  Up  to  this  time 
it  possessed  a  mesentery,  which  then  fused  with  the  pos- 
terior body  wall.  The  first  portion  of  the  duodenum  is 
movable  except  at  its  distal  end.  With  an  empty  stomach 
it  is  directed  transversely;  witli  a  distended  stomach,  an- 
t(To-posteriorly.  Above,  it  is  in  relation  with  the  liver  and 
gall  bladder;  below,  with  the  pancreas;  behind,  with  the 
portal  vein  and  common  bile  duct.  Beneath  the  neck  of  the 
gall  bladder,  at  a  point  opposite  the  first  lumbar  vertebra, 
it  turns  downwaixl  as  far  as  the  fourth  vertebra,  in  front 
of  the  right  kidney  and  vena  cava,  being  crossed  anteriorly 
by  the  mesocolon,  above  and  below  which  it  is  covered 
by  visceral  peritoneum.  Internally  is  the  head  of  the  pan- 
creas, whose  duct  opens  with  the  bile  duct  into  the  lower 
portion  of  the  intestine.  This  constitutes  the  second  por- 
tion, at  the  end  of  which  the  duodenum  turns  to  the  left 
across  the  spinal  column  and  great  vessels  to  ascend  a  short 
distance  and  end  in  the  jejunum  opposite  the  first  or  second 
lumbar  vertebra.  Note  its  relations  to  surrounding  organs 
in  connection  with  the  spread  of  disease.  It  may  be  in- 
volved and  the  peritoneal  cavity  may  escape.  Wounds  are 
serious  because  of  its  inaccessibility  and  its  fixed  position. 
With  the  exception  of  the  first  part,  it  cannot  be  raised 
into  a  laparotomy  wound.  Its  arteries,  forming  an  arch 
within  the  concavity,  may  be  opened  in  a  duodenal  ulcer 
and  may  allow  a  fatal  hemorrhage. 

The  jejunum  and  ileum  include  the  remainder  of  the 
small  mtestines — two-fifths  Jejunum,  three-fifths  ileiun. 
Although  there  is  no  distinct  Ime  separating  them,  each  has 
distinctive  characteristics.  The  walls  of  the  jejunum  are 
thicker  and  more  vascular,  the  valvulse  conniventes  are 
numerous  and  perfectly  developed,  and  the  calibre  is 
greater.  Peyer's  patches  are  larger  and  more  numerous  in 
the  ileum.  The  coils  of  the  small  intestines  have  no  fixed 
position,  but  one  may  expect  to  find  jejunum  in  the  um- 
bilical, left  lumbar,  and  left  iliac  regions,  while  the  ileum 
tends  more  to  the  right  side,  toward  the  hypogastric  re- 
gion and  toward  the  pelvis. 

Because  of  their  wide  extent  and  exposed  position  the 
small  intestines  are  frequently  injured.  The  degrt^e  of 
injury  may  vary  from  slight  contusion  to  complete 
rupture,  and  is  gretiter  the  nearer  it  approaches  the 
stomach  and  the  more  distended  the  coils  happen  to  be. 
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The  extent  to  which  the  abdominal  wall  is  in  j  ured  does  not 
indicate  the  severity  of  the  visceral  injury,  for  the  most  ex- 
tensive laceration  may  follow  a  blow  which  scarcely  leaves 
a  mark  upon  the  skin.  The  great  dangers  are  hemorrhage 
and  fecal  extravasation,  especially  the  latter.  It  occurs 
more  rapidly  from  distended  coils,  and  they  are  the  ones 
most  frequently  injured.  A  longitudinal  wound  gapes 
more  widely  tlian  a  transverse,  the  edges  being  separated 
by  the  strong  circular  muscular  fibres.  A  small  penetrat- 
ing wound  may  be  plugged  by  everted  mucous  mem- 
brane. A  wound  in  the  mesenteric  border  is  most  diffi- 
cult to  repair.  A  gunshot  wound  in  the  lower  left 
quarter  of  the  abdomen  will  certainly  inflict  multiple 
intestinal  injuries.  As  a  rule,  however,  they  will  be 
found  in  a  comparatively  short  loop  of  intestine,  with  a 
few  scattered  in  distant  coils. 

Lni'ge  InUsiine. — Of  this  there  are  the  following  divi- 
sions: cajcum,  ascending,  transverse,  and  descending 
colon,  sigmoid  flexure,  and  rectum. 

It  is  distinguished  from  the  small  intestines  by  its  larger 
size,  by  its  more  fixed  position,  and  by  the  appendices  epi- 
ploic®. Furthermore,  the  longitudmal  muscular  fibres 
which  are  spread  in  an  even  layer  over  the  small  intestines 
are  gathered  into  three  well-marked  bundles  on  the  surface 
of  the  colon.  These  are  about  one-half  the  length  of  the 
remaining  colon  layers,  and  so  throw  it  into  sacculations 
separated  by  transverse  constrictions,  which  project  into 
the  lumen  of  the  bowel  as  plicae  or  valvula;  sigmoidae. 
The  length  of  the  large  intestine  is  five  or  six  feet;  its 
capacity  is  about  one  gallon.  The  ca*cum — that  part  of 
the  large  intestine  below  the  ileocolic  opening — is  situated 
in  the  right  iliac  fossa,  upon  the  iliopsoas  muscle.  An- 
teriorly, it  is  in  contact  with  the  anterior  abdominal  wall 
above  the  outer  lialf  of  Poupart's  ligament,  except  when 
the  omentum  is  interposed.  Its  exact  position  depends 
upon  its  peritoneal  relations.  As  a  rule,  it  is  completely 
invested  by  peritoneum,  though  it  has  no  meso-cacum. 
In  a  small  penientage  of  cases  the  upper  part  of  the  pos- 
terior surface  is  not  covered  by  peritoneum,  and  so  comes 
in  contact  with  the  areolar  tissue  of  the  posterior  ab- 
dominal wall.  It  may  be  long  and  movable,  its  free 
extremity  lianging  into  the  pelvis  or  projecting  across 
the  mid-line  to  the  opposite  side  of  the  body.  Or  it  may 
be  situated  at  any  point  between  the  iliac  fossa  and  a 
position  immediately  beneath  the  liver,  this  being  its 
location  in  the  embryo  of  three  months.  The  latter 
variation  occurs  in  consequence  of  an  arrest  of  its  normal 
descent  into  the  false  pelvis. 

When  the  posterior  wall  of  the  caecum  is  not  entirely 
covered  by  peritoneum,  an  infection  readily  travels  from 
it  to  the  areolar  tissue  about  the  riglit  kidney.  The  ap- 
j)end(x  termiformis  originallv  arose  from  the  apex  of  the 
caecum,  but,  as  the  right  half  of  the  latter  exceeds  the  left 
in  development,  the  adult  appendix  arises  from  its  inner 
and  posterior  surface  a  little  below  the  ileocolic  opening. 
Its  average  length  is  between  three  and  four  inches,  but 
't  may  vary  from  one  to  nine.  Its  cavity,  lined  by  mu- 
atfii^  membrane  continuous  with  that  of  the  caecum,  tends 
to  undergo  obliteration  with  advancing  age.  The  lumen 
is  narrowest  at  the  orifice,  which  is  guarded  by  a  valve 
of  mucous  membrane.  It  is  enveloped  by  peritoneum 
throughout,  and  is  provided  with  a  triangular  mesentery 
derived  from  that  of  the  small  intestines.  The  mesentery  is 
rarely  complete,  allowing  the  end  to  hang  free.  Within  the 
mesenterj'  is  a  branch  of  the  ileocolic  artery,  furnishing 
its  blood*  supply.  The  exact  position  of  the  appendix  is 
variable,  but  it  will  always  be  found  by  following  one  of 
the  longitudinal  bands  of  muscular  fibres  seen  on  the  sur- 
face of  the  colon.  Two  main  positions  are  observed.  In 
one,  the  appendix  is  truly  an  intraperitoneal  organ  liang- 
ing free  from  the  caecum.  It  may  be  directcS  inwani 
and  upward,  or  downward:  it  may  be  curled  on  the 
brim  of  the  pelvis  or  may  hang  into  the  pelvic  cavity;  or 
it  may  occupy  one  of  the  fossa'  about  the  caecum.  In  the 
second  position  the  appendix  is  practically  an  extraperi- 
toneal organ,  lying  between  the  posterior  surface  oi  the 
caecum  and  the  colon.  The  base  of  the  appendix,  as  in- 
dicated by  McBumey's  point,  lies  two  inches  from  the 


spine  of  the  ilium  on  a  line  drawn  from  the  spine  to  the 
umbilicus. 

The  ascending  colon  reaches  from  the  caecum  to  the 
under  surface  of  the  liver,  passing  through  the  right 
lumbar  region  into  the  hypochondrium.  Here  it  turns  to 
the  left  and  becomes  the  transverse  colon.  As  a  rule,  it 
has  no  mesentery,  being  held  in  position  by  the  peritoneum 
which  covers  its  anterior  surface  and  sides.  Behind,  it 
is  separated  by  loose  areolar  tissue  from  the  quadratus 
lumborum  and  transversalis  muscles  and  the  lower  and 
inner  part  of  the  right  kidney.  In  front  it  is  in  contact 
with  Uie  anterior  abdominal  wall,  omentum,  and  a  few 
coils  of  the  small  intestines.  The  relation  to  the  anterior 
surface  of  the  kidney  is  most  important.  An  abscess  of 
the  kidney  or  a  pennephritic  abscess  may  open  into  it 
without  involving  the  peritoneum.  A  kidney  enlarged 
from  infection  or  a  tumor  carries  the  colon  forward  on 
its  anterior  surface.  This  may  be  determined  by  inflation 
of  the  colon.  The  transverse  colon  suspended  by  a 
meso-colon  is  deeply  placed  at  its  ends,  but  comes  in 
close  contact  with  the  anterior  abdominal  wall  in  the  re- 
mainder of  its  course.  As  a  rule,  it  lies  along  tlie  sub- 
costal line,  but  may  descend  as  far  as  the  pelvis.  Above, 
it  is  first  close  to  the  fundus  of  the  gall  bladder ;  adhesions 
between  the  two  are  common,  and  calculi  may  ulcerate 
into  it  from  this  viscus.  The  greater  curvature  of  the 
stomach  and  the  lower  end  of  the  spleen  lie  above  in  the 
remainder  of  its  course. 

The  descending  colon  begins  at  the  splenic  flexure, 
at  which  point  it  is  situated  deeply  in  the  left  hypo- 
chondrium. From  here  it  descends  through  the  left  lum- 
bar region  along  the  outer  border  of  the  kidney.  Its  peri- 
toneal relations  resemble  those  of  the  ascending  colon.  A 
relation  worthy  of  notice  is  that  to  the  kidney.  The  left 
kidney  lies  more  internal  to  the  descending  colon  than  the 
right  does  to  the  ascending  colon.  Anteriorly,  the  de- 
scending colon  is  more  constantly  covered  by  omentum 
and  small  intestine  than  is  the  ascending. 

Fecal  matter  may  accumulate  in  the  colon  in  any  part  to 
such  an  extent  as  to  simulate  a  true  tumor;  consequently 
colonic  flushing  is  always  a  wise  procedure  in  the  exami- 
nation of  an  intra-abdominal  growth. 

The  sigmoid  colon,  continuing  the  descending  colon, 
extends  from  the  iliac  crest  to  the  third  sacral  vertebra, 
at  which  point  it  becomes  the  rectum. 

It  is  provided  with  a  mesentery  attached  transversely 
in  front  of  the  psoas  muscle.  Its  length  and  position  are 
variable.  It  may  form  a  perfect  loop  occupying  tlie 
pelvis,  or,  when  the  bladder  and  rectum  are  distended, 
lying  near  the  umbilicus.  At  times  it  rests  in  the  left 
iliac  fossa.  It  is  this  loop  which  surgeons  open  in  a  left 
inguinal  colostomy.  In  the  descending  colon,  the  open- 
ing may  be  made  through  the  posterior  alxiominal  wall 
without  exposing  the  peritoneal  cavity,  but  as  the  posi- 
tion of  the  artificial  anus  is  an  awkward  one  for  the  pa- 
tient the  operation  has  been  abandoned.  The  remaining 
portion  of  the  large  intestine  is  the  rectum,  situated  with- 
in the  true  pelvis,  with  which  it  is  usually  described. 

The  spleen  is  situated  obliquely  behind  the  stomach 
in  the  epigastric  and  left  hypochondriac  regions.  It  lies 
beneath  the  eighth,  ninth,  tenth,  and  eleventh  ribs:  its 
long  axis,  measuring  five  or  six  inches,  corresponds  in 
direction  with  the  tenth  rib.  It  is  separat<Hi  from  these 
ribs  above  by  the  lower  border  of  the  lung  and  pleura, 
and  throughout  by  the  peritoneum  and  diaphragm.  A 
normal  spleen  cannot  be  palpated.  The  enlarged  spleen 
appears  beneath  the  costal  arch  at  the  level  of  the  tenth  and 
eleventh  ribs.  It  inay  be  distinguished  by  the  notches, 
one  or  two,  in  its  anterior  border  and  by  its  respira- 
tory movement.  Unlike  the  movement  of  the  liver,  which 
is  vertical,  the  movement  of  the  spleen  is  oblique,  that 
is,  toward  the  umbilicus.  The  dulness  of  the  spleen  as 
outlined  by  percussion  is  an  oval  area  extending  from  the 
ninth  to  the  eleventh  rib  in  the  posterior  axillary  line. 
Four  surfaces  are  described  on  the  organ,  each  indi- 
cating a  reflation  to  a  neighboring  viscus.  The  phi*enic 
surface  is  in  contact  with  tlio  diaphragm.  The  renal 
surface,  directed  downward  and  iuwai^,  is  in  contact 
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with  the  left  kidney.  The  gastric  surface  faces  forward 
and  inward  and  is  in  contact  with  the  posterior  surface 
of  the  stomach ;  on  this  surface  is  the  hilum.  Finally, 
the  lower  blunt  end  is  the  basal  surface  resting  upon  the 
splenic  flexure  of  the  colon  and  the  tail  of  the  pancreas. 

The  peritoneal  relations  of  the  spleen  are  extensive. 
With  the  exception  of  the  small  region  corresponding  to 
the  hilum  it  is  covered  by  the  visceral  peritoneum  of  the 
greater  sac.  The  blood-vessels  and  nerves  reach  the 
orean  between  the  layers  of  the  gastro-splenic  omentum. 

Wounds  of  the  spleen  are  accompanied  by  severe 
hemorrhage.  When  it  is  extreme  it  may  become  neces- 
sary to  remove  the  organ  for  this  reason. 

The  pancreoJt,  situated  behind  the  stomach,  in  front  of 
the  first  and  second  lumbar  vertebrae,  reaches  from  the 
concavity  of  the  duodenum  on  the  right  to  the  spleen  on 
the  left.  On  the  surface  of  the  abdomen  its  position  is 
from  two  and  one-lialf  to  five  inches  above  the  umbilicus. 
To  expose  the  pancreas  the  lesser  peritoneal  cavity  must 
be  opened.  It  is  then  seen  lying  behind  the  posterior 
layer  of  this  cavity.  It  can  be  palpated  only  when 
pathologically  enlarged,  as  by  a  carcinoma  or  cyst.  The 
ormn  does  not  move  with  respiration. 

The  anterior  surface  of  the  pancreas  is  in  contact  with 
the  posterior  surface  of  the  stomach,  while  the  posterior 
surface  lies  in  front  of  the  aorta,  tlie  superior  mesenU^ric 
artery,  the  splenic  vein,  and  the  left  kidney  with  its  ves- 
sels. The  head  is  encircled  by  the  duodenum.  The  pan- 
creatic duct  crosses  the  gland  from  left  to  right,  and  is 
buried  in  its  substance  close  to  the  posterior  surface.  Its 
course  is  straight  until  it  reaches  the  head,  at  which  point 
it  t^ums  obliquely  downward  to  enter  the  second  portion  of 
the  duodenum,  close  to  or  in  common  with  the  bile  duct. 
Retention  cysts  of  the  duct  or  of  some  of  its  smaller 
branches  occur,  and  may  attain  a  large  size.  In  general 
appearance  such  a  cyst  resembles  a  solid  or  a  cystic  tumor 
of  the  kidney,  the  differential  diagnosis  being  at  times 
impossible. 

Kidneys. — For  the  greater  part  the  kidneys  are  situated 
deeply  in  the  hypochondriac  regions,  their  lower  ends, 
however,  extending  into  the  adjacent  lumbar  and  um- 
bilical regions.  In  consequence  of  the  position  of  the  liver 
on  the  right  side,  the  right  kidney  is  somewhat  lower 
than  the  left.  As  regards  the  vertebral  column,  the  kid- 
neys are  opposite  the  twelfth  dorsal,  the  first  and  second, 
and  sometimes  the  third  lumbar  vertebrae.  The  upper  end 
of  the  right  kidney  reaches  a  line  drawn  transversely  out- 
ward from  the  tip  of  the  spine  of  the  eleventh  dorsal  verte- 
bra. Its  lower  border  reaches  a  similar  line  drawn  from  the 
lower  edge  of  the  spine  of  the  second  lumbar  vertebra. 
This  line  is  usually  about  an  inch  and  a  half  above  the 
iliac  crest.  Its  upper  end  is  nearer  the  spinal  column 
than  the  lower.  The  pelvis  of  the  organ  is  opposite  the 
transverse  process  of  the  second  lumbar  vertebra. 

Belatians.  The  posterior  surfaces  are  similar,  but  the 
anterior  surfaces  differ  on  the  two  sides.  Posteriorly,  the 
kidneys  are  not  covered  by  peritoneum,  being  connected 
by  areolar  tissue  with  the  diaphragm,  the  anterior  layer 
of  the  lumbar  aponeurosis  covering  the  quadrat  us  lum- 
borum,  and,  more  internally,  the  psoas  magnus  muscles. 
Above,  the  relation  to  the  diaphragm  is  important,  as  this 
structure  separates  the  kidney  from  the  twelfth  rib,  and 
sometimes,  on  the  left  side,  from  the  eleventh.  An  inspec- 
tion of  Plate  I.  will  show  that  the  pleura  descends  over 
the  inner  ends  of  these  ribs,  and  so  lies  between  the  upper 
ends  of  the  kidneys  and  the  surface  of  the  body.  Notice 
especially  that  the  pleura  does  not  descend  below  the 
angle  formed  by  the  lower  border  of  the  twelfth  rib  and 
the  outer  edge  of  the  quadratus  lumborum  muscle. 
However,  the  development  of  the  twelfth  rib  is  not  con- 
stant, it  being  incompletelv  developed  or  entirely  absent 
in  many  cases.  The  individual  cases  can  bo  recognized 
only  by  counting  the  ribs.  On  the  other  hand,  the  lower 
limit  of  the  pleura  and  its  relation  to  the  kidney  are  con- 
stant, and  in  a  case  of  anomalous  twelfth  rib  the  pleura 
will  lie  unprotected  by  rib  in  this  localitv.  The  impor- 
tance of  this  condition  will  be  appreciated  later. 

Anteriorly,  the  right  kidney  has  the  following  relations : 


At  the  extreme  upper  end  is  a  small  non-peritoneal  sur- 
face in  contact  with  the  suprarenal  capsule,  below  and 
external  to  which  is  a  large  peritoneal  surface  in  contact 
with  the  liver.  The  area  about  the  hilum  is  non-peritoneal 
and  is  in  contact  with  the  descending  portion  of  the  duode- 
num. Below  this  region  and  internal  to  the  liver  area  are 
two  re^ons:  an  outer  non-peritoneal  covered  by  the  colon, 
and  an  inner  peritoneal  covered  by  coils  of  small  intestines. 

The  anterior  surface  of  the  left  kidney  is  crossed  just 
above  its  centre  by  the  pancreas,  no  peritoneum  interven- 
ing. Above  the  pancreatic  surface  three  organs  are  in 
relation  with  the  kidney:  the  suprarenal  capsule,  the 
stomach,  and  the  spleen — the  first  being  the  only  organ 
not  separated  by  peritoneum.  Below  the  pancreas  the 
surface  is  largely  covered  by  peritoneum  and  small  intes- 
tines, the  exception  being  the  outer  border,  which  lies 
behind  the  colon.  From  the  description  of  the  situation 
and  relations  of  the  kidney  a  number  of  practical  points 
are  evident.  As  a  general  rule,  it  is  safe  to  say  that  a 
palpable  kidney  is  enlarged.  Only  in  very  favorable 
subjects,  especially  thin  women,  in  whom  the  organ  is 
frequently  lower  than  normal,  can  we  certainly  feel  the 
normal  kidney,  and  then  only  the  lower  third,  as  the 
upper  two-thirds  lie  behind  the  lower  ribs.  Bimanual 
palpation  should  be  used,  the  hand  placed  in  the  loin  being 
depended  upon  to  lift  the  kidney  against  its  fellow  which 
presses  upon  the  abdomen.  In  this  connection  note  the  po- 
sition of  the  colon ;  it  is  nearly  over  the  centre  of  the  right 
kidney,  but  to  the  left  of  or  outside  the  left  kidney.  The 
kidney  has  no  respiratory  movement.  It  is  recognized  by 
its  characteristic  shape,  and,  when  possible,  by  the  large  ar- 
tery which  enters  the  hilum.  The  kidney  may  be  reached 
through  the  loin  or  by  way  of  the  peritoneal  cavity.  In 
the  former  method  various  incisions  are  employed.  The 
most  important  landmarks  are  the  outer  edge  of  the 
quadratus  lumborum  muscle  and  the  twelfth  rib.  In  all 
incisions  it  should  be  remembered  tliat  the  pleural  cavity  is 
near,  and  it  should  be  avoided.  As  indicated  above,  when 
the  twelfth  rib  is  of  normal  development,  an  incision  may 
be  carried  closely  into  the  angle  between  this  muscle  and 
the  ribs.  When  the  rib  is  short  or  absent,  which  is  to  be  de- 
termined only  by  careful  examination,  then  the  location  of 
the  normal  nb  should  be  borne  in  mind,  and  the  incision 
should  be  carried  no  farther  tlian  the  normal  angle.  The  at- 
tachment of  the  quadratus  to  the  eleventh  rib  in  these  cases 
should  not  mislead  one.  The  ureters  occupy  a  position  in 
the  hilum  posterior  to  the  artery  and  vein.  Their  average 
length  is  seventeen  inches.  Beginning  as  a  well-marked 
dilatation,  called  the  pelvis  of  the  kidney,  the  ureter  passes 
downward  on  the  psoas  magnus  as  far  as  the  brim  of  the 
true  pelvis,  which  it  enters  by  crossing  either  the  common 
or  the  external  iliac  artery.  It  is  accompanied  by  the  sper- 
matic vessels  in  the  male'  and  by  the  ovarian  in  the  female. 
This  portion  of  the  ureter  may  be  reached  through  the 
post-peritoneal  space.  In  searching  for  it  the  operator 
must  raise  the  parietal  laver  of  the  peritoneum,  to  which 
stnicture  it  will  be  found  adherent. 

The  peritoneum  is  a  closed  serous  sac  with  the  excep- 
tion of  the  tubal  openings  in  the  female.  It  appears  as 
though  placed  within  the  abdominal  cavity  in  front  of 
the  viscera,  the  anterior  or  parietal  layer  of  the  sac  lining 
the  posterior  surface  of  the  anterolateral  wall,  while  the 
posterior  or  visceral  layer  is  tucked  about  the  viscera, 
enclosing  them  more  or  less  completely,  and  attaching 
them  to  the  alMlominal  walls.  The  exact  relations  of  the 
membrane  to  the  individual  viscera  have  been  noted  in 
the  descriptions  of  them,  and  are  of  importance  in  the 
spread  of  dis<»ase  from  viscera  to  peritoneum.  Many  in- 
juries and  diseases  of  the  abdominal  viscera  are  danger- 
ous only  as  they  involve  the  peritoneum.  It  is  a  well- 
known  fact  that  an  infection  approaching  the  membrane 
from  its  outer  surface  is  of  much  less  danger  than  one  ap- 
proaching from  the  inner.  The  former  is  soon  localized 
and  results  in  the  formation  of  an  abscess;  absorption 
of  toxins  is  slight.  When  the  inner  surface  is  infected, 
the  tendency  of  the  disease  is  to  spread  rapidly,  and  the 
absorption  ofs<'ptic  toxins  is  intense.  These  phenomena 
are  explained  by  the  microscopical  structure  of  the  peri- 
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toneum.  Essentially  it  consists  of  two  layers.  The  outer 
layer  is  composed  of  fibrous  and  elastic  tissue.  It  sup- 
ports the  inner  layer,  which  is  of  flat  endothelial  cells. 
Between  the  margins  of  the  cells  are  numerous  openings 
of  lymphatic  vessels,  stomata.  These  are  the  active  ab- 
sorbents of  the  peritoneum.  Some  regions,  as  those  of 
the  diaphragm  and  small  intestines,  arc  especially  rich  in 
lymphatic  vessels,  while  in  others,  as  the  omentum,  the 
number  is  small.  For  this  reason  a  peritonitis  is  more 
dangerous  in  certain  localities. 

"When  the  antero-lateral  wall  is  oj)ened,  the  peritoneal 
cavity  is  opened  also.  In  the  living  body,  however,  no  cav- 
ity exists,  parietal  and  visceral  layers  being  held  in  con- 
tact by  muscular  action  and  atmospheric  pressure.  The 
great  omentum  is  seen  hanging  from  the  greater  curva- 
ture of  the  stomach,  covering  more  or  less  completely  the 
viscera  in  the  lower  half  of  the  cavity.  Normally  it 
should  do  this  quite  completely,  but  it  may  be  found 
collected  in  a  roll  about  some  organ  or  loop  of  intestine. 
This  is  especially  the  case  when  there  has  been  a 
former  peritonitis.  The  omentum  serves  to  protect  the 
intestines,  and  also  as  a  storehouse  for  fat,  but  its  most 
important  function  is  that  of  limiting  an  infection.  It 
readily  contracts  adhesions  about  organs,  such  as  an 
inflamed  appendix  or  a  perforated  intestinal  coil,  and  so 
prevents  infection  of  the  general  peritoneal  cavity.  In 
extensive  pelvic  suppuration,  the  omentum  may  com- 
pletely exclude  the  pelvic  from  the  general  abdominal 
cavity.  Behind  the  omentum  are  the  small  intestines, 
and,  on  either  side  of  the  posterior  wall,  the  ascending 
and  descending  colons. 

The  mesentery  of  the  transverse  colon  is  raised  with 
the  great  omentum.  As  it  is  attached  transversely  across 
the  posterior  abdominal  wall,  it  divides  the  cavity  into 
two  compartments.  The  upper  contains  the  liver, 
stomach,  and  spleen.  It  also  includes  the  lesser  perito- 
neal cavity.  The  lower  compartment  contains  the  small 
intestines  and  the  colon.  It  is  subdivided  by  the  mesen- 
tery into  an  upper  right  portion  and  a  lower  left.  The 
upper  portion  ends  below  in  the  right  iliac  fossa.  Con- 
sequently a  fluid  effused  in  this  region  or  on  the  upper 
surface  of  the  mesentery  will  gravitate  into  tlie  right 
iliac  region.  The  left  and  lower  portion  passes  into  the 
pelvis,  mto  which  cavity  fluid  will  descend  when  its  ori- 
gin is  below  and  to  the  left  of  the  mesentery. 

The  relations  of  the  lesser  cavity  are  described  with 
those  of  the  stomach.  Thomas  A.  Oln^y. 

ABDOMEN  (SURGICAL)  .—The  abdominal  viscera,  un- 
like those  of  the  cranium  and  thorax,  are  contained  within 
a  cavity  whose  walls  are  composed  chiefly  of  soft  tissues 
and  to  a  rektively  slight  extent  of  bony  and  cartilagi- 
nous structures.  The  viscera  of  the  upper  abdomen  are 
protected  in  some  degree  by  the  lower  ribs  and  their  car- 
tilages, and  those  of  the  lower  abdomen  by  the  pelvic 
bones,  while  posteriorly  there  is  the  lumbar  spine. 

The  muscular  wall  oJ  the  abdomen,  too,  varies  in  thick- 
ness, and  hence  in  its  protecting  properties,  in  different 
re^ons,  being  heavy  and  solid  in  the  loins,  and  relatively 
thm  at  the  sides  and  front. 

These  defences  are  more  apparent  than  real,  for  while 
viscera  may  be  shielded  by  them  from  the  effects  of  vio- 
lence acting  in  certain  directions,  practically  all  the 
abdominal  contents  are  exposed  to  violence  acting  from 
in  front. 

The  dangers  of  abdominal  injuries  depend  also  in  no 
small  measure  upon  the  character  of  some  of  the  viscera 
themselves. 

The  gastro-intestinal  canal,  although  its  mobility  within 
the  abdomen  unquestionably  enables  it  in  many  instances 
to  escape  the  effects  of  violence,  yet  contains  matter  in 
a  high  degree  infectious,  which,  flnding  its  way  into 
the  peritoneum,  regularly  excites  a  dangerous  and  usu- 
ally fatal  peritonitis. 

Distention  of  the  hollow  viscera  also  favors  injury  of 
them,  for  not  only  is  there  thus  a  larger  mark  for  violence 
to  act  upon,  but  the  increased  tension  of  their  walls 
facilitates  the  rupturing  effect  of  violence.     Others  of 


the  viscera,  as  the  liver,  spleen,  kidney,  and  great  vessels, 
are  practically  flxed  and  immovable,  and  therefore  are 
subject  to  injury  from  a  degree  of  violence  sometimes 
comparatively  slight. 

The  abdominal  w^alls  are  lined  by,  and  the  viscera 
wholly  or  partially  covered  by,  the  peritoneum.  This 
membrane,  by  rendering  the  movements  of  the  abdominal 
organs  upon  one  another  and  beneath  the  abdominal  walls 
easy,  no  doubt  often  facilitates  their  escape  from  the  re- 
sults of  violence  which  would  otherwise  inevitably  pro- 
duce injury  of  them,  and  thus  it  becomes  a  conservative 
agent. 

On  the  other  hand,  peritonitis,  however  produced,  is  the 
most  dangerous  and  of tenest  fatal  of  the  consequences  of 
abdominal  injuries. 

Peritonitis  developing  as  the  consequence  of  injuries 
assumes  one  or  other  of  mree  types.  Rrst,  it  results  in  the 
formation  of  adhesions  between  contiguous  peritoneal 
surfaces,  without  pockets  containing  fluid  of  any  kind ; 
or,  second,  the  adhesions  form  pockets  shutting  in  collec- 
tions of  pus  of  greater  or  less  size. 

In  both  of  these  types  the  peritonitis  is  confined  to 
some  particular  region  of  the  abdomen  and  involves 
only  a  part  of  the  peritoneum,  the  rest  of  it  remain- 
ing uninflamed.  Such  types  are  distinctly  conser- 
vative. 

In  contrast  to  them  there  is  a  third  type  in  which 
the  peritonitis,  instead  of  being  circumscribed,  spreads 
quickly  and  soon  involves  the  whole  peritoneum.  Such 
a  type  of  peritonitis  is  usually  fatal,  while  the  firat  two  are 
by  no  means  necessarily  so. 

Peritonitis  is  invariably  the  result  of  infection  by  pus- 
producing  bacteria  either  from  without,  through  lesions 
of  the  abdominal  walls,  or  from  within,  through  lesions  of 
the  viscera,  particularly  of  the  gastro-intestinal  canal. 

Why,  in  different  instances,  different  forms  of  perito- 
nitis are  produced,  does  not  as  yet  seem  evident.  We 
have  not  the  means  for  determining  what  is  the  rOle  of  the 
peritoneal  cells  and  other  defensive  factors  in  combating 
infection.  Several  facts  are  apparent,  however.  Numer- 
ous experiments  and  observations  have  shown  that  the 
development  of  peritonitis  is  greatly  promoted  by  the 
presence  of  blood  in  the  peritoneal  cavity ;  it  is  known 
also  that  infection  by  the  contents  of  the  intestine  high 
up  is  milder  than  when  escape  of  the  contents  of  the 
colon  occurs;  and,  finally,  it  is  known  that  small  fecal 
extravasations  may  be  encapsulated,  while  large  ones  are 
usually  followed  by  a  general  peritonitis. 

Bile  in  moderate  quantities  may  cause  only  an  adhesive 
peritonitis;  less  frequently  a  general  peritonitis  follows. 
The  same  is  true  of  perfectly  normal  urine;  but  decom- 
posing urine,  or  urine  containing  inflammatory  products 
or  contaminated  by  unclean  instruments — ^all  of  which 
are  conditions  implying  the  presence  of  bacteria — quickly 
excites  a  septic  peritonitis. 

It  is  convenient  to  classify  injuries  of  the  abdomen  into 
two  groups :  (1)  The  subcutaneous,  including  contusions ; 
(2)  the  open  or  wounds. 

Subcutaneous  injuries  may  be  confined  to  the  abdomi- 
nal wall,  or  there  may  be  lesions  of  the  viscera  also. 

The  open  injuries  may  be  confined  to  the  abdominal 
wall  without  penetrating  it,  or  they  may  simply  pene- 
trate the  abdomen  without  injuring  any  of  the  viscera, 
or  there  may  be  a  prolapse  or  a  wound  of  the  viscera. 

SuBCUT.VNEOus  INJURIES  of  thc  alxlomiual  wall  result 
from  the  infliction  of  direct  violence  by  blows,  kicks, 
falls  against  obstructions,  spent  balls,  passjige  across  the 
abdomen  of  wheels,  crushing  by  machinery,  etc.  In  this 
group,  too,  are  included  those  cases  of  overexertion  in 
which  muscles  are  ruptured.  This  accident  is  apt  to 
occur  in  the  recti,  the  diaphragm,  or  the  erector  spime, 
particularly  in  the  presence  of  degenerative  changes  in 
these  muscles. 

Blood  is  extravasated  between  the  retracted  ends  of  the 
muscle  torn  by  overaction  or  crushetl  by  direct  force; 
and  after  its  absorption,  repair  occurs  by  cicatricial  tissue, 
which  may  occasionally  yield  to  intra-abdominal  pressure 
and  beconie  the  site  of  hernia.     Ecchymosis  also  occurs 
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over  wide  areas  beneath  the  skin  or  in  the  subserous  con- 
nective tissue. 

The  WOUNDS  of  the  abdominal  wall  which  do  not  pene- 
trate are  not  in  themselves  peculiar  injuries.  >fVith 
proper  treatment  they  heal  readily;  but  care  must  be 
exercised  in  the  accurate  approximation  of  the  cut 
muscles  to  prevent  the  subsequent  development  of  hernia. 

Another  condition  and  one  totally  different  presents  it- 
self the  moment  the  peritoneum  is  penetrat^id ;  then  the 
wound  becomes  a  grave  injury,  with  the  possibility  of 
peritoneal  infection  and  septic  peritonitis;  but  the  dan- 
gers of  such  wounds  depend  upon  their  size,  upon  the 
implement  by  which  they  are  inflicted,  and  upon  the  pres- 
ence or  absence  of  foreign  bodies. 

Small  wounds  inflicted  by  narrow,  sharp  blades  are  rela- 
tively innocuous  and  are  usually  recovered  from;  the  vis- 
ceral peritoneum,  especially  the  omentum,  becomes  ad- 
herent to  the  abdominal  wall  in  the  re/^ion  of  the  wound, 
the  general  cavity  is  shut  off,  and  healmg  occurs  without 
incident.  In  the  case  of  larger  wounds  in  which  there  is 
more  or  less  gaping,  or  in  those  inflicted  by  dirty  imple- 
ments or  complicated  by  the  presence  of  foreign  bodies,  so 
great  a  surface  of  peritoneum  is  infected  that  no  adequate 
adhesion  occurs  and  a  septic  peritonitis  follows.  This 
may  be  prevented,  however,  in  a  certain  proportion  of 
cases  at  any  rate,  by  proper  wound  treatment. 

Through  wounds  of  the  abdominal  wall,  even  if  of 
small  or  moderate  size,  and  almost  certainly  thmugh  those 
of  any  considerable  dimensions,  prola/pte  of  one  or  other 
viscus,  or  of  parts  of  visceni,  is  apt  to  occur.  The  omen- 
tum is  most  apt  to  escape;  next  the  small  intestine;  and, 
when  separated  from  their  attachments,  parts  of  the  liver 
and  the  whole  or  portions  of  the  spleen  and  kidney  liave 
been  known  to  undergo  a  prolapse. 

The  viscus,  especially  if  prolapsed  through  a  small 
woimd,  soon  becomes  congested  and  a'dematoiis,  and  ad- 
herent at  the  margins  of  the  wound;  it  may  then  remain 
fixed  there,  or  become  wholly  or  partly  necrotic. 

Occasionally,  as  in  the  case  of  the  omentum,  the  wound 
is  plugged  and  permanently  sealed;  or  a  peritonitis 
spreads  from  the  wound  and  destroys  the  patient's  life. 

The  dangers  which  prolapse  of  viscera  thus  adds  to 
those  inherent  in  the  penetniting  wound  of  the  abdomen, 
are  the  increased  risk  of  peritonitis,  unavoidable  from 
the  necessity  of  returning  a  prolap.sed  area  of  peritoneum 
almost  certainly  infected,  and  the  likelihood  of  injury  or 
of  strangidation  of  the  prolapsed  vi.scera. 

INJURIES   OF   SPECIAL   VIS(  ERA. 

1.  The  Liver  and  Its  Ducts. — While  the  liver  is 
protected  within  certain  limits  by  its  position  beneath  the 
ribs  and  their  cartilages,  its  relative  fixity  renders  trau 
matic  lesions  fairly  frequent. 

Subcutaneous  injuries  are  oftenest  the  result  of  crush- 
ing violence  or  of  blows  inflicted  directly  over  the  liver, 
and  are  not  infrequently  associated  with  fractures  of  the 
ribs,  under  which  circumstances  the  bon v  fragments  may 
be  the  agents  by  which  the  liver  lesion  is  produced. 

The  lesion  varies  from  slight  subperitoneal  laceration  to 
fissures  of  some  depth  and  extent,  or  even  pulpification  of 
the  affected  region  or  separation  of  masses  of  liver  tissue. 

The  lesion  occurs  oftener  in  the  right  lobe  than  else- 
where. 

Open  injuries  of  the  liver  are  usually  the  result  of 
bullet  or  stab  wounds,  and  the  lesion  itself  varies  from  a 
small  puncture  to  a  large  incision  or  hole. 

In  all  these  lesions,  except  those  which  are  subperi 
toneal,  bleeding  is  free  and  often  profuse,  and  constitutes 
the  main  danger  to  life.     Healing  of  the  injured  liver  tis.sue 
occurs  readily ;  but  it  may  be  interfered  with  by  infection 
conveyed  by  the  blood  current  or  introduced  from  with 
out. 

The  prognosis  is  modified  in  great  mecisure  by  the  pres 
ence  or  absence  of  associated  injuries  of  other  viscera. 
The  mortality  is  reckoned  by  Edler*  at  85.7  per  cent,  for 

*  Edler:  Lanffenbeck's  Arch.,  vol.  xxxlv. 
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contusions,  55  per  cent,  for  gunshot  wounds,  64.8  per 
cent,  for  stab  wounds — ^average,  66.8  per  cent.;  for  un- 
complicated injuries,  54.6  per  cent. 

With  or  without  injury  of  the  liver  itself  the  gall 
bladder  or  the  ducts  may  be  injured,  and  this  may  be 
followed  by  the  escape  of  bile  into  the  peritoneum  in 
quantities  more  or  less  great. 

Peritonitis  regularly  follows,  but  there  are  on  record 
a  considerable  number  of  cases  which  are  exceptions.  In 
them,  in  subcutaneous  injuries,  the  extravasated  bile  has 
been  encapsulated,  and  the  patient  has  been  saved  by 
repeated  aspirations ;  or  the  bile  has  escaped  externally 
through  fistulas  formed  in  the  tract  of  wounds,  the  flow 
gradually  diminisliing  as  these  closed. 

lyeat merit  of  injuries  of  the  liver  is  directed  chiefly  to 
the  control  of  the  bleeding  from  them,  and  ought  not  to  be 
delayed  if  the  symptoms  of  loss  of  blood  are  increasing. 
It  should  be  undertaken  before  exsanguination  has 
proceeded  far  enough  to  make  the  additional  shock  of 
the  necessary  operative  procedures  a  source  of  serious 
danger. 

Hemorrhage  from  the  liver  may  be  stopped  by  gauze 
packing  or  by  deep  sutures;  the  cautery  is  useless. 

The  liver  and  its  ducts  are  most  accessible  through  in- 
cisions of  the  alxlominal  wall,  made  parallel  with  the  mar- 
gin of  the  costal  cartilages ;  but  it  may  l)e  necessary  to  cut 
through  the  latter,  or  even  to  approach  the  liver  through 
the  pleural  cavity  and  diaphragm. 

Wounds  of  the  gall  bladder  are  to  be  sutured ;  in  only 
the  rarest  cases  is  extirpation  indicated.  Incomplete 
divisions  of  any  of  the  ducts  should  be  closed  as  far  as 
possible  by  suture,  and  in  any  ca.se  adequate  provision 
for  the  escape  of  bile  should  l)e  made  by  means  of  gauze 
packing. 

In  a  case  of  complete;  division  of  the  common  duct,  if 
ajiproximation  of  the  severed  ends  by  suture  seems  imprac- 
ticable, anastomosis  between  the  gall  bladder  and  intestine 
is  el(»arly  neces.sary. 

2.  The  Spleen. — The  deep  seated  position  of  the 
spleen  in  the  abdomen  makes  injuries  of  this  organ  rela 
tively  rare.  Its  injuries  are  the  result  of  much  the  same 
sorts  of  violence  as  i)ro(luce  lesions  of  the  liver.  Of 
E<ller's*  1(50  ruses.  83  were  subcutaneous,  42  were  bullet 
wounds,  and  JJ.')  were  stabs. 

It  goes  without  saying  that  an  enlarged  spleen  is  much 
more  liable  to  (hiinagc  than  one  of  normal  size. 

The  intimate  relation  of  the  spleen  to  other  abdominal 
(and  thoracic)  viscera  makes  associated  injuries  of  these 
organs  of  fre((uent  occurrence. 

The  great  danger  in  injury  of  the  spleen  itself  is  from 
hemorrhage. 

Suppuration  and  abscess  of  the  spleen  have  been 
known  to  follow  even  subcutaneous  injuries  of  the  organ. 

Tlie  proffnoMiM  is  therefore  grave.  Of  the  subcutane- 
ous injuries,  Edler  estimates  that  86.7  per  cent,  are  fatal; 
of  the  shot  wounds,  88.3  per  cent.  The  presence  of  as- 
sociated injuries  adds  greatly  to  the  dangers  of  the  situa- 
tion and  increases  the  mortality. 

The  treatment  of  injuries  of  the  spleen  is  chiefly 
directed  to  the  control  of  hemorrhage.  It  should  there- 
fore be  carried  out  at  the  earliest  possible  moment.  The 
spleen  is  easily  reached  through  an  incision  carried  from 
the  free  border  of  the  costal  cartilages  vertically  down- 
ward through  the  outer  margin  of  the  rectus  muscle.  For 
relatively  small  wounds  or  ruptures  of  the  spleen  deep 
sutures  may  be  used  to  stop  the  bleeding,  but  for  more 
exten.sive  injuries  one  should  proceed  without  delay  to 
extirpation. 

3.  The  Kidneys  and  Ureters.— Contusions  of  the 
kidney  occur  not  infrequently  as  the  result  of  violence 
acting  upon  the  loins  in  the  form  of  kicks,  blows,  and 
falls.  The  lesion,  in  the  mildest  cases,  consists  in  small 
subcapsular  lacerations  or  in  more  extensive  tears,  particu- 
larly at  the  bases  of  the  pyramids,  while  in  the  most 
severe  cases  the  kidney  is  ruptured,  split  into  two  or 
more  fragments,  or  reduced  to  pulp. 
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Bleeding  from  the  torn  kidney  tissue  is  apt  to  be  profuse, 
and  the  extravasated  blood  infiltrates  the  retroperitoneal 
tissue  or  finds  its  way  into  the  peritoneum  if  rents  of  this 
membrane  are  also  present. 

Wounds  of  the  kidney  are  rare  in  civil  practice,  but 
they  present  in  themselves  no  anatomical  peculiarities 
that  distinguish  them  from  the  subcutaneous  injuries. 

Repair  of  traumatic  lesions  of  the  kidney  occurs  with 
great  readiness  and  completeness.  Rarely,  cysts  persist 
at  the  site  of  injury  or  the  kidney  goes  on  to  atrophy. 

The  danger  to  life  in  injury  of  the  kidney  lies  first  in 
the  hemorrhage  and  then  in  suppuration.  But  the  close 
relation  of  this  organ  to  other  viscera  makes  asso<,"iated 
injuries  of  one  or  other  of  them  of  frequent  occurrence, 
and  thus  the  />/v^//<^W«  may  be  greatly  modified. 

Of  108  cases  of  contusion  of  the  kidney  collected  by 
Grawitz.*  50,  or  46.3  per  cent.,  were  fatal.  Of  these  5() 
cases,  18  were  complicated  by  injury  of  more  important 
viscera;  in  17,  suppumtion  occurred,  with  7  deaths.  Of 
the  33  uncomplicated  cases,  14  died  of  tli(.*  primary  hem- 
orrhage, 8  of  secondary  hemorrhage,  7of  sui)puralion,  and 
3  of  urinary  retention. 

Of  50  ca.ses  of  stab  wound  of  the  kidtiey ,  15  were  compli- 
cated by  injuries  of  other  viseem.  155  were  uncomplicated. 
Of  the  35  uncomi)lir^ted  cases,  1 1  died — I  from  primary 
bleeding,  t  from  secondary  hemorrhage.  0  from  sup 
purative  nephritis  of  the  injured  kidney,  2  from  suppum- 
tion of  th(^  iniinjured  kidney,  1  not  stated.  Of  the  15 
complicated  cast's.  3  were  complicated  by  injury  of  the 
spine,  and  all  died;  1  by  lacemtion  of  the  peritoneum, 
fatal;  2  by  injury  of  thc^  liver,  both  died;  3  by  injury  of 
the  intestine,  2  died;  0  by  injiuy  of  the  chest,  4  died; 
thus  12  died  and  3  recovered. 

Of  50  bullet  wounds  of  the  kidney  collected  by  Edler.f 
22  died.  Of  the  50.  but  20  were  uncomplicated  by  in- 
juries of  other  viscera,  and  of  these  only  3  died. 

Injuries  of  the  ureter  occur  infrequently,  most  often 
perhaps  as  accidents  in  opemtions  upon  the  pelvic 
viscera.  Extravasated  urine  collects  behind  the  peri- 
toneum, exciting  a  cellulitis  there,  or  it  enters  the  perito- 
neal cavity  and  produces  a  fatal  peritonitis. 

The  treatment  of  injuries  of  the  kidney  turns  upon  the 
control  of  bleeding,  upon  the  provision  for  the  escape  of 
extravasated  urine,  and  upon  the  avoidance  of  infection. 

In  contusions,  therefore,  if  catheterism  is  practised  at 
all,  it  must  be  done  with  every  care  to  avoid  introducing 
infection.  For  the  less  severe  cases  rest  in  bed  is  all  that 
is  required.  For  the  more  severe  cases  no  delay  is  to  be 
allowe<l  in  temporizing  with  urinary  astringents,  cold 
enemata,  etc. ;  the  kidney  should  be  exposed  and  the  bleed- 
ing contn)lled  by  suture,  by  gauze  packing,  or  by  partial 
or  total  nephrectomy.  The  external  wound  must  be 
freely  drained. 

4  The  Bladder. — The  jmsition  of  the  bladder  behind 
the  symphysis  renders  injuries  of  this  viscus  fairly  infre- 
quent. W  hether  the  wound  be  subcutaneous  or  open,  the 
presence  of  the  peritoneum  over  a  portion  of  the  bladder 
wall  is  of  capital  importance,  and  it  is  convenient  therefore 
to  divide  injuries  of  the  bladder  into  two  groups — extra- 
and  intraperitoneal. 

Of  the  ititrapfritoneal  itynrics  of  the  bladder,  wounds 
may  occur  in  any  jyosition,  while  the  subcutaneous  in- 
juries or  ruptures  are  usually  tmnsverse  or  oblique,  of 
variable  size,  and  occur  of tenest  low  down  in  the  posterior 
wall,  and  least  often  at  the  summit.  They  are  usually  due 
to  blows  or  falls  upon  the  hvpogastriimi,  especially  when 
the  bladder  is  distended  and  the  abdominal  walls  are  lax. 

There  is  free  bleeding  from  the  bladder  lesion  and 
escape  of  urine  into  the  peritoneum ;  and  sooner  or  later, 
generally  within  two  or  three  days,  a  peritonitis  is  pro- 
duced that,  once  establislied,  lias  no  tendency  to  remain 
circumscribed,  but  spreads  and  is  regularly  fatal.  The 
promptness  with  which  peritonitis  develops  depends  in 
great  measure  upon  the  chamcter  of  the  extravjusated 
urine  and  upon  the  presence  or  absence  of  infection  in- 
troduced from  without  by  instrumentation. 


♦  Arch.  f.  kiln.  Chlr.,  Heft  3, 18«7. 
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The  extraperitoneal  ii\jurie»  occur  in  the  anterior  wall 
of  the  bladder,  and  vary  in  size  from  mere  punctures  to 
considerable  rents.  They  are  due  to  much  the  same  sort 
of  accidents  that  cause  intraperitoneal  injuries,  and  are 
not  infrequently  the  result  of  fracture  of  the  pubic  bones, 
in  which  accident  fragments  are  displaced  and  perforate 
the  bladder  wall. 

In  these  cases  there  is  also  free  bleeding  and  an  escape*  of 
urine  into  the  cellular  tissue  of  the  prevesical  space  and 
into  the  subserous  connective  tissue;  and,  as  a  residt  of 
this,  cellulitis  develops  in  these  tissues,  and  is  practi- 
cally always  fatal. 

As  to  the  relative  frequency  of  extra-  and  intrap<?rito- 
neal  ruptures  of  the  bladder,  the  latter  are  much  more 
numerous,  Iwdng  estimated  by  Fenwick*  at  88  jkt  cent., 
as  agjiinst  12  per  cent,  for  the  former. 

The  prfH/iumis  of  injuries  of  the  bladder,  even  if  uncom- 
j)licated  by  injuries  of  other  viscera,  is  always  most  grave. 
IJiirtel  f  has  collected  504  cases  with  a  general  mortality 
of  45  per  cent.  Of  these*.  373  were  extrai>eritoneal, 
with  a  mortality  of  20  ]>er  cent.,  and  131  intraperi- 
toneal, with  a  mortality  of  JH).2  per  cent. 

Arranged  a(.'cording  to  the  presence  or  absence  of  an 
external  wound,  KJii  cases  were  sulxmtaneous  injuries 
and  90  per  c(;nt.  died,  while  335  were  open  injuries  and 
22.7  percent,  died.  Of  the  lOD  subcutaneous  injuries, 
131  were  intraiK'ritoneal,  with  a  mortality  of  99.2  per 
C(?nt. ;  38  were  extraperitoneal,  with  a  mortality  of  58 
percent.  Of  the  335  open  injuries,  50  were  stab  woimds, 
with  a  mortality  of  22  per  cent. ;  285  were  bullet  wounds, 
with  a  mortality  of  24.5  per  cent. 

But  these  figures  do  not  indicate  the  jiresent  mortality 
rate,  which  has  undergone  marked  iini)iovement  with  the 
advance  of  aseptic  technique  and  the  general  adoption  of 
earlier  operative  interfen-nce.  Thus  Schlange  X  has  col- 
lected 32  cases,  with  15  dejiths  and  17  recoveries.  Of 
these,  22  were  intraperitoneal  with  10  recoveries,  and  10 
extraperitoneal  with  7  recoveries. 

The  treatment  of  injuries  of  the  bladder  is  designed  to 
provide  for  the  escape  of  urine  and  to  close  the  bladder 
lesion  itself,  tlius  preventing  infiltration  of  urine  and  the 
development  of  those  infiammations  which  otherwise  fol- 
low, and  which  are  the  iuunediate  cause  of  death. 

Suprapubic  cystotomy,  then,  should  btMloneat  thec^arli- 
est  moment  possible.  In  extraperitoneal  injuries  the 
lesion  should  be  closed  by  suture,  wholly  or  in  part, 
lietzius'  space  should  be  thoroughly  drained  by  gauze 
packing,  and  the  bladder  itself  should  be  drained  by  a 
perineal  tube. 

In  a  ca.se  of  intraperitoneal  injury  the  abdomen  should 
be  entennl  just  al)ove  the  bladder,  and  thoroughly  flushed, 
and  the  bladder  itself  should  be  closed  by  appropriate 
suture ;  a  Mikulicz  drain  being  passed  into  the  depth  of 
the  pelvis  and  the  bladder  being  drained  by  perineal  tube. 

If  the  ureter  has  been  severed  the  divided  ends  may  be 
brought  together  by  the  method  of  Hochenegg  or  of  Kelly, 
or  the  kidney  may  be  removed.  Implant4ition  of  the 
ureter  into  the  intestine  is  a  hazardous  expedient,  as  is 
also  implantation  into  the  bladder. 

5.  The  Qastro-Intestinal  Tract. — Injuries  of  the 
stomach  occur  less  often  than  those  of  the  intestine,  and 
injuries  of  the  large  intestine  ai*e  less  frequent  than 
those  of  the  small.  They  may  be  single  or  nniltiple. 
Such  injuries  vary  in  extent,  lu'ing  either  incomplete  (in- 
volving only  one  or  two  of  the  layers  of  the  tract)  or 
complete  (involving  all  of  them). 

The  former  group  includes  those  cases  in  which  the 
mucous  membrane  is  lacerated  by  foR'ign  boelies  passing 
through  the  canal;  those  in  which  the  intestinal  wall  is 
contused  by  violence  acting  from  without,  and  in  which 
the  injury  is  accompanied  by  hemorrhage  between  the 
component  layers  of  the  intestine,  and  those  in  which  there 
is  laceration  of  the  peritoneal  or  peritoneo-muscular  layers. 

Such  injuries  are  relatively  unimportant.     Perforation 


*  Duplav  et  Keclus :  "  Tnilt.  dc  Chir.,"  vol.  vll.,  p.  688. 
t  IH>uti!iche  Chlr.,  Lief  'C*,  p.  GT. 
X  Quoted  by  KOuig,  vol.  II.,  p.  140. 
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may  be  a  consequence,  but  it  probably  occurs  very  infre- 
quently. The  complete  lacerations  are  tlie  important  ones. 
They  are  of  variable  extent.  In  the  stomach  the  lesion 
may  be  a  minute  perforation  or  a  tear  several  inches  in 
length;  in  the  intestine  also  the  injury  may  be  a  small 
puncture  or  a  total  transverse  division  of  the  bowel. 
There  is  more  or  less  hemorrhage  from  the  margins  of 
the  injured  spot  into  the  camil  and  into  the  peritoneum, 
and.  most  important,  there  is  likely  to  be  an  escape  of 
the  contents  of  the  intestine,  the  amount  varying  accord- 
ing to  the  dimensions  of  the  opening. 

The  consequence  may  be  either  a  peritonitis  of  small 
and  limited  extent,  resulting  substantially  in  nothing 
more  than  adhesions:  or  a  circumscribed  peritonitis,  with 
abscess  of  greater  or  less  size ;  or  a  generalized  septic  peri- 
tonitis. 

In  the  smaller  lesions,  at  least,  extravasiition  of  intesti- 
nal contents  does  not  occur  at  once  on  the  infliction  of  the 
injury,  for  one  commonly  tinds.  in  operations  done  for 
bullet  wounds  of  the  intestine,  that  for  some  hours  the 
opening  is  ocrcupied  and  practically  occluded  by  prolapsed 
mucous  membmne.  The  mechanism  of  this  occlusion 
was  studied  by  Griffith,*  who  found  that  in  tmns- 
verse  wounds  of  one-third  of  an  inch  in  length,  the 
mucous  membrane  is  extruded  by  the  contraction  of 
the  longitudinal  fibres  of  the  intestine,  and  that  in  small 
longitudinal  wounds  the  contmctionof  the  circular  fibres 
causes  the  margins  of  the  wound  to  roll  in.  expresses  the 
mucous  membrane,  and  produces  the  Siime  occlusion. 
Such  obstruction  to  the  escape  of  intestinal  contents  is 
best  seen  in  the  small  inte.stin(\  as  it  does  not  occur  in  the 
relatively  thinner-walle<l  parts  of  the  colon. 

Injuries  of  the  gastrointestinal  tract  result  from  con 
tusions  of  the  abdomen  due  to  blows,  falls,  kicks,  etc., 
which  crush  the  intestine  against  the  spine;  and  if  this 
part  of  the  canal  happens  to  be  distended  when  the  in- 
jury is  inflicted,  an  actual  bursting  of  its  walls  may  re- 
sult. Penetrating  bullet  and  stab  wounds  of  the  abdo- 
men are  a  common  cause  of  injuries  of  the  intestines,  and 
the  latter  may  also  result  from  the  passage  of  a  foreign 
bo<ly  through  the  intestinal  tract. 

The  prognonift  is  always  grave  and  the  chief  danger  is 
peritonitis.  But  the  development  of  peritonitis  varies 
with  the  extent  of  the  lesion,  with  the  ability  of  the  pa- 
tient to  circmnscribe  peritoneal  infection  by  forming 
adhesions,  and  with  the  promptness  with  which  surgical 
intervention  is  undertaken. 

According  to  Petry,f  of  199  cases  of  nipture  of  the  in- 
testine, 4.8  per  cent,  recovered  through  the  development 
of  adhesions  to  neighboring  structurcs;  in  8.5  per  cent. 
a  circumscribed  fecal  abscess  formed.  The  general 
mortality  of  ruptures  of  the  intestine  was  86  per  cent. ; 
of  ruptures  of  the  stomach,  80  per  cent. 

The  seriousness  of  wounds  of  the  gastrointestinal 
canal  will  appear  more  clearly  when  I  state  tliat  they  are 
specially  apt  to  be  multiple  and  that  other  organs  are  apt 
to  be  wounded  at  the  same  time.  Of  4,958  cases  grouped 
by  Coley,t  the  mortality  was  81  per  cent.  Of  165  cases 
treated  by  operation  the  mortality  was  67.2  per  cent.; 
and  of  these,  81  concerned  the  small  intestine  (mortality, 
67.5  per  cent.) ;  24  the  stomach  (mortality,  75  per  cent.) ; 
86  the  colon  (mortality,  66.6  per  cent.). 

The  treatment  should  be  undertaken  at  the  earliest 
moment.  But  here  there  is  not  the  positive  indication 
for  instant  operation  tliat  exists  when  the  control  of 
hemorrhage  is  the  object  in  view.  Nevertheless  there 
should  be  no  unnecessary  delav  in  intervention,  and  the 
guide  to  the  time  of  operation  lies  in  the  degree  of  shock 
present.  The  nile  should  be  to  operate  the  moment  the 
general  condition  of  the  patient  will  admit  of  the  pro- 
cedures necessary,  and  before  peritonitis  has  developed. 
In  fact,  after  a  peritonitis  is  under  way  and  is  spreading, 
no  surgical  measure  is  likely  to  be  of  avail  in  any  but  the 
most  exceptional  cases. 

The  lesions  are  to  be  sought  systematically,  and  any 

♦  Quoted  by  KOniR,  vol.  11.,  p.  143. 

t  IbW.,  p.  144. 

t  Am.  Jour.  Med.  Sc.,  Harcb,  1891,  p.  S43. 


existing  tears  should  be  closed  by  some  one  of  the  recog- 
nized forms  of  intestinal  suture;  or  the  intestine  should 
be  resected,  or  anastomoses  should  be  made.  Then  the 
neighboring  peritoneum  should  be  cleaned ;  or  the  entire 
pentoneal  cavity  should  be  flushed  until  it  is  perfectly 
clean  and  then  should  be  sponged  dry.  In  most  cases 
the  judicious  placing  of  gauze  drains  will  be  advantage- 
ous. 

6.  The  Mesentery  and  Qreat  Blood-Vessels. — In- 
juries of  these  structures  are  exceedingly  uncommon  in 
subcutaneous  injuries  of  the  abdomen,  but  they  occur 
with  some  frequency  as  the  consequence  of  penetrating 
wounds.  The  great  danger  entailed  is  from  hemorrhage, 
which  is  considerable  in  wounds  of  the  mesentery  even 
of  small  .size,  while  in  those  inflicted  at  the  root  of  this 
structure  or  involving  one  or  other  of  the  named  branches 
of  the  aoria  or  vena  cava,  the  bleeding  is  profuse  and 
usually  quickly  fatal.  Trcotnu'iU,  if  available  at  all.  is 
practically  so  only  in  those  cases  in  which  the  wound  in- 
volves the  smaller  vcs.s('ls,  which  may  be  clamped  and 
ligatured,  or  surroumled  by  suture,  and  so  closed. 

Symptoms. 

To  arrive  at  the  pmper  conclusion  in  estimating  the 
cons<M|uences  of  abdominal  injuries  it  is  essential  to  study 
the  individual  case  from  every  point  of  view,  beginning 
willi  the  history  of  the  injury  it.sclf.  the  degree  of  vio- 
lence exercised,  the  attitude  of  the  patient  at  the  time  of 
the  occurrence,  and  the  state  of  his  abdominal  viscera — 
empty  or  full,  normal  or  disea.sed.  Then,  besides,  one  must 
note  the  sequence  of  symptoms,  both  the  addition  and  the 
disappearance  of  local  evidences,  and  the  general  condi- 
tion of  the  individual  con.sidered  as  a  whole. 

Of  the  general  symptoms,  shock  is  apparent  from  the 
beginning  in  most  cases  of  alxlominal  injury,  although  it 
varies  in  degree.  It  is  most  profound  after  severe  con- 
tusions, and  may  be  but  slightly  developed  in  a  consider- 
able number  of  cases  of  penetrating  wounds  of  the  ab- 
domen, so  that  the  absence  of  very  marked  shock  should 
not  be  construed  to  mean  absence  of  visceral  lesions  of 
serious  or  even  fatal  character;  although  profound  sh(x;k 
nuist  \isually  be  interpreted  to  be  indicative  of  grave 
injury. 

The  symptoms  of  hemorrliage  are  practically  identical 
with  those  of  shock,  but  tiiey  are  gradually  developed ; 
and  very  often  the  similarity  of  the  symptoms  of  the  two 
conditions  makes  their  distinction  impossible,  at  least 
with  any  degree  of  certainty. 

Peritonitis  at  its  outset,  which  may  occur  within  a 
few  hours  of  the  reception  of  an  injury,  sometimes  closely 
resembles  the  symptoms  of  shock  or  hemorrliage,  but 
when  fully  established  it  can  haitlly  be  mistaken  for  any 
other  condition. 

There  are  certain  local  symptoms  which  appear  after 
injuries  of  any  of  several  viscera,  and  there  are  others 
which  are  peculiar  to  lesions  of  special  viscera  alone. 

Hemorrhage  in  any  volume  from  the  liver,  spleen,  or 
kidney, — extra-  or  intraperitoneal, — or  from  the  mesen- 
tery, Is  accompanied  by  great  pain,  by  distention  of  the 
abdomen,  by  great  rigidity  of  its  walls,  by  dulness  in  the 
flanks  in  some  cases ;  but  by  no  means  all  of  these  symp- 
toms are  present  in  every  case  in  marked  degree,  and 
often  one  or  more  of  them  are  absent  altogether. 

The  presence  of  gas  in  the  peritoneal  cavity  is  indi- 
cati^^'d  by  loss  of  liver  dulness  and  by  a  peculiar,  non-re- 
sistant feeling  of  the  abdominal  wall  on  palpation  and 
percussion.  Here,  again,  excei)tions  are  numerous  in 
both  the  positive  and  the  negative  sen.st?.  Perforations 
of  the  intestine  occur  without  loss  of  liver  dulnes.s.  and 
liver  dulness  may  be  absent  without  perforation  of  the 
intestine. 

Distention  of  the  abdomen  following  injury  is  usually 
evidence  of  peritonitis. 

Pain  is  often  experienced  at  the  site  of  injury,  but  is  a 
better  index  of  the  location  of  injuries  of  the  alnlominal 
wall  than  of  visceral  injuries;  it  may  be  entirely  abs^*nt 
or  may  be  referred  to  another  region,  and  is  of  little 
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value  in  determining  any  of  the  features  of  visceral 
lesions. 

Tenderness,  on  the  other  hand,  is  of  great  value,  and  as 
a  rule  is  felt  only  in  the  region  injured,  and  is  thus  often 
an  accurate  guide  to  the  location  of  the  intra-abdominal 
trouble. 

With  injuries  of  the  liver  there  is  a  history  of  wound 
or  contusion  in  tlie  region  of  the  liver,  followed  by  the 
local  and  general  symptoms  of  hemorrhage. 

With  injuries  of  the  »i*leen  there  is  a  history  of  wound 
or  contusion  in  the  region  of  the  spleen,  followed  by  the 
local  and  general  symptoms  of  hemorrhage. 

With  injuries  of  \.\\e  Himuarh  there  is  a  history  of  wound 
or  contusion  in  the  ivgion  of  the  stomach,  or  of  the  in- 
gestion of  a  foreign  bmly,  followed  by  loss  of  liver  dul- 
ness,  by  hjematemesis.  by  peritonitis. 

W^ith  injuries  of  tiie  iutiHtiue  tiiere  is  a  history  of  a 
wound  or  contusion  of  the  abdomen  followed  by  loss  of 
liver  dulness,  by  bloo<ly  stools,  in  some  cases,  and  by 
peritonitis. 

W^ith  injuries  of  the  kuhny  there  is  a  history  of  a 
wound  or  contusion  in  the  region  of  the  kidney,  followed 
by  evacuation  of  bloody  urine,  probably  by  tumefaction 
in  the  loin,  and  very  often  by  the  symptoms  of  suppura- 
tive nephritis  and  perirenal  cellulitis. 

With  injuries  of  the  bhuhhr  there  is  a  history  of  a 
wound  or  contusion  in  the  region  of  this  organ.  The 
symptoms  and  the  ccmditionsolK'^crvLHl  are  the  following: 
'fhe  bladder  is  very  often,  althouirh  not  always,  dis- 
tended, and  this  condition  is  as.s(Kiat('d  with  apparent 
supprcs-sion  of  urine,  with  tenesmus,  with  evacuation  of 
small  amounts  of  blood  through  the  catheter,  with  non- 
distensibilitv  of  the  blaihhT  bv  means  of  iniections  or 
with  th(?  return  of  smaller  volumes  than  those  injected, 
and.  finally,  with  ])erive.sical  cellulitis  or  with  peritonitis. 

With  injuries  of  the  imtHntf  ri/  there  is  a  history  of  a 
wound  or  contusion  of  the  central  region  of  the  abdomen, 
followed  bv  the  local  and  ir<*neral  svmptcmis  of  hemor- 
rhage  or  of  intestinal  obstruction  and  peritonitis. 

"With  injury  of  any  of  the  good  sized  vessels  of  the 
abdomen  there  are  the  symptoms  of  hemorrhage. 

DiAONOSIS. 

In  most  instances  it  is  j)nu;tically  impossible  to  make 
a  correct  diagnosis  of  the  viscem  injured,  and  of  the  ex- 
tent of  the  lesions  ]iresenr  in  conse(iuence  of  injuries  of 
the  abdomen.  It  com])aratively  rarely  happens  that  such 
injuries  are  confined  to  single  viscera,  and  in  the  combina- 
tion of  symptoms  that  regularly  ensue,  some  are  over- 
shadowed by  others.  This  fact,  together  with  the  unre- 
liability of  many  of  the  symptoms  which  should  be 
pathognomonic  of  special  injuries,  renders  the  diagnosis 
always  one  of  probability.  Nevertheless,  in  a  con- 
siderable number  of  cases  the  lesions  prohibly  pres- 
ent may  be  estimated  with  a  fair  degn^e  of  accuracy,  and 
in  a  small  number  the  diagnosis  may  Ix^  made  with  cer- 
tainty;  but  it  should  be  emphasized'  that  this  number  is 
small,  and  that  in  these  particular  cases  the  injuries  pres- 
ent are  relatively  slight.  All  the  factors  possible  must 
be  duly  cbnsidere<l:  the  chanicter  of  the  violence;  its 
degree  and  the  particular  region  which  it  affects;  the 
viscera  present  in  this  region  and  their  condition  at  the 
time  of  injury;  and  both  the  immediat(?  and  the  later 
symptoms  produced.  To  all  of  these  features  proper 
value  must  be  assigned  before  the  final  conclusion  can 
safely  be  formulatea. 

Prognosis  and  Complications. 

For  the  same  reasons  any  statement  in  regard  to  the 
prognosis  of  abdominal  injuries  must  be  made  with  great 
caution.  It  may  be  said,  however,  that  of  those  cases 
that  recover  after  abdominal  injuries,  there  are  some  in 
which  the  recovery  is  complete,  and  others  in  which  it  is 
incomplete  (through  the  persistence  of  fistula^  or  of  peri- 
toneal adhesions,  or  through  the  develoi)ment  of  hernia*). 

Of  the  complications  of  abdominal  injuries,  hemorrhage 


is  perhaps  the  most  important.  It  may  accompany  al- 
most any  of  the  visceral  injuries. 

Peritonitis  is  an  almost  equally  grave  complication. 
It  is  particularly  apt  to  accompany  injuries  of  the  gastro- 
intestinal tract,  the  bladder,  and  the  biliary  ducts. 

Later  complications,  as  mentioned  under  prognosis, 
are:  fistulae  communicating  with  the  alimentary  canal, 
the  biliary  passages,  and  the  kidnev;  adhesions  which 
possibly  give  rise  to  functional  disturbances  of  the  viscera 
and  esi)ecially  to  intestinal  obstniction ;  hemifle  due  to 
yielding  of  cicatrices  of  the  abdominal  wall ;  and,  finally, 
the  protrusion  of  one  or  other  or  several  of  the  abdominal 
organs. 

Treatment. 

The  treatment  of  patients  suffering  from  the  results  of 
abdominal  injuries  is  of  a  twofold  character:  it  comprises 
the  treatment  of  the  general  symptoms — those  of  shock, 
hemorrhage,  or  peritonitis — and  the  treatment  of  the 
local  lesions  present. 

So  far  as  the  treatment  of  shock  is  concerned,  the  pa- 
tient should  be  placed  in  bed  and  the  foot  of  the  bed  should 
be  elevatf^d.  He  should  be  warmlv  covered,  and  artifi- 
cial heat  should  be  applied  externally  by  hot  bottles,  etc. 
Heart  action  is  to  be  stimulated  by  the  application  of 
heat  or  mustard  paste  over  the  precordium,  by  subcu- 
tiineous  injections  of  strychnine,  of  morphine,  of  atropine, 
or  of  whiskey,  and  by  enemata  of  hot  water,  fiuid  extract 
of  coffee,  and  whiskey.  In  many  cases,  and  in  those 
particularly  in  which  the  symptoms  are  due  to  hemor- 
rhage, the  infusion  of  the  patient  with  from  forty  to  sixty 
ounces  of  normal  .salt  solution  is  of  the  greatest  possible 
service;  but  it  should  be  Ivorne  in  mind  that  the  effect  of 
the  infusion  will  subside  in  about  four  hours,  and  that 
then  the  injection  may  have  to  be  repeated. 

All  that  it  is  necessary  to  .say  in  this  jilace  in  regard  to 
the  treatment  of  peritonitis  has  reference  to  its  pn^ventirm, 
a!id  this  end  is  best  served  by  the  rigid  observance  of  the 
rules  which  have  been  formulated  for  the  aseptic  or  anti- 
septic treatment  of  wounds. 

In  the  ease  of  a  wound  of  the  abdominal  wall,  whether 
penetmting  or  not,  th(»  object  of  the  local  treatment  is  to 
secure  unicm  in  the  shortest  time  ])os.sible  and  in  such  a 
way  that  hernial  protrusions  are  lea.st  likely  to  occur. 
For  this  purpose  surgeons  are  fairly  agreed  that  suturing 
must  be  done  in  layers,  that  is,  that  identical  structures 
in  each  margin  of  the  wound  are  to  be  united  again; 
further,  that  such  union  is  best  accomplished  by  buried 
absorbable  suture  material,  namely,  catgut.  But  since 
catgut  is  ab.sorbed  within  a  few  days,  some  other  more 
enduring  suture  material  must  be  used  to  preserve  the 
apposition  and  beginning  union,  started  between  struct- 
ures brought  together  by  catgut.  For  this  purpose,  then, 
it  is  conventional  to  use  deep  sutures,  embracing  all  the 
hiyers  except  the  peritoneum,  com])osed  of  silk,  of  silk- 
worm gut.  or  of  silver  wire.  Finally,  accurate  imion 
along  the  skin  incision  is  obtained  by  a  continuous  sut- 
ure of  fine  silk. 

For  8ubcut(n\touH  injuries  of  the  abdominal  wall  in 
which  no  rupture  of  muscle  occurs,  no  .sp<*cial  treatment 
is  retjuired  beyond  promoting  the  disappearance  of  ex- 
tra vastited  blood  by  massjige  or  aspiration. 

When  rupture  of  muscle  occurs  the  overlying  skin  is 
to  be  incis(?d  and  the  injury  treated  as  a  wound  by  suc- 
cessive tiers  of  sutures. 

AVhen  injury  of  one  or  of  several  of  the  abdominal 
viscera  is  certain  or  seems  probable,  no  delav  in  institut- 
ing active  treatment  is  permissible.  It  is  far  and  away 
the  better  scheme  to  make  explorative  incisions  through 
the  abdominal  wall,  to  render  the  diagnosis  certain,  than 
to  subject  the  patient  to  the  dangers  of  peritonitis  or 
fatal  exsanguination  by  waiting  for  a  confirmation  of  the 
diagnosis  of  some  doubtful  or  probable  lesion  by  the  de- 
veloi)ment  of  positive  svmptoms.  Many  patients  have 
without  doubt  been  sjivecl  in  consequence  of  this  practice, 
and  it  is  equally  evident  that  many  have  been  lost 
through  hesitation  in  Ciirrying  out  this  scheme.  There 
is  little  or  no  risk  involved  in  the  simple  incision  itself. 
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But  no  operative  procedure  may  be  undertaken  in  states 
of  profound  shock  or  in  cases  in  which  the  injuries  are  so 
extensive  or  so  complicated  as  to  make  their  treatment 
practically  impossible ;  nor  should  interference  be  resorted 
to  in  the  presence  of  well-marked  peritonitis.  On  the 
other  hand,  in  the  presence  of  a  beginning  peritonitis 
there  still  remains  some  possibility  of  success. 

If  decided  shock  is  present,  energetic  measures  for  its 
relief  are  called  for,  and  only  when  the  patient  has  begun 
to  rally,  that  is,  when  the  pulse  becomes  slower  and 
stronger  and  the  temi>erature  begins  to  approach  normal, 
may  an  operation  be  contemplated.  The  exception  to 
this  rule  is  met  with  in  those  cases  in  which  the  symp- 
toms of  apparent  shock  are  due  to  hemorrliage.  In  such 
cases  no  substantial  improvement  is  likely  to  result  from 
stimulation,  and  the  patient's  best  if  not  only  hope  lies 
in  immediate  intervention,  during  which  active  stimula- 
tion should  be  carried  on. 

For  the  treatment  of  any  visceral  lesion  that  is  a  con- 
sequence of  a  non-penetrating  injury  of  the  abdomen  it 
is  necessary  to  incise  the  abdominal  wall,  the  position, 
direction,  and  extent  of  the  incision  being  determined  by 
the  vi.scus  to  be  reached. 

To  expose  the  liver  and  biliary  ducts,  an  oblique  in- 
cision parallel  with  the  free  border  of  the  ribs,  with  its 
centre  about  opposite  the  tenth  cartilage,  is  conventional, 
while  a  similar  incision  on  the  left  side  exposes  the  stom- 
ach. But  for  either  purpose  a  vertical  incision  through  the 
outer  part  of  the  rectus  downward,  for  variable  distances 
from  the  free  border  of  the  ribs,  serves  equally  well,  and 
has  the  advantage  that  on  the  right  side  the  kidney  may 
be  explored  and  attacked  through  it,  while  on  the  left 
side  the  spleen  may  also,  if  necessary,  be  reached. 

To  expose  the  kidney  by  the  transperitoneal  route,  the 
Incision  just  described  is  the  best;  but  for  general  pur- 
poses the  Konig  incision  of  the  loin  is  much  to  be  pre- 
ferred in  every  way,  since  in  itself  it  is  extraperitoneal, 
but  at  the  same  time  it  allows  the  peritoneal  cavity  to  be 
entered  very  readily  by  extending  the  incision  forward 
but  a  short  distance. 

For  the  purpose  of  reaching  the  bladder  an  incision 
carried  upward  from  the  symphysis  between  the  rectus 
muscles  for  the  necessary  distance,  with  the  patient  in 
the  Trendelenburg  position,  exposes  this  organ  perfectly ; 
and.  in  order  still  further  to  enlarge  the  working  space, 
the  insertions  of  the  recti  into  the  symphysis  may  be 
divided  for  a  short  distance.  Then,  by  the  aid  of  re- 
tractors placed  so  as  to  draw  the  margins  of  the  wound 
apart,  one  may  obtain  a  perfect  view  of  the  bladder,  and 
ample  room  may  be  gained  for  any  suturing  operation. 

To  gain  access  to  the  intestine  and  mesentery  a  median 
incision  through  the  linea  alba,  of  variable  length  au<l 
carried  around  the  left  side  of  the  umbilicus,  will  an.swer 
the  purpose  best.  In  this  way  the  small  intestine  and 
mesentery,  the  rectum,  and  the  sigmoid  flexure  may 
readily  be  reached,  and  by  use  of  vigorous  retraction  the 
rest  of  the  colon  may  be  exposed,  as  well  as  the  first  and 
second  parts  of  the  duodenum. 

In  making  incisions  through  the  abdominal  wall,  no 
time  should  be  lost  in  using  a  director.  The  incision 
should  be  rapidly  carried  through  tiie  skin,  the  superficial 
and  deep  layers  of  fascia,  and  the  muscles — clamps  being 
applied  to  all  bleeding  points — until  the  transversalis 
fascia  is  reached.  This  is  to  be  nicked  with  the  knife  and 
then  divided  along  the  length  of  the  wound  by  scissors. 
thus  exposing  the  peritoneum.  The  latter  in  turn  is  then 
to  be  pinchetl  up  by  two  pairs  of  forceps,  a  nick  is  to  be 
fnadc  between  them,  and  the  membrane  is  then  to  be  di- 
vided by  8(;issor8  on  a  finger  thrust  beneath  it  through 
tha  small  primary  opening.  It  is  optional  whether  bleed- 
ing points  are  to  be  tied  before  entering  the  cavity  or 
whether  clamps  are  to  be  left  in  fn'tu. 

In  the  operative  treatment  of  penetrating  iMnn^s  of 
the  abdominal  wall  it  is  best  to  enlarge  the  wound  of 
entrance  with  the  same  precautions  that  are  usually  ob- 
served in  formally  opening  the  abdomen.  Having  done 
so,  one  should  inspect  the  subjacent  viscera,  and  then 
upon  ascertaining  the  extent  and  character  of  the  lesions 


to  be  treated,  should,  if  necessary,  make  additional  inci- 
sions through  the  abdominal  wall  in  one  or  other  of  the 
positions,  and  in  the  manner  just  described,  or  the  wound 
should  be  still  further  enlarged.  The  treatment  of  the 
injuries  of  different  viscera  has  been  referred  to  under  the 
description  of  their  lesions. 

Here  it  is  proper  to  indicate  the  method  of  caring  for 
prolapse  of  viscera,  and  for  blood  and  foreign  material 
which  may  be  present  in  the  peritoneal  cavity. 

Almost  any  of  the  viscera,  whether  injured  or  not, 
may  prolapse  through  wounds  of  the  abdominal  wall, 
and  then  be  injured,  or  infected,  or  become  strangulated: 
and  the  procedure  to  be  adopted  depends  upon  which  of 
these  events  has  occurred. 

In  general  terms,  for  purposes  of  treatment,  it  is  al- 
ways to  be  assumed  that  prolapsed  viscera  are  infected ; 
and  whether  a  given  viscus  is  to  be  returned  or  not  will 
be  decided  by  the  possibility  of  rendering  it  practically 
aseptic  or  not,  of  repairing  injuries  present  in  it,  or  of 
restoring  its  circulation. 

Prolapsed  omentum  should  in  any  case  be  tied  off  and 
removed. 

Prolapsed  intestine,  if  strangulated,  may  be  sutured  in 
situ,  or  may  be  opened  in  such  a  manner  as  to  form  a 
fecal  fistula  which  is  to  be  closed  subsequently,  or  it 
may  Iw  resected  at  once.  If  it  has  become  infected  it  is 
to  be  subjected  to  very  thorough  mechanical  cleans- 
ing with  0.5-per-cent.  salt  solution,  and  then  returned 
after  any  injuries  possibly  present  in  it  have  been  re- 
paired. 

Prolapse  of  the  spleen  calls  for  its  removal  if  strangu- 
lated or  irreparably  injured,  or  for  its  return  if  it  can  be 
thoroughly  cleaned  and  repaired. 

Prolapsed  portions  of  the  liver  arc  to  be  removed. 

Prolapse  of  the  kidney  should  be  managed  by  removal 
if  it  is  necrotic  or  very  greatly  injured ;  by  mechanical 
cleansing,  repair,  and  replacement  of  the  organ  if  it  be 
possible.  However,  in  any  case  ample  drainage  must  be 
provided  by  gauze  leading  from  the  site  of  the  returned 
viscus  to  the  surface. 

Blood  is  to  be  completely  removed  from  the  abdominal 
cavity.  This  is  done  by  scooping  out  clots  with  the 
hand  and  sponge,  and  by  copious  douchings  with  hot 
salt  sfjlutiou.  Provision  for  subsequent  drainage  need 
not  necessarily  be  supplied. 

The  entrance  of  foreign  bodies  from  without  or  from 
the  intestine,  or  the  entrance  of  intestinal  contents  into 
the  peritoneal  cavity,  is  a  fruitful  source  of  peritonitis, 
and  measures  should  be  taken  to  prevent  its  occurrence. 
But  once  they  have  invaded  the  cavity  and  infected  it, 
no  time  is  to  be  lost  in  removing  them  and  in  neutralizing 
their  consequences. 

Intestinal  contents  are  to  be  removed  by  scooping  and 
sponging,  and  then  not  only  the  visibly  soiled  areas  of 
peritoneum  must  be  cleansed  by  the  liberal  use  of  salt 
solution,  but  the  same  procedure  must  be  carried  out 
with  regard  to  the  whole  peritoneum,  especially  if  con- 
siderable quantit  ics  of  foreign  material  have  escaped ;  and, 
if  ncce.ssiiry,  evisceration  must  be  resorted  to.  Drainage 
must  of  course  be  provided  in  every  ca.se. 

Drainage  of  an*as  of  the  peritoneum  is  best  accom- 
plisheil  by  the  use  of  gauze— ordinary  absorbent  gauze 
sterilized,  or  gauze  impregnated  with  iodoform.  Gauze 
has  the  advantage  over  tubes  of  various  kinds  in  several 
respects.  Besides  the  perfect  manner  in  which  it  enables 
all  exudate  to  be  can-ied  to  the  surface,  it  decidedly 
promotes  the  formation  of  adhesions  about  itself,  and  con- 
sequently about  the  region  drained,  which  is  often  in- 
fected, and  further  oozing  is  best  checked  by  the  pressure 
exerted  by  the  gjiuze  packing. 

Gauze  intnxluced  for  drainage  purposes  is  used  in 
ribbons,  one  or  more  of  wiiich  are  so  placed  as  to  lead 
from  the  area  drained ;  or  larger  pieces  of  gauze  may  be 
packed  into  the  region  to  be  drained  and  brought  out  of 
the  abdominal  wound:  or  the  Mikulicz  dressing  may  be 
used.  This  consists  of  a  piece  of  iodoform  gauze  about 
fifteen  inches  scjuare,  doubled  back  from  its  centre  like 
an  umbrella,  and  containing  strips  of  gauze  so  arranged 
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that  one  after  another  can  be  withdrawn  without  disturb- 
ing the  enveloping  skirt,  which  is  last  to  be  removed. 

The  period  for  withdrawing  drains  varies  somewhat 
with  the  purpose  for  which  they  have  been  introduced ; 
gauze  placed  to  stop  oozing  shouhi  be  removed  in  from 
twenty-four  to  forty -eight  hours,  while  that  used  to  drain 
infected  or  inflamed  areas  is  allowed  to  remain  in  place 
some  days  longer. 

The  treatment  of  the  sequelne  of  injuries,  as  fistulae, 
ventral  hemifie,  etc.,  does  not  naturally  come  under  the 
present  title.  Percital  R.  Bolton. 

ABDOMINAL  TUMORS,  DIFFERENTIAL  DIAGNO- 
SIS OF. — The  word  t\imor  is  used  here  not  in  the  re- 
stricted sense  of  a  neoplasm  but  in  the  etymological  sense 
of  a  swelling.  It  is  at  once  evident  from  this  that  a  large 
number  of  pathological  processes  affecting  all  the  organs 
contained  in  the  abdomen  and  the  tissues  making  up  the 
abdominal  walls  must  be  considered.  This  was  deemed 
necessary  because  we  sttirt  with  the  assumption  that  in  a 
certain  given  case  a  tumor  has  been  found  in  the  ab- 
domen and  it  is  nece.ssary  to  discover  what  and  where  it 
is.  All  details  of  etiology,  pathology,  and  s>Tnptoma- 
tology  have  been  omitted  except  in  so  far  as  thev  liave  a 
direct  bearing  upon  the  differential  diagnosis,  tor  s\ich 
details  reference  must  be  made  to  more  special  articles. 
Furthermore,  the  diagnosis  of  conditions  which  ulti- 
mately lead  to  the  formation  of  demonstrable  tumors  has 
been  omitted,  and  the  discussion  of  such  conditions  will 
be  limited  to  their  course  after  the  formation  of  a  tumor. 
For  example,  when  speaking  of  cancer  of  the  stomach  it 
will  be  assumed  that  a  tumor  lias  been  discoven*d. 

When  confronted  with  an  abdominal  tumor,  it  must  be 
remembered  that  the  diagnosis  should  go  beyond  the 
mere  recognition  of  the  existence  of  a  tumor  in  the  ab- 
domen. We  must  determine  first  the  organ  or  tissue  in 
which  the  tumor  is  locat<Kl,  and  second  the  nature  of  the 
tumor.  If  the  tumor  is  believed  to  be  a  malignant  neo- 
plasm, we  must  decide,  if  possible,  whether  the  tumor 
arose  in  the  organ  in  which  it  is  discovered  or  is  merely 
a  tumor  secondary  to  a  primaiy  tumor  in  some  organ  yet 
to  be  determined.  If  the  tumor  found  is  believed  to  be 
primary,  secondary  deposits  in  other  organs  must  be 
sought.  In  other  cases  wc  must  hunt  for  the  cause  of 
the  tumor.  If,  for  example,  a  certain  tumor  is  thought 
to  be  a  gall  bladder  distended  with  fluid,  effort  should  be 
nmde  to  ascertain  the  character  of  the  fluid  and  the  cause 
and  site  of  the  obstruction  which  prevents  the  escape  of 
the  fluid  from  the  gall  bladder.  AVith  so  broad  a  subject 
it  is  evident  that  only  the  more  important  methods,  facts, 
and  pathological  conditions  can  be  included. 

After  a  bnef  discussion  of  the  methods  of  examination 
employed,  we  will  consider  what  might  be  called  tumors 
of  the  abdomen  as  a  whole,  such  as  ascites,  diffuse  peri- 
tonitis, lipomatosis.  Then  the  various  organs  will  be 
grouped  acconling  to  their  relations  to  the  colon,  and  each 
g^up  considered  in  turn.  The  organs  situated  to  the 
cephalic  side  of  the  transverse  colon,  the  liver  and  gall 
bladder,  the  stomach,  pancreas,  and  spleen,  will  Ih»  de- 
scribed first ;  then  will  follow  the  organs  behind  the  colon, 
the  kidney,  adrenal  bodies,  and  perirenal  tiss\ie:  next 
will  come  the  organs  within  the  arch  of  the  colon,  the 
small  intestines,  mesentery  and  omentum,  peritoneum, 
lymph  glands,  aorta,  uterus,  ovaries,  bladder,  spinal 
column,  and  lastly  the  colon.  app(»ndix.  and  walls  of  the 
abdomen.  With  each  organ  we  shall  as  far  as  is  possible 
take  up  first  the  circulatory  disturl)ances.  then  the  in- 
flammatory processes,  cysts,  neoplasms,  and  malpositions. 
It  is  not  necessary  to  state  that  this  order  cannot  be  fol- 
lowed absolutely*  but  it  can  be  approximately,  and  will 
be  found  greatly  to  facilitate  a  grasp  of  this  subject, 
probably  the  most  difficult  matter  handled  by  the  diag- 
nostician. 

Methods  op  Examination  employed  include  the  I. 
physical,  II.  chemical,  and  III.  microscopical:  the  first 
having  in  general  an  especial  bearing  upon  the  localiza- 
tion of  the  tumor,  while  the  second  and  thinl  are  of  more 
value  in  determining  the  nature  of  the  tumor. 


I.  Phy»iml  MetJiods — (A)  Inspection.  The  patient 
should  be  placed  on  a  firm  narrow^  bed  or  table  m  such 
a  way  that  the  source  of  the  light  lies  in  a  line  with  the 
median  line  of  the  body,  either  directly  above  or  at  the 
head  or  foot  of  the  patient.  The  purpose  of  this  is  to 
avoid  any  uneven  distribution  of  the  shadows.  The 
kind  of  light  employed  is  usually  a  matter  of  indifference, 
but  in  casc»s  in  which  there  is  reason  to  suspect  the  possi- 
bility of  a  jaundice  the  patient  must  be  examined  by  day- 
light, for  the  well-known  reason  that  no  artificiaf  light 
shows  even  the  deepest  shades  of  jaundice. 

Take  note  first  of  the  size  of  the  abdomen,  especially  of 
any  disproportion  between  the  size  of  the  abdomen  and  that 
of  the  other  portions  of  the  body.  Next  note  the  shape  of 
the  abdomen.  Is  the  abdomen  symmetrical?  Are  there 
any  portions  more  prominent  than  the  corresponding  ones 
of  the  other  side,  or  is  the  upper  half  out  of  proportion  to 
the  lower  half?  If  any  part  appears  large,  does  it  appear 
sharply  outlined  or  does  it  merge  gradually  into  the  sur- 
rounding parts?  Does  the  surface  of  the  enlargement 
appear  smooth  or  nodular,  and  are  the  outlines  rounded 
or  irregular  ?  Does  the  mass  move ;  and  if  so,  does  it  move 
with  the  respiration,  the  pulse,  or  independently  of  either? 
Almost  any  tumor  of  the  abdomen  may  show  respiratory 
or  pulsatile  movements  (the  exceptions  will  be  stated 
later),  but  only  a  few  show  independent  movements. 
These  are  tumors  from  the  stomach,  intestines,  and 
uterus.  Visible  vermicular  movements  of  the  stomach 
and  intestines  are  commonly  seen  in  patients  with  thin 
abdominal  walls  and  are  not  in  themselves  pathological. 
It  is  only  when  they  are  unusually  intense  and  continu- 
ous and  in  combination  with  distinctly  pathological 
8>  mptoms  that  they  need  attention.  The  word  vermicu- 
lar quite  accurately  describes  the  motion,  for  it  looks 
exactly  as  if  some  large  worm  were  moving  under  the 
skin.  The  site  and  direction  of  the  movement  should  be 
noted.  In  general  the  peristaltic  movements  of  the 
stomach  are  limited  to  the  upper  and  median  portion  of 
the  abdomen  and  pass  from  left  to  right.  Peristaltic 
movements  of  the  stomach  from  right  to  left  are  patho- 
logical. The  movements  of  the  small  intestines  are  cen- 
tral and  irregular  in  direction.  Those  of  the  large  intes- 
tine correspond  to  the  relatively  fixed  position  of  the 
colon  and  vary  in  direction  with  the  portion  of  the  colon 
affected.  The  peristaltic  movements  above  the  site  of 
any  stricture  in  the  gastrointestinal  tract,  either  acute  or 
chronic,  are  more  active  than  normal,  and  therefore  per- 
sistently exaggerated  movements  point  to  some  obstruc- 
tion, but  do  not  in  themselves  prove  such  obstruction. 

The  independent  movements  of  the  uterus  are  of  two 
sorts:  fa'tal  and  uterine.  The  presence  of  the  foetal 
movements  is  at  times  a  most  important  point  in  the 
differentiation  of  abdominal  tumors.  The  movements 
are  altogether  inegular  in  time  and  intensity,  and  may 
l)e  simulated  by  the  peristalsis  of  the  small  intestines. 
The  expulsive  contractions  of  the  uterus  are  not  oft^n 
visible,  but  may  be  so. 

Inspection  of  the  alulomen  includes  attention  also  to 
any  subcutaneous  collateral  circulation,  either  arterial  or 
venous.  Such  circulation  oiXim  gives  the  clew  to  the  site 
of  the  obstruction,  which  necessitates  acollateral  circula- 
tion and  may  give  some  idea  of  the  degree  of  the  obstruc- 
tion. Note  also  any  localized  oedema  or  inflammatory 
process. 

Often  much  valuable  information  may  be  gained  by 
changing  the  amount  of  gas  in  the  stomach  and  intestines. 
Not  only  do  we  gain  information  as  to  the  exact  location 
and  size  of  theses  organs,  but  we  learn  much  of  their  rela- 
tion to  the  tumor  found.  Various  methods  have  been 
employed  for  this  purpose*,  but  the  following  require  only 
such  apparatus  as  sho\ild  be  in  the  annamentarium  of 
every  physician.  The  stomach  may  Ik*  inflated  by  means 
of  a  Seidiitz  powder  mixed  after  drinking  instead  of  be- 
fore, or  one  can  use  stilemtus  in  solution  followed  by 
a  little  vinegar.  This  method  is  not  entin'ly  without 
danger,  beciiuse  the  pressure  resulting  from  the  gas 
evolved  cannot  be  acc\irately  estimated.  Accidents,  how- 
ever, are  rare.     Another  method  consists  of  the  passage 
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of  the  stomach  tube  ami  inflation  of  the  visciis  by  means 
of  a  pump.  This  has  the  advantage  of  enabling  one  to 
use  as  much  or  as  little  gas  as  desired,  and  permits  the 
immediate  removal  of  the  gas  if  necessary. 

The  colon  is  inflated  by  passing  the  rectal  tube  well  up 
into  the  descending  colon  and  forcing  in  air  by  means  of 
a  pump,  the  ordinary  bicycle  pump  being  perfectly 
adapteci  to  the  purpose.  A  rather  large.  cone-shai)ed 
rectal  tip  is  better  than  the  rectal  tube,  for  it  prevents 
the  escape  of  the  air,  but  is  not  so  cosily  supplied  as  the 
tube.  As  the  air  passes  upward  and  distends  the  colon 
we  are  able  to  learn  the  exact  course  of  the  colon  and  its 
relations  to  the  tumor. 

Harris,  of  Chicago,  has  recently  drawn  especial  atten- 
tion to  the  value  of  the  relation  of  the  colon  to  alxloniinal 
tumors  in  the  differential  diagnosis  of  such  tumors.  He 
substitutes  for  the  old  and  superficial  division  of  the  ab- 
domen into  nine  ai*eas — the  right  and  left  hypochondriac, 
lumbar,  and  inguinal  regions,  the  epigastric,  umbilical, 
and  hypogastric  regions — an  anatomicaldi  vision  into  four 
areas.  The  borders  of  these  areas  are  not  fixed  by  ex- 
ternal points,  but  are  locat<*d  by  the  inner  or  mesial  layer 
of  the  longitudinal  colon  and  the  inferior  or  caudal  layer 
of  the  transverse  colon.  The  resulting  arenas  are  a  central 
area,  surrounded  by  mesocolon ;  a  right  and  left  postero- 
lateral area,  lying  external  to  and  behind  the  mesocolon ; 
and  a  superior  area,  lying  above  the  transv(*rse  meso- 
colon. While  the  boundaries  of  these  areas  are  not  fixed, 
their  position  Is  easily  ascertained  by  determining  the 
position  of  the  colon  by  air  distention. 

In  the  central  area,  surrounded  by  the  distended  colon, 
are  found  tumors  of  the  omentum  and  mesentery,  retro- 
peritoneal tumors,  localized  peritoneal  exudates,  tumors 
of  the  small  intestines,  tumors  of  displacetl  and  movable 
kidneys,  and  all  tumors  of  the  female  generative  organs 
rising  into  the  abdomen. 

In  the  superior  region  we  find  tumora  of  the  liver.  ^11 
bladder,  stomach,  lesser  omentum,  pan(!reas,  retroperito- 
neal lymph  glands,  and  aneurisms  of  the  co^liac  axis. 

Tumors  of  the  spleen  pass  forward  close  to  the  anterior 
wall,  in  front  of  the  splenic  flexure  of  the  colon  and  the 
neighboring  parts  of  the  transverse  and  descending  colon. 

Tumors  of  the  kidneys,  suprarenal  bodies,  and  the  con- 
nective tissue  bordering  on  these  organs,  tumors  from 
remains  of  the  Wolfl9an  bodies,  carry  the  colon  inward 
and  forwaixl.  But  tumors  from  floating  kidneys  may 
appear  in  the  central  area,  i.e.,  surrounded  by  the  colon. 

(B)  Palpation.  This  method  of  examination  is  of  much 
more  general  application  than  inspection,  for  many  tu- 
mors easily  palpable  are  not  visible.  Palpation  should 
always  be  preceded  by  thorough  and  certain  evacuation 
of  the  bowels,  otherwise  fecal  masses  may  lead  to  errors. 
The  patient  should  be  examined  first  in  the  dorsal  posi- 
tion, but  in  some  cases  a  lateral,  a  knee-chest,  or  an  ere<*t 
position  will  yield  results  not  otherwi.se  obtainable.  The 
patient  should  relax  the  abdominal  muscles  as  completely 
as  ix)8sible.  This  is  often  easier  when  the  thighs  are 
flexed  on  the  alxlomen  and  the  mouth  held  open.  In 
difl^cult  cases  better  relaxation  is  obtained  if  the  patient 
is  placed  in  a  bath  of  warm  water  and  examined  in  the 
bath.  In  still  more  difficult  cases  general  anesthesia 
must  be  employed.  Palpation  should  be  made  gently 
but  firmly,  and  any  pressure  used  should  be  applied 
gradually ;  counter-pressure  from  behind  is  often  a  help. 
Sometimes,  and  this  is  especially  true  when  there  is  con- 
siderable fluid  in  the  abdominal  cavity,  one  obtains  the 
best  results  by  dipping  the  stiffly  held  fingers  suddenly 
downward,  depressing  the  abdominal  walls  to  varying 
depths.  Bodies  can  often  be  felt  and  outlined  in  this 
way  that  cannot  l>e  felt  at  all  by  the  ordinary  method  of 
palpation. 

Attention  should  be  given  to  the  following  points:  the 
location,  size,  sliape,  motility,  and  tenderness  of  the  tumor. 
Note  also  any  change  in  position  or  ease  of  palpation 
caused  by  distention  of  stomach  and  colon. 

In  all  cases  in  which  it  is  impossible  absolutely  to  ex- 
clude a  neoplastic  origin  for  the  tumor  i)alpated,  the 
lectum  and  vagina  should  be  examined. 


(C)  Percussion.  This  method  is  far  less  valuable  here 
tlian  in  examination  of  the  chest,  but  should  never  be 
omitted,  and  in  certain  cases  exceeds  the  other  methods 
of  examination  in  value.  Its  main  uses  are  the  determina- 
tion of  the  position  of  the  diaphragm,  the  sliape  of  the 
upper  boiler  of  the  liver,  the  presence  or  absence  of  five 
fluid  in  the  abdominal  cavity,  and  the  position  and  ap- 
proximate size  and  shape  of  the  stomach  and  colon  after 
they  have  been  di.stended  by  gas  or  fluid.  Percussion  is 
the  main  means  of  determining  the  relation  of  the  colon 
and  stomach  to  the  tumor  found,  and  what  was  said 
under  the  h(*ading  of  Inspection  in  this  regard  could  be 
repeated  here ;  might  perhaps  have  been  more  properly 
placed  here,  for  percussion  is  used  much  more  often  than 
inspection  for  this  purpose. 

Tumors  of  the  abdominal  organs  cause  abnormal  areas 
of  dulness  only  when  superficially  located  or  of  large  size, 
and  the  resulting  area  of  dulness  is  always  smaller  than 
the  tumor. 

Percussion  is  valuable  in  demonstrating  the  absence  of 
areas  of  dulness  normally  present.  Disappearance  or  re- 
duction of  the  hepatic  and  splenic  dulness  is  often  of  the 
highest  diagnostic  value.  Disappearance  of  the  posterior 
renal  dulness  is  less  so. 

In  isolated  cases  auscultatory  percussion  gives  valuable 
results. 

(D)  Auscultation.  Almost  no  results  are  obtained  by 
this  method.  Peritoneal  friction,  either  localized  or 
diffu.se,  is  sometimes  heard.  Arterial  and  venous  tones 
and  murmurs  are  common  and  usually  of  but  little  sig- 
nificance. 

(E)  Exploratory  Puncture  is  often  of  the  very  greatest 
value,  especially  in  determining  the  nature  of  the  tumor. 
The  details  will  be  given  later. 

(F)  Exploratory  Laparotomy.  In  certain  cases  a  com- 
plete diagnosis — i.e.,  one  which  localizes  the  tumor  and 
determines  its  nature — is  impossible  even  after  the  most 
careful  examination.  In  such  cases  an  exploratory  lapa- 
rotomy is  often  justifiable,  providing  it  can  be  made 
by  a  competent  surgeon  under  favorable  circumstances. 
Unless  the  patient  presents  some  obvious  contraindication 
to  the  operation,  it  cim  be  done  with  almost  no  danger 
and  often  gives  information  which  leads  to  definite  cura- 
tive treatment. 

II.  and  III.  The  chemical  and  nncivficopical  methods 
of  examination  can  be  more  profitably  discussed  in  the 
sp(»cial  paragraphs  refening  to  the  different  organs. 

Before  taking  up  the  vanous  diseases  of  the  abdominal 
organs  leading  to  tumor  formation,  it  should  be  expressly 
and  emphatically  stated  that  any  examination  of  an  ab- 
dominal tumor  which  omits  a  complete  and  careful 
examination  of  the  entire  body  is  criminally  incomplete. 
Abdominal  tumors  are  often  merely  symptoms  of  diseases 
of  organs  remote  from  the  abdomen,  and  such  primary 
disease  can  be  discovered  only  by  a  complete  examina- 
tion of  the  bcKly. 

Enlahokmknts  of  the  Abdomen  as  a  Whole. — Tliis 
may  occur  as  the  result  of  accumulations  of  gas  or  fluid 
in  the  peritoneal  cavity,  from  large  amounts  of  gas  in  the 
intestines,  from  deposits  of  fat  in  the  abdominal  walls, 
omentum,  and  mesentery,  and  in  rare  instances  from  very 
large  tumors. 

Ancitis. — This  is  the  only  common  cause  for  extreme 
enlargements  of  the  abdomen.  The  abdomen  is  enlarged 
in  all  diameters,  but  when  the  cavity  is  not  completely 
filled,  as  is  ordinarily  true,  the  horizoiiUil  diameter  when 
the  patient  is  in  the  dorsal  decubitus  will  l)e  found  con- 
siderably greater  than  the  perpendicular  diameter.  The 
flanks  are  bulging  while  the  umbilical  region  is  flattened. 
The  skin  is  often  tense  and  shining,  and  under  it  can  be 
seen  the  ovenlistended  veins.  Such  veins  are  present 
in  all  well-marked  eaw*s  of  ascites  irresix^ctive  of  its 
cause,  but  are  usually  better  marked  in  cases  due  to 
atrophic  cirrhosis  of  the  liver  than  in  others.  The  um- 
bilicus is  flattened  out  or  even  bulging.  Sometimes 
when  the  patient  changes  position,  erne  sees  the  fluid 
changing  position  also,  and  one  is  n^ninded  of  the  ap- 
pearance of  an  incompletely  filled  sack  when  it  is  shaken. 
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On  palpation  the  fluid  waves  can  be  feit  when  the  hand 
is  placed  flat  on  one  side  of  the  abdomen  and  the  other 
side  is  percussed  gently.  If  one  lays  the  hand  lightly 
over  the  region  of  the  abdomen  which  percussion  shows 
to  be  tympanitic  and  at  the  same  time  percusses  the 
flank,  the  tluid  will  flap  up  and  strike  the  hand,  i.e.,  the 
fluctuation  is  felt  over  the  tympanitic  area. 

Percussion  shows  dulness  over  the  dependent  portions 
of  the  abdomen,  but  usually  about  the  umbilicus  one 
finds  an  arcii  of  tympany.  The  borders  of  this  area  are 
not  regular,  but  wavy.  If  one  outlines  this  area  very 
carefully  he  will  find  that  though  the  borders  are  wavy, 
they  are  at  all  points  in  the  same  horizontal  plane. 
When  the  position  of  the  patient  is  changed,  the  level 
of  the  fluid  changes  very  promptly  to  correspond  to  the 
altered  position.  When  the  amoimt  of  the  fluid  is  very 
great,  the  entire  abdomen  will  be  dull  on  percussion,  even 
at  the  highest  level. 

Auscultation  yields  no  results,  except  in  cases  to  be 
stated  later. 

Such  frce  fluids  in  the  abdomen  are  usually  transudates, 
but  they  may  be  exudates,  and  the  first  question  is  to  de- 
termine which.  Usually  this  can  be  done  with  a  great 
degree  of  certainty  even  without  actual  examination  of 
the  fluid.  If  the  patient  has  a  perfectly  manifest  disease 
of  the  heart,  kidney,  or  liver,  the  fluid  is  very  probably 
a  transudate.  If  there  is  fluid  in  the  subcutaneous  tis- 
sues and  the  other  serous  sacs  also,  this  prolwibility  be- 
comes a  certainty. 

If  doubt  remains,  enough  fluid  must  be  withdrawn  to 
ascertain  its  character.  In  these  cases  it  is  best  to  re- 
move at  first  only  suflScient  for  examination,  for  when 
the  fluid  is  chylous  it  is  best  not  to  withdraw  it  except 
upon  the  most  urgent  indications.  A  transudate  is  a 
clear,  straw-colored  fluid,  of  low  specific  gravity,  less  tlian 
1.015,  containing  a  small  amount  of  albumin  up  to  two 
per  cent,  and  showing  almost  no  cellular  elements.  An 
exudate  may  be  equally  clear,  but  is  usually  cloudy 
from  cells  and  fibrin.  The  specific  gravity  is  above 
1.015,  usually  considerably  above.  The  amount  of  al- 
bumin is  higher,  over  four  per  cent.  The  cellular  ele- 
ments vary  greatly  in  number  and  in  character,  but  are 
always  more  abundant  than  in  the  transudate. 

The  rather  rare  cases  of  adipose  and  chylous  ascites 
show  a  turbid,  milky  fluid,  very  different  from  the  ordi- 
nary ascitic  fluid.  The  adipose  ascites  is  usually  of  high 
specific  gravity,  for  it  is  merely  an  altered  exudate,  con- 
tains a  good  deal  of  fat  which  is  in  both  large  and  fine 
droplets,  and  is  free  from  sugar.  The  chylous  ascites 
contains  fat,  but  only  in  fine  droplets ;  sugar  is  present  in 
most,  but  not  in  all  cases ;  the  specific  gravity  is  low. 

When  it  is  settled  that  the  enlargement  of  the  abdomen 
is  due  to  free  fluid,  and  the  nature  of  the  fluid,  whether 
exudate  or  transudate,  has  been  discovered,  it  yet  remains 
to  determine  the  cause  of  the  trouble.  Large  peritoneal 
transudates  may  come  from  a  disease  of  heart,  kidney, 
or  liver.  If  due  to  heart  or  kidney,  the  ascites  is  usually 
a  part  of  an  anasarca;  if  due  to  the  liver,  the  ascites  ex- 
ists alone  or  preceded  the  cedema  elsewhere  by  days  or 
weeks.  A  well-marked  collateral  circulation  on  the  ab- 
domen and  an  enlarged  spleen  speak  for  a  primary  he- 
patic process,  but  it  may  be  necessary  to  withdraw  the 
fluid  before  the  spleen  can  be  palpated. 

Large  exudates  in  the  abdomen  arc*  almost  always  due 
either  to  tuberculosis  or  to  carcinoma.  The  physical  signs 
often  differ  somewliat  from  those  of  the  transudate,  be- 
cause as  a  rule  the  fluid  is  not  perfectly  frc-e  and  for  this 
reason  does  not  change  its  level  so  promptly  as  does  the 
transudate,  and  oftentimes  certain  portions  of  the  intes- 
tines become  adherent  to  the  abdominal  wall,  so  that 
tympany  is  found  even  over  the  most  dependent  part  of 
the  abdomen.  The  clinical  differentiation  of  tuberculous 
from  carcinomatous  peritonitis  is  often  very  diflilcult. 
If  the  patient  is  too  young  for  carcinoma  or  there  is  a 
manifest  carcinoma  or  tuberculosis  of  some  organ,  then  it 
is  easy ;  but  there  are  many  times  when  it  is  diftic\ilt. 
The  positive  reaction  to  the  Koch  tuberculin  speaks  for 
tuberculosis,  a  leucocytosis  speaks  for  cancer,  but  these 


two  sometimes  contradict  each  other.  The  development 
of  cairhexia  speaks  for  cancer.  In  doubtful  cases  the 
patient  should  be  laparotomized  for  purposes  of  diag- 
nosis and  treatment,  if  the  latter  is  found  possible. 

There  have  been  numerous  instances  of  confusion  of 
ovarian  cysts  with  fme  fluid  in  the  abdomen,  both  transu- 
dates and  exudates.  There  is  little  excuse  for  this  error 
unless  the  ovarfan  cyst  is  so  large  as  to  All  completely 
the  abdomen.  Here  attention  to  the  history,  which  in 
these  cases  runs  back  for  years,  together  with  the  absence 
of  any  demonstrable  cause  for  free  fluid,  will  usually  en- 
able one  to  make  the  diagnosis.  As  a  further  aid  one 
may  make  an  exploratory  puncture.  The  fluid  of  ovarian 
cysts  presents  cliaracteristics  to  be  described  in  a  later 
paragraph. 

Sometimes  great  dilatation  of  the  stomach  has  been 
mistaken  for  ascites,  the  air  and  fluid  in  the  stomach 
giving  the  same  physical  signs  as  free  fluid  in  the  ab- 
dominal cavity.  The  history  of  this  condition  differs 
from  that  of  the  ascites.  In  cases  of  any  doubt,  the 
stomach  tube,  by  withdrawing  any  fluid  in  the  stomach, 
will  enable  one  to  make  the  diagnosis  with  certainty. 

CvU^Huma  of  ga«  in  the  free  peritoneal  cavity  often 
cause  a  very  considerable  increase  in  the  size  of  the 
abdomen,  but  percussion  and  the  tympany  thus  de- 
veloped clearly  prove  the  nature  of  the  enlargement. 
Whether  the  gas  is  in  the  intestines  or  in  the  peritoneal 
cavity  is  often  diflScult  to  decide  when  both  are  possi- 
ble, as  after  trauma  or  in  the  course  of  some  ulcerative 
process  in  the  gastrointestinal  tract.  Here  the  progres- 
sive decrease  in  the  size  of  a  liver  dulness,  known  from 
former  examinations  to  be  present,  speaks  for  ^s  in  the 
peritoneal  cavity.  It  is  usually  associate  with  shock 
and  symptoms  of  peritonitis. 

Enlargement  of  the  abdomen  from  fat  is  common,  and 
is  readily  recognized,  as  a  rule.  We  sometimes  see  lipo- 
mata  of  the  mesentery  or  omentum,  which  present  them- 
selves as  tumors  of  the  abdomen  and  are  really  such,  but 
it  is  not  to  these  which  we  refer.  Careful  examination 
of  this  very  common  condition  will  protect  one  from 
error. 

Tl'-MORS  OF  THE   LiVKR. 

The  pathological  processes  causing  enlargement  of  the 
liver  may  be  well  placed  in  two  groups,  according  as  the 
enlargement  is  diffuse  or  circumscribed.  It  must,  how- 
ever, be  stated  that  this  division,  like  most  other  divisions 
in  medicine,  is  not  at  all  sharply  marked,  for  most  of  the 
pathological  processes  may  occur  in  either  group.  For 
example,  amyloid  infiltration  usually  causes  a  diffuse 
enlargement  of  the  liver,  but  may  cause  sharply  circum- 
scribSl  masses ;  while,  on  the  other  hand,  carcinoma  usu- 
ally causes  localized  masses,  but  may  cause  diffuse  en- 
largements. 

Diffuse  enlargements  of  the  liver,  no  matter  what  the 
cause,  bring  about  no  change  in  the  general  shape;  the 
liver  is,  so  to  speak,  merely  magnified.  The  t)order8 
lose  their  normal  sharpness  and  become  rounded  and 
thickened.  The  notch  in  the  anterior  lK)rder  for  the  gall 
bladder  is  retained.  The  consistency  of  the  liver  is  often 
altered,  usually  iH'coming  firmer,  but  sometimes  it  feels 
softer.  The  surface  may  be  perfectly  smooth  or  slightly 
granular,  depending  upon  the  pathological  process  in 
play.  A  granular  surface  may  be  simulated  by  the  pres- 
ence in  the  subcutiuieous  tissues  of  partially  atrophied 
adipose  tissue,  but  under  such  circumstiinces  the  granules 
can  be  felt  all  over  the  abdomen,  and  they  feel  more 
superficial  than  granules  in  the  liver. 

Diffuse  enlargements  of  the  liver  generally  take  place 
downward  rather  than  upwanl.  Percussion  shows  that 
the  up  per  border  of  the  liver  occupies  its  normal  position; 
presents  its  normal  shape,  that  of  a  straight  line  perpen- 
dicular to  the  surface  on  which  the  patient  is  lying;  and 
shows  only  a  slightly  decreased  respiratory  mobility. 

Pamve  Congestion  of  the  Liver. — This  is  the  commonest 
example  of  a  diffusely  enlarged  liver,  and  inasmuch  as 
the  subject iv(>  symptoms  from  which  the  patient  suffers 


24 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES.    Imo"!^  SmoIJ 


may  be,  and  often  are,  entirely  limited  to  the  hepatic 
region,  the  tumor  of  the  liver  is  often  mistaken  for  some 
primary  condition,  while  in  reality  it  is  not  primary  but 
always  a  mere  symptom  of  some  disease  causing  obstruc- 
tion to  the  venous  circulation  at  a  point  above  the  junc- 
ture of  the  hepatic  veins  with  the  inferior  vena  cava. 

The  subjective  symptoms  are  pain,  fulness,  tension, 
and  weight  in  the  right  hypochondriac  region,  either 
constant  or  intermittent.  These  symptoms  may,  and 
often  do,  overshadow  all  other  symptoms  of  the  primary 
disease.  Examination  shows  a  uniformly  enlarged  liver, 
reaching  usually  only  a  few  centimetres  below  the  costal 
arch,  but  sometimes  extending  to  or  beyond  the  umbil- 
icus. The  surface  is  smooth,  the  borders  are  regular  but 
rounded.  Usually,  but  by  no  means  always,  the  liver  is 
tender.  Percussion  shows  a  regular  upper  border  with 
normal  respiratory  motility. 

The  patients  often  show  a  moderate  degree  of  jaundice, 
usually  both  conjunctival  and  cutaneous.  The  jaundice 
is  practically  never  intense  unless  there  is  some  compli- 
cation. This  jaundice  is  apt  to  still  further  strengthen 
the  idea  that  the  patient  has  a  primary  disease  of  the 
liver.  Examination  of  the  abdomen  shows  an  absence  of 
ascites  and  no  enlargement  of  the  spleen.  Exception- 
ally both  these  are  found,  but  in  these  cases  the  symptoms 
of  cardiac  insufUciency  are  so  marked  that  only  the  most 
careless  can  mistake  them. 

Examination  of  the  chest  will  in  most  instances  show 
that  the  primary  disease  is  oftenest  a  disease  of  the  heart, 
endoperi-  or  myocardial.  The  cardiac  insufficiency  may, 
however,  be  secondary  to  some  disease  of  the  lungs  or 
pleura,  oftenest  an  emphysema  or  an  obliterative  pleuritis. 

All  patients  who  present  an  enlarged  liver,  especially 
when  the  liver  is  painful  or  tender,  should  be  examined 
for  some  disease  of  the  heart,  lungs,  or  pleura  as  a  possi- 
ble cause  for  a  passive  congestion ;  and  if  such  disease  is 
found,  the  liver  should  be  regarded  as  a  liver  of  passive 
congestion ;  and  this  diagnosis  should  be  given  up  only 
on  the  strongest  evidence  pointing  to  some  other  disease 
causin/^  diffuse  enlargement  of  the  liver. 

Passive  congestion  of  the  liver  is  liable  to  rapid  fluctua- 
tions, so  that  marked  changes  in  the  size  of  the  liver  can 
occur  in  the  course  of  a  few  days  or  even  hours.  Such 
fluctuations  do  not,  however,  always  occur,  and  the  en- 
largement may  remain  stationary  over  weeks  and  months. 

Acttpe  Congestion  of  the  Liver. — This  occurs  in  a  variety 
of  conditions,  but  is  usually  of  so  slight  a  degree  as  to 
pass  unrecognized,  or  if  found,  is  so  minimal  or  so  mani- 
festly of  secondary  importance  as  to  attract  little  atten- 
tion. It  occurs  in  a  variety  of  infectious  diseases,  the 
most  important  examples  being  scarlet  fever,  smallpox, 
the  various  forms  of  sepsis,  typhoid  fever,  and  malaria. 
Malaria,  especially  the  estivo-autunmal  malaria,  may 
cause  a  marked  and  persistent  enlargement  of  the  liver 
which  may  be  difficult  to  diagnose.  Such  easels  may 
present  an  icteric  discoloration  of  the  skin,  with  marked 
enlargement  of  the  spleen,  thus  closely  resembling  the 
hypertrophic  cirrhosis  of  the  liver,  a  disease  which  often 
gives  rise  to  an  intermittent  fever  resembling  the  fever 
of  malaria.  The  differentiation  between  the  two  is  made 
by  an  examination  of  the  blood  for  the  Plasmodium  ma- 
larise.  Malarial  enlargements  of  the  liver  may  persist 
after  the  Plasmodium  has  disappeared  from  the  blood,  in 
which  case  attention  must  be  paid  to  a  history  of  pro- 
longed and  irregular  malarial  fever. 

A  variety  of  poi.sonings.  especially  those  by  phos- 
phorus and  arsenic,  may  cause  acute  congestive  enlarge- 
ment of  the  liver 

Biliary  obstruction  due  to  obstruction  of  the  common 
duct,  when  continued  for  any  length  of  time,  often  causes 
a  marked  enlargement  of  the  liver.  The  enlargement 
is  perfectly  uniform  and  is  accompanied  by  pain  and  ten- 
derness. The  jaundice  is  intense  and  progressive.  The 
stools  are  usuall}'  acholic.  The  constitutional  and  other 
symptoms  present  are  due  in  part  to  the  jaundice  and  in 
part  to  the  cause  of  the  obstruction.  The  only  disease 
of  the  liver  liable  to  be  confused  with  the  swelling  due  to 
biliary  retention  is  the  hypertrophic  cirrhosis,  for  both 


present  a  uniform  enlargement  of  the  liverplus  jaundice, 
and  both  may  be  accompanied  by  fever.  There  are  these 
points  of  difference:  The  hypertrophic  cirrhosis  is  ac- 
companied by  a  splenic  tumor :  the  jaundice  is  usually 
not  complete,  i.e.,  the  stools  still  contain  bile;  and  pain 
and  tenderness  are  absent  as  a  rule.  With  biliary  reten- 
tion there  is  no  splenic  tumor,  the  stools  contain  no  bile, 
and  there  are  also  present  the  symptoms  of  the  primary 
condition  causing  the  obstruction,  such  as  gall  stones, 
acute  catarrhal  jaundice,  a  tumor  at  the  porta,  etc. ;  asci- 
tes is  more  common  than  with  hypertrophic  cin'hosis. 

Hypertrophic  Cirrhosis  of  the  Lirer. — This  gives  rise  to 
a  universal  enlargement  of  the  liver,  exactly  resembling 
the  enlargements  just  considered,  so  far  as  the  shape 
of  the  swelling  is  concerned.  The  enlargement  is  in 
general  greater,  but  the  size  is  of  no  value  in  the  differ- 
entiation. There  is  usually  no  pain  or  tenderness,  merely 
an  uncomfortable  sense  of  weight  and  fulness.  The 
patient  usually  gives  a  history  oi  one  or  more  attacks  of 
jaundice,  brought  on  by  slight  indiscretions  in  diet  or  oc- 
curring spontaneously.  Each  succeeding  attack  is  longer, 
and  the  intervals  between  the  attacks  become  progres- 
sively shorter.  Usually  these  cases  appear  for  treatment 
because  of  a  jaundice,  the  intensity  of  which  varies 
greatly,  but  in  general  is  not  so  intense  in  this  disease  as 
in  others  to  be  mentioned  later.  The  stools  are  not 
acholic  as  a  rule,  although  they  are  often  lighter  col- 
ored than  normal,  and  in  some  instances  are  completely 
acholic. 

Examination  shows  an  enlarged  liver  and  practically 
always  an  enlarged  spleen.  This  enlargement  of  the 
spleen  is  very  constant  and  is  often  extreme,  so  that  the 
spleen  reaches  a  hand-breadth  or  more  below  the  costal 
arch.  The  spleen,  like  the  liver,  is  not  tender  and,  like  it, 
feels  hard  and  dense.  Inasmuch  as  this  form  of  cirrhosis 
respects  the  portal  veins,  there  are  no  signs  of  passive 
congestion  of  the  abdominal  viscera.  There  are  no  evi- 
dences of  a  collateral  circulation.  Ascites  does  not  ap- 
pear until  the  terminal  stage. 

Hypertrophic  cirrhosis  is  sometimes  accompanied  by 
irregular  fever  or  by  fever  regularly  intermittent,  and 
under  such  circumstances  may  require  differentiation 
from  malaria  and  from  infections  of  the  bile  tracts.  The 
history  of  previous  attacks  of  malaria  or  of  residence  in 
malarious  regions  is  important.  The  blood  should  be 
examined  for  the  Plasmodium  malarite.  In  these  cases 
the  demonstration  of  the  malarial  organism  often  requires 
repeated  examination  of  the  blood,  and,  in  case  of  repeated 
failure,  an  exploring  needle  should  be  put  in  the  liver  or 
spleen  and  the  blood  thus  obtained  examined.  The 
Plasmodia  are  often  found  in  the  blood  of  these  organs 
when  they  cannot  be  found  in  the  circulating  blood. 

Infections  of  the  bile  tracts,  even  when  acute,  may  re- 
semble the  hypertrophic  cirrhosis  by  causing  marked  en- 
largement of  the  liver,  with  jaundice  and  splenic  tumor. 
The  liver  is,  however,  often  tender,  and  the  enlargement 
may  be  irregular;  the  spleen  often  feels  soft,  the  fever  is 
usually  more  marked,  the  chills  are  more  prominent.  An 
examination  of  the  blood  will  in  many  cases  show  a  leu- 
cocytosis  and  sometimes  bacteria.  The  difficulty  of  dif- 
ferentiation is  ^till  further  increased  by  the  Jiict  ^that 
many  patients  with  hypertrophic  cirrhosis  sufft^during 
the  later  stages  from  infections  of  the  biliary  tracts. 

Syphilis  of  the  liver  occurs  in  various  forma,  but  w^e  are 
concerned  only  with  those  forms  which  lead  to  enlarge- 
ment of  the  liver.  Either  the  acquired  or  the  hereditary 
variety  of  syphilis  may  cause  an  increase  in  the  size  of 
the  liver,  though  they  do  so  by  different  processes. 

Tertiary  syphilis,  the  stage  in  which  the  liver  is  often- 
est enlarged,  leads  to  the  development  of  gummata  in 
va  rying  number  and  arrangements.  These  gummata,  un- 
dergoing absorption,  lead  to  gross  irregularities  in  the 
configuration  of  the  liver.  Much  liver  tissue  is  destroyed, 
and  the  remaining  portions  undergoing  hypertrophy  to 
counterbalance  the  loss,  still  further  increase  the  de- 
formity. The  symptoms  resulting  from  gummata  in  the 
liver  are  very  variable,  as  may  be  readily  imagined  when 
one  recalls  that  there  may  be  any  number  of  gummata  in 
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the  liver,  and  tliat  they  may  be  located  about  the  porta  or 
be  scattered  more  or  less  indifferently  through  the  liver. 

The  marked  peculiarity  of  this  form  of  syphilitic  liver 
is  its  nuxierate  increase  in  size  plus  the  very  gross  and 
irregular  lobulations.  The  constitutional  symptoms  may 
be  marked  or  slight,  but  there  are  usually  some  gastro- 
intestinal symptoms.  Ascites  is  rare  and  usually  does 
not  appear  until  late.  When  present,  it  may  be  moder- 
ate or  excessive,  and  it  is  liable  to  marked  spontaneous 
variation  in  amount.  It  reappears  rapidly  if  withdrawn 
by  paracentesis. 

There  is  not  usually  any  subcutaneous,  abdominal,  col- 
lateral circulation. 

Jaundice  is  exceptional.     Splenic  tumor  is  common. 

The  diagnosis  is  based  mainlv  upon  the  irregular  liver, 
residua  or  a  history  of  syphilis,  which  was  either  not 
treated  at  all  or  treated  but  imperfectly. 

Hereditary  syphilis  may  affect  the  liver  in  a  variety  of 
ways,  but  in  contrast  to  the  effects  of  acquired  syphilis 
it  is  much  more  often  a  diffuse  instead  of  a  circumscribed 
process.  The  changes  in  the  liver  may  be  apparent  at 
birth,  or  appear  during  early  childhood,  or  be  delayed 
until  adolescence.  The  earlier  they  app(»ar  the  more 
easily  the  nature  of  the  process  is  recognized,  for  in  the 
young  other  processes  in  the  liver  are  rare  as  compared 
with  syphilis.  The  symptoms  are  often  indefinite.  The 
children  are  poorly  nourished  weaklings,  suffering  from 
gastro-intestinal  disturbances,  often  rachitic.  The  spleen 
is  usually  enlarged ;  ascites  is  not  uncommon,  but  icterus 
is  the  exception.  The  manifestations  of  syphilis  on  the 
skin  and  mucous  membranes  are  often  minimal.  The 
diagnosis  is  based  mainly  upon  the  recognition  of  the 
opportunity  for  the  existence  of  hereditary  syphilis;  in 
other  words,  the  diagnosis  is  based  upon  an  examination 
of  the  parents. 

Fattt/  Liter. — There  are  a  considerable  number  of 
pathological  conditions  in  which  the  liver  is  enlarged 
from  the  presence  of  fat,  either  deposited  or  formecif'/i 
titti.  Such  a  liver  is  enlarged,  usually,  only  to  a  moder- 
ate degree;  retains  its  shape;  is  not  tender  or  painful. 
It  does  not  cause  jaundice  or  ascites,  or  lead  to  the  de- 
velopment of  a  collateral  circulation. 

The  recognition  of  the  natuie  of  the  process  causing 
the  enlargement  of  the  liver  rests  on  a  recognition  of  the 
cause  for  fatty  degeneration  or  infiltration.  The  com- 
moner causes  are  over-eating  and  the  excessive  use  of  al- 
cohol, especially  wiien  combmed  with  insufficient  exercise. 
Ehilargement  of  the  liver  is  frequently  found  in  alcoholics 
without  the  pathological  process  in  play  b<»ing  manifest. 
The  liver  will  be  found  enlarged,  the  patient  suffering 
from  moderate  gastro-intestinal  symptoms,  and  examina- 
tion fails  to  show  any  change  in  the  other  organs.  In 
such  cases  it  is  impossible  to  decide  whether  the  patient 
has  a  fatty  liver,  a  congested  liver  from  the  gastro-in- 
testinal  irritation,  or  a  l)eginning  hypertrophic  or  atrophic 
cirrhosis.  Any  of  these  conditions  will  disappear  if  the 
alcoholic  abuses  are  stopped.  If  this  is  not  done,  a  few 
years  will  settle  the  question.  If  the  spleen  is  found  en- 
iarg(Hl  the  condition  is  probably  one  of  cirrhosis. 

Diseases  which  interfere  with  oxidation,  either  bv  re- 
duction  of  the  hflemoglobin  or  by  reduction  of  the  breath- 
ing surface  of  the  lungs,  often  cause  a  fatty  liver.  Thus 
fatty  livers  are  seen  in  many  cases  of  primary  anjemia — 
in  chlorosis,  for  example — and  in  many  cases  of  pulmo- 
nary tuberculosis.  It  occurs  also  in  cases  of  other  ex- 
hausting diseases,  such  as  pn)longed  suj)punition.  chronic 
dysentery,  pernicious  ana*mia.  A  variety  of  toxic  bodies, 
notably  phosphorus,  arst^nic,  and  antimony,  cause  fatty 
liver. 

Amyloid  Lire r. — The  diagnosis  of  this  condition  rest^s 
upon  two  factors:  the  recognition  of  a  sufficient  cause  for 
the  amyloid,  and  the  recognition  of  amyloid  changes  in 
other  organs.  The  liver  is  enlarged,  oft<*n  enormously 
so,  and  the  enlargement  is  usually  gem'ralized,  but  ex- 
ceptionally the  deposits  of  amyloid  an*  localized,  forming 
large  and  sharply  circumscribiKl  tumors.  The  surface 
of  the  liver  is  smooth  and  regular.  It  feels  firm  and 
dense,  and  is  not  tender  or  painful.     Jaundice  does  not 


occur,  and  ascites  when  present  develops  late  and  is  the 
ascites  of  cachexia,  preceded  by  oedema  of  the  extremi 
ties.  The  amyloid  process  does  not  often  reach  a  high 
degree  in  one  organ  before  it  begins  in  other  organs  also. 
For  this  reason  we  do  not  find  the  amyloid  liver  without 
similar  changes  in  spleen,  kidney,  and  intestines.  The 
spleen  is  enlarged;  the  urine  is  abundant  and  contains 
considerable  albumin  with  granular  and  waxy  cysts ;  and 
there  are  often  gastro-intestinal  disturbances,  especially  a 
diarrho^  due  to  the  amyloid  changes  in  the  intestines. 

The  cause  of  the  amyloid  may  lie  in  any  chronic  infec- 
tious disease,  oftenest  chronic  suppuration  of  the  bones 
and  joints  and  pulmonary  tuberculosis.  It  occurs  also 
in  syphilis,  chronic  malaria,  chronic  dysentery,  and 
sometimes  in  the  later  stages  of  carcinoma  and  other 
malignant  tumors. 

Amyloid  changes  must  most  often  be  distinguished 
from  the  fatty  liver  seen  in  many  of  these  conditions  be- 
cause of  the  common  etiology,  and  from  hypertrophic 
cirrhosis  because  of  coincident  changes  in  spleen  and 
gastro-intestinal  tract.  The  fatty  liver  in  general  feels 
softer  than  the  amyloid  liver,  and,  what  is  more  impor- 
tjint.  is  not  accompanied  by  enlargement  of  the  spleen,  al- 
buminuria, and  diarrhoea. 

The  hypertrophic  cirrhosis,  while  presenting  an  en- 
larged spleen  and  gastro-intestinal  symptoms,  is  asso- 
ciated with  recurring  attacks  of  jaunaice,  something 
never  seen  as  the  result  of  amyloid,  and  the  causal  con- 
ditions for  amyloid  are  absent. 

Resume  of  the  Uniform  Enlargements  of  the  Liver. 

Passive  Congestion. — Liver  enlarged,  painful,  tender, 
liable  to  sudden  variations  in  size ;  spleen  not  enlarged ; 
jaundice  moderate  or  absent  and  altered  in  tint  by  the 
usually  accompanying  cyanosis;  ascites,  if  present,  pre- 
ceded by  oedema  of  the  feet ;  examination  of  tliorax  will 
show  cause  for  passive  congestion. 

Biliary  Retention. — Liver  enlarged,  painful,  tender; 
spleen  not  enlarged;  jaundice  intense  and  the  stools 
acholic;  may  or  may  not  be  fever;  ascites  present  or 
absent ;  symptoms  of  the  condition  causing  obstruction, 
such  as  gall  stone,  catarrhal  inflammation,  or  tumor, 
present. 

Hypertrophic  or  Biliary  Cirrhosis. — Liver  enlarged,  not 
tender  or  painful;  spleen  enlarged;  jaundice  actually 
present  or  foimd  one  or  more  times  in  history;  ascites 
only  in  terminal  stage. 

Syphilis  of  the  Li  re  v. — Acquired :  enlargement  general, 
but  grossly  irregular;  may  Ik?  pain  and  tenderness;  jaun- 
dice and  ascites  usually'  absent ;  spleen  not  enlarged ; 
history  and  residua  of  syphilis.  Hereditiiry:  enlarge- 
ment uniform,  without  pain  or  tenderness;  jaundice  and 
ascites  usually  absent ;  spleen  enlarged;  other  marks  of 
liereditary  syphilis  and  existence  of  syphilis  in  the 
parents. 

Fatty  hirer. — Liver  large,  smooth,  soft;  spleen  not  en- 
larged ;  no  jaundice  or  ascit^^'S ;  presence  of  cause,  as  gen- 
eral lipomatosis,  alcoholism,  anaemia,  etc. 

Atnyhid  Liver. — Liver  enlarged,  smooth,  firm,  not 
tender  or  painful ;  spleen  enlarged;  jaundice  and  ascites 
absent:  diarrho'a  and  albuminuria  present;  the  presence 
of  a  cause  for  amyloid,  as  prolonged  suppuration,  tuber- 
culosis, syphilis,  etc. 

This  pmctically  completes  the  list  of  processes  causing 
diffuse  enlargements  of  the  liver,  except  the  enlargements 
seen  in  leiikaMiiia  and  psi'udo-leukjemia.  Tliest*  will  be 
considered  in  the  paragraphs  upon  tumors  of  the  spleen. 

TjtfCdlizid  KnlargemenfA  of  tJu'  Liirr. 

Of  the  processes  which  cause  circumscribed  enlarge- 
ments of  the  liver,  there  are  three  which  far  exceed  all 
others  in  importance.  These  are  the  abscess,  the  cancer, 
and  the  hydatid  cyst.  Any  one  of  these,  however,  may 
cause  diffuse  enliirirements.  just  as  most  of  the  pnx'esses 
usually  causing  diffuse  enlargements  may  at  times  cause 
circumscribed  tumors. 
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Abdomlual  Tumors. 
Abdomloal  Tumora. 


Abscess  of  the  Liter. — The  pyogenic  or^Disms,  strepto- 
cocci, staphylococci,  pneumococci,  bacillus  coli,  amoeba, 
etc.,  may  reach  the  liver  through  any  of  its  five  sets  of 
vessels,  but  oftenest  through  the  portal  vein,  the  biliary 
ducts,  or  the  hepatic  artery.  Infections  tlirough  the 
hepatic  artery  are  usually  part  of  a  general  septicopyaj- 
mia  which  so  overshadows  the  infection  of  the  liver  that 
the  latter  has  only  a  pathological  interest. 

Most  often  the  organism  enters  through  the  portal  vein, 
nie  infection  atrium  in  the  intestines  is  furnished  often- 
est by  dysenteric  ulcers,  and  for  this  reason  abscesses  of 
the  liver  are  commonest  in  Southern  countries,  where 
dysentery  is  commonest.  In  the  temperate  zones  the 
primary  di-sease  most  common  is  appendicitis,  but  ulcer- 
ative processes  anywhere  along  the  intestinal  tract,  espe- 
cially along  the  lar^e  intestine,  may  cause  infection 
through  the  portal  vein. 

Bacteria  may  enter  the  liver  from  the  bile  ducts  either 
directly  from  ulcerations  of  the  ducts,  excited  by  gall 
stones  or  other  causes,  by  extension  up  along  the  bile 
ducts,  or  by  entering  the  vessels  of  the  bile  ducts  and 
thence  reaching  the  portal  vein. 

The  symptoms  are  both  constitutional  and  local.  The 
patients  are  often  emaciated,  cachectic,  with  yellow - 
colored  skin  (not  often,  however,  due  to  jaundice) ,  and 
marked  aniemia,  usually  accompanied  by  leucocytosis. 
Fever  occurs  in  most  cases,  at  least  at  some  time  during 
the  course  of  the  disease,  and  may  be  continuous,  inter- 
mittent, remittent,  or  hectic  in  type.  Chills  may  or  may 
not  be  present. 

Locally,  there  is  pain,  usually  preceded  by  a  sense  of 
weight  and  fulness.  The  exact  location  of  the  pain 
varies  with  the  site  of  the  abscess — oftenest  in  the  rtght 
hypochondriac  region.  It  varies  greatly  in  character  as 
it  ooes  in  intensity,  but  in  general  is  more  severe  if  the 
abscess  is  located  near  the  surface  of  the  liver.  Radiation 
of  the  pain  to  the  right  shoulder  is  quite  common. 

Examination  of  the  liver  shows  it  to  be  enlarged,  and 
the  general  tendency  is  for  the  liver  to  enlarge  upward 
instead  of  downward.  The  border  between  the  liver  and 
lung  is  no  longer  a  straight  line,  but  one  curving  upward 
to  a  varying  degree.  The  respiratory  excursion  of  this 
line  is  retaine<l,  unless  there  is  an  old  pleuritis  with  ad- 
hesions complicating  the  hepatic  condition.  If  the  abscess 
is  locatetl  in  the  left  lobe  of  the  liver  there  may  be  marked 
dislocation  of  the  heart. 

If  the  abscess  points  toward  the  skin  there  may  be 
localized  bulging  of  the  abdominal  wall  with  oedema  of 
the  skin. 

Jaundice  is  rare  with  liver  abscesses,  as  is  also  the  as- 
cites. When  the  latter  is  found,  it  may  be  due  to  pres- 
sure on  the  portal  vein,  or  to  the  general  cachexia,  and  be 
merely  a  part  of  a  general  anasarca. 

The  spleen  is  not  enlarged  with  the  chronic  abscess  un- 
less it  has  become  amyloid. 

Exploratory  puncture  will  often  settle  any  doubts  as 
to  the  nature  of  the  process,  but  one  must  remember  that 
there  are  some  dangers  in  making  the  puncture.  The 
greatest  danger  is  that  of  infecting  the  peritoneal  or 
pleural  cavity  on  withdrawing  the  needle  from  the  abscess 
cavity. 

The  diagnosis  will  often  be  clearetl  by  the  nipture  of 
the  abscess  into  some  organ,  as  the  lungs,  stomach,  or  in- 
testine, and  the  escape  of  the  pus  outward. 

The  diagnosis  of  the  solitary  abscess  of  the  liver  is 
based  mainly  upon  the  symptoms  of  sepsis,  with  local 
pain  and  tenderness,  with  physical  signs  of  a  localized 
enlargement  of  the  liver,  with  history  of  dysentery,  ap- 
pendicitis, hemorrhoids,  or  gall-stones.  The  diagnosis  is 
certain  when  pus  is  obtained  by  aspirations. 

When  the  abscess  is  very  large  and  the  enlargement  of 
the  liver  mainly  or  solely  upward,  the  condition  may  be 
mistaken  for  pleurisy;  but  attention  to  the  history  of  the 
case,  and  especially  to  the  respiratory  motility  of  the 
upper  border  of  the  dulness,  will  settle  the  question. 

Chancer  of  the  Liter. — While  other  neoplasms  occur  in 
the  liver,  the  cancer  is  so  much  more  common  than  all 
others  combined  that  it  alone  will  be  considered.     Cancer 


may  occur  primarily  in  the  liver,  but  this  is  decidedly  ex- 
ceptional while  secondary  cancer  of  the  liver  is  compar- 
atively frequent.  The  cancer  is  oftenest  primary  in  some 
organ  in  connection  with  the  portal  system — the  stomach, 
rectum,  pancreas,  uterus — but  the  primary  tumor  may  be 
any  whei-e.  The  secondary  tumor  or  tumors  may  far  ex- 
ceed the  primary  in  size. 

Examination  shows  the  liver  enlarged,  often  to  an  ex- 
treme degree,  and  in  suitable  cases  the  liver  can  be  seen 
to  enlarge  from  day  to  day.  The  enlargement  may  be 
nearly  unifonn,  but  in  most  cases  it  is  plain  tliat  the  en- 
largement is  irregular.  Sometimes  the  prominences  in 
the  liver  can  be  seen  and  their  respiratory  motility  fol- 
lowed by  the  eye.  More  often  they  can  be  felt  as  round, 
usually  firm,  hard  prominences,  sometimes  distinctly 
umbilicatcd  on  the  surface.  They  may  be  tender. 
Sometimes  the  peritoneal  covering  is  inflamed  and  the 
resulting  friction  can  be  palpated.  Percussion  shows  the 
irregular  enlargement  of  the  liver,  and  here  also  especial 
attention  should  be  paid  to  the  upper  border  of  both  the 
superficial  and  deep  hepatic  dulness. 

In  addition  to  these  symptoms  due  to  the  presence  of 
the  tumor  we  may  find  symptoms  due  to  the  pressure 
which  the  tumors  may  exert  upon  neighboring  organs. 
Thus  the  common  bile  duct  may  be  obstructed  and  icterus 
result.  The  icterus  tends  to  become  rapidly  and  steadily 
worse. 

The  spleen  is  found  enlarged  in  about  ten  per  cent,  of 
the  cases. 

Ascites  is  not  uncommon  and  may  be  due  to  compres- 
sion of  the  portal  vein,  to  an  accompanying  carcinomatous 
peritonitis,  or  to  the  general  exhaustion.  Tiie  ascites  is 
often  sufliciently  marked  to  entirely  mask  the  tumors  in 
the  liver,  which  can  be  discovered  only  after  the  removal 
of  the  fiuid,  which  may  be  either  serous  or  hemorrhagic. 
The  patients  with  cancer  of  the  liver  show  a  progressing 
secondary  anaemia  with  leucocytosis,  together  with  a 
rapidly  developing  cachexia,  accompanied  usually  by 
considerable  pain  in  the  right  side.  There  are  no  febrile 
symptoms  unless  caused  by  some  complication. 

Having  found  a  tumor  of  the  liver,  a  circumscribed 
enlargement  which,  from  the  general  condition  and  age  of 
the  patient,  and  from  the  absence  of  symptoms  of  abscess 
or  echinococcus  cyst,  seems  to  be  a  cancer,  one  sliould 
search  for  the  site  of  the  primary  tumor,  paying  es])ecial 
attention  to  symptoms  pointing  to  disease  of  the  stomach, 
pancreas,  rectum,  uterus,  or  to  any  of  the  other  common 
sites  for  carcinoma,  as  the  breast,  etc.  Even  in  the  ab- 
sence of  such  symptoms  it  is  probable  that  the  cancer  of 
the  liver  is  secondary. 

EcJiinociXcus  C^ttfa. — Many  cases  cause  no  symptoms 
whatsoever  and  are  therefore  unrecognized  until  the  cysts 
reach  considerable  size,  and  even  then  may  be  purely  ac- 
cidental findings.  When  small  they  cause  no  functional 
disturbances  unless  located  at  the  porta  or  superficially, 
where  they  may  excite  a  painful  perihepatitis.  Usually 
the  first  thing  to  attract  attention  is  a  palpable  tumor  or 
symptoms  resulting  from  pre^ure  upon  some  organ. 

Hydatid  cysts  enlarging  downward  are  much  more 
easily  palpated  than  those  enlarging  upwanl.  The  cyst 
is  round,  firm,  elastic,  sometimes  fluctuating,  although 
in  many  cases,  when  the  tension  of  the  walls  is  great, 
there  is  none.  The  size  of  the  tumor  varies  over  a  wide 
range,  but  may  be  so  large  as  to  extend  even  into  the 
pelvis  or  far  upward  into  the  thorax. 

Percussion  shows  the  tumor  to  be  dull,  and  in  a  cer- 
tain number  of  cases  gives  the  so-called  hydatid  thrill, 
which  is  probably  a  fluctuation  phenomenon  in  which 
the  individual  waves  are  very  short  becaust*  of  the  ten- 
sion of  the  fluid,  the  elasticity  of  the  walla,  and  the 
homogeneity  of  the  cyst  contents.  The  phenomenon  is 
not  found  in  all  ca.ses  of  hydatid  cyst  and  is  not  abso- 
lutely peculiar  to  it,  for  it  is  found  with  other  forms  of 
cyst  when  the  peculiar  physical  conditions  are  present. 

Percussion  is  especially  valuable  when  the  cyst  en- 
larges ui)ward  into  the  thorax.  It  enables  us  to  deter- 
mine the  upper  border  of  the  cyst.  The  upper  hepatic 
border  is  no  longer  straight,  but  presents  a  bulging  up- 
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wani  corTfHpoiuVnifs  to  tlw  r-yst.     Th**  n-wjiiniiory  rnoiil 
My  of  the  Inmlcrs  is  iiiiiiii|Miiri'<l   uuJchj.  tht-n-  i^  i,r  ii:iH 
Ikh'D  u  roiri])li(:utiii/;  |)l<'iirjti»i.   Nf/rjj<  thiti;^   \\\i\*U  i^  wA 
\mvtm\u\im. 

FiJiK'tiorial  <ii*itiirlMiiir-i's  rchiiJlin;;  fr</tii  {;r<  m.(ji''  \k\titu 
thrr  varioiiH  HUloiiiiiml  aud  ilii/nK-ic  tnii'.iii>>  %:if>  viitii  Uh- 
#/rt'ans  aih-rUtl  ami   wiijj   ih**  tU'^nf  of    ijj«    i/io-iin- 
Tl»"**^r  ^fyifipioifiH  an-  oiUrii  Uir  iwtr*:  u%iitV.*'*i  iJian  ili'i^-^- 
itfiftt  *U*-  \\\*T  iivlf. 

^.'/fftfff'-iwiMi  of  tlH-  porfal    v<iii  or  tli"  iiif«-rior  v<  ria 
^^  ■•  4  Kfc-iv  f'.^U'jt-  a^-ttf '••  atif  1  ol  Ijit  liiMilator  v  ^li**'  'irlmiMi!-, 

%h!'/»    ff.t*'    '-^'ir'-lv    of/^/ilP:    I  In*    J»l»-H<fji:«'   of    III*-   rv^sl 
IrrS-Pi  •.?:!;*>' f'-'^;*  from  <  oiiipr* '•HJoh  of  thf-ofiiinoii  ihiri. 

'  of.-*i*?;*j'.ri-ii  «li-MirJ;{iri«'-H  from  !Ih-s«-  tvhIh  an-  prar 
tif'Hiiy  'A art* ill ;'   i\(*\t\  ii-^  tlf  nmjlii  of  pri'ithurc  ii|i«#ii 
lU'iirlilf'iriii;:  fcrrN^Min-   or  of  M-onKlary  iiif<Tiioii  of  iJm- 
rvst  viitli  \tyit'i!*-u'v'  or;raiiiHiijH  ari<J  the  <:oiiVf'rrioii  of  tliir 
rvst  into  an  ali*^  'i*.-!. 

From  thi'4  Ifi'i'-f  oiitliii«:  it.  in  ''vi<l«-rit  tlial   iIm*  <  linifal 
picture  of  the  i-f\\\\uHtn-c\i}s  t\h\.  vari'-H  |,'fa!.iy,  and  IIm: 
diajTMosis  in  oft«'M  diHir'ult.      V\\i'  main  eletiHtd^  in  Mjc 
diajrnosis  an^  tli<;  d(  inonhtration  of  a  f  in  ijm>^'iili«-d  <-n 
largemciit    of     the     liv<T,     linaf.ronifianif-d     \\^\ni\\\    hy 
marlvnl  constitutional  disturlianrcH.  and   \'u'\i\\uif.   to  <x 
ploratory  puncture  a  fluid  wliidi  muy  vary  in  eiiarnr-iii, 
but  whicli  c(»ntains  clfinents  wliirii   an-   ali*^»l»il<'ly   p'- 
culiar,  namely,  tlie  ccliinoenccus  iio4fl<li-tH  and   M-oliii  ;• 
Tliese  are  so   peculiar   tiail.   Ila-y    will    he  imnu'diai'-ly 
recognized  hy  any  one  who  lias  ever  wrn  tin*  piciuMH 
fouial  in  all  text-lxMiks  uihui  diajrnosiH. 

When  small  the  cyst  niusi  he  dilTerfiitiated  from  oiln-r 
processes  which caus<*  hK'ali/ed  enlar^enu'iiis,  piirticularlv 
the  abscess  and  cancer.  lioth  these  are  a<-eonip>ini<d  hy 
markeil  constitutional  (list u rim nces,  which  in  the  eunc  of  a 
cyst  are  conspicuously  ahs(>nt. 

Pain  is  usually  present  with  abs<*esH  or  with  caneer. 
while  it  is  usually  absent  with  cyst.  The  history  of  a 
residence  in  certain  parts  of  the  world,  notably  Iceland, 
or  of  constant  assoi'iatiou  with  dogs,  is  a  point  in  favor  of 
the  cyst. 

Exploratory  puncture  will  n-move  all  doubt,  but  lirrf, 
as  with  the  abs<'ess.  this  is  not  entin*lv  fre<?  Irom  danger. 

A  very  sharply  liKidi/ed  cyst  might,  by  enlarging 
downward,  simulate  a  distend(*'<l  gall  bhuhler,  but  coidil 
not  assume  the  pt*culiar  ixiir  shape  of  the  gall  bhidder, 
nor  would  it  pn*sent  the  motility  of  the  pill  bladder. 
The  history  of  the  patient  would  moreover  be  ditfcn'tii. 

When  the  cyst  is  larger  and  gn>ws  downwani  it  nerds 
differentiation  frran  cysts  of  other  organs,  such  as  tin- 
pancrea.s,  ovaries,  or  kidneys.  Usually  the  dilTen'nt  iat  ion 
is  easy  fnan  the  history  and  from  the  shaiH'  and  loca 
tion  of  the  tumor.  In  the  exceptional  cases.  cl(»se  at  ten 
t ion  should  be  given  to  the  relation  of  the  cohai  to  th(> 
tumor.  This  is  puslnKl  down  and  ii.sually  back  by  cysts 
of  the  liver,  forwanl  by  cysts  of  the  kidney,  upward  by 
cysts  of  the  i>!incn*as  and  ovaries. 

When  the  cyst  enlarges  upwanl.  it  may  n*(iuirc  differ- 
entiation fnan  a  pleuritis  exudativa.  Oniinarily  the  his- 
tory of  an  acute  ons<*t  with  i>ain.  fever,  and  the  pi-culiar 
shape  of  the  dulni'ss  will  speak  for  a  pleuritis.  Jn  cases 
of  pleurisy  with  insidious  onwt.  wlun  tin-  exinlate  ir 
large  and  unaccomiwnie<l  by  manifest  const itiifional 
symptoms.  es[K'cial  attention  should  br*  paid  to  pn-^sim- 
effects  on  the  hwirt.  With  pleurisy  tin*  li»art  is  di*^ 
l(K'at(?d  outwanl,  with  cysts  the  displacement  i»^  mure 
often  upwanl  and  outwanl.  In  cases  which  are  doubt - 
U\\  the  exploratory  punctun»  will  decide. 

The  true  imture  of  the  cyst  is  often  leana*d  from  it». 
niptun*  into  some  neighboring  (»rgjin.  such  as  the 
stomach,  colon,  lungs,  when  the  booklets,  scoIice»i.  and 
daughter  cvsts  may  apjH*ar  in  vomit  us.  fa'ces.  <ir  sputum. 

The  muftih)eular  i»chimKxx*cus  is  even  h-ss  cnnmi'tn 
than  the  cystic  form,  except  in  certain  parts  of  Kurope 
where  it  is  not  infrequent.  The  onsi-t  is  insidiou*;  and 
usually  without  symptoms  until  the  disc»ase  has  nuidi- 
great  progn»ss:  then  weight  and  pjiin  in  the  epii:a**triuni 
and  right  hypoclion<lrium  appear,  with  gastro-hilesiinal 
disturbances.     Icterus  and  ascites  are  common  and  often 


apfKiir  early      The  liver  is  often  irr»«.-i,r^ ^  _._ 

'•^ilh  irfej/iilail\  fIJNtribuled  tuni'*r  ituMM««  **  im.  "^ 
>Mfaeei>|fif,hH|\  Ifibiiiiiiifl.  TlieUtni^?  »tsiiti-:i.2r»»jrujf 
and  M  IV  liaid  The  liver  usually  sbt»v>  n-  uivmu  n* 
piiiitofv  nmlilily       The  sp|i*cn  i«(  ofl'^  «!umr.ZM. 

Till-  rondiiion  must  Ih-  difren-nii^i^c  Inin  mxi^Hf 
«ao  iiMimaia  of  the  liver,  which  fliff*-r  ixi  uht  nnjr  -nu 
*n\i\>A-  niaiKednie|ie\ia.  bhNMl  clianift^.  tiic  u5r«o-ttt"m- 
ti'iil  and  mIiow  uImi  the  Nym]>toinh  C3iu««»Ki  P^  tJi-  hihmi 
^anrei  In  ninHt  pariHof  the  world.  <3LZi(Mfr  ir  tif  ir^ 
\>\  of  alni'mi  diulv  iMcurniice.  while  ih*  xiiulxii*ruir 
«« hnnMiHf  iih  e\ht  is  extremely  rare.  Ix  tii**  irmsi 
eanntit  Ih- dilTerentiateil  in  this  way,  riittbe  ar  «.'::) lanu^Tr 
pun'  line 

II>  iM-rin.jihle  cirrhosis  and  syphilis  of  ib*-  tve*  -nw  »• 
i^hiinlaied  Itoth  ihe^icrundilions  are  rv-la.'T:v«:i  ffnuiiux. 
V\  Mil  the  t  irtlio'>i«<.  ihi*  jiiundiee  is  UMialSv  ikt -w  mi^ifr 
and  ii  uira  h  Imm  limi-  in  liiiH*,  tin.  splfriK- 1 toiKr  ir  mm^ 
<onjinoii  an  ahi  jii-i  ir*  ran,  and  the  enlarf^mKar  o"  tii-. 
livei  \>.  Mioif  iinilorm  Willi  syphilis  of  iL^  Lt*?  m,  a- 
divi^iiJij  filial jL'enienis  in  the  liver  an-  wa  Mf.  iii^*  a* 
li;iid  and  ilie  livi-r  is  more  irregular:  jauz>cj<:»..  lutcna- 
aii'l  :pliiii(  iiinifiran*  less  common.  Here  «j«ii.  fKiiiuBr 
loiv  piin<iiii«  ma>  be  neressii ry. 

'ihiie  nil'  M  number  id  other  |Mitho1o^;kj  jr^icKsia- 
v^huh  I  HUM-  |iH-idJ/ed  enlargeinentH  of  the  lir^^.  ♦JUfii  m 
Hiieifiii.'i  fibiniiia  iidi'imma.  luid  vy*<i**^.  but  i^t  un-  « 
e\<eptii,iiiii  tii.it  theii  roiiHith'iatiou  may  ^le  omnicsc Iruat 
an  aiii«  je  nf  ilu  «  mh  i 

t'lm^ii  l.mi  '\'\\}\\\  lacing,  either  by  mf-an«  of  ^  ctcme*: 
or  bv  a  hiiint'  alnMii  the  vvaiM.  often  'caus#^  a  •ie-'.imirT 

of  Hielivei     svhirhin  e  Mrellie  rases  may  cause  a  <\CJui:3.'iL 

hjmnlatinv  >•  luiiiiir  Tliisina\  be  due  to  an  f^:-«:;£KliciL 
of  the  |j\i-|  beiiiUM-  of  the  presslin*  to  which  11  >**■*•  ttCttO; 
snbjertid,  find  lt»i  tfiii*  nature  is  then  iiisily  n-<c*e2dcittd 
Soiiieiinie*^,  and  IIiIm  Ih  nmie  often  when  the  rf iDfi^irx^Oi 
of  the  waiht  hiiH  been  made  with  a  string  insttiMi  <A  -h 
eorsi't.  the  \\\!\\\  Inbi*.  rarely  the  left,  is  elongated  aad  iht 
]iart  diieetly  belnvv  the  pressun*  is  atrophiMl  so  thas  a 
larger  or  smaller  miiHH  of  liver  tissue  is  KefMiratc-d  fraa 
he  liver  and  mnneeted  to  it  by  a  band  of  fibrous  tiaoe. 


I 


The  shape.  hi/.i\  and  moillity  of  such  a  masH  var^'  in  ilie 
diffeient  ra>^eh  li  iimimI  <itten  be  differentiated  fnwB 
movable  ri^ht  kiihiev  1 1  differs  in  shape  from  ihe 
kidnev ,  lien  Mianr  the  fnini  wall  of  IhealHlomen.  and  lk« 
in  Imni  of  ihecnliin  insti-ad  of  l»ehind  it.  Attention  to 
the  shape  of  the  lliiMaN  and  to  (he  histtir}' of  lacing  is 
also  of  as^i'«1anee 

Mtiiiihl,  l.inr  This  fuiins  a  tumor  on  the  right  side, 
one  wliii-h  may  e\t<n(l  tlnvvnward  to  the  pelvis  or  far 
(»ver  to  the  lit  t  ot  I  he  iiiedian  line.  At  the  same  time  the 
liver  tills  so  that  llieeoii\e\  surfjiee  lii-s  foi'wanl.  Tlie 
form  of  the  liver  is  uni-liaiiiied.  This,  together  with  the 
abs4-n('e  of  liver  duhie^s  in  the  normal  site  and  the  fact 
that  inmost  eas«s  the  liver  ran  be  nturiied  to  the  normal 
site  when  the  palient  is  in  theilors:il  decubitus,  uiakes 
the  diagnosis  rasx 

'V\  Mitljs   ol-    TIN     (IVI.I     Ill.ADDKK. 

NVitli  oeeasi(»iial  e\erptions  th«se:iii'  merely  distentions 
of  the  L'-all  bladder  with  bile,  miieiis.  or  ]ius.  either  alone 
nr  in  eonibinalion  with  stiMiis.  Tla-  det^ree  of  distention 
varies  from  just  sutlirieiit  to  admit  of  palpation  of  the 
L';dl  bl.-iilder.  as  a  sucill  loiiitded  projectiou  Im'Iow  the 
eii:.'r  of  tlie  livi-r  ill  I  lie  parashriial  line,  to  a  sac  capable 
nf  hiildini:  a  litri'  i»r  iiiok-  The  larger  the  bhulder  the 
more  it  a*'**umes  a  l«»ng.  |ie:ir  shapi'd  form — extending 
d'l^vnvvanl  from  the  liver  just  hetie.'ith  the  alMlomiual 
Wall.  NV'iih  increasing  si/e.  ilie  iiioiiliiy  incn^ases  until 
tJH-  bladder  can  be  iiiommI  finlv  Irom  sid(>  to  side  and 
Imekvvard.  but  it  alvvavs  tends  to  return  to  its  position 
jii-*  b' ijcath  the  abdoiiiinai  wail.  It  also  .shows  f list inct 
i«-[iirai«iiy  uioiilii\.  The  tuiiuu'  f«M'ls  smooth,  elastic, 
;i!i'l  -'iini  fillies  tluetuation  ean  he  made  out.  liarelv  the 
hi'  -ion  of  Ntones  moving  over  one  another  <'an  be  felt. 

I  >iially   piilpation   alone   shows   the  pres(>nce  of  the 
tumor,  but  in  favonitile  casi's.  when  the  abdominal  walls 
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are  thin,  its  presence,  shape,  form,  and  respiratory  motil- 
ity are  visible.    Percussion  also  may  show  its  presence. 

An  enlarged  gall  bladder  practically  always  lies  in 
front  of  the  colon  and  intestines,  and  to  the  right  and 
partially  in  front  of  the  stomach.  Inflation  of  the  colon 
and  stomach  is  sometimes  necessary  in  making  the 
diagnosis. 

Usually  the  anatomical  location  of  the  tumor,  its  shape, 
motility,  and  manifest  relation  to  the  liver  facilitate  the 
recognition  of  the  tumor  as  one  from  the  gall  bladder,  but 
when  the  distention  is  extreme  it  may  be  confused  with 
a  hydronephrosis  or  a  cystic  ovary.  Attention  to  any 
history  of  disturbances  of  the  urinary  or  genital  tract  and 
the  demonstration  of  the  relation  of  the  tumor  to  the 
colon — which  lies  behind  a  distended  gall  bladder,  in  front 
of  a  hydronephrosis,  and  above  a  cystic  ovary — will  re- 
move all  doubt.  In  addition  to  these  points  the  gall 
bladder  is  attached  above  to  the  liver  and  is  free  below, 
while  an  ovarian  cyst  is  attached  below  and  remains  free 
above.  The  hydronephrasis  arises  manifestly  from  behind. 

The  diagnosis  of  the  cause  of  the  dilatation  of  the  gall 
bladder  arid  the  finding  of  the  site  of  the  obstruction 
may  be  a  simple  or  a  difficult  matter.  Repeat<.*d  attacks 
of  biliary  colic  would  suggest  a  stone;  acute  ga.stro-intes- 
tmal  symptoms  with  jaundice  would  suggest  an  acute 
catarrh  of  the  ductus  choledochus;  and  progressive  ca- 
chexia with  gastrointestinal  symptoms  would  suggest 
a  carcinoma  of  some  of  the  orgjins  near  the  porta. 

The  diagnosis  of  the  nature  of  the  fluid  in  the  cystic 
bladder  (pus,  bile,  or  mucus)  is,  like  the  diagnosis  of  the 
cause,  easy  or  hard.  If  accompanied  by  jaundice,  it  is 
probably  bile,  and  the  obstruction  isin  tliecoiiuuou  duct. 
If  there  is  no  jaundice,  the  fluid  is  probably  nuicus,  but 
may  be  bile  or  pus.  and  the  site  of  the  obstruction  is  at 
the  neck  of  the  bladder  or  in  the  cystic  duct.  An  em- 
pyema of  the  gall  bladder  is  accompanied  by  the  ordinary 
constitutional  disturbances  of  suppuration,  but  the  pres- 
ence of  such  syniptoms.  when  the  gall  bladder  is  dis- 
tended, does  not  in  itself  prove  that  the  flui<l  is  p\is. 

Exploratory  pum-ture  of  the  gall  bladder  is  ordinarily 
too  dangerous  to  be  justifiable. 

Ctmcer  of  the.  (inU  lV<i<1fhr. — This  is  on  the  whole  a 
rare  disea.se,  and  the  diagnosis  is  bas(Ml  upon  the  denion- 
stralion  of  a  hard,  nodular,  slowly  growing  tinuor  in  the 
region  of  the  gall  bladder,  accompanied  by  cachexia  and 
amemia.  The  diai^no.sis  is  strenijthened  bv  a  historv  of 
biliary  colic,  and  by  the  exclusion  of  carcinoma  of  any 
of  the  organs  frequently  causing  metastases  in  the  liver. 

Tir.MOiis  OF  THK  Stom.vch. 

The  methods  employed  in  the  examination  of  the 
abilominal  tumors  so  far  considereil  have  l)een  almost 
entirely  physical,  aided  sometimes  by  microscopical  ex- 
amination of  the  blood.  With  cases  of  tumors  of  possible 
gastric  origin,  chemical  methods  of  examination  become 
prominent;  but  unfortunately,  in  .spite  of  the  immense 
amount  of  study  and  work  which  has  been  put  upon 
them,  their  results  are  often  uncertain  and  contradictory, 
so  that  they  no  longer  receive  the  respect  formerly  pai(l 
them. 

The  pathological  processes  which  can  cause  a  tumor  of 
the  stomach  are  very  numerous,  but  most  of  them  are  so 
uncommon  that  thev  need  no  mention  in  an  article  of  this 
sort.  Tlie  processes  which  demand  our  attention  are  the 
cancer,  the  ulcer  with  scar  formation,  and  dilatation  of 
the  stomach.  We  would  remind  the  reader  that  it  is  as- 
sumed throughout  this  article  that  a  tumor  is  palpable. 
Considerations  relating  to  the  diagno.sis  of  these  condi- 
tions previous  to  the  appearance  of  a  palpable  tumor 
must  be  sought  in  more  special  articles. 

When  a  tumor  is  found  in  the  neighborhood  of  the 
stomach,  two  questions  must  be  answered:  Does  the 
tumor  arise  from  the  stomach,  and  what  is  its  nature? 

Cancer  of  the  Stomach. — The  subjective  symptoms  re- 
sulting from  cancer  of  the  stomach  vary  greatly — in  one 
case  being  prominent,  in  another  almost  wanting.  There 
is,  moreover,  no  necessary  proportional  relation  between 


the  size  of  the  tumor  and  the  intensity  of  the  symptoms. 
The  symptoms  also  vary  with  the  site  of  the  carcinoma; 
in  fact,  this  has  a  very  marked  influence  upon  the  inten- 
sity of  the  symptoms.  Cancer  at  the  cardia  or  pylorus 
need  not  be  large  to  cause  very  marked  symptoms,  while 
one  on  the  curvatures  of  the  stomach  may  be  very  large 
and  yet  cause  almost  no  subjective  symptoms. 

In  general  there  are  symptoms  pointing  distinctly  to 
the  stomach,  but  these  symptoms  are  not  peculiar,  for 
they  consist  of  a  loss  of  appetite,  especially  a  loss  of 
appetite  for  meats,  distress  and  fulness  after  eating, 
eructations  both  gaseous  and  acid,  pam  either  constant 
or  after  eating,  nausea,  and  vomiting.  These  are  symp- 
toms which  may  occur  with  any  disease  of  the  stomach, 
but  when  they  begin  late  in  life,  especially  if  the  patient 
has  always  been  free  from  gastric  disturbances,  they 
should  always  suggest  the  pos.sibility  of  a  cancer  of  the 
stomach.  When  in  addition  to  these  the  patient  vomits 
the  well-known  colTee-ground  vomit,  the  possibility  be- 
comes almost  a  probability.  Along  with  these  gastric 
symptoms  there  develops  a  progressive,  secondary  an- 
aemia, accompanied  by  leucocytosis,  and  in  time  the 
cancer  cachexia,  with  its  peculiar  earthy -colored  skin, 
emaciation,  and  oedema,  appears,  and  gives  the  patient  so 
peculiar  a  look  that  the  diagnosis  can  often  be  mtule  on 
sight. 

Examination  of  the  functions  of  the  stomach  often 
gives  most  valuable  assistance  in  the  diagnosis.  ^Foro 
attention  has  been  paid  to  the  secretory  function  of  the 
stomach  than  to  its  other  functions,  although  a  considera- 
tion of  all  three  is  iniportimt.  Briefly  sunnnarized.  the 
result  of  the  study  of  the  gastric  secretion  is  as  follows: 
In  almost  all  ca.si'S  of  cancer  of  the  stomach  the  hydro- 
chloric acid  eventually  disiippears.  but  is  often  present 
until  late,  and  may  Im^  pre.s<.«nt  until  death.  It  may  be 
present  even  in  excessive  amoimts.  Th(;re  are  a  large 
number  of  other  diseases  of  the  stomach  in  which  also 
no  hydrochloric  acid  is  found;  one  might  even  sju' 
that  there  is  no  diseas<^  which  mav  not  cause  absence  (»f 
hydrochloric  aci<l.  One  must,  tlieiefore,  give  \\\)  the 
idea  formerly  current  that  an  absence  of  hydrochloric 
acid  is  pathognomonic  of  cancer  of  the  stomach,  and  be 
content  with  the  fact  that  it  is  more  frequently  abs<*nt 
with  cancer  than  with  anv  other  one  disi'ase  of  the  stom- 
ach.  The  in  vers*'  statement  of  this  proposition  is  of  much 
more  practical  value.  The  continuous  presence  of  hydro- 
chloric acid  speaks  strongly  against  a  carcinoma,  but  does 
not  absolutely  exclude  it,  as  it  is  found  until  death  in 
about  ten  per  cent,  of  the  cases. 

lactic  acid  is  found  in  many  cases  of  cancer,  but  is 
absent  in  many,  and  present  in  other  conditions  in  which 
the  footl  stagnates  and  fennents,  .so  that  the  presence  of 
lactic  acid  does  not  have  the  diagnostic  value  at  first 
assigned  to  it. 

The  absorption  time  is  prolonged  in  most  cases  of 
cancer.     The  motive  power  is  lessened.. 

Far  more  significant  than  all  of  the  symptoms  so  far 
enumerated  is  the  demonstration  of  a  tumor  in  the  region 
of  the  stomach.  Such  a  tumor  mass  can  be  found  in 
about  eighty  per  cent,  of  all  cases,  but  unfortunately  its 
demonstration  often  occurs  late,  long  after  the  time  when 
surgical  interference  is  advisable.  When  a  tmnor  con- 
nect(Mi  with  the  stomach  is  found  in  a  person  who  is  over 
thirty  and  who  has  beginning  cachexia,  the  diagnosis  of 
cancer  becomes  certain.  Without  the  demonstration  of 
a  timior  the  diagnosis  of  a  cancer  of  the  stomach  is  merely 
one  of  greater  or  less  probability.  The  more  ad  vanceil  the 
age,  the  more  marked  the  cachexia,  the  more  conspicu- 
ously gastric  symptoms  are  present  and  symptoms  of 
other  diseases  ire  absent,  the  greater  this  probability 
becomes. 

In  some  cases  the  tumor  manifests  itself,  upon  inspection 
of  thealMlomen,  as  an  irregular  mass  in  the  epigastrium  or 
lower  in  the  abdomen,  often  moving  freely  up  and  down 
with  the  respiratory  movements.  The  distention  of  the 
stomach  sometimes  has  an  effect  upon  the  ease  with 
which  the  tumor  is  seen.  It  may  make  the  tumor  visible 
or  may  completely  obscure  it.     Inspection  often  gives  im- 
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portant  information  as  to  the  size,  shape,  and  location  of 
the  stomach  as  a  whole.  Because  of  the  emaciation,  the 
abdominal  wails  are  thin  and  through  them  the  outlines 
of  the  stomach,  filled  either  with  gas  or  with  fluid,  are 
often  distinctly  seen. 

Palpation  shows  a  hard,  usually  irregular  tumor  mass, 
which  may  or  may  not  be  sharply  circumscribed.  It  is 
usually  tender  on  pressure,  but  not  so  much  so  as  an 
ulcer.  The  mass  is  usually  not  movable,  but  may  be  so; 
even  tumors  of  the  pylorus,  which  one  would  expect  to 
be  always  fixed,  are  sometimes  very  movable.  It  is  often 
stated  that  tumors  of  the  stomach  do  not  move  up  and 
down  with  respiration,  but  it  is  certain  that  they  do  so 
frecjuently,  even  when  not  adherent  to  the  liver,  spleen,  or 
diaphr.iij^in.  This  is  true  of  cancer  of  the  pylorusas  well 
as  of  cancer  of  the  body  of  the  stomach. 

Jbiviug  demonstrated  a  tumor  which  might  arise  from 
the  stoniaeh.  how  shall  we  detennine  whether  it  does 
come  from  the  stomach  or  not?  Aside  from  the  physical 
signs  one  must  consider  the  subjective  symptoms  of  the 
disease,  and  whether  these  point  to  a  disease  of  the  stom- 
ach or  of  some  other  organ,  and  must  never  forget  that  the 
cancer  of  the  stomach  is  by  far  the  most  common  tumor 
in  this  region,  and  in  general,  therefore,  the  iliagnosis  of 
a  cancer  of  the  stomach  has  a  greater  degree  of  proba- 
bility than  a  diagnosis  of  some  other  tumor  or  some 
other  point  of  origin  than  the  stomach. 

If  a  tumor  alwavs  lies  within  the  borders  of  the  stom- 
achdulness  or  tympany,  according  as  thestcmiach  is  tilled 
with  fluitl  or  with  gas,  the  tumor  ari.ses  from  the  stomach. 
If  an  area  of  tympany  can  be  demonstrated  between  i\w. 
tumor  and  the  liver,  the  tiunor  does  not  arise  from  the 
liver  and  probably  not  from  the  gjiU  bladder.  Cancer  of 
the  gall  bladder,  because  of  its  close  anatomical  relatif>n 
to  the  pylorus,  may  be  confused  with  cancer  ol  the 
pylorus;  but  the  .symptoms  of  gastric  disturbances,  and 
especially  the  dilatation  of  the  stomach  almost  always 
present  with  a  cancer  of  the  pylorus,  are  ab.scnt,  and  a 
history  of  biliary  colic  is  often  i)reS4'nt. 

Tumors  of  the  spleen  may  be  confused  with  tumors  of 
the  fundus  of  the  stomach,  but  their  regular  outlines  and 
oval  sha|>e,  smooth  surface,  and  extension  up  under  the 
ribs,  together  with  the  absence  of  gastric  symptoms,  are 
us\ially  sufficient  to  make  the  dilTerentiation  cnisy. 

Tumors  of  the  pancreas  lie  deeply  in  the  abdomen,  are 
not  movable,  and  are  apt  to  be  accompanied  by  signs  of 
compres.sion  of  the  common  bile  duct  or  the  portal  vein. 

The  following  table  from  Boas'  "  Disease  of  the  Stom- 
ach "  shows  the  very  important  relations  of  tumors  of  this 
region  to  the  distended  stomach  and  colon : 


' 

Inflation  of  Stomach. 

Inflation  of  Colon. 

stomach. 
(<i)  pylorus 

DLsplaced   to  the  right 

and  down. 
Feel  larger  and  borders 

less  distinct. 

Disappear  completely  . . 

Displaced    upward  and 
Uy  the  right,  and  bor- 
ders of    organ  mon* 
easily  palpable. 

Displaced  to  the  left  and 

often  downward  also. 

Displaced  down 

y  Displaced  upward. 

1 

) 

Displaced  up\%'ari;  Ru- 
mors of  gall  bladder 
also  fon^ard :  very 
large  tumors  may  be 
unafTected. 

Displaced  up  and  to  tlie 
left. 

Not  diMplnced  up. 

At  first  displaced  up  a 
little,  then  dLsappear 
t»arkwnrd.  The  mov- 
able kidney  returns  to 
place 

Displaced  downward. 

(b)  anterior  wall 

and  greater 
curvature. 

(c)  lewer   curva- 

ture. 
Liver 

Spleen 

Colon 

Kidney 

Omentum 

Displaced  downward . . . 
Disappear   behind 
8t'>mach. 

Pancreas 

In  some  cases  the  development  of  secondary  deposits  in 
other  organs  is  the  first  thing  which  proves  the  nature 
of  the  gastric  process.  For  example,  tumors  of  the  liver 
are  common  in  the  course  of  cancer  of  the  stomach,  and 
because  of  their  size  they  may  distract  the  attention  from 


the  stomach  and  lead  to  an  erroneous  diagnosis  of  cancer  of 
the  liver,  for  here  as  elsewhere  the  secondary  tumors  may 
far  exceed  the  primary  in  size.  Another  site  for  second- 
ary deposits  which  mav  lead  to  a  correct  diagnosis  of  the 
primary  diseji.se,  is  a  lymph  gland  just  above  or  behind 
the  inner  end  of  the  left  clavicle.  This  gland  is  not  in- 
frequently the  site  of  secondary  cancer  that  has  devel- 
oped from  cancer  of  the  stomach. 

Ulcir  (ff  tJie  St(/jn4ich. — Ordinarily  there  is  no  need  for 
differentiation  between  this  disease  and  cancer  of  the 
stomach  after  demonstration  of  a  tumor  in  connection 
with  this  organ,  for  this  usually  is  proof  of  the  existence 
of  a  cancer.  JSometimes,  however,  a  scar  in  the  base  of 
an  ulcer  or  an  hypertrophy  of  the  neighboring  muscu- 
lar layer  of  the  stomach  may  cause  a  palpable  tumor. 
Under  such  circumstances  differentiation  is  oiecessary 
and  usually  dillic\ilt.  Attention  mu.st  be  given  to  the  fol- 
lowing points:  Ulcer  is  a  di.sease  of  the  first  half  of  life 
and  is  inoR*  connnon  in  women  than  in  men.  It  causes  a 
gocKl  deal  of  pain,  which  is  much  influenced  by  the  taking 
of  UhhI.  (ienerally  the  epigastrium  is  more  tender  from 
an  ulcer  than  from  a  cancer.  The  course  of  an  ulcer  is 
lotiger,  lasting  even  for  many  years.  It  causes  hemor- 
rhages which  are  usujillv  more  abundant  than  those 
cau.*ied  by  cancer.  Ulcer  causes  a  secondary  anaemia, 
but  not  cachexia.  Inasmuch  as  a  tumor  from  cancer  is 
common  and  from  ulcer  verv  uncommon,  there  must  be 
very  strong  evidence  in  favor  of  an  ulcer  over  a  cancer,  in 
any  case  in  which  a  tumor  in  connection  with  the  stom- 
ach is  palpated. 

J)if{f(ii(io/t  of  the  Stomach. — This  often  causes  an  easily 
visible,  localized  bulging  of  the  abdomen  in  the  region  of 
the  stonuich.  The  stomach  in  such  cases  is  often  dis- 
placcKl  downward,  so  that  both  the  greater  and  the  lesser 
curvature  are  visible.  In  many  of  these  cases,  notably 
those  in  which  the  dilatation  of  the  stomach  is  due  to 
pyloric  stenosis,  there  are  very  manifest  peristaltic 
movements  of  the  stomach,  exaggerated  because  the 
hypertrophied  nuiscle  layers  of  the  stomach  are  trying  to 
overcome  the  obstruction  to  the  outflow  of  the  stomach 
contents.  The  waves  of  motion  pass  from  left  to  right. 
They  may  ai)pear  spontaneously  or  only  after  stimula- 
tion. Palpation  of  this  bulging  area  gives  a  peculiar  re- 
sistance and  elicits  both  palpable  and  a\idible  sphtshin^, 
which,  however,  is  not  peculiar  to  gastrectasis,  for  it  is 
found  also  in  health,  though  not  to  the  degree  present 
when  the  stomach  is  dilated.  Percu.ssion  of  the  stomach, 
both  when  filled  with  gjis  and  when  filled  with  fluid,  is 
our  most  valuable  means  of  determining  the  size  and  lo- 
catiim  of  the  st^)mach. 

These  physical  findings,  together  with  the  history  of 
gastric  symptoms  and  the  vomiting  of  large  amounts  of 
tnaterial — amounts  far  in  excess  of  the  normal  capacity 
of  the  stomach — are  enough  to  demonstrate  the  nature  of 
the  bulging  of  the  epigastrium.  The  diagnosis  of  the 
cause  of  the  dilatation  of  the  stomach  is  a  very  different 
and  a  much  more  difficult  problem. 

TU.MORS  OF  THE   PaNCKEAS. 

Practically  the  only  diseases  causing  palpable  tumors 
of  the  pancreas  are  the  cancer  and  the  cysts.  It  must, 
however,  be  remembered  that  when  the  alxlominal  walls 
are  thin  and  relaxed,  the  head  and  even  the  bodv  of  the 
normal  pancreas  may  sometimes  be  palpated.  T^he  pan- 
creas lies  dtM'ply  in  the  abdomen  and  is  so  attached  that 
it  does  not  show  any  respiratory  or  passive  motility.  Its 
anatomical  relation  to  the  transverse  colon  and  its  mesen- 
tery is  such  that  tumors  of  the  pancreas,  when  large 
enough  to  displace  the  colon,  displace  it  downward, 
rarely  direct  ly  forward,  and  almost  never  upwanl.  This 
is  often  the  most  important  fact  in  the  differentiation  of 
tumors  of  the  pancreas  from  tumors  arising  from  neigh- 
boring organs. 

("nnnr  of  the  P<increaH. — This  is  a  relatively  rare  con- 
dition,  but  is  by  far  the  most  common  disea.se  of  the  pan- 
creas. The  .symptoms  consist  of  a  combination  of  the 
effects  of  pressure  upon  the  neighboring  organs,  of  altera- 
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tions  in  the  function  of  the  pancreas,  and,  in  about  twenty 
to  twenty-five  per  cent,  of  the  cases,  of  the  presence  of  a 
tumor.  The  chaiucter  of  the  symptoms  depends  in  part 
upon  the  portion  of  the  pancreas  affected.  This  is  often- 
est  the  head.  There  are,  first,  symptoms  of  gastro-intes- 
tinal  disturbances,  such  as  anorexia,  dyspepsia,  vomit- 
ing, and  other  manifestations  of  gastrectasis ;  fatty  stools ; 
often  very  large  stools;  pain,  either  constant  or  in  the 
form  of  very  seven^  colic;  gradually  developing  and  per- 
sistent jaundice,  often  with  no  increase  or  with  only 
moderate  increase  in  the  size  of  the  liver;  marked  dis- 
tention of  tlie  gall  blmlder;  ascites  ^vith  enlargement  of 
the  spleen:  and  glycosuria  in  some  cases. 

When  a  tumor*  is  palpable  it  lies  deeply,  varying 
greatly  in  size,  but  is  smooth  or  irregular,  not  sharply 
outlined,  and  usually  lies  to  the  right  of  the  median  line. 
In  most  cast's  the  tumor  is  fi.xed,  and  shows  neither  pas- 
sive nor  respiratory  motility.  Exceptions  to  this  rule  do 
occur,  especially  when  the  tumor  is  in  the  tail  of  the 
pancreas.  Infiati<m  of  the  cohm  .shows  it  to  lie  below. 
i.e.,  on  the  caudal  side  of  the  tumor.  Because  of  the 
close  relation  to  the  aorta  the  tumor  often  seems  to  i)ul- 
sate.  but  the  pulsation  is  a  mere  up-and-down  pulsation, 
not  expansile.  When  ascites  is  present,  paracentesis  is 
often  necessary  before  the  tumor  can  be  palpated. 

The  two  mo.st  important  symptoms  are  the  icterus  and 
the  presence  of  a  tumor.  The  icterus  is  chronic,  gmdually 
progressive,  intense,  and  once  established  does  not  disjip- 
•pear.  The  tumor  nuist  be  dilferentiated  from  tumors  of 
other  organs  in  this  neighboiho(xl.  Cancer  of  the  trans- 
verse colon  is  more  superficial,  is  movable,  is  associatec^ 
with  difficult  movements  of  the  bowels,  and  is  free  from 
ascites  and  jaundice,  as  a  rule ;  st(K)ls  are  not  fatty.  Cancer 
of  the  pylorus  lies  more  superficially,  is  more  movable,  is 
accompanied  by  changes  in  the  gastric  secretions.  It  does 
not  cause  fatty  stools  and  is  less  often  a.ssociated  with 
icterus  and  ascites. 

Tumors  of  the  duodenum  and  of  the  ductus  chole- 
dochus  are  far  more  difficult,  often  impossible,  to  differen- 
tiate from  tumors  of  the  pancreas. 

It  is  said  that  cachexia  develops  much  earlier  with 
cancer  of  the  pancreas  than  with  cancer  of  other  organs, 
and  is  accompanied  by  more  severe  pain  than  in  the  case 
of  cancer  of  a  neighboring  organ. 

Ci/nts  of  the  Pancre4is. — The  demonstration  of  a  cyst  is 
preceded  by  a  longer  or  shorter  period  of  obscure  dys- 
peptic disturbances,  pain  and  emaciation.  The  pain  is 
either  paroxysmal  and  colic- like  or  constant.  The  par- 
oxysmal pains  are  said  to  occur  with  no  other  alulomi- 
nal  cyst  than  the  pancreatic  cyst.  Disturbances  in  the 
bowel  movements,  fatty  stools,  icterus  and  a.scites — in 
short,  all  of  the  symptoms  of  cancel  of  the  pancreas  ex- 
cept those  resulting  from  the  nature  of  the  cancerous 
tumor — may  appear. 

The  cysts  usually  cause  some,  maybe  immense,  en- 
largement of  the  abdomen,  beginning  usually  in  the  epi- 
gastrium, but  later  it  may  sink  lower  in  the  abdomen. 
The  surface  is  smooth,  often  fluctuating.  Usually  the 
cyst  shows  no  motility,  but  it  may  in  some  cases.  The 
stomach  may  lie  above,  in  front  of,  or  below  the  cyst. 
The  same  is  true  of  the  colon,  but  almost  always  the 
colon  lies  below,  i.e.^  to  the  caudal  side  of  the  cyst. 
Puncture  of  the  cyst  yields  fluid  varying  greatly  in  char- 
acter, and  showing  nothing  absolutely  peculiar  except  in 
those  cases  in  which  the  pancreatic  ferments  are  found  in 
the  fluid. 

Tliese  cysts  must  be  differentiated  from  other  abdomi- 
nal cysts,  especially  the  echinococcus  cysts,  the  hydro- 
nephrosis, and  the  ovarian  cysts.  The  echinococcus  cysts 
will  be  recognized  by  the  (lemonstration  of  the  liooklets 
and  scolices  in  the  fluid.  Whether  the  cyst  arises  from  the 
pancreas  or  from  some  other  organ,  is  usually  plain  when 
the  relation  of  the  cyst  to  the  colon  is  discovei-ed.  Ovarian 
and  pancreatic  cysts  are  often  confu.sed,  but  attention  to 
the  history,  especially  the  early  history,  of  the  tumor,  and 
to  the  portion  of  the  abdomen  where  it  first  appeared,  and 
to  the  relations  betAveen  cyst  and  colon,  will  remove  any 
doubt.    If  the  fluid  obtained  by  puncture  shows  pancre- 


atic ferments,  t^ie  cyst  must  be  from  the  pancreas.  The 
absence  of  th{«e  ferments  does  not  prove  that  the  cyst  is 
not  from  the  pancreas. 

Hydronephrosis  usually  gives  a  history  of  urinary  symp- 
toms, renal  colic,  and  lumbar  pain,  and  an  appearance 
of  the  tumor  in  the  flanks.  The  colon  lies  in  front  of  the 
hydronephrosis.  Fluid  from  the  hydronephrosis  shows 
urea,  sometimes  uric  acid,  and  may  contain  cells  from 
the  i>elvis  of  the  kidney.  C^atheterization  of  the  ureters, 
or  the  collection  of  the  urine  which  comes  from  each 
kidney  separately,  may  assist. 

TOIORS  OF  THE  SpLEEN 

are  of  two  sorts — diffuse  splenic  tumors,  none  of  which 
are  new  growths  in  the  ordimiry  use  of  this  tenn,  and 
localized  tumoi-s  of  the  spkn-n.  The  former  group  is  com- 
mon, the  latter  quite  unconmion.  The  diffuse  splenic 
tumors,  although  due  to  widely  varying  pathological 
processes,  have  some  peculiarities  in  ccmimon,  f.^-.,  they 
retain  the  general  shape  of  the  normal  organ.  Even  when 
greatly  enlarged,  the  spleen  retains  its  elliptical  shape, 
with  a  notcli  in  the  lower  part  of  the  anterior  border,  and, 
though  thiekeni'd,  is  still  much  greater  in  all  dimensions 
than  in  tliickne.«<s.  The  long  axis  of  the  spleen  passes 
from  the  left  above,  downward  and  to  the  right,  although 
in  cases  in  which  there  is  much  enlargement  the  long  axis  is 
often  more  nearly  parallel  to  the  long  u.\ is  of  the  body  than 
is  encountered  in  the  normal  individual.  The  enlarged 
spleen  usually  (K'cupies  the  upper  left-hand  (]Uadmnt  of 
the  abdomen,  but  it  may  be  displaced  to  any  other  por- 
tion, when  it  often  occasions  great  difliculty  in  diagnosis. 

The  methcMlsof  examination  are  in  geneml  as  outlined 
above,  but  many  are  inclined  t<.>  place  too  much  value 
upon  percussion  and  too  little  upon  palpation.  The 
size  of  the  splenic  dulness  may  be  decreased  by  the 
tympany  of  stomach  or  colon,  or  incretised  by  dulness 
in  either  of  these  organs.  In  either  case  the  percus- 
sion of  the  spleen  is  valueless.  Palpation  of  the  spleen  is 
liable  to  fewer  errors  anil  should  theR'fore  be  preferred. 
The  patient  should  lie  upon  the  back  or  obli(juely  upon 
the  right  side;  the  phy.sician  should  stand  upon  the, left 
of  the  patient,  with  the  left  hand  making  pressure  for- 
ward over  the  lumbar  region.  The  right  hand  should 
palpate  from  in  front  during  both  quiet  and  forced  inspi- 
mtion.  A  nonnal  spleen,  unless  dislocated,  cannot  be 
palpated.  Note  the  shape,  size,  finnness,  tenderness,  and 
motility  of  the  organ.  The  shape,  position,  and  motility 
of  the  organ  are  so  peculiar  that  tliere  is  rarely  any  difn- 
culty  in  recognizing  that  a  splenic  tumor  is  really  what 
it  is.  In  doubtful  cases  the  relation  of  the  tumor  to  the 
colon  and  the  stomach  should  be  ascertained  by  disten- 
tion of  these  organs  with  gas.  The  spleen  lies  external 
to  the  stomach,  above  and  in  front  of  the  colon.  It  is 
verj'  rarely  that  the  colon  passes  in  front  of  the  spleen. 

Auscultation  of  the  spleen  rarely  gives  any  results,  but 
sometimes  one  hears  venous  hums  similar  to  those  heard 
in  the  large  veins  of  the  neck.  In  cases  of  perisplenitis 
one  sometimes  finds  localized  friction. 

Exploratory  puncturc  of  the  spleen  is  at  times  a  valuable 
aid,  but  is  not  entirely  free  from  difticulties  and  dangers. 

Acute  ftjttenic  tumors  are  seen  in  a  very  wide  range  of 
acute  infectious  diseases;  in  fact,  there  is  no  one  of  these 
diseases  which  may  not  cause  acute  swelling  of  the 
spleen.  Certain  of  them,  like  typhoid  fever  and  malaria, 
do  so  with  such  constancy  that  the  want  of  the  splenic 
tumor  throws  some  doubt  on  the  correctness  of  the  diag- 
nosis. Such  enlargements  of  the  spleen  develop  rapidly 
and  present  the  shape  and  motility  of  the  normal  spleen. 
The  degree  of  enlargement  varies,  but  may  be  very  con- 
siderable. Usually  there  is  no  tenderness  and  the  spleen 
feels  soft,  b\it  there  are  marked  exceptions  to  this  rule. 
The  diagnosis  of  the  sitx^  of  the  tumor  is  made  by  atten- 
tion to  the  position  and  shape  of  the  tumor.  The  nature 
of  the  tumor  will  be  recognizeil  when  the  general  febrile 
diseas(\  of  which  the  splenic  tumor  is  a  symptom,  is  lec- 
ognized. 

Chvonir  euhd'f/euients  of  the  spleen  occur  as  a  result  of 
certain  of  the  chronic  infectious  diseases,  notably  malaria. 
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The  malarial  spleen,  or  so-called  ague-cake,  is  seen  fre- 
quently in  certain  regions  where  opportunities  for  mala- 
rial infection  are  constantly  present.  In  such  regions 
the  conditicm  is  well  known  and  readily  recogniz.ed,  but 
in  other  sections  where  malaria  is  exceptional  the  malarial 
spleen  may  be  taken  for  other  conditions.  It  presents 
the  characteristic  form,  is  lianl,  and  may  attain  almost 
any  size,  not  infrequently  reaching  to  or  even  beyond  the 
umbilicus.  The  nature  of  the  enlargement  is  recognized 
by  a  history  of  prolonged  malarial  infection  and  by  the 
exclusion  of  other  causes  of  enlargement  of  the  spleen. 
Examination  of  the  blood  for  the  malarial  organisms  is 
usually  futile,  for  the  splenic  tumor  may  continue  for 
many  years  after  the  infection  lias  subsided. 

* Si/philiff,  either  the  tertiary  stage  of  the  acquired  or  the 
hereditary  syphilis,  may  c^use  chronic  splenic  tumors, 
the  true  nature  of  which  can  be  iearned  only  by  attention 
to  the  history. 

Cirrhims  of  the  liter,  either  the  atrophic  or  the  hypertro- 
phic form,  causes  a  chronic  enlargement  of  the  spleen 
which  does  not  differ  in  any  way  from  other  chronic 
splenic  tumors,  and  its  nature  can  be  ascertained  by  recog- 
nition of  the  hepatic  conditicmof  which  the  splenic  tumor 
is  a  symptom.  In  geneml  the  spleen  is  larger  with  the  hy- 
pertrophic than  with  the  atrophic  form.  The  enlarged 
liver,  the  jaundice  either  actually  present  or  repeatedly 
present  in  the  history,  the  prolonged  freedom  from  circu- 
latory disturbances,* together  with  the  enlarged  spleen. 
make  a  clinical  ])icture  not  easily  mistaken.  The  small 
liver,  the  collateral  circulation  uiwn  the  abdomen,  the 
ascites,  and  the  enlarged  spleen  make  up  the  cardinal 
symptoms  of  the  atrophic  ciiThosis. 

A/Hi/ioid  Spleen. — The  enlargement  is  similar  to  the 
other  dilTuse  enlargements  of  the  spleen.  The  es.sential 
points  in  the  diagnosis  of  the  nature  of  the  pi^ocess  are  the 
siime  as  those  given  under  the  heading  Amyloid  Liver. 

PaxKire  rortf/rt<tio/i  of  tin;  spleen  occurs  when  the  out- 
flow of  blood  is  obstructed.  The  commonest  cause  of 
this  is  the  atrophic  cirrhosis  of  the  liver.  Less  often  it 
is  due  to  compres-sion  of  the  veins  outside  the  liver  by 
tumors  or  adhesions.  Sometimes  the  spleen  is  enlarged 
from  obstruction  above  the  diaphragm,  oftt^nest  from 
cardiac  insufllciency. 

J^'tihfniia. — All  the  enlargements  of  the  spleen  so  far 
considered  have  been  merely  symptoms  of  disease  else- 
where in  the  body,  and  tlu;  diagnosis  of  the  nature  of  the 
splenic  tinnor  has  been  based  on  the  recognition  of  the 
primary  disease ;  but  the  leuka>mic  spleen  is  of  a  dilTerent 
class,  lor  it  constitutes  an  integral  part  of  the  disease. 
The  enlargement  pR'S(»nts  no  ix'culiarities  which  will  en- 
able one  to  distinguish  it  from  other  diffuse  pnK'csses  in 
the  spleen  except  for  the  size  often  attained  by  the  leu- 
kajmic  spleen.  It  often  extends  to  the  median  line  and 
downwanl  totheili\mi;  ca.«^'s  even  larger  than  this  are 
not  uncommon.  Tlie  liver  is  often  but  not  always  en- 
larged, and  when  it  occurs  the  increa.se  in  size  is  uniform. 
The  lymph  glands  throughout  the  body  ai*e  often  en- 
larged, but  in  many  cases  not.  The  participation  of  the 
bone  maiTOw  in  the  leukjemic  process  may  be  shown  by 
tenderness  or  pain  over  the  bones,  but  the  lack  of  these 
symptoms  does  not  mean  that  the  medulla  has  escaped. 
'  The  symptom  upon  which  the  diagnosis  of  a  leukaemia 
rest^  is  the  change  in  the  blood.  The  blood  should  be  ex- 
amined in  all  cases  in  which  the  spleen  is  found  enlarged 
and  in  all  cases  in  which  an  abdominal  tumor  found  may 
by  any  possibility  involve  the  spleen.  The  characteristic 
bloodchanges  consist  in  a  marke<l  increase  in  the  number 
of  white  cells,  while  at  the  same  time  the  relative  percent- 
asre  of  the  different  forms  of  white  bhxxl  corpuscles  is 
altered.  There  is  an  absolute  increase  in  the  number  of 
all  forms,  but  the  polymorphonuclear  fonn  is  relatively 
decreased  in  number  often  far  below  the  noniial  average 
of  eighty  per  cent. ;  the  lymphocytes,  myelocytes,  and 
eosinophile  cells  are  relatively,  as  well  as  absolutely,  in- 
creased. The  degree  of  increase  of  each  form  differs  in 
the  different  cases  and  in  the  different  forms  of  leukaemia. 
It  is  at  once  evident  tliat  these  blood  changes  differ  widely 
fh)m  the  ieucocytosis  in  wliich  the  absolute  increase  in 


the  number  of  whit«  blood  cells  may  reach  as  high  a  fig- 
ure as  in  leukaemia,  but  in  the  Ieucocytosis  the  polymor- 
phonuclear leucocyte  is  the  form  incr^ised  in  number, 
and  this  increase  is  both  absolute  and  illative. 

The  changes  in  the  number  of  red  blood  corpuscles  and 
the  percentage  of  haemoglobin  are  in  no  way  peculiar. 

The  blood  changes  described  are  peculiar  to  leukaemia, 
and  upon  them  alone  the  diagnosis  of  leukaemia  must  be 
based. 

Freudoknkeemia  causes  an  enlargement  of  the  spleen 
which  is  uniform  and  often  extreme  in  degree.  Ordi- 
narily the  diagnosis  is  not  difficult,  for  the  changes  in  the 
spleen  are  accompanied  by  similar  changes  in  the  lymph 
glands  generally  and  in  the  liver,  thus  showing  that  the 
splenic  tumor  is  merely  a  part  of  a  constitutional  disease. 
The  diagnosis  becomes  more  difl!icult  when  the  case  is  one 
of  splenic  pseudo-leukaemia,  i.e.,  one  in  which  the  spleen 
alone  is  grossly  changed.  There  are  no  characteristic 
blood  clianges  in  this  disease,  the  blood  showing  only  the 
findings  of  a  severe  anaemia.  The  retl  blood  corpuscles 
and  luemoglobin  are  greatly  decreas(»d,  but  the  color  index 
is  less  than  one.  There  is  no  leucoc^'tosis.  There  is  often 
a  temperature  of  the  chn)nic  recurrent  type. 

When  the  lymph  glands  generally  are  enlarged  the  diag- 
nosis is  usually  simple.  Leukaemia  is  excluded  by  an 
examination  of  the  blood.  Generalizetl  tul>erculosis  of 
the  lymph  glands  is  not  so  n?adily  excludetl,  but  this  is  a 
very  rare  disease,  while  the  pseudo-leuka;mia  is  not.  In 
the  cases  in  which  the  spleen  alone  is  enlarged  the  dia^-  • 
nosis  must  be  reachcKi  by  exclusicm  of  all  other  possible 
causes  for  splenic  enlargement  in  a  case  presenting  a  pro- 
gressive ansemia.  P^special  care  must  be  taken  to  exclude 
the  chronic  splenic  tumor  due  to  an  old  malaria. 

Chlorosis  and  pernicious  anaemia  are  sometimes  asso- 
ciated with  enlargement  of  the  spleen.  This  is  only  mod- 
erate in  degree  and  is  s<i  insignificant  when  compared  with 
the  manifest  bhxKl  changes  that  it  is  often  overlooked. 

During  the  course  of  diseases  which  may  cause  emboli, 
such  as  end<K-anlitis.  aortitis,  and  the  like,  one  sometimes 
finds  a  painful  and  tender  enlargement  of  the  spleen  sud- 
denly developed.  It  is  often  accompanied  by  vomiting 
and  chill.  These  are  the  symptoms  of  an  infarction  of 
the  spleen,  and  if  the  embolus  is  simple  they  all  disap- 
pear in  a  short  time;  but  if  the  embolus  is  septic  other 
symptoms  s(K)n  appear.  There  are  repeated  chills  with 
irregular  temperature,  sweating,  and  emaciation — in 
short,  the  constitutional  disturbances  conunon  to  suppu- 
rative processes  any  when;  in  the  Ixxly.  The  spleen  in- 
creases in  size,  perisplenitis  with  friction  appears  in  many 
cases,  and  sometimes  we  find  fluctuation  and  changes  in 
the  abdominal  wall,  such  as  redness,  tedema,  etc.  When 
the  abscess  of  the  spleen  is  large,  it  often  pushes  the  dia- 
phragm high  up  into  the  thorax,  giving  signs  which  may 
easily  be  mistaken  for  pleuri.sy  with  effusion.  The  upper 
bonier  of  the  dulness  differs  in  shape  from  that  ordinarily 
a.s.stmied  by  pleural  effusions,  and  the  respiratory  excur- 
sion is  greater,  even  though  less  than  normal.  Explora- 
tory puncture  shows  the  presence  of  pus. 

Ke^plasm4<  of  the  apleeu  are  rare  and  aR'  difficult  to  dif- 
ferentiate from  simple  hypertrophy  of  the  spleen.  They 
may  be  suspecte<l  when  the  enlargement  of  the  spleen  Is 
irregular  and  nodular.  When  sucli  a  splenic  enlargement 
is  found,  tuberculosis,  syphilis,  carcinoma,  and  sarcoma 
must  be  considereil.  If  the  individual  is  tuberculous,  the 
spleen  is  probably  tuberculous:  if  he  is  syphilitic,  it  is 
probably  a  gumma.  1  f  t  here  is  a  carcinoma  of  .some  other 
organ,  such  as  the  stomach  or  pinereas,  for  example,  it 
is  probably  a  S(?condary  carcinoma.  If  no  other  explana- 
tion is  manifest,  it  may  be  a  .sarcoma. 

Eehinoci)ecuH  rtfHtH  occur  in  the  spleen,  causing  an  en- 
largement which  may  be  very  great.  The  disease  causes 
no  peculiar  constitutional  disturbances,  and  the  true 
nature  of  the  process  can  be  learned  only  by  exploratory 
puncture  and  the  demonstration  of  booklets  and  scolices. 

Wandering  Sphen. — Because  of  the  lengthening  of  its 
ligaments  the  spleen  may  become  very  movable  and  l)e 
foimd  anywhere  in  the  abdomen,  although  as  a  rule  it 
does  not  descend  below  the  umbilicus.     It  retains  its  nor- 
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3nal  oval  shape  with  one  or  more  notches  in  the  anterior 
border.  The  size  is  often  considerably  increased  because 
of  congestion.  Sometimes  the  pulsations  of  the  splenic 
artery  are  felt  at  the  hilus.  Percussion  shows  the  absence 
of  the  splenic  dulness  in  the  normal  site,  but  when  the 
spleen  is  pushed  back  into  the  left  hy pochondrium,  as  can 
be  done  easily  in  most  cases,  the  splenic  dulness  reappears. 
The  peculiar  shape,  the  extreme -motility,  and  the  pres- 
ence of  tympany  in  the  normal  site  of  the  splenic  dulness 
are  usually  enough  to  enable  one  to  make  the  diagnosis. 
A  mass  of  faeces  in  the  splenic  flexure  of  the  colon  may 
give  an  ai^ea  of  dulness  similar  in  site,  size,  and  sliape  to 
the  splenic  dulness,  but  any  confusion,  of  this  sort  is 
avoided  by  clearing  the  bowels,  as  should  be  done  before 
examination  of  any  obscure  abdominal  tumor.  Other 
very  motile  tumors,  when  about  the  size  and  shape  of  the 
spleen,  such  as  tumors  of  the  intestines,  wandering  kid- 
ney, movable  tumors  of  the  pylorus,  may  be  taken  for  a 
movable  spleen,  but  the  fact  that  there  is  an  area  of  dul- 
ness in  the  splenic  region,  no  matter  where  the  tumor  is, 
will  exclude  a  movable  spleen.  The  difficulties  of  diag- 
nosis are  sometimes  increased  by  the  spleen  becoming 
fixed  in  the  spot  to  which  it  has  been  dislocated. 

Tumors  op  the  Kidney. 

The  normal  kidney  cannot  be  palpated  unless  it  happens 
to  be  displaced,  a  condition  which  is  far  more  common 
than  is  generally  supposed.  If  palpation  is  employed 
it  is  best  to  use  botli  hands;  the  patient  lying  first  on 
the  back  and  then  on  the  side.  In  making  such  an  ex- 
amination one  must  remember  that  there  are  various 
pathological  processes  which  clause  enlargement  of  the 
kidney.  The  diagnostician  must  therefore  not  only 
establish  the  fact  that  the  tumor  arises  from  the  kidney, 
but  he  must  also  ascertain  what  is  the  nature  of  the  un- 
derlying pathological  process. 

Tumors  of  the  kidney  usually  cause  first  a  fulness  and 
bulging  of  the  lumbar  region  and  lateral  abdominal 
regions.  There  is  often  a  visible  fulness  bc?hind.  When 
enlarging,  the  kidney  almost  always  pushes  the  colon  and 
intestines  forward  and  inward  toward  the  median  line. 
Their  peristaltic  movements  are  often  visible  in  front  of 
the  tumor  mass.  The  inner  borders  of  the  tumor  may 
plainly  be  seen  through  the  abdominal  walls.  Enlarged 
and  tortuous  subcutaneous  veins  are  often  visible.  Pul- 
sation can  rarely  be  seen,  and  the  movements  caused  by 
respiration  are  exceptional. 

The  size,  consistencv,  and  character  of  surface  vary 
with  the  nature  and  ((uration  of  the  process.  Fluctua- 
tion is  not  uncommon.  The  vermicular  movements  of 
the  intestines  can  sometimes  be  felt  in  front  of  the  tumor. 
One  may  be  able  to  insert  the  fingers  between  the  tumor 
and  the  arch  of  the  ribs,  or  outline  the  liver  or  spleen  sep- 
arately from  the  kidney. 

Percussion  is  important  as  showing  the  relation  of  the 
tumor  to  the  colon,  which  must  often  be  inflated  with  air 
or  gas  before  one  makes  percussion.  It  is  also  valuable  in 
differentiating  a  tumor  of  the  kidney  from  one  of  the  liver 
or  spleen.  If  there  is  an  area  of  tympany  between  the  tu- 
mor and  the  liver  or  spleen,  the  tumor  does  not  arise  from 
either  of  these  organs. 

Auscultation  over  renal  tumors  shows  in  some  cases 
murmurs  exactly  like  the  hum  heard  over  an  aneurism. 

If  palpation  has  shown  fluctuating  areas  in  the  tumor 
or  if  it  is  suspected  that  fluid  is  present  in  the  mass,  ex- 
ploratory puncture  can  be  made.  This  is  not  entirely 
without  danger,  but  if  the  puncture  is  made  from  behind 
or  well  around  on  the  side  where  one  cannot  enter  the 
peritoneal  cavity,  the  danger  is  minimal.  Any  fluid  ob- 
tained will  be  found  to  vary  with  the  pathological  proc- 
ess, and  may  be  urine,  blood,  pus,  echinococcus  fluid,  etc. 
Sometimes  small  particles  of  the  tumor  may  be  obtained 
in  this  way  and  identified. 

The  principal  tumors  that  require  to  be  differentiated 
from  tumors  of  the  kidney  are  tumors  of  the  liver,  spleen, 
ovaries,  gall  bladder,  suprarenals,  and  perirenal  connec- 
tive tissue. 
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Tumors  of  the  right  kidney  differ  from  those  of  the 
liver  in  the  following  respects:  There  is  often,  in  the 
case  of  the  former  tumors,  an  area  of  tympany  between 
the  two  areas  of  dulness — that  due  to  the  liver  and  that 
due  to  the  tumor.  Then  again,  in  renal  tumors  the  fin- 
gers can  often  be  pushed  in  between  the  ribs  and  the 
tumor,  whereas  this  cannot  be  done  when  the  tumor  orig- 
inates from  the  liver.  Renal  tumors  show  little  or  no 
respiratory  motility,  while  hepatic  tumors  move  freely 
during  respiration.  Renal  tumors  lie  behind  the  tympa- 
nitic area  of  the  colon,  while  those  of  the  liver  lie  in  front 
of  or  above  this  area.  Renal  tumors  may  cause  a  slight 
displacement  upward  of  the  upper  bonier  of  the  hepatic 
dulness.  but  this  is  the  only  change  which  they  can  effect 
in  this  area.  Hepatic  tumors,  on  the  other  hand,  often 
cause  the  normally  straight  course  of  the  border  of  he- 
patic dulness  to  become  irregularly  curved. 

It  is  often  most  important  to  obtain  the  urine  of  each 
kidney  separately.  This  is  a  difficult  procedure,  espe- 
cially in  the  male.  In  the  case  of  a  female  it  is  not  very 
difficult,  by  use  of  a  cystoscopy  to  catheterize  the  ureters 
and  thus  obtain  the  unmixed  urine,  but  in  the  case  of  a 
male  this  is  almost  impossible,  and  the  more  successful 
method  is  to  employ  a  Harris  instniment.  This  is  so 
constructed  as  to  raise  a  ridge  in  the  floor  of  the  bladder 
between  the  two  ureteral  openings,  thus  making  two  sep- 
arate pouches  for  the  reception  oif  the  urine  from  each 
kidney.  The  urine  is  drawn  from  these  pouches  before 
they  are  entirely  filled,  and  thus  the  urine  of  each  kidney 
is  obtained  unmixed.  The  successful  employment  of 
this  instrument  recjuires  some  skill  and  practice;  the 
procedure  is  infinitely  easier  to  carry  out  than  is  the  cath- 
eterization of  the  ureters.  Tlie  same  instrument  may  be 
used  equally  well  in  examining  females. 

Hydrops  of  the  gall  bladder  may  sometimes  be  con- 
fused with  a  movable  kidney,  but  its  pear-like  shape,  its 
superficial  location  anterior  to  the  colon,  and  the  fact  that 
it  cannot  be  pushed  into  the  normal  location  of  the  kid- 
ney are  usually  sufficient  to  enable  one  to  differentiate 
the  two  conditions. 

Tumors  of  the  spleen  differ  from  tumors  of  the  left  kid- 
ney in  the  same  ways  as  do  the  liver  tumors  from  those  of 
the  right  kidney.  Then,  in  addition,  splenic  tumors,  as 
stated  elsewhere,  retain  the  shape  of  the  normal  spleen. 

Cysts  of  the  ovaries  rise  from  below  upward  instead  of 
descending  from  alx>vc  downward,  and  bear  quite  differ- 
ent reflations  to  the  colon.  '  They  lie  within  instead  of 
without  the  circle  of  the  colon,  and  in  front  of  instead 
of  bi»hind  the  intestines,  as  the  renal  tumors  do. 

Attention  to  these  pliysical  differences  in  the  tumors 
and  due  consideration  of  the  accompanying  symptoms 
will  almost  always  enable  one  to  differentiate  correctly 
between  the  different  conditions.  Differentiation  be- 
tween suprarenal  and  perirenal  tumors  and  tumors  of  the 
kidney  is  practicallv  impossible  unless  changes  in  the 
urine  are  present.  If  these  are  found  and  are  of  such  a 
nature  as  is  compatible  with  a  renal  tumor,  the  adrenal 
and  perirenal  tumors  may  be  excluded.  Very  high  blood 
pressure  with  normal  urine  is  sometimes  seen*  with  supra- 
renal tumors. 

A  diagnosis  of  the  nature  of  a  tumor  recognized  as 
renal  depends  more  upon  the  accompanying  symptoms 
than  upon  the  physical  characteristics  of  the  mass. 

HydronephromH. — In  addition  to  the  tumor,  which  is 
es.sential  to  the  recognition  of  a  hydronephrosis,  we  find 
alterations  in  the  composition  of  the  urine  and  in  the 
quantity  excret<.*d.  The  amount  of  the  urine  varies 
greatly.  l>eing  normal  in  cases  in  which  only  one  kid- 
ney is  affected  Avhile  the  other  is  normal,  and  in  other 
cascrs  varying  from  anuria  to  continuous  or  intermittent 
polyuria.  The  intermittent  polyuria  or  anuria,  espe- 
cially when  accompanied  by  a  corresponding  variation 
in  the  size  of  the  kidney,  is  cbamcteristic.  The  urine 
may  be  normal  or  it  may  be  mixed  with  pus.  blood,  re- 
nal elements,  and  crystals,  especially  of  uric  acid.  Ex- 
ploratory puncture  of  the  hydronephrosis  yields  fluid  of 
varying  character  according  as  we  have  normal  or  patho- 
logical urine.     The  presence  of  urea  and  uric  acid  in  the 
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fluid  speaks  strongly  for  a  hydronephrosis  but  not  posi- 
tively, for  these  substances  aie  found  in  the  fluid  con 
tents  of  other  cysts — the  ovarian  cysts,  for  example — and 
may  be  absent  in.  the  fluid  of  hydronephrosis. 

The  recognition  of  a  possible  cause  for  a  hydronephro- 
sis is  always  an  important  item  in  the  diagnosis.  Thus,  a 
nephrolithiasis,  a  movable  kidney,  a  timior  in  the  ab<lo- 
men  or  pelvis  which  might  compress  one  or  lx)th  ureters, 
a  bladder  tumor,  an  enlarged  prostate,  or  a  urethral 
itricture,  in  a  case  which  might  be  a  hydronephrosis, 
is  a  fact  which  strongly  favors  this  diagnosis. 

The  differentiation  between  hydronephrosis  and  ovarian 
cysts  has  been  sutticiently  considered.  The  presence  of 
echinococcus  booklets  or  scolices  in  the  aspirated  fluid 
would  prove  the  existence  of  an  echinococcus  cyst.  The 
differentiation  between  a  cystic  kidney  and  a  hydrone- 
phrosis is  often  impossible.  The  absence  of  a  demon- 
strable cause  would  speak  against  the  hydronephrosis. 
Early  life  speaks  for  the  cystic  kidney. 

PyehmiphntiH. — The  important  symptoms  in  this  dis- 
ease are  alterations  in  the  cliaracter  and  quantity  of  the' 
urine,  pain  and  other  signs  of  local  inflammation,  tumor, 
and  tlie  constitutional  disturbances  of  suppuration.  The 
quantity  of  the  urine  varies  from  complete  anuria  to  poly- 
uria, the  latter  being  the  more  common.  The  urine  cou- 
taitis  in  varying  quantities  blood,  mucus,  pus,  crystals, 
bacteria,  sometimes  bits  of  kidney  tissue,  sometimes 
casts.  Albumin  is  always  present,  the  specific  gravity  is 
lowered,  and  the  reaction  varies  from  acid  to  alkaline. 
Catheterization  of  the  ureters  or  the  separate  collection 
of  the  urine  is  a  valuable  aid  in  the  diagnosis,  especially 
if  carried  out  early  in  the  course  of  a  unilateral  pyelone- 
phritis. Exploratory  puncture  is  an  aid,  but  it*  is  not 
often  necessary  and  is  more  dangerous  in  this  than  in  other 
renal  affections. 

Pen-  and  Para  nephritis. — The  important  symptoms  of 
these  processes  are  the  local  pain,  fever,  and  tumor.  Of 
these  the  tumor  is  the  most  important,  but  requires  time 
for  its  development,  during  which  pain  and  elevatwl  tem- 
perature are  pres<'nt,  but  do  not  make  a  diagnosis  pos- 
sible. The  tumor  increases  steadily,  often  rapidly,  in 
size  and  presents  the  characteristics  of  tumors  of  inflam- 
matory origin.  It  is  painful,  tender,  usually  not  sharply 
defined,  is  not  movable,  often  fluctuates,  and  when  suf- 
ficiently superficial  is  accompanied  by  an  (edema  of  the 
skin.  The  urine  is  not  changed  by  a  primar\'  parane- 
phritis, but  when  the  latter  is  secondary  to  suppurative 
process<fS  in  the  kidney,  as  it  often  is.  the  urine  shows 
changes  because  of  the  primary  pnK'ess. 

The  rules  given  for  the  differentiation  of  renal  tumors 
from  tumors  of  neighboring  organs  apply  here  also,  so  far 
as  the  localization  of  the  process  is  concerned.  The  na- 
ture of  the  process  is  usually  at  once  apparent  from  the 
combination  of  the  local  and  constituticmal  disturbances 
of  inflammatory  origin.  If  there  is  still  doubt,  an  ex- 
ploratory puncture,  by  demonstrating  the  pr(»sence  of 
pus,  will  settle  the  question.  It  is  often  ditlicult  or  im- 
possible to  learn  whether  the  paranephritis  is  primary 
or  secondary,  btit  the  chances  an*  very  decidedly  in  favor 
of  the  latter  as  a  rule.  If  the  urine  contains  pus,  a  pyelo- 
nephritis is  probably  the  primary  process.  The  parane- 
phritis may  l)e  8(»condary  to  appendicitis,  parametritis. 
or  some  other  suppurative  process  in  this  region.  Some- 
times the  gravitation  abscess  from  a  tuberculous  spine  is 
taken  for  a  iwranephritis,  but  usually  an  examination  of 
the  spine  and  the  nervous  system  will  enable  one  to  make 
the  differentiation  readily. 

Tube.i'cnhms  of  the  Kidney  {Chronic). — The  most  impor- 
tant symptoms  are  the  changes  in  the  urine,  the  pain, 
and  the  tumor.  The  urine  contains  bUxKl.  pus,  mucus, 
and  cells  in  varying  amounts.  The  pain  is  in  the  region 
of  the  kidney,  but  may  radiate  to  the  bladder,  to  the 
genitalia,  and  to  the  thigh.  Sometimes  the  pain  is  dis- 
tinctly that  of  a  renal  colic.  The  tumor  presents  the 
usual  Characteristics  and  relations  of  a  renal  tumor. 

The  diagnosis  rests  not  on  these  symptoms.  Init  upcm 
the  demonstration  of  tubercle  bacilli  in  tlie  urine  or  in  the 
pus  obtained  by  exploratory  puncture  of  the  tumor.    This 


demonstration  requires  much  patience,  but  it  has  been 
rendered  decidedly  easier  by  the  introduction  of  the 
centrifugal  machine.  Another  important  item  in  the 
diagnosis  is  the  demonstration  of  tuberculosis  in  some 
other  organ,  especially  one  of  the  sexual  organs. 

The  tuberculosis  of  the  kidney  must  be  differentiated 
from  nephrolithiasis  and  carcmoma  of  the  kidney,  both  of 
which  cause  ha;maturia,  pain,  and  renal  tumor.  The 
absence  of  renal  colic,  and  of  gravel  in  the  urine,  together 
with  the  presence  of  evening  fever  and  of  tuberculosis 
in  some  other  organ,  usually  excludes  the  renal  calculus. 
The  al)8ence  of  cachexia  and  leucocytosis  and  the  pres- 
ence of  pus  in  the  urine  exclude  the  cancer.  In  cases 
which  are  still  doubtful,  an  injection  of  the  Koch  tuber- 
culin, by  exciting  a  violent  reaction,  will  remove  all 
doubt.  The  important  question  as  to  whether  one  or 
both  kidneys  are  tulK'rc^ulous  may  require  cystoscopic 
examination  or  the  collection  of  the  urine  from  each  kid- 
ney separately. 

Carcinoma  and  Sarcoma  of  the  Kidney. — These  will  be 
considered  together,  for  the  clinical  differentiation  be- 
tween them  is  never  certain,  and  practically  it  is  a  smiUl 
matter  whether  the  tumor  is  carcinoma  or  sarcoma.  Here 
again  we  find  the  combination  of  pain,  h(ematuria.  and 
tumor.  The  pain  appears  early,  as  a  nde,  but  is  in  no 
way  peculiar.  The  ha^maturia  is  present  in  about  one- 
half  of  the  cases,  and  may  be  an  early  symptom  or  it 
may  be  delayed  until  late  in  the  course.  It  differs  greatly 
in  amount  and  frequency  in  the  individual  cases.  The 
tumor  resembles  the  other  tumors  of  the  kidney,  but  in 
some  cases  it  presents  an  expansile  pulsation  and  hum  ex- 
actly like  those  of  an  aneurism.  Cachexia  and  anaemia 
with  leucocytosis  appear  sooner  or  later.  The  diagnosis 
is  baseil  mainly  upon  the  exclusion  of  other  renal  tumors, 
the  absence  of  fever,  and  the  presence  of  cachexia.  Both 
c^ircinoma  and  sarcoma  are  especially  common  in  young 
children,  at  which  time  of  life  tumors  such  as  hydro-  and 
pyonephrosis  and  tuberculosis  are  exceptional.  In  adults 
the  differentiation  is  more  difficult  and  errors  are  not  in- 
frequent. 

Other  forms  of  renal  tumors,  such  as  the  cystic  kidneys, 
fibroma,  lipoma,  myoma,  etc..  need  no  consideration  here. 

Mocahk  Kidney. — This  is  one  of  the  most  common  path- 
ological conditions  affecting  the  kidney,  and  it  renders  a 
kidney  otherwise  nonnal  easily  palpable.  In  a  large  per- 
centage of  the  cases  there  are  no  s\ibjective  symptoms, 
and  the  condition  is  discoveriHl  accidentally  cluring  an 
examination  made  for  some  other  purpose.  In  some  cases 
there  are  subjective  symptoms  which  vary  greatly  in  the 
individual  cases.  These  ai*e:  pain  of  varying  cliaracter 
and  site,  gastrointestinal  symptoms,  syniptoms  due  to 
pressure  upon  gall  duct  or  intestinal  tract,  periodical  hy- 
dronephrosis. These  symptoms  occur  in  many  combina- 
ticms  and  degrees  and  present  nothing  characteristic. 

The  diagnosis  must  be  made  by  the  palpation  of  the 
ki(ln(»y.  Usually  the  peculiar  bean  shape  of  this  organ 
is  readily  recognized.  The  hilus  can  be  located  and 
sometimes  the  renal  artery  palpated.  The  kidney  feels 
smooth,  firm,  and  of  a  normal  size  in  most  cases.  It  is 
not  especially  tender,  but  when  it  is  firmly  compressed 
a  peculiar  sickening  pain  is  produced.  The  degree  of 
motility  varies  from  a  minimal  amount  which  just  per- 
mits palpation  of  the  lower  pole  of  the  kidney,  to  such  an 
amount  that  the  kidney  can  be  displaced  beyond  the 
median  line.  In  most  cases  the  kidney  can  readily  be  re- 
turned to  its  normal  location.  In  some  cases  the  movable 
kidney  ctmies  to  lie  within  the  circle  of  the  colon,  and, 
when  it  is  fixed  here,  thi^  diagnosis  is  a  very  difficult 
matter.    As  a  rule,  however,  the  diagnosis  is  easily  made. 

The  characteristic  shape  and  size  of  the  tumor  and  the 
ease  with  which  it  can  be  ret\irned  to  the  normal  location 
of  the  kidney  f\iniish  sufficient  evidence.  Sometimes 
highly  movable  tumors  of  the  intestines,  omentum,  gall 
bladder,  and  j)vl()rus.  when  their  size  is  about  the  same 
as  that  of  the  kidney,  are  mistaken  for  a  movable  kidney, 
but  usually  attention  to  the  history,  to  the  subjective 
and  objective  symptoms,  and  especially  to  the  relations 
of  the  tumor  to  the  colon,  will  remove  all  doubt.     Some- 
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limes  it  is  raUier  difficult  to  distiDguish  belwet-n  a  mov 
Hble  liidney  and  a  loague-liki;  proJectioD  of  the  rigbt 
lobe  of  tlie  livpr.  Such  a  projoelioii  is  often  quite  freely 
movable.  so  that  it  cun  be  pushed  backward  into  tlie 
locatJoD  of  tlie  kidney.  Usually,  liowcver,  it  lias  n  differ 
cnt  shape,  and  (»rcful  palpation  will  show  it  to  be  in 
ciiDDection  witb  the  liver.  The  colon  lies  behind  instead 
of  in  front  of  it.  SoniEtimes  diffcrenliation  is  aided  liy 
the  demonsi ration  of  tlie  kidney  in  its  normal  location. 
This  may  be  done  by  percussion  of  llic  back,  which 
pTocnture  sliows  a  small  area  of  dulneaa  on  each  side  of 
tliP  spine,  coDtiniiouH  above  with  the  liver  or  spleen 
diilness  aiid  iKirderiug  externally  upon  the  tympanitic 
area  of  the  colon. 

TvMoiis  OF  THE  Small  Ikteptikes, 
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re.  but  almost  any  kind  of  tumor 
lon  with  the  intestines.  Thesymp 
iiainly  those  of  more  or  less  complete  In 
in,  vary  somewhat  with  the  site  of  the 
The  conimoneBt  tumor  of  the  small  intestines 
ii  of  tile  duodenum.  This  causes  the  ante 
mia  and  CHchexia  which  commonly  accompany  all  car 
cinnmata,  and  at  the  same  time  pnin  in  the  right  hypo 
chondriac  region.  In  favorable  cases  a  tumor  develops 
deeply  in  the  abdomen  and  shows  only  slight  motility  or 
none  wlialcvcr.  Because  of  the  obstruction  to  the  on- 
ward movement  of  the  Intestinal  contents  gastric  symp 
toms  due  to  dilaialion  of  Ibe  stomach  ore  prominent. 
When,  as  may  euaily  happen,  the  common  duct  or  at  least 
its  orifice  is  uarrowwi,  we  llnd  jaundice  and  the  results 
of  lack  nf  the  pancrealio  digestion.  Asciles  may  result 
from  compression  of  the  portal  vein. 

Whenihe  tumor  issituat«l  lower  down  in  the  jejunum 
«r  ileum,  the  gastric  symptoms,  jaundice,  and  ascites  are 
leas  common,  and  we  liml  the  symptoms  of  gradually  in 
creasing  inlealinal  obstruction.  The  tumor  when  felt 
is  characterised  by  extreme  motility.  The  lower  the 
tumor  the  more  marked  the  effect  upon  the  Irawcl  move 
ments  and  the  more  easily  lilood.  pus.  and  the  like  appear 
in  the  fieees.  The  lower  the  tumor  the  greater  the  disten  - 
tion  of  the  abdomen  with  gas  and  material  acciimii1ate<l 
above  tlie  tumor.  The  collection  of  the  gas  is  centrally 
located  in  the  neighborhood  of  the  iimbilictiH. 

It  is  only  in  rare  cases  that  the  intcslinHl  crises  of  loco 
molorataxiacDuscloealizedspasmsof  the  intestinal  walls, 
and  give  rise  to  liard  masses  thai  may  easily  be  niislukcn 
formultiple  tumors.  However,  if  the  other  syniplonis  of 
tabes  are  carefully  sought  for,  it  is  not  likely  lliitt  an 
error  in  diagnosis  will  be  made. 

When  the  small  intestines  are  filled  with  gas.  and  espe 
<'ially  when  onward  movement  of  the  gas  ia  preveutetl  by 
an  obstruction  of  any  sort,  such  as  an  intussusception, 
volvulus,  or  internal  strangulation,  they  are  often  visible 
9I.S  tumors.  They  diSer  from  oUicr  tumors  in  their  B|>on 
'nni-oua  motions,  which  in  these  cases  are  exaggerated 
Iwyond  the  normal,  even  to  the  point  of  iH'iug  Felt  as 
well  as  seen.  In  some  casc^  of  Intussusception  the  In- 
vHginated  portion  of  the  small  Intestines  can  be  felt  as  a 
sausage  Bha[>ed.  motile  tumor.  Such  visible  periHlalsia 
is  often  an  aid  to  diagnosis  in  cases  in  which  other  symp 
loms  i>oint  to  an  intestinal  obstruction. 

When  the  amount  of  gajt  is  ver}'.  large,  the  alxlomen  as  a 
whole  is  greatly  swollen,  the  skin  being  tense  and  shining, 
and  often  showing  the  blue  veins  thrnugli.  Tlic  gcDi'rul 
appearance  is  like  tliat  of  ascites,  but  percussion  will  at 
miix-  show  the  difference.  The  sliape  of  the  nbdnmen  ilif- 
fers  Roniewttat  from  that  observeti  in  asellrs.  for  the  an- 
terior poriiiin  about  the  umbilicus  hulges  prominently. 
while  in  ascites  this  part  is  Hatlcueil  and  the  flanks  bulge. 
The  degree  of  distention  <lep<'nds  mainly  upon  the 
amount  of  the  gas,  but  In  part  also  upon  the  tone  of  the 
intestinal  walls.  If  this  is  lessejicd.  as  by  a  genemlized 
peritonitis,  tlie  distention  is  much  greater.  The  liver  and 
spleen  with  the  diaphragm  are  pushed  upward,  thus  dis- 
placing  the  heart  and  lower  pulmonary  bonlers.  The 
ana  or  dulness  corresponding  to  the  liver  muy  be  ob- 
Kured  by  the  int«gtines  rising  over  this  organ  in  front. 
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In  emaciated  individuals  the  abdominal  aorta  may 
often  be  felt,  and  its  pulsation  is  occasionally  visible. 
This  visible  pulsation,  however,  must  not  be  interpreted 
as  indicating  the  existence  of  an  abdominal  aneurism,  im' 
less  an  expansile  tumor  is  found.  The  indications  that 
such  an  aneurism  exists  vary  with  the  site  and  size  of  the 
Uimor.  They  consist  in  part  of  pressure  symptoms  and 
in  part  of  the  physical  signs  of  an  aneurism.  The  pres- 
sure symptoms  are  too  numerous  to  meniion,  for  any 
organ  or  nerve  in  tlicalidomen  may  be  compressed.  The 
essential  and  peculiar  characteristic  of  tbt«c  tumors  is  the 
expansile  pulsation.  No  other  tumor  shows  this  except 
under  extraordinary  conditions.  Solid  tumora  about 
large  vessels — for  example,  tumors  of  the  retroperitancal 
lymph  glands — sometimes  show  expansile  pulsations  and 
may  for  tliis  reason  be  mistaken  for  aneurisms.  Very 
vascular  neoplasms  may  sliow  pulsation  and  murmurii. 
Blolile  spherical  tuniorB  resting  upon  large  vessels  oft«ai 
show  a  tninsmitted  pulsation,  which,  upim  caniless  exam- 
ittalion.  may  l>c  mistaken  foran  ex|>anade  pulsation.  The 
auscultation  of  abdominal  aneurisms  is  of  less  value  than 
might  be  expected,  for  murmurs  in  tlie  abdominal  vessels, 
both  veins  and  arteries,  are  not  uncommon.  Aneurisms 
of  the  aorta  itself  lie  to  the  left  of  the  median  line  and 
because  of  tlieir  deep  location  often  enlarge  backward, 
thus  causing  bulging  and  pulsation  posteriorly.  Because 
of  the  close  relation  of  ilie  aneurism  to  the  nerves  of  the 
liimliar  plexus,  symptoms  of  pressure  on  the  uerves(neu- 
ralgia,  aniestliesta.  pamlyses)  are  often  early  and  promi- 
nent symptoms.  Aneurisms  of  the  cirliac  axis  tend  to 
enlarge  forward,  and  because  of  theirclcMe  relation  to  tlie 
vena  port;E  they  often  cause  jaundice  and  ascites. 
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occur  Iwlli  as  primaiy  anil  im  secondary  processes.  There 
may  be  several  small  tumors  or  <iiie  or  more  large  ones. 
They  present  the  usual  chararlfristics  of  tumors  of  lymph 
glands,  being  round  or  egg  sliapcd  in  some  cases,  and 
somewhat  nmlular  In  others.  They  lie  deep  in  the  ab- 
domen, tiehind  the  intestines,  and  show  neither  pamive 
respiratory  motility.     When  resting  on  ilie  aorta 


they 


rounding  it  they  may  slini^  '  «<  n   in  i".|viii-,li'  iiulsation. 

There  are  numerous  |i;iili.  ■  -  ivhich  can 

cauM^  such  culurgemenK  ii    :        i  <iir:i!   lymph 

gliimls,   viz..  tuberculosa.   |.  ns, |—iirlulcukipmia, 

and  lymphosurcomu.  Tlivy  iimy  ri'|>ri'^-iii  melaBtoacs 
from  malignant  tumors  liioited  elsfwliiiv  In  the  body. 
The  diagnosis  of  the  nature  of  the  tumor  is  bused  mainty 
ii|Hin  a  consideralion  of  the  history  and  ii|K)n  the  eonstf 
lutiojiul  disiurlwnci'B  ivhich  may  be  present.  The  ab' 
sencc  of  anything  pointing  to  disease  of  other  organs  in 
the  abdomen  often  aiils  tlic  physician  in  making  a  correct 
diagnmiia.  Finally,  it  may  be  found  impossible  to  leam 
the  exiK't  situaliiiu  and  true  naliire  of  such  glandular 
tumors  excejit  by  means  of  un  exploratory  operation. 

Tumors  tip  tiik  Pkhitoxbcm  and  Omenti^m. 

Tliesc  occur  either  in  the  form  of  a  solid  tumor  (tuber- 
culous, carcinoma  ton  14.  or  satci>matoiis  in  its  nature)  or 
iu  that  of  a  circumscrilied  exudate  of  one  sort  or  another. 

T-iltifiiluti*  jHril'iniliii  shows  itself  in  ii  variety  of  ways- 
it  may  cause  dliTiise  enhirrrements  of  the  alxiomen,  or 
loi-aliieil  fluid  exuibili's,  or  w|i»nue  tumor  masses.  The 
diffuse  cnlargciiii  M-  li.i'  i"i!i  i  "iisidered  in  the  para- 
grapliH  u)ion  ii--i  I  <  I        :       .    I  .i  fluid  exudates  and 

the  tumor  inas-^i -.  ■  \  licre  Ihnniphout  the 

alxiomen  and  \\\\i\  •-•    ■  \\:.\ ^<iliiple.     It  is  usually 

dilllcull  tu  iiin^^.-  u  .  uii-r.  :  .IrHitnosis  when  one  siicli 
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Itecauseof  the  fact  of  their  varying  locations  nothing  a 
he  said  as  to  tlieir  rcliitiima  to  the  other  alxloininnl  organs. 
Kit  her  of  the  I  wo  conditions  named  inilv  occur  sepntalely, 
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which  lies  free  in  the  peritoneal  cavity  and  which  is  often 
sufficient  in  amount  to  cover  up  the  localized  process. 
When  there  is  such  a  collection  of  fluid,  sufficient  should 
be  withdrawn  to  enable  one  to  determine  its  character. 
If  it  is  an  exudate,  as  shown  by  its  high  specific  gravity 
and  percentage  of  albumin,  the  case  is  one  of  chronic 
peritonitis.  In  some  cases,  although  not  many,  its  tuber- 
culous nature  can  be  shown  by  the  demonstration  of  the 
tubercle  bacilli  or  by  inoculation  of  a  guinea-pig.  In 
most  cases,  however,  this  fails,  and  the  diagnosis  must 
be  made  by  a  close  scrutiny  of  the  other  organs  of  the 
body.  Tlic  demonstration  of  a  tuberculous  process  else- 
where in  the  body,  as  in  the  lungs,  lymph  glands,  bones, 
or  testicles,  speaks  strongly  for  the  tuberculous  nature  of 
the  process  in  the  abdommal  cavity.  A  coincident  inflam- 
mation of  one  or  more  other  serous  surfaces,  such  as  the 
pleura  or  i)ericArdium,  also  speaks  for  the  tuberculous 
nature  of  the  process.  The  absence  of  symptoms  point- 
ing to  carcinoma  of  any  organ,  especially  any  organ  in 
the  abdomen,  such  as  the  stomach,  uterus,  or  rectum,  is 
an  additional  fact  in  favor  of  the  tuberculous  nature  of 
the  chronic  peritonitis. 

In  some  doubtful  cases  the  tuberculin  test  may  aid.  A 
positive  reaction  in  the  absence  of  manifest  tuberculosis 
in  some  other  part  of  the  body,  speaks  strongly  for  the 
tuberculous  nature  of  the  abdominal  process,  but  the 
absence  of  the  reaction  does  not  exclude  tuberculosis. 
The  blood  should  be  examined,  and  the  absence  of  any 
increase  in  the  number  of  leucocytes  si)eaks  for  tubercu- 
losis, because  it  speaks  against  the  other  common  cause 
for  chronic  peritonitis,  viz.,  the  neoplasms. 

Tuberculosis  affecting  the  omentum  often  causes  it  to 
shrink  up  into  an  elongated,  sausage-shaped  tumor  lying 
transversely  across  the  upper  part  of  the  abdomen.  Such 
a  tumor  is  so  peculiar  that  its  origin  is  at  once  manifest, 
but  other  processes  than  tlie  tuberculosis  can  cause  the 
same  deformity  of  the  omentum.  Attention  to  the  points 
mentioned  above  and  the  exclusion  of  cancer  of  the 
organs  commonly  affected  will  usually  establish  the 
nature  of  the  tumor. 

Localized  fluid  tuberculous  exudates  have  often  been 
mistaken  for  ovarian  cysts  even  by  experienced  observers, 
but  attention  to  the  points  given  al)ove,  especially  to  the 
character  of  the  fluid  obtained  on  aspiration,  willusually 
make  the  correct  diagnosis  possible. 

Localized  snppuratire  proce*seH  m  the  abdomen,  such  as 
an  appendicular  abscess,  often  produce  a  well  defined 
tumor.  The  accompanying  constitutional  symptoms — 
irregular  fever,  chills,  sweating,  leucocytosis,  etc. — to- 
gether with  the  local  pain  and  tenderness,  are  usually 
sufficient  to  show  the  nature  of  the  process,  and  careful 
attention  to  the  history  will  show  the  probable  point  of 
origin.  Such  abscesses  may  occur  anywhere  in  the  ab- 
domen, but  there  are  certain  sites  of  predilection.  For 
example,  they  are  common  in  the  neighborhood  of  the 
appendix,  but  the  appendicitis  can  cause  abscesses  in 
other  parts  of  the  abdomen  remote  from  the  appendix. 
They  also  often  arise  from  various  infective  processes  in 
the  female  genitalia.  Perforating  ulcers,  especially  those 
of  the  stomach  and  duodenum,  may  also  furnish  a  con- 
siderable number  of  these  cases.  Infective  processes  in 
the  liver  and  bile  passages  do  the  same  thing. 

Neoplnmiis  of  the  pentoneum  are  far  more  frequently 
secondary  than  primary.  They  are  oft^nest  secondary  to 
carcinoma  of  the  abdominal  viscera,  but  the  primary  tumor 
may  be  remote,  as  in  the  breast.  The  clinical  manifesta- 
tions are  almost  exactly  the  same  as  those  of  tubercu- 
lous peritonitis — viz.,  vomiting,  hiccough,  and  intestinal 
disturbances — together  with  the  development  of  tumor 
masses,  usually  multiple  and  often  accompanied  by  lar^c 
amounts  of  fluid  exudate,  either  lying  perfectly  free  m 
the  peritoneal  cavity  •  or  partially  encapsulated.  The 
effects  on  the  omentum  are  often  exactly  like  those  pro- 
duced by  tuberculosis.  The  fluid  obtained  by  puncture 
has  the  characteristics  of  an  exudate,  is  oft(m  hemor- 
rhagic, and  may  be  fatty.  In  these  resp(?cts  it  is  ex- 
actly like  the  tuberculous  exudate.  It  never  contains 
tubercle  bacilli  and  does  not  excite  tuberculous  peritonitis 


in  the  guinea  pig,  but  sometimes  it  contains  cancer  cells 
either  singly  or  in  groups. 

If  the  primary  tumor  is  discovered,  the  diagnosis  of 
the  nature  of  the  process  is  easily  made.  When  no  such 
tumor  can  be  found,  the  diagnosis  will  rest  upon  the  ex- 
clusion of  tuberculous  peritonitis. 

Other  peritoneal  tumors,  such  as  lipoma,  fibroma,  cysts 
of  the  mesentery,  and  chylous  cysts,  are  so  rare  tliat  they 
need  no  consideration,  and,  in  fact,  are  seldom  diagnosed 
except  by  the  aid  of  an  exploratory  laparotomy. 

Tumors  of  the  Bladder. 

The  true  neoplasms  of  the  bladder  are  quite  rare  and 
they  do  not  cause  palpable  abdominal  tumors.  There 
is  practically  only  one  condition  which  renders  the  blad 
der  palpable,  and  tliat  is  the  retention  of  urine.  This 
causes  a  long  oval  tumor  which  rises  upward  from  . 
the  pelvis  to  almost  any  height,  even  ]>eyond  the  um- 
bilicus. It  is  rounded,  smooth,  tense,  and  usually  not 
tender.  It  lies  as  a  rule  exactly  in  the  median  line  and  is 
dull  on  percussion.  The  patient  may  or  may  not  pass 
any  urine. 

The  diagnosis  is  manifest  when  the  patient  is  passing 
no  urine,  but  it  is  not  always  so  clear  when  the  urine  is 
constantly  dribbling  away.  The  introduction  of  a  cath- 
eter and  the  disappearance  of  the  tumor  upon  the  with- 
drawal of  the  urine  make  the  diagnosis  plain  The  dis- 
covery of  the  cause  of  the  retention  is  a  different  problem. 

luo-PSOAS  Abscess. 

Tliis  variety  of  abscess  appears  as  a  tumor  on  one  side 
of  the  spine  or  in  the  iliac  fos.sa.  Its  size  and  sliape 
vary  greatly.  It  lies  deeply  behind  the  intestines.  It  is 
painful  and  tender,  but  not  to  an  extreme  degree,  for  most 
of  these  abscesses  are  of  tuberculous  nature.  The  thigh  is 
flexed  and  rotated  outward.  Usually  the  nature  of  such 
abscesses  is  at  once  manifest  because  of  Ihe  deformity  of 
the  spine  and  of  the  disturbances  in  the  function  of' the 
spinal  cord.  This,  however,  is  not  always  so.  and  there- 
fore whenever  an  abscess  is  found  in  this  n^gion,  or,  for 
that  matter,  in  any  region  in  which  such  a  gravitation 
abscess  may  occur,  the  spine  and  the  areas  supplied  by 
the  spinal  nerves  should  be  carefully  examined.  Such  an 
examination  will  exclude  the  appendicular  abscesses  or  an 
abscess  arising  in  this  region  secondary  to  suppuration 
in  the  pelvis. 

Tumors  of  the  Uterus. 

There  is  usually  not  much  difficulty  in  recognizing  a 
tumor  of  the  uterus  as  such  Its  situation  low  down  in 
the  median  line,  its  evident  origin  in  the  pelvis,  the  ease 
with  which  motion  is  transmitted  from  the  tumor  to  the 
cervix,  and  cice  tersa, — these,  together  with  the  altera- 
tions in  the  genital  functions  usually  found,  are  sufficient 
in  most  instances  to  show  that  the  tumor  does  arise 
from  the  uterus.  A  diagnosis  of  the  nature  of  the 
tumor  is  a  far  more  difficult  matter,  and  even  the  most 
expert  often  err  in  their  judgment  as  to  the  nature  of  a 
tumor  which  plainly  arises  from  the  uterus. 

Pi-egimnry. — This  causes  a  progressive  enlargement  of 
the  uterus,  and  it  has  been  a  fruitful  source  of  errors  in 
diagnosis.  The  resulting  tumor  is  smooth,  round,  and  not 
tender ;  menstruation  ceases:  the  breasts  undergo clianges; 
and  in  course  of  time  the  fa^tal  heart  tones  and  move 
ments  appear.  The  conunonest  difficulty  is  that  of  dis- 
tingui.shing  pn^gnancy  from  uterin(»  libromata.  These 
cause  enlargement  of  the  utenis.  often  associated  with 
irregularity  in  the  meu.struation.  less  often  with  cessation 
of  this  function.  The  enlargement  of  the  uterus  is  not 
so  symmetrical  as  it  is  in  pregnancy,  and  the  rate  of 
growth  is  not  so  rapid.  In  pregnancy  the  size  of  the  tu- 
mor shows  a  nearly  constant  relation  to  the  duration  of 
the  period  during  which  menstruation  ceases.  It  is  not 
permis-sible,  under  these  conditions,  to  resort  to  a  meas- 
urement of  the  \iterine  cavitv  bv  means  of  the  uterine 
probe.  The  diagnosis  becomes  still  more  difficult  when 
the  two  conditions  (pregnancy  and  a  tumor)  are  com- 
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bined,  but  attention  to  the  shape  of  the  uterus,  the  rate 
of  enlargement,  and  the  ordinaiy  signs  of  pregnancy  will 
usually  enable  one  to  arrive  at  a  correct  conclusion.  If 
any  doubt  remains,  the  diagnosis  must  be  reserved  until 
the  time  arrives  for  the  appearance  of  the  sure  signs  of 
pregnancy. 

When  the  pregnancy  occurs  in  one  horn  of  a  bicomate 
uterus,  the  resulting  tumor  differs  so  much  from  the  ordi- 
nary tumor  of  pregnancy  that  error  may  arise.  The  usual 
symptoms  of  pregnancy  are  present,  and  the  diagnosis  of 
pregnancy  can  be  made  as  early  here  as  in  a  nonnal  case. 
Careful  bimanual  examination  will  usually  make  the  cor- 
rect diagnosis  possible.  Such  a  tumor  may  be  taken  for 
an  ovarian  tumor.  Ovarian  tumors,  however,  are  usu- 
ally farther  removed  from  the  median  line ;  there  is  no 
relation  between  their  size  and  the  duration  of  the  dis- 
turbances; the  signs  of  pregnancy  are  usually  entirely 
absent ;  and  the  motion  of  the  tumor  is  not  transmitted  so 
completely  to  the  cervix. 

Fibroid  TnniorH  of  tfve  Uterus. — These  are  very  com- 
mon, especially  in  women  past  the  middle  point  of  life. 
They  cause  a  greater  or  less  increase  in  the  size  of  the 
uterus,  which  may  even  reach  such  a  bulk  as  to  oc- 
cupy the  main  portion  of  the  abdomen.  They  cause  ir- 
regular and  often  profuse  uterine  hemorrhages,  and  are 
associated  with  irritability  of  the  bladder  and  rectum, 
with  pain  in  the  pelvis  and  legs,  and  often  with  oedema 
of  the  latter.  The  enlargement  of  the  uterus  is  usually 
very  grossly  irregular  and  nodular.  The  tumors  feel 
bard,  and  in  rare  cases  they  may,  from  cystic  degenera- 
tion, yield  fluctuation.  They  vary  greatly  in  size  and 
shape,  being  often  sessile  or  hemispherical.  Sometimes 
they  are  pedunculated  and  show  considerable  passive 
motility.  The  uterine  cavity  is  lengthened  and  irregular. 
These  tumors  lie  in  front  of  the  colon,  sigmoid,  and  small 
intestines. 

In  cases  such  as  we  are  now  considering,  the  diagnosis 
is  difficult  only  when  the  tumors  are  so  small  that  they 
cannot  be  felt  from  above.  The  main  point  of  differentia- 
tion between  the  flbromata  and'  pregnancy  have  been  al- 
ready mentioned.  In  the  case  of  movable,  subperitoneal, 
and  pedunculated  tumors  of  the  uterus,  the  diagnosis  is 
sometimes  quite  difficult,  especially  when  the  tumor  is 
single.  Fortunately  this  is  exceptional.  Such  movable 
tumors  may  be  taken  for  an  ovarian  cyst,  for  a  movable 
kidney,  or  for  a  tumor  of  the  intestines,  but  attention 
to  the  history  and  a  careful  examination  will  enable  the 
physician  to  distinguish  between  them. 

bancerofthe  Uterus. — ^The  primary  uterine  tumor  rarely 
attains  sufficient  size  to  present  itself  as  an  abdominal 
tumor,  and  in  these  rare  instances  the  condition  of  the 
patient  is  such  that  the  diagnosis  is  manifest  from  the 
cachexia,  anaemia,  and  profuse,  fetid,  bloody  vaginal 
discharge.  The  metastases  of  uterine  carcinoma  fre- 
quently present  themselves  as  abdominal  tumors  of  either 
the  liver,  the  peritoneum,  or  the  lymph  glands,  and  since 
the  secondary  tumor  may  far  exceed  the  primary  tumor  in 
size,  these  metastases  may  be  mistaken  for  primary  tu- 
mors. It  is  therefoi  e  wise  to  examine  the  uterus  in  all  cases 
of  abdominal  tumors  of  obscure  origin.  If  such  tumors 
may  by  any  possibility  be  secondary  to  a  uterine  carci- 
noma, and  the  uterus  is  found  enlarged,  or  a  fetid  dis- 
charge without  enlargement  of  the  uterus  is  found,  scrap- 
inffs  from  the  uterus  should  be  examined  microscopically. 

Beterition  of  Menstnud  Fluids. — This  may  cause  very 
great  enlargement  of  the  uterus.  The  diagnosis  is  usu- 
ally simple.  Tlie  cervix  is  found  obliterated,  there  is  no 
menstrual  flow,  but  the  patient  suffers  at  regular  inter- 
vals from  the  other  symptoms  of  menstruation. 

Ovarian  Cysts. 

The  diagnosis  of  this  common  disease  of  the  ovary  is 
based  almost  entirely  upon  the  results  of  physical  exam- 
ination, for  such  cysts  bring  about  no  characteristic 
alteration  in  the  function  of  the  genitalia.  Cysts  which 
are  so  small  that  they  remain  within  the  pelvis  do  not 
call  for  any  special  consideration  in  this  place. 


Confusion  between  an  ovarian  cyst  and  such  conditions 
as  collections  of  gas  in  the  intestines,  an  over-distended 
bladder,  accumulations  of  faeces  in  the  colon,  pregnancy, 
fat  abdominal  walls,  and  moderate-sized  collections  of 
free  fluid  in  the  abdomen  can  persist  only  when  the  ex- 
amination is  incomplete.  Careful  palpation,  percussion, 
and  auscultation  in  a  patient  properly  piepared  for  ex- 
amination by  complete  evacuation  of  the  bladder  and 
rectum  will  prevent  such  errors.  The  differentiation  be- 
tween ovarian  cysts  and  localized  collections  of  fluid  in 
the  abdomen,  cysts  of  other  or^ns  in  the  abdomen,  and 
certain  tumors  of  the  uterus  is  far  more  difficult,  and 
sometimes  is  impossible  without  exploratory  incision. 

Encysted  peritoneal  exudates,  usually  of  a  tuberculous 
or  carcinomatous  origin,  may  very  closely  resemble  the 
ovarian  cyst.  In  many  of  these  cases  the  results  of  the 
physical  examination  are  such  as  to  fit  as  well  with  one 
condition  as  with  the  other,  but  in  general  the  outlines  of 
the  ovarian  cysts  are  sharper  and  more  distinct,  and  the 
tumors  themselves  are  often  more  motile  in  response  to 
the  changing  position  of  the  patient.  Usually  there  is 
no  fluid  free  in  the  peritoneal  cavity,  in  the  case  of  an  ova- 
rian cyst,  while  this  is  quite  common  in  both  the  tubercu- 
lous and  the  carcinomatous  varieties  of  peritonitis.  In 
many  cases  light  may  be  obtained  from  other  sources — 
the  history  oi  the  case,  the  body  temperature,  the  pa- 
tient's general  condition,  her  behavior  under  Koch's  tu- 
berculin test,  and  an  examination  of  the  other  organs  of 
the  body.  In  still  other  cases  it  is  necessary  to  make  an 
exploratf)rv  puncture  in  order  to  ascertain  the  character 
of  the  fluid.  If  the  fluid  is  an  exudate,  it  will  present 
the  characteristics  described  al)ove.  The  fluid  of  different 
ovarian  cysts  varies  considerably  in  specific  gravity,  from 
1.007  to  1.020  or  more.  In  one  case  it  is  a  thin  serous 
fluid;  in  another,  a  gelatinous  material.  It  contains 
considerable  albumin  and  paralbumin.  Microscopically 
there  is  nothing  peculiar  to  these  cysts  except  the  cylin- 
drical epitheUum  occasionally  found. 

Localized  purulent  exudates  may  present  the  same 
physical  signs  as  an  ovarian  cyst,  but  the  constitutional 
disturbances  and  blood  changes  are  so  marked,  and  the 
history  of  the  onset  shows  such  an  acute  beginning,  that 
it  is  not  often  that  any  confusion  arises  between  the  two 
conditions.  Ex  ploratory  puncture  will  remove  the  doubt, 
if  any  exists. 

Echinococcus  cysts  developing  in  the  peritoneum  or 
tissues  near  the  ovaries  may  in  some  respects  resemble 
ovarian  cysts.  The  discovery  of  the  thrill  peculiar  to 
the  former  cysts,  or  the  finding  of  the  booklets  and 
scolices  in  the  fluid  evacuated  by  exploratory  puncture, 
would  naturally  remove  all  doubt. 

Hydronephrosis  is  at  times  confused  with  the  ovarian 
cyst.  It  presents,  however,  this  distinguishing  feature: 
it  lies  behind  and  to  the  side  of  the  colon  and  small  in- 
testines, while  the  ovarian  cyst  forces  these  upward  and 
backward.  The  ovarian  cysts  rise  out  of  the  pelvis, 
while  the  hydronephrosis  comes  forward  and  downward 
from  the  lumbar  region.  Many  cases  of  hydronephrosis 
present  urinary  changes,  and  in  some  cases  the  differen- 
tiation can  be  made  certain  by  the  demonstration,  by 
palpation,  of  normal  ovaries.  "Puncture  of  the  hydro- 
nephrosis may  yield  a  fluid  containing  urea. 

Pancreatic  cysts  can  almost  always  be  distinguished  by 
the  fact  that  they  displace  the  colon  downward. 

The  recognition  of  pedunculate<l  fibroids  of  the  uterus, 
when  the  uterus  is  otherwise  free  from  fibromata,  is  a 
very  difficult  matter,  and  in  many  cases  the  differentia- 
tion can  be  made  by  exploratory  incision  only. 

Cystic  fibromata  of  the  uterus  may  very  closely  resem- 
ble ovarian  cysts,  but  usually  they  are  of  slower  growth 
and  excite  less  constitutional  disturbance. 

Tumors  of  the  liver  and  spleen  can  be  differentiated  by 
the  signs  described  in  the  paragraplLS  devoted  to  these 
subjects.  Tumors  of  the  omentum,  mesentery,  and  peri- 
toneum are  not  always  easily  distinguished  from  ovarian 
cysts,  but  in  most  cases  they  can  be  shown  to  arise  alx)ve 
instead  of  in  the  pelvis. 

Ascites  and  cysts  of  the  ovaries  have  quite  often  been 
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confused,  but  this  error  is  possible  only  when  the  cyst 
is  so  large  as  completely  to  fill  the  abdomen  or  the  as- 
cites is  so  great  that  there  is  no  central  area  of  tym- 
pany. In  other  cases  the  error  arises  from  carelessness. 
The  histor}'  of  an  ovarian  cyst  is  far  longer  than  that  of 
an  ascites.  If  the  fluid  in  the  abdomen  is  a  transudate,  it 
is  a  symptom  of  some  disease  which  ought  to  show  otlier 
symptoms  as  well.  Usually  the  primary  disease  is  of  the 
liver,  but  it  is  possible  for  either  a  heart  or  a  renal  dis- 
ease to  cause  an  ascites  without  producing  any  ccdema 
of  the  legs.  The  various  forms  of  chronic  peritonitis  may 
give  rise  to  as  large  collections  of  fluid  in  the  abdomen, 
but  the  history  is  usually  brief,  and  the  constitutional 
symptoms  of  tuberculosis  or  carcinoma,  the  two  common 
causes  of  chronic  peritonitis,  are  either  present  already 
or  soon  develop.  Exploratory  puncture  is  a  valuable  aid 
and  should  be  employed. 

Sfjlid  Tumors  of  the  OcaiHes. — There  is  a  large  variety  of 
these  tumors,  none  of  which  presents  anvthing  esp)e- 
cially  characteristic  in  its  clinical  course,  the  most  im- 
portant arc  the  carcinomata,  the  sarcomata,  and  those 
tumors  which  result  from  tuberculosis.  The  carcinomata 
grow  rapidly,  producing  irregular  nodular  tumors  in  the 
pelvis  and  lower  part  of  the  abdomen,  and  accompanied 
by  the  symptoms  of  a  chronic  peritonitis,  by  cachexia, 
and  by  amemia.  Carcinoma  and  sarcoma  cannot  be  dis- 
tinguished clinically.  The  differentiation  of  these  from 
the  tumors  produced  by  tuberculous  disease  is  often  very 
diflUcult,  especially  when  the  patient  is  of  such  an  age 
tliat  either  might  be  present.  A  positive  reaction  to  the 
Koch  tuberculin  test  speaks  for  tuberculosis,  but  the 
failure  of  such  reaction  does  not  exclude  it.  I^eucocytosis 
speaks  for  cancer.  Before  a  correct  diagnosis  can  be 
made,  it  may  be  found  necessary  to  resort  to  an  explo- 
ratory operation. 

There  are  still  other  pathological  conditions  in  the  pel- 
vis which  manifest  themselves  as  abdominal  tumors; 
such  are,  for  example,  a  collection  of  fluid  in  a  Fallopian 
tube,  a  pelvic  abscess,  and  an  extra-uterine  pregnancy. 
The  resulting  abdominal  tumor  may  be  of  considerable 
size.  In  such  instances,  however,  the  history  of  the  case 
and  the  existing  symptoms  and  evidences  usually  render 
the  diagnosis  pmin. 

TlTMORS  OF  THE   CoLON. 

These  tumors,  irrespective  of  their  nature,  induce 
alterations  in  the  cliaracter  and  frequency  of  the  move- 
ments of  the  l)owels. 

Fe^M  Tumorn. — These  are  very  common,  especially  in 
women,  and  have  been  the  source  of  many  embarrassing 
errors,  all  of  which  could  have  been  avoided  if  a  thorough 
evacuation  of  the  bowels  had  first  been  secured.  The 
fact  that  the  patient's  bowels  liave  moved  daily  should 
not  lead  to  the  neglect  of  this  precautionary  measure, 
for  the  fajces  may  accumulate  in  large  masses  even  when 
the  bowels  move  daily. 

The  faeces  tt*nd  to  accumulate  in  the  flexures  of  the 
colon — the  sigmoid,  the  splenic,  and  the  hepatic  flexures 
—and  in  the  caecum,  but  they  may  accumulate  anywhere 
hi  the  course  of  the  large  intestine.  The  resulting  tumor 
may  be  of  large  size,  and  its  outlines  are  usually  of  ir- 
regular shape.  While  it  possesses  a  certain  de^rree  of 
solidity,  it  can  generally  be  moulded  into  a  different 
shape,  and  this  new  shape  will  remain  permanently. 
These  tumors  may  possess  considerable  motility.  Ac- 
cording to  the  different  sites  which  they  occupv  they 
may  simulate  a  great  variety  of  pathological  comfitions, 
but  in  all  such  instances  the  simple  evacuation  of  the 
bowels  will  quickly  clear  up  the  diagnosis. 

Oas  in  the  Colon. — This  may  cause  a  great  distention  of 
the  abdomen,  and  this  enlargement,  at  least  at  first,  is 
limited  to  its  outer  and  upper  portions,  the  central  por- 
tion being  left  free.  The  fact  that  the  swelling  is  due 
to  gas  is  shown  at  once  by  percus.sion.  These  accumu- 
lations of  gas  are  often  of  great  siirnificance  in  cases  of 
intestinal  obBtruction,  giving  as  tlu'v  do  some  clew  to 
the  site  of  the  obstruction;  it  being  evident  that  the 


lower  the  obstruction  the  greater  will  be  the  portion  of 
the  colon  distended.  The  degree  of  distention  depends 
mainly  upon  the  amount  of  gas,  but  the  resistance  of 
the  intestinal  walls  is  also  important,  and  when  they 
are  weak  and  have  lost  their  tone — as,  for  example,  in 
cases  of  generalized  peritonitis— the  distention  is  often 
extreme.  Usually  this  distention  of  the  colon  with  gas 
is  accompanied  by  a  like  condition  in  the  smfdl  intestines. 

Cancer  of  the  Colon. — The  clinical  picture  includes  pain, 
which  is  both  localized  and  radiating,  and  which  often 
occurs  in  the  form  of  attacks  of  colic.  In  most  cases 
there  is  constipation,  which  may  gradually  increase  even 
to  the  point  of  complete  obstruction ;  but  in  some  cases 
there  mav  be  diarrhoea.  The  stools  usually  become 
small  and  ribbon-like,  and  are  often  mixed  with  mucus, 
blood,  and  pus,  and  sometimes  contain  fragments  of  the 
tumor  tissue.  These  local  symptoms  are  accompanied  by 
the  secondary  antemia  and  cachexia  which  are  commoia 
to  carcinoma,  no  matter  what  organ  it  may  involve. 

The  presence  of  a  tumor  which  can  be  felt  is  by  all 
odds  the  most  important  symptom ;  and  while  it  does  not 
exist  in  all  cases,  it  certainly  does  in  the  great  majority 
of  them.  The  size  of  the  tumor  varies,  and  may  reach 
that  of  an  adult  head.  It  is  hard,  irregularly  round  or 
cylindrical  in  shape,  and  furnished  with  a  smooth  or 
nodular  surface.  As  a  rule  it  is  moderately  tender,  but 
it  may  be  extremely  tender  in  certain  cases. 

The  tumor  is  generally  very  movable,  especially  when 
it  involves  the  sigmoid  flexure  or  the  transverse  colon ; 
but  it  may  also  be  movable  when  it  involves  the  caecum 
or  either  of  the  longitudinal  portions  of  the  colon.  Such 
tumors  mav  be  moved  by  the  hand  of  the  examiner,  by 
the  peristaltic  movement  of  the  intestines,  bv  the  force 
of  gravity,  and  by  the  respiratory  motions,  'f  he  passive 
motility  is  most  marked  in  the  case  of  tumors  of  the 
sigmoid  flexure  and  of  the  transverse  colon,  on  account 
of  the  greater  length  of  their  mesocolon.  The  displace- 
ments due  to  the  force  of  gravity  are  often  considerable 
and  may  render  the  diagnosis  quite  difficult,  for  the  rea- 
son that  the  tumor  may  be  found  occupying  a  position 
remote  from  the  normal  site  of  the  colon.  Thus,  for  ex- 
ample, a  tumor  of  the  transverse  colon  may  lie  at  the 
pelvic  inlet,  or  one  of  the  sigmoid  flexure  may  lie  close 
to  the  ca'cum. 

Tlie  accumulation  of  the  faeces  above  the  point  where 
the  lumen  is  narrow^ed  by  the  carcinoma  leads  to  fre- 
quent errors  in  the  matter  of  estimating  the  size  of  the 
new  growth.  These  fecal  masses  mav  jee\  as  liard,  firm, 
and  irregular  as  the  cancer  itself,  and  the  palpating  fln- 
ger  may  not  be  able  to  distinguish  the  one  from  the 
other.  In  such  cases,  as  in  those  in  which  it  is  necessary 
to  distinguish  between  the  fecal  mass  and  other  forms  of 
tumor,  vigorous  and  repeated  purgation,  and  flushing  of 
the  colon,  must  be  practised. 

Peritoneal  exudates,  esj)ecially  those  about  the  appen- 
dix, may  be  extremely  difficult  to  distinguish  from  carci- 
noma of  the  caecum.  They  may  form  hard  and  irregular 
tumors,  which  may  obstruct  the  intestinal  canal  and  may 
cause  bloody  and  purulent  stools.  The  presence  of  fever 
and  an  cedematous  condition  of  the  skin,  taken  in  con- 
nection with  the  history  of  the  case,  will  point  to  peri- 
tonitis. 

Tumors  of  the  transverse  colon,  because  of  their  close 
anatomical  relations  to  the  stomach,  duodenum,  and  pan- 
creas, may  be  confused  with  tumors  of  these  organs. 
The  symptoms  of  tumors  of  the  colon  are  chiefly  dis- 
turbances in  defecation,  such  as  constipation  or  diar- 
rhcea;  bloody,  mucous,  or  purulent  stcwls;  and  ribbon- 
like form  of  the  latter.  These  tumors  are  also  more 
movable  than  are,  as  a  rule,  the  tumors  of  neighboring 
organs.  Distention  of  the  colon  from  below  with  gas  or 
fluid  can  be  followed  upward  to  the  tumor  mass,  where 
it  is  stopped  or  retanled.  Inflation  of  the  stomach  throws 
the  tumor  downward  and  forward. 

In  cases  in  which  the  tumors  have  migrated  from  the 
normal  location  of  the  viscua.  their  relations  to  the  colon 
can  be  demonstrated  by  inflation  of  the  colon. 

Tumors  of  the  sigmoid  flexure  may  be  confused  with 
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tumors  arising  from  the  ovaries,  tubes,  and  peri-uterine 
tissues,  but  tlie  symptoms  of  intestinal  disturbances  are 
more  marked  here  tlian  in  the  case  of  tumors  situated 
higher  up.  A  careful  physical  examination  will  reveal 
differences  between  these  different  conditions. 

Tumors  situated  lower  down,  as  in  the  rectum,  are  not 
abdominal  tumors,  but  they  have  so  important  a  bearing 
upon  them  that  it  should  again  be  stated  tliat  in  all  cases 
which  are  in  the  least  obscure,  even  wlien  there  are  no 
^mptoms  pointing  directly  to  the  rectum,  the  latter 
d^ould  be  examined. 

Appendicular  Abscesses. 

These  are  often  of  large  size.  Disease  of  the  ap- 
pendix may  cause  an  abscess  to  form  not  merely  in  the 
unmediate  vicinity  of  that  organ,  but  also  in  some  remote 
part  of  the  abdomen.  These  more  remotely  situated 
abscesses  have  been  considered  in  the  paragraphs  de- 
voted to  localized  and  encapsulated  pentonitis,  but  it 
still  remains  to  mention  the  abscesses  in  the  region  of 
the  appendix.  While  it  is  true  that  the  diagnosis  of  ap- 
pendicitis previous  to  the  formation  of  a  tumor  is  often 
difficult,  after  this  has  happened  the  diagnosis  is  easy. 
The  size,  shape,  and  exact  location  of  the  tumor  arc  sub- 
ject to  wide  variations,  but  the  history  of  a  sudden  onset 
and  the  existence  of  localized  pain,  associated  with  gastro- 
intestinal disturbances,  with  a  chill,  and  with  elevated 
temperature,  suffice  to  show  the  nature  of  the  process. 

Abscesses  in  this  region  arising  from  other  structures 
are  encountered,  but  they  are  decidedly  less  common  than 
the  appendicular  abscesses.  Those  which  develop  in  the 
female  genitalia  are  frequent,  but  the  history  shows  dis- 
turbances in  the  functions  of  these  organs  and  opportu- 
nities for  their  infection.  These  facts,  taken  in  conjunc- 
tion with  the  results  of  the  pelvic  examination,  suffice  for 
making  the  differential  diagnosis.  Sometimes  gravita- 
tion abscesses  due  to  disease  of  the  spine  are  mistaken 
for  appendicular  abscesses,  but  this  error  may  be  avoided 
by  examining  the  spine  and  by  noting  the  absence  of  the 
usual  history  of  appendicitis. 

Tumors  of  the  Abdominal  Wall. 

All  forms  of  tumors  may  occur  in  this  part  of  the  body, 
but  their  relations  to  the  abdominal  walls  are  so  manifest 
that  they  need  no  consideration  here. 

Robert  B  Preble. 

ABENAKIS  SPRINGS.— Location.— Near  St.  Fran9ois 
du  I.AC,  Quebec 

Post-Office. — Abenakis  Springs,  Quebec. 

Hotel. — The  Abenakis  House. 

Access. — From  Montreal,  by  Richelieu  and  Ontario 
Navigation  Co., by  Grand  Trunk  and  South  Shore  railways 
to  Sorel,  thence  by  boat  to  the  springs.  For  the  season 
of  1900  the  South  Shore  Railway  will  be  running  direct 
to  the  springs. 

Analysis  (J.  Baker  Edwards). — Total  saline  solids, 
110.3  grains  to  the  pint.  These  are  chiefly  chlorides  of 
sodium,  magnesium,  calcium,  and  potassium,  with  traces 
of  lithium.  The  water  also  contains  traces  of  bromides, 
iodides,  and  phosphates.     It  is  very  lightly  carbonated. 

A  second  spring  is  mildly  sulphurated. 

Tliese  springs  are  pleasantly  situated  on  the  west  bank 
of  the  St.  Francis  River,  near  ita  confluence  with  the 
St.  Lawrence,  sixty  miles  east  of  Montreal.  The  sur- 
rounding country  is  elevated  and  dry  and  well  settled. 
The  hotel  is  new  and  well  ventilated,  possesses  all  mod- 
em conveniences,  and  is  well  managed.  Hot  and  cold 
baths  are  supplied.  Beaumont  Small. 

ABERYSTWITH. — A  much-frequented  seaside  resort 
on  the  coast  of  Wales.  The  town  of  Aberystwith  lies  on 
the  shore  of  Cardigan  Bay;  its  population,  in  1890,  was 
6,650;  it  possesses  a  flne  beach:  has  excellent  hotel  ac- 
commodations; and,  situated  as  it  is  in  the  midst  of  s<mie 
of  the  most  attractive  scenery  of  Wales,  the  excursions 
Into  the  surrounding  country  are  very  enjoyable.     Con- 


cerning the  climate  of  Aberystwith,  the  writer  is  unable 
to  present  accurate  data  for  the  place  itself,  but  the  sub- 
joined table,  copied  from  Hann's  "Handbuch  der  Klima- 
tologie,"  may  serve  to  give  some  idea  of  its  temperature 
during  the  colder  months  of  the  year.  Llandudno  lying 
some  75  miles  north  of  Aberystwith,  and  Barnstaple  lying 
about  125  miles  to  the  south,  both  of  which  places  have 
a  similar  exposure  to  that  of  Aberystwith,  it  is  fair  to 
assume  that  the  temperature  of  the  latter  place  diflfera 
but  little  from  that  of  either  of  the  above-mentioned 
towns,  whose  average  temperature  is  given  by  Dr.  Hann. 
It  would  therefore  appear  that  the  winter  temperature  of 
Aberystwith  must  be  little  colder  than  that  of  Ventnor  in 
the  Isle  of  Wight,  the  figures  for  which  latter  resort  are 
also  quoted  from  Hann's  table  for  purposes  of  comparison. 


Name  of  Place. 

N.  Lat. 

No?. 

Dec. 

Jan. 

Feb. 

Mar. 

Llandudno 

Barnstaple 

Ventnor 

51»  5' 
50"  35' 

44.96« 
46.50' 
4«.23» 

42.44"» 
42.«2« 
43.16' 

41.?2« 
42.38<» 
4l.72« 

42.44«» 
43.34«» 
42.82« 

43.70» 
44.«J» 
44^84" 

Aberystwith  . . . 

52<»  25' 

Ilnntington  RicJinrds. 

ABIETIC  ACID  (C44HMO6).— Anorganic  acid,  which, 
in  its  anhydrous  state,  chiefly  com  poses  common  rosin.  It 
also  occurs  in  many  other  coniferous  plants. — //.  //.  R. 

ABORTION. — While  most  Continental  writers  apply 
the  term  abortion  to  all  cases  in  which  the  product  of 
conception  is  expelled  from  the  uterus  at  any  time  pre- 
ceding the  period  at  which  the  foetus  becomes  viable, 
that  is  to  say,  before  the  seventh  calendar  month  of  gesta- 
tion in  the  human  subject,  many  American  and  English 
writers  make  a  distinction  between  abortion  and  miscar- 
riage, restricting  the  former  term  to  the  expulsion  of  the 
ovum  prior  to  the  fifth  month,  and  applying  the  latter  to 
such  expulsion  between  the  fourth  and  the  seventh 
mouths.  This  distinction,  although  more  or  less  arbi- 
trary, has  some  practical  justification,  inasmuch  as  abor- 
tion, thus  defined,  differs  notably  in  several  particulara 
from  the  process  of  parturition  at  term — a  difference  that 
becomes  trifling  in  the  case  of  miscarriage.  It  is  well  for 
the  practitioner  to  use  the  word  miscarriage  when  talking 
to  patients,  for  women  seem  to  have  an  aversion  to  the 
term  abortion.  Certain  qualifying  wonls  are  occasion- 
ally added,  such  as  ** ovular,"  "em biyonal,  "and  "foetal," 
but  they  are  of  little  real  significance. 

Causeti. — These  attach  either  to  mechanical  injuries  to 
the  ovum  or  its  uterine  attachment,  to  morbid  conditions 
of  the  ovum,  or  to  diseases  of  the  maternal  organism. 
Under  the  first  head  must  be  included  not  only  direct 
traumatism,  but  also  hemorrhages  between  the  foetal  and 
the  maternal  layers  of  the  placenta,  whether  due  to 
violence,  such  as  falls,  blows,  and  the  like,  or  to  a  dis- 
eased state  in  either  the  mother  or  the  ovum;  the  latter, 
of  course,  falling  also  under  one  of  the  remaining  heads. 
Strictly  speaking,  indeed,  the  immediate  cause  of  almost 
every  abortion  is  some  abnormal  state  of  the  ovum  result- 
ing in  the  death  of  the  embryo,  but  this  in  turn  may  be 
due  to  some  defect  in  the  maternal  orgjinism,  or,  for  that 
matter,  to  disease  in  the  father,  as  exemplified  by  the  fre- 
quency with  which  abortion  takes  place  as  the  result  of 
syphilitic  contamination  of  one  or  the  other  of  the  par- 
ents. Habitual  abortion,  it  is  well  known,  raises  the  pre- 
sumption of  syphilis.  As  regards  pathological  conditions 
of  the  ovum,  it  is  generally  to  disease  of  the  placenta,  or 
a  crippling  of  its  respiratory  and  nutritive  functions  by 
effused  blood,  that  the  death  of  the  embrj-o  is  to  be 
traced,  although  cases  are  not  wanting  in  which  the  cir- 
culation in  the  umbilical  vessels  has  been  so  interfered 
with  as  to  produce  the  same  result. 

In  vso  far  as  the  mother's  system  is  at  fault,  much  stress 
was  laid  by  the  older  writers  on  the  "  habit  of  abortion. " 
It  was  taught  that  when  several  successive  pregnancies 
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in  the  same  subject  had  ended  in  abortion,  no  matter 
"wliat  the  cause,  a  habit  was  thereby  established  by  virtue 
of  which  there  was  a  tendency  for  subsequent  pregnancies 
to  end  in  the  same  way,  and  at  about  the  same  period, 
even  if  the  original  causes  were  no  longer  operative. 
There  may  be  some  truth  in  this  doctrine,  but  it  certainly 
has  not  now  the  hold  upon  medical  opinion  that  it  liad 
formerly.  The  exanthcmatous  fevers,  it  is  well  known, 
and  particularly  smallpox,  are  prone  to  give  rise  to  abor- 
tion, either  by  infecting  the  embryo,  or  by  the  tendency 
to  hemoiThages,  uterine  among  the  others,  to  which  they 
give  rise.  Apart  from  these  acute  diseases,  it  is  possible 
that  various  depraved  conditions  of  health  on  the  part  of 
the  mother  may  occasion  abortion,  but  on  this  score  our 
precise  knowledge  is  meagre.  There  are  certain  medic 
inal  substances  tliat,  when  taken  into  the  mother's 
system,  may  induce  uterine  contraction,  and  thus  bring 
about  the  premature  expulsion  of  the  ovum,  such  as 
spurred  grain  (generally  ergot  of  rye)  and  cotton-root. 
Excessive  purgation  also  may  lead  to  the  same  result. 
Surgical  operations  doue  on  pregnant  women  have  been 
supposed  to  involve  grave  risk  of  abortion,  but  evidence 
has  been  accumulating  of  late  years  to  show  that  this 
danger  has  been  much  overrated.  A  striking  example  is 
seen  in  the  frequency  with  which  even  so  serious  an 
operation  as  ovariotomy  is  performed  during  pregnancy 
without  interrupting  the  process  of  gestation. 

Various  morbid  conditions  of  the  uterus  and  its  sur- 
roundings, however,  are  justly  credited  with  producing 
a  tendency  to  al)ortion,  but,  with  regartl  to  one  of  them, 
it  seems  to  me  that  more  has  been  assumed  than  the  facts 
warrant.  I  refer  to  laceration  of  the  cervix,  whereby  a 
lack  of  retentive  power  is  said  to  be  set  up.  It  cannot 
be  denied  that  lacerations  are  often  accompanied  by  con- 
ditions unfavorable  to  the  due  continuance  of  gestation, 
or  that  they  tend  to  keep  up  such  conditions,  even  if  not 
directly  chargeable  with  their  pitxluction;  but  this  is 
quite  a  different  matter  from  admitting  a  loss  of  mechan- 
ical retentive  power  in  the  cervix  as  a  cause  of  abortion, 
for  it  should  be  borne  in  mind  that  the  ovum  maintains 
its  position  in  the  uterus  by  the  implantation  of  its  chori 
onic  villi  in  the  uterine  mucous  membrane,  and  not  in 
any  sense  by  resting  on  a  support  beneath,  as  on  a  shelf. 

Abortion  induced  for  therapeutical  purposes  will  be 
found  treated  of  under  the  head  of  Labor,  Premature 
Induction  of. 

Frequency. — Although  abortion  does  not  figure  promi- 
nently in  the  statistical  lists  of  public  institutions,  since 
it  is  only  under  unusual  circumstances  that  women  be- 
take themselves  to  a  hospital  during  the  process,  the  gen- 
eral experience  of  family  practitioners  shows  that  its  oc- 
currence is  common.  Add  to  the  cases  they  are  called 
upon  to  treat  those  which  are  brought  to  their  knowledge 
long  after  they  have  taken  place,  while  questioning  pa- 
tients as  to  their  past  histor}',  and  allowing  for  those  that 
are  concealed,  as  well  as  for  those  as  to  which  there  is  an 
honest  feeling  of  doubt  (since  it  is  unquestionable  that 
many  abortions  occur  during  the  very  early  weeks  of 
gestation,  before  the  existence  of  that  condition  is  sus- 
pected, and  are  mistaken  for  a  mere  unusually  copious 
and  painful  menstruation) ,  and  we  tind  ours4?lves  obliged 
to  admit  that  abortion  is  by  no  means  of  uncommon  oc- 
currence. As  to  the  period  of  gestation  at  wliich  it  ofteu- 
est  takes  place,  the  experience  of  most  writers  is  to  the 
effect  that  it  is  on  the  completion  of  two  and  a  half  or 
three  months  of  gestation,  leaving  out  of  account  the 
very  early  abortions  before  alluded  to,  since  they  are  in- 
volved in  so  much  imcertainty  that  it  is  impracticable  to 
estimate  their  frequency  with  any  approtich  to  precision. 

Syrnptfmis  and  Diagwms. — Sometimes  the  ovum  is  cast 
off  rapidly,  with  scarcely  a  symptom  beyond  a  sharp 
onset  of  abdominal  pain,  and  a  few  gushes  of  blocxl.  In 
such  cases,  either  the  diagnosis  is  establi.shed  very 
promptly,  or  else  it  is  never  made  with  certainty;  but 
It  never  i*ests  on  symptoms.  These  cases,  however,  are 
exceptional.  Usually  a  considerable  period  is  occupied 
by  certain  symptoms  pointing  to  a  disturbance  going  on 
within  the  pelvis,  notably,  uterine  hemorrhage  and  pains 


like  those  of  labor.  When  these  two  phenomena  are 
found  to  coexist  in  a  marked  degree  in  a  woman  sup- 
posed to  be  pregnant,  the  inference  that  an  abortion  is 
impending  presents  itself  at  once,  and  most  commonly  it 
will  be  justified  by  the  event.  But  such  is  not  always 
the  case.  Uterine  hemorrhage,  or  at  least  hemorrhage 
from  the  cervix,  is  not  veiy  uncommon  in  pregnant 
women  who  ^o  to  full  term,  depending  generally  on  an- 
tecedent utenne  disease.  Let  one  of  these  hemorrhages 
coincide  with  an  attack  of  colic,  or  of  lumbago  even,  and 
the  symptoms  that  ordinarily  usher  in  an  abortion  may 
be  ver>'  closely  counterfeited.  It  may  even  happen  that 
wliat,  in  a  certain  sense,  may  be  called  a  product  of  con- 
ception, may  be  expelled  from  the  uterus,  and  yet  no 
abortion  takes  place.  Reference  is  here  had  to  the  de- 
cidua  tliat  is  commonly  cast  off  from  the  utenis  in  cases 
of  extra-uterine  pregnancy,  a  condition  that  is  most  fre- 
quently accompanied,  too,  by  hemorrhage. 

Still,  with  every  allowance  for  these  exceptional  oc- 
currences, the  fact  remains  that  paroxysmal  uterine  pain, 
accompanied  by  a  flow  of  blood  from  the  vagina,  almost 
invariably,  when  met  with  in  a  pregnant  woman,  pres- 
ages the  premature  expulsion  of  the  ovum.  This  suspi 
cion  once  aroused  in  the  practitioner's  mind,  the  first  thing 
to  be  settled  is  the  question  of  the  existence  of  pregnancy. 
The  diagnosis  of  pregnancy  will  be  found  treated  of 
elsewhere  in  this  work,  and.  therefore,  it  will  not  now  be 
dwelt  upon.  Nor,  for  practical  purposes,  is  it  necessary 
to  give  much  more  consideration  to  the  diagnosis  of 
threatened  abortion.  The  practical  rule  should  be,  in  all 
cases  in  wliich  the  two  symptoms,  uterine  pain  and 
uterine  hemorrhage,  are  marked  in  a  pregnant  woman, 
to  treat  her  as  if  an  abortion  were  impending.  There 
are.  indeed,  certain  cases  of  uterine  disease  that  may 
simulate  abortion  very  closely — notably  cases  of  submu- 
cous uterine  tumors  so  situated  and  so  attached  as  to 
cause  expulsive  pains  by  the  impediment  they  may  offer 
to  the  escape  of  the  flow  of  bhxxl  to  which  their  presence 
gives  rise.  In  such  instances,  however,  we  shall  usually 
be  able  to  get  the  history  of  past  occurrences  of  the  sort 
— a  history  to  be  contrasted  with  the  sharp  picture  of 
suspended  menstruation  followed  by  a  profuse  and  pain- 
ful fiow  in  a  woman  previously  free  from  such  troubles. 
A  more  difficult  problem  is  presented  in  cases  in  which  an 
abortion  is  really  in  process,  but  has  been  arrested  in  its 
course.  Perhaps  the  simplest  form  of  this  condition  is 
the  so-called  "cervical  pregnane}"  of  certain  German 
writers,  in  which  the  ovum  is  detached  from  its  connec- 
tion with  the  uterine  wall,  and  is  forced  down  into  the 
cervical  canal,  where  it  is  retained  in  Qonsequence  of  a 
failure  of  the  os  externum  to  dilate,  or  simply  by  reason 
of  a  suspension  of  the  uterine  contractions.  These  cases 
commonly  offer  no  special  diagnostic  difficulty,  and,  the 
retention  being  but  transitoiy,  any  doubt  is  speedily 
cleared  up.  A  more  common  irregularity  is  the  rupture 
of  the  foetal  membranes  and  the  escape  of  the  fcptus, 
either  unperceived  or  unacknowledged,  before  medical 
aid  is  summoned,  the  placenta  still  being  retained. 
Under  such  circumstances,  it  happens  not  infrequently 
that  the  patient  resumes  her  ordinary  course  of  life,  seek 
ing  treatment,  if  at  all,  only  on  account  of  a  uterine  dis 
charge,  which  may  not  even  be  bhmdv.  In  such  in- 
stances the  uterus  will  be  found  enlarged  and  especially 
elongated,  freely  movable,  free  from  tenderness,  and  with 
nothing  to  account  for  its  enlargement  and  its  peculiar 
shape  save  the  supposition  of  an  incomplete  abortion,  and 
usually  the  question  can  .speedily  In;  settled  by  giving 
ergot — a  practice  quite  stife  under  such  circumstances. 
It  is  scarcely  neces-sarv  to  add  that,  in  all  cas(»s  of  sus- 
p(?cted  abortion,  everything  expelled  from  the  vagina 
should  be  stived  for  examination.  In  the  absence  of  the 
embryo,  the  recognition  of  chorionic  villi  will  be  decisive. 
These  will  oft(?n  be  found  on  the  inner  side  of  the  bag- 
like structure  expelled,  the  membmues  having  been 
turned  inside  out  in  the  prcKress  of  expulsion.  In  very 
earlv  abortions  the  ovum  is  usually  cast  off  entire. 

Proiinimls  and  S(f/iul<f. — If   we   disregard   the  ftetus, 
which  is  necessarily   sacriticed,    the   prognosis  for  the 
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mother  is  always  a  matter  of  some  doubt,  but  generally, 
provided  the  case  is  well  managed,  favorable.  The  im- 
mediate danger  is  from  hemorrhage,  which  ceases  on  the 
complete  evacuation  of  the  uterus ;  next,  and  much  more 
to  be  feared,  is  the  risk  of  septic  fever  from  the  absorp- 
tion of  decomposing  portions  of  the  ovum  retained  in 
the  uterus;  these  perils  passed,  inflammatory  complica- 
tions, subinvolution,  and  the  like  are  still  to  be  feared. 
But  very  few  wcmen  die  from  the  direct  effects  of 
hemorrhage  occa.sioned  by  abortion,  but  many  are  ex- 
sanguinated to  a  degree  that  materially  deteriorates  their 
health:  more  often  they  succumb  to  septic  absorption. 
The  acute  inflammatory  sequelae  may  be  either  peritonitis, 
cellulitis,  oophoritis,  or  any  one  of  the  various  forms  of 
metritis.  Aside  from  the  part  played  by  mild  septic 
contamination,  these  affections  are  largely  dependent  on 
the  cause  of  the  abortion,  being  uncommon  in  cases  not 
<jccasioned  by  instrumental  interference.  On  the  whole, 
it  may  be  said  tliat  the  great  majority  of  women  escape 
a  fatal  result.  At  the  same  time,  abortion  is  one  of  the 
most  fertile  causes  of  chronic  pelvic  disease;  usually, 
however,  these  conseijuences  may  be  avoided  by  careful 
treatment. 

Treatment. — This  resolves  itself  into  the  prevention  of 
abortion,  the  management  of  the  process,  and  the  after- 
treatment.  If  we  admit  the  **  habit  "  of  abortion,  we 
must  usually  look  for  its  solution  in  some  degeneration 
of  the  placenta,  whereby  it  becomes  unfitted  to  carry  on 
the  processes  of  respiration  and  nutrition  for  the  embryo. 
This  occurrence  may  be  due  to  syphilis;  in  that  case 
mercurial  treatment  affords  the  main  chance  of  success; 
the  corrosive  chloride  of  mercury  in  doses  of  from  one- 
thirty-second  to  one-twenty-fourth  of  a  grain,  three  times 
a  day.  will  commonly  be  found  to  afford  all  the  advan- 
tage that  is  to  be  gained  in  this  direction.  In  the  absence 
of  syphilitic  infection,  some  obstetricians  believe  that  an 
erroV  of  htematosis  is  often  at  the  bottom  of  repeated 
abortions,  and  on  this  theory  the  administration  of  potas- 
sium chlorate  has  been  recommended.  I  am  not  aware, 
either  that  the  theory  is  well  founded  or  that  the  remedy 
is  of  any  value ;  still,  with  proper  precaution,  there  can 
be  no  objection  to  its  use — that  precaution  being  to 
guard  against  the  injurious  effects  of  the  drug  upon  the 
kidneys ;  and,  therefore,  to  avoid  large  doses,  and  to  ab- 
stain from  them  particularly  in  cases  in  which  the  preg- 
nancy is  somewhat  advanced,  since  the  latter  months  of 
gestation  are  apt  to  be  fraught  with  more  or  less  interfer- 
ence with  the  renal  function.  As  for  the  use  of  so-called 
uterine  sedatives,  it  is  not  to  be  thought  of  until  the  proc- 
ess of  abortion  is  actually  threatened.  Of  course,  such 
patients  as  are  now  referred  to  should  be  instructed  to 
refrain  from  all  the  excesses  and  irregularities  that  have 
been  mentioned  as  among  the  exciting  causes  of  abortion. 

Suppose,  however,  that  symptoms  are  present  showing 
that  an  abortion  is  imminent.  In  many  instances  the 
process  may  be  prevented,  and  the  expectation  of  suc- 
cess should  not  be  abandoned  until  there  is  physical 
evidence  that  the  expulsion  of  the  ovum  is  goin^  on.  No 
amount  of  hemorrhage  and  no  amount  of  pam,  within 
ordinary  bounds,  should  be  taken  in  themselves  as  ren- 
dering attempts  at  prevention  absolutely  hopeless.  Per- 
fect n»8t  is  to  be  enjoined,  but  the  low  diet  and  cooling 
drinks  of  bygone  times  are  not  to  be  depended  upon  in 
the  slightest ;  the  moderate  use  of  opium  and  the  appli- 
cation of  heat  to  the  spinal  column,  at  the  junction  of 
the  dorsal  with  the  lumbar  portions,  are  the  most  trust- 
worthy measures.  Theoretic;ally,  we  may  admit  that 
ergot  may  sometimes  l)e  useful,  by  checking  a  hemor- 
rhage that  might  detach  the  placenta,  but.  practically, 
there  is  such  danger  of  its  inducing  uterine  contraction 
that  it  must  be  regarded  as  at  best  but  a  doubtful  remedy. 
The  use  of  viburnum  prunifolium  has  of  late  years  been 
recommended  as  a  uterine  sedative,  and  there  is  respect- 
able testimony  in  its  behalf.  It  should  be  given  in  doses 
of  half  a  teaspoonful  of  the  fluid  extract  every  three 
hours.  To  mitigate  its  disgusting  taste,  it  may  be  com- 
bined with  an  equal  amount  of  tincture  of  cinnamon. 

When  it  has  once  become  evident  that  abortion  must 


take  place,  the  safe  conduct  of  the  case  calls  for  close 
supervision;  but,  even  then,  discretion  is  usually  more 
to  be  advised  than  activity.  Ordinarily,  manual  inter- 
ference is  quite  unnecessary,  beyond  what  may  be  needed 
to  keep  the  physician  informed  of  the  progress  made, 
and  to  check  hemorrhage.  The  utmost  pains  should  be 
taken  to  maintain  the  integrity  of  the  ovum  as  long  as 
possible,  for  when  it  is  expelled  entire  there  is  commonly 
an  end  to  all  anxiety.  Herein,  in  great  measure,  lies  the 
safety  of  accidental  abortions  as  compared  with  those 
induced  by  criminal  practices,  in  w^hich  the  foetal  en- 
velopes are  almost  always  punctured,  with  the  result  of 
allowing  the  embryo  to  be  cast  off  early  in  the  process  of 
abortion,  while  the  secundines  remain  behind,  a  shape- 
less mass,  upon  which  the  uterus  has  to  act  at  a  great 
mechanical  disadvantage.  So  long  as  nipture  of  the 
membranes  can  be  prevented,  our  interference  should  be 
limited  to  controlling  pain  and  hemorrhage;  an  asep- 
tic vaginal  tampon,  properly  introduced,  may  always 
lie  relied  upon  to  fulfil  the  latter  indication.  It  should 
be  inserted  leisurely  and  methodically,  with  the  aid 
of  a  Sims  speculum,  and  generally  it  should  be  re- 
moved at  the  end  ot  twelve  hours,  when  a  fresh  one  may 
be  applied,  if  necessary,  after  treating  the  vagina  with 
an  antiseptic  douche.  To  allay  excessive  pain,  there  is 
nothing  equal  to  opium,  but  it  should  not  be  pushed  to 
narcotism  or  to  such  an  extent  as  to  abolish  uterine  ac- 
tion ;  ergot  may  properly  be  given  if  the  hemorrhage  is 
excessive  and  accompanied  by  inertia,  but  the  more  its 
use  is  avoided,  the  better  will  be  the  results  on  the  whole. 
It  is  better  to  rely  on  the  tampon,  and  that  of  itself  stimu- 
lates uterine  contraction. 

If,  unfortunately,  the  sac  of  the  ovum  has  been  emptied 
of  its  contents,  and  the  secundines  are  retained,  the  ques- 
tion of  their  removal  will  come  up.  There  are  extremists 
who  are  given  to  energetic  interference  in  all  such  cases. 
On  the  other  hand,  the  timorous  trust  too  long  to  nature. 
In  such  a  case,  as  in  most  others,  the  middle  course  is 
followed  by  the  judicious.  The  best  practice  seems  to 
be  not  to  resort  to  forcible  removal  of  the  remnants  of  the 
ovum  unless  there  are  particular  reasons  for  doing  so. 
These  reasons  are  for  the  most  part:  (1)  Signs  of  septic 
changes;  (2)  the  undue  continuance  of  hemorrhage. 
Under  either  of  these  circumstances  there  should  be  no 
hesitation ;  but  the  operation  should  be  done  without  in- 
struments, if  possible.  In  some  cases,  however,  a  wire 
curette  is  necessary.  The  patient  should  be  anaesthetized, 
and,  as  she  lies  across  the  bed,  on  her  back,  with  the  hips 
brought  well  to  the  edge  of  the  bed,  the  operator,  who 
has  previously  rendered  his  liands  and  the  parts  about 
the  patient's  pudenda  thoroughly  aseptic,  should  pass 
one  or  more  of  his  fingers  as  far  as  may  be  necessary  into 
the  uterine  cavity  and  tease  away  the  retained  portions 
of  the  ovum.  The  work  will  be  decidedly  facilitated  if 
the  uterus  is  gently  but  firmly  depressed  by  an  assistant, 
who  should  make  pressure  on  it  through  the  abdominal 
wall.  As  a  preliminary  step,  dilatation  of  the  cervix 
may  be  ne('es.sary,  but,  as  a  rule,  this  should  not  be  ac- 
complished with  tents,  whether  of  sponge  or  of  any  other 
material  that  expands  on  imbibing  moisture,  li  the 
fingers  will  not  answer,  graduated  metallic  or  hard-rub- 
ber dilators  should  be  emploj'ed,  and,  when  they  are 
ust»d,  the  opc^rator  should  himself  make  the  counter- pres- 
sure on  the  fundus.  After  the  operation  is  finished,  the 
uterus  should  be  washed  out  with  an  antiseptic  solution, 
perferably  a  straw-colored  mixture  of  tincture  of  iodine 
and  water,  injected  through  a  double  cannula. 

The  after-treatment  in  cases  of  abortion  hinges  chiefly 
upon  enforcing  rest  for  a  length  of  time  equal  to  tliat 
usually  adopted  after  labor  at  term.  The  special  indica- 
tions do  not  differ  from  those  met  with  after  ordinary 
parturition,  except  that  the  breasts  are  not  apt  to  give 
trouble. 

Missed  Abortion. — This  term  was  applied  by  the  late 
Prof.  J.  Matthews  Duncan,  of  Edinburgh,  to  the  long- 
continued  retention  of  the  dead  ovum  in  the  uterus, 
where  it  becomes  macerated  or  mummit^ed,  and  whence 
it  is  finally  expellc»d.  Frank  P.  Fi^tef. 
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ABORTION,  CRIMINAL.— In  most,  perhaps  all,  of  the 
United  States  will  be  found  statutes  making  it  a  crime  to 
produce,  or  to  attempt  to  produce,  an  abortion  or  mis- 
carriage of  a  woman  by  artificial  means.  In  a  few  this 
applies  only  to  attempts  in  the  eases  of  women  actually 
pregnant ;  but  inasmuch  as  crime  consists  of  a  combina- 
tion of  a  forbidden  act  and  a  wilful  and  unlawful  intent, 
it  is  both  reasonable  and  just  that  an  attempt  to  produce 
an  abortion  should  be  prohibited  even  when  the  woman 
is  not  actuall}^  pregnant,  although  she  and  the  perj)etrator 
think  she  is.  In  many  of  the  statutes  will  be  found  sav- 
ing clau.ses  freeing  from  criminal  liability  the  person  who 
produces  a  miscarriage  by  artificial  means,  under  cir- 
cumstances from  which  it  must  appear  that  the  foetus  is 
dead  or  that  it  is  necessary'  to  save  the  mother.  It  is 
suggested  as  a  precautionary  measure  to  any  medical 
practitioner  who  contemplates  arresting  gestation,  in 
order  to  avoid  suspicion,  to  consult  some  other  member 
of  the  profession  of  unquestioned  standing,  and  to  obtain 
the  consent  or  approbation  of  some  one  or  more  of  the 
relatives  of  the  woman. 

The  statute  of  Pennsylvania  is  a  good  example  of  the 
best  of  those  passed  in  this  country.     It  is  as  follows: 

1,  **  If  any  person  shall  unlawfully  administer  to  any 
woman,  pregnant  or  quick  with  child,  or  supposed  and 
believed  to  be  pregnant  or  quick  with  child,  any  drug, 
poison,  or  any  substiiuce  whatsoever,  or  shall  unlawfully 
use  any  instrument  or  other  means  whatsoever,  with  the 
intent  to  procure  the  miscarriage  of  such  woman,  and 
such  woman,  or  any  child  with  which  she  may  be  quick, 
shall  die  in  consequence  of  either  of  said  unlawful  acts, 
the  person  so  ofl'ending  shall  be  guilty  of  felony,  and 
shall  be  sentenced  to  pay  a  fine,  not  exceeding  five  hun- 
dred dollars,  and  to  undergo  an  imprisonment  bv  separate 
or  solitary  confinement  at  labor,  not  exceeding  seven 
years. " 

2.  **  If  any  person,  with  intent  to  pnx^ure  the  miscar- 
riage of  a  woman,  shall  unlawfully  administer  to  her  any 
poison,  dnig,  or  substance  what.soever.  or  shall  unlaw- 
fully use  any  instrument  or  other  means  whatsfx'ver, 
with  the  like  intent,  such  {X'rson  shall  be  guilty  of 
felony,  and  being  thereof  convicti^l,  shall  be?  sentenced 
to  pay  a  fine,  not  exceedmg  five  hundred  dollars,  and 
undergo  an  imprisonment  by  separate  or  solitary  con- 
finement at  labor,  not  excec^li'ng  three  years. " 

As  a  practical  matter,  it  is  but  rarely  that  the  prosecut- 
ing power  has  the  opportunity  of  invoking  this  law 
against  a  violator  of  it,  for  the  reason  that  in  all  cases  of 
criminal  abortion  the  operation  is  performed,  or  the  dnig 
is  administered,  at  the  request,  or  it  may  be  the  earnest 
solicitation,  of  the  woman  herst^lf,  who  for  this  reason  is 
as  cautious  to  avoid  detection  as  is  the  perpetrator  of  the 
crime.  It  will  be  found  that  almost  all  of  the  cases  of 
criminal  abortion  which  have  proceeded  as  far  as  indict- 
ment and  trial,  are  those  in  which  the  patient  has  died 
from  the  effects  of  the  operation  or  the  administration  of 
the  drug.  Even  in  these  castas  it  has  been  a  rare  experi- 
ence to  obtain  a  conviction  because  of  the  secrecy  with 
which  this  crime  is  committed,  resulting  usually  in  the 
absence  of  evidence  of  those*  facts  which  can  iV  used 
against  the  culprit.  Persons  who  commit  offences  delib- 
erately always  avoid  or  destroy  those  circumstances 
which  are  incriminating,  so  far  as  is  possible. 

Irrespective  of  the  above-mentioned  statutes,  both  in 
England  and  in  this  country  one  who  administers  to  a 
pregnant  woman  a  drug,  or  employs  upon  her  an  instru- 
ment for  the  purpose  of  procuring  a  miscarriage,  in  con- 
sequence of  which  she  dies,  or  the  child  dies  after  birth. 
by  reason  of  being  prematurely  delivered,  is  guilty  of 
murder.  The  culprit  will  be  indicted  for  murder  or 
manslaughter,  first  because  any  inferior  grade  of  crime 
of  which  he  may  be  guilty  will  Ik*  merged  in  the  f(*lo- 
nious  homicide,  which  in  the  eves  of  the  law  is  considered 
the  gravest  of  all  offences:  and  secondly,  it  may  be  that  a 
dying  deposition  lias  been  obtained  from  the  patient. 

It  has  been  held  that  if  there  bi*  no  intent  to  kill,  or  to 
inflict  grievous  bodily  harm,  and  the  means  employed  be 
Jiot  dangerous,  although  used  for  an  unlawful  pur{>os<*, 


the  crime,  when  death  ensues,  may  be  manslaughter, 
which  is  an  inferior  grade  of  homicide;  otherwise  the 
crime  will  be  murder,  and  may  render  the  accused,  if 
convicted,  liable  to  the  death  penalty.  It  is  sug^ted, 
however,  that  any  known  means,  when  used  lor  Uiis  pur- 
pose, will  be  dangerous  and  should  be  so  considered. 
This  question  is  really  dependent  upon  the  judgment  of 
the  criminal  prosecutor,  for  it  is  always  competent  for 
him,  unless  he  is  restricted  by  some  statutory  provision, 
to  elect  to  liave  the  prisoner  indicted  for  the  inferior 
grade  of  the  offence,  and  abandon,  on  behalf  of  the  state, 
the  superior  grade. 

When  a  reputable  physician  takes  charge  of  a  patient 
upon  whom  he  discovers  an  abortion  has  been  performed, 
and  who  subsequently  dies,  he  is  bound  by  law  to  certify 
the  cause  of  death  to  the  Health  Department.  In  tliis  it 
may  be  necessary  for  him  to  disclose  the  fact  of  the  per- 
petration of  a  crime:  but  is  it  his  duty  to  inform  the 
police  authorities  as  soon  as  he  lias  discovered  the  crime? 
This  is  an  ethical  question  which  need  not  be  discussed 
here — it  is  a  proposition  which  each  physician  should 
consider  for  himself.  Auxiliary  to  it  is  this  question: 
Should  he.  when  the  opportunity  arises,  obtain  from  the 
patient  a  statement  which  could  be  used  as  a  dying  dep- 
osition in  a  criminal  prosecution  against  the  abortionist? 

Dying  DejHmiions. — For  the  benefit  of  the  physician 
who  is  willing  to  aid  the  State  in  detecting  the  perpe- 
trator of  this  nefarious  crime,  it  may  be  stat^  that  if  the 
patient  dies  and  the  perpetrator  of  the  abortion  is  charged 
with  either  murder  or  man.slaughter,  it  will  be  admissible 
to  offer  in  evidence  the  dying  declaration  of  the  patient, 
if.  she  made  one.  Statements  made  under  such  circum- 
stances are  entitleii  to  grc^t  weight.  It  has  been  wisely 
said  by  an  eminent  English  jurist.  Lord  Chief  Baron 
Eyre,  "that  such  declarations  are  made  in  extremity, 
when  the  party  is  at  the  point  of  death,  and  when  every 
hope  of  this  world  is  gone;  when  every  motive  to  false- 
hood is  silenced,  and  the  mind  is  induced  by  the  most 
powerful  considerations  to  speak  the  truth;  a  situation 
St)  solemn  and  so  awful  is  considen*d  by  the  law  as  creat- 
ing an  obligation  equal  to  that  which  is  imposed  by  a 
positive  oath  in  a  court  of  justice.  "  Such  declarations 
are  admissible  in  evidence  only  in  those  cases  in  which 
the  indictment  charges  the  culprit  with  the  murder  or 
manslaughter  of  the  deceased,  and  not  in  those  in  which 
the  gravamen  of  the  charge  is  a  violation  of  one  of  the 
above-mentioned  abortion  statutes.  The  declaration 
should  also  be  confined  to  a  statement  of  the  circum- 
stances of  the  death,  i.e.,  the  person  who  performed  the 
operation,  the  method,  time,  and  place  of  performance, 
and  such  other  facts  as  are  germane  to  these. 

To  render  such  a  declaratum  admissible  in  evidence,  it 
is  requisite  that  the  declarant  should  be  in  actual  danger 
of  death  at  the  time  it  is  made,  that  she  should  fully 
realize  her  impending  danger,  and  that  death  should 
actually  ensue.  It  is  not  necessary  that  the  declarant 
should  state  that  she  realizes  that  her  speedy  demise  is 
impending:  it  is  sufficient  if  it  satisfactorily  appears 
from  any  other  circumstances,  such  as  taking  leave  of 
her  relatives,  or  receiving  extreme  unction  and  the  like. 
If,  however,  she  has  any  hope  of  recovery,  no  matter 
how  slight,  such  testimony  will  be  inadmis.sible,  though 
death  might  speedily  ensue.  Such  a  declaration  was  re- 
jected where  the  dying  person  stated:  "I  have  no  hope 
of  n*covery,  unless  it  be  the  will  of  God  " :  it  being  held 
by  the  couVt  that  such  statement  indicated  that  all  hopt» 
had  not  l)een  abandoned.  It  need  not  be  under  oath,  as 
the  solenmity  of  the  occasion  is  held  to  be  equivalent  to 
the  sanctity  of  an  oath.  It  may  be  taken  orally,  but  if 
reduced  to  writing,  it  should  be*  carefully  preserved  and 
pHKluced  at  the  proper  time.  It  should  be  confined  to  a 
statement  of  facts,  not  th(*ories  or  opinions. 

('t'intiinih'ty  of  the  Art. — So  far  as  the  culpability  of 
the  act  is  concerned,  it  is  immaterial  whether  or  not 
quickenin.ir  has  occurretl.  and  whether  or  not  the  foetus 
in  f/tf'fo  is  (lead,  unless  there  is  a  saving  clause*  in  the  al)or- 
tion  statute  as  above  stat(*d.  The  criminality  is  just  as 
great  on  the  day  of  conception  as  at  any  other  period  of 
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gestation.  Nor  is  it  a  defence  or  excuse  to  the  criminal 
charge  that  the  mother  consented  to.  or  solicited  the  per- 
formance of,  the  abortion.  It  has  been  decided  by  some 
courts  tliat  a  woman  who  consents  to  the  performance  of 
an  abortion  is  an  accomplice,  by  others  that  slie  is  not, 
but  this  is  a  purely  legal  question.  The  rule  of  law 
generally  adhered  to  is,  that  where  a  witness  is  held  to 
be  an  accomplice  there  should  be  some  con*oboration  of 
her  testimony  in  order  to  justify  a  conviction  of  the  ac- 
cused. 

Quetiimu  in  C<uie%  of  FnfUcide. — In  every  case  of  fa»ti- 
cide  the  important  questions  for  consideration  are : 

1.  Has  the  foetus  in  vtei'o  been  destroyed  ? 

2.  Has  this  been  produced  by  natural  or  artificial 
causes? 

3.  If  by  artificial  means,  was  the  act  justifiable  or 
criminal? 

In  considering  the  first  question  an  examination  should 
be  made  of  the  clots  and  other  substances  expelled  from 
the  genital  organs,  for  the  purpose  of  ascertaining  if  they 
contain  any  of  the  products  of  conception.  If  the  foetus 
be  found  it  will  be  necessary  to  determine,  if  possible,  if  it 
was  bom  alive;  if  so,  its  probable  age  and  the  cause  of  its 
death.  A  careful  scrutiny  of  it  may  disclose  punctures, 
wounds,  or  injuries  which  indicate  the  unlawful  use  of 
an  instrument. 

If  the  foetus  is  not  found  the  expelled  substances  sliould 
be  examined  under  water,  as  an  ovum,  if  one  is  present, 
is  more  easily  discovered  in  this  way.  Nor  ought  the 
investigator  trust  to  the  naked  eye,  as  much  may  be  lost 
without  the  use  of  a  microscope.  When  the  criminal 
operation  is  performed  in  the  early  stages  of  pregnancy, 
the  ovum  is  frequently  expelled  inta<;t:  after  the  fonna- 
tion  of  the  placenta,  the  extrusion  of  the  ovum  usually 
precedes  that  of  the  placenta,  the  time  intervening  being 
variable,  ranging  from  hours  to  weeks  or  months. 

Did  the  abortion  retfiiltfrom  natural  or  artificial  cavfte^f — 
Both  criminal  and  spontaneous  abortion  occur  generally 
about  the  end  of  the  third  month.  The  symptoms  dis- 
covered will  vary  with  the  period  of  gestation  and  the 
time,  since  the  performance  of  the  operation,  at  which  the 
examination  is  made.  When  the  operation  is  performed 
in  the  early  stages  of  gestation,  the  appearances  are  not 
different  from  those  in  cases  of  tumors  and  some  other 
troubles.  The  nearer  the  period  is  to  full  term,  the 
greater  will  be  the  laceration  of  the  uterus  and  vagina. 

If  death  has  resulted,  a  post-mortem  examination  will 
usually  detei*mine  this  question  with  certainty.  An  ex- 
amination of  the  woman  while  living  will  probably  be  un- 
certain in  its  results,  unless  the  evidence  of  instriimental 
interference  is  palpable  or  the  woman  is  frank  in  her  state- 
ment of  the  case.  Finally,  when  drugs  are  used  as  abor- 
tifacients  even  the  post-mortem  may  bafile  the  investi- 
gator. The  most  popular  means  of  attempting  criminal 
abortion  is  by  aid  of  some  instrument,  for  the  reason 
that  unless  there  is  a  strong  predisposition  on  the  part  of 
the  woman  to  abort,  the  result  can  rarely  be  accomplished 
by  means  of  drugs.  Among  the  many  means  in  use  for 
tiiis  purpo83,  according  to  reported  cases,  are:  repeated 
and  copious  blood -lettmgs.  drastic  emetics  and  purga- 
tives, ergot,  cotton-root,  savin,  tansy,  pennyroyal,  rue. 
While  any  of  these  means,  in  a  woman  disposed  to  mis- 
carry, may  produce  the  desired  result,  in  most  instances 
it  will  be  uncertain.  The  most  effective  drug  for  this 
purpose,  according  to  cases  reported,  is  ergot.  Another 
method  sometimes  successful  is  the  dilatation  of  the  os 
uteri  by  means  of  a  sponge  tent.  Tlie  introduction  of 
some  instrument  into  the  uterus  so  as  to  rupture  the 
membranes  is  the  only  certain  method  of  producinjj  con- 
traction of  the  uterus  and  thus  causing  the  extrusion  of 
its  contents. 

In  every  case  these  methods  of  treatment  will  be  ac- 
companied with  danger  to  the  mother,  and  not  infre 
quentlv  they  result  in  the  mother's  death  without  effect- 
ing a  discharge  of  the  foetus. 

The  production  of  abortion  being  both  immoral  and 
criminal,  except  where  the  exigencies  of  the  case  require 
it  as  before  mentioned,  the  practice  in  prohibited  cases  is 


confined  to  medical  men  of  low  professional  standing, 
midwives,  and  other  unskilful  persons.  It  is  this,  no 
doubt,  which  makes  the  operation  unusually  dangerous. 
Were  this  branch  of  practice  reputable,  when  conducted 
by  a  competent  physician,  according  to  the  principles  of 
modem  surgery,  it  would  result  fatally  in  a  much  smaller 
number  of  cases.  Just  what  percentage  of  these  cases 
result  fatally  it  is  diflScult  to  ascertain  because  of  the 
clandestine  method  of  treating  them. 

It  has  been  noticed,  even  in  cases  of  natural  abortion, 
tliat  as  the  process  of  gestation  approaches  its  full  term 
the  muscles  of  the  uterus  grow  stronger  and  are  able  to 
fulfil  their  function  by  contracting  not  only  upon  the 
contents  of  the  womb  before  delivery,  but  also  upon  the 
bleeding  vessels  afterward.  In  cases  of  abortion  in  early 
stages  of  pregnancy  there  is  greater  danger  of  hemor- 
rhage and  of  septic  diseases  such  as  pyaemia  and  puer- 
peral peritonitis,  because  these  muscles  respond  slowly 
and  thus  leave  the  uterine  canal  open  to  the  mtixxluction 
of  germs  and  other  foreign  matter. 

When  consulted  in  a  suspicious  case,  the  physician 
should  examine  the  vagina  and  uterus  for  marks  of  in- 
jury, wounds,  perforations.  He  should  notice  if  there 
are  indications  of  irritants  in  the  stomach  and  intestines, 
or  inflammation  in  the  bladder  or  kidneys  resulting  from 
the  use  of  emmenagogues.  He  should  note  what  dmgs 
or  instruments  are  in  her  possession  and  if  there  are 
any  marks  of  violence  upon  her  body,  for  abortion  is 
sometimes  attempted  by  the  woman  herself  by  this 
means. 

AVitthaus  and  Becker,  in  their  work  on  medical  juris- 
pnidence,  quote  from  Tidy's  work  on  the  same  subject 
the  following  table  suggesting  a  line  of  inquiry  for  the 
medical  practitioner  in  cases  of  suspected  criminal  abor- 
tion: 

I.  Reami nation  of  the  Mother,  if  Living. 

1.  Temperature. 

2.  As  to  the  woman's  predisposition  to  abort  and  the 
period  at  which  abortion  has  commonly  occurred. 

3.  General  state  of  health.  (Note  existence  of  leucor- 
rha»a,  excessive  menstruation,  syphilis,  asthma,  malignant 
diseases,  uterine  diseases,  etc.) 

4.  Whether  the  woman  be  well  or  ill  fomied.  (Note 
pelvic  malformations,  effects  of  tight  lacing,  etc.) 

5.  Whether  or  not  there  be  signs  of  recent  delivery  or 
of  the  expulsion  of  the  uterine  contents. 

6.  Whether  any  cause  C4in  l)e  assigneil  to  account  for 
the  abortion  {e.g.,  violent  coughinsr,  blood-letting,  strain- 
ing at  stool,  violent  exercise,  undue  excitement,  septic 
poisoning,  violence,  administration  of  medicines,  etc.). 

7.  All  injuries  of  the  genital  organs  (consider  whether 
the  injuries  might  be  self-inflicted.) 

II.   Examination  of  th^  Body  of  the  Mother,  if  Dead. 

Note — 

{a)  The  necessity  for  care  not  to  mistake  the  effects 
of  menstruation  for  those  pnxiuced  by  abortion. 

{b)  To  avoid  injuring  the  parts  by  the  knife  or  other- 
wise during  the  autopsy. 

(r)  To  consider  the  possibility  of  injuries  being  self- 
inflicted. 

1.  Note  the  existence  of  marks  of  violence  on  the  ab- 
domen or  other  parts. 

2.  The  condition  of  the  genital  organs,  noting  all  in- 
flammations, rents,  tears,  i)erf orations,  etc.  (if  the  uterus 
Ik*  injureil  it  should  be  preserved). 

Note  also — 

{a)  The  condition  of  the  passage  (relaxe<l  or  other- 
wise). 

{h)  The  condition  of  the  os  uteri  (virginal  or  gaping, 
etc.). 

{r)   Vaginal  secretions,  and  if  prt»sent  their  character. 

{d)  The  general  appearance  of  the  bn^asts,  presence  of 
milk,  etc. 

3.  AVhether  there  be  any  signs  of  irritant  poisoning  in 
rectum,  etc.  (contents  of  stomach  to  be  pR»served,  if 
neces.sary). 

4.  Whether  the  viscera  generally  indicate  loss  of  blood 
during  life. 
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in.  Kramift/ition  of  (he  Pnxhtet  of  Conception. 

1.  Nature  of  the  siipixjsed  pitxluct  of  conception. 

2.  Consider  whether  there  is  evidence  of  a  diseased 
condition  of  the  membranes  or  placenta,  e.g.,  structural 
degeneration. 

3.  If  a  fa»tus  be  found,  detennine  {a)  whether  it  was 
lK>m  alive;  {b)  its  pmbable  age;  and  (r)  the  cause  of  its 
death. 

4.  Determine  whether,  if  there  be  wounds  or  other 
injuries,  thrv  were  infliete<l  during  life  or  after  death. 

IV.   Krttuti Nation  of  All  Drugtty  iMtrumrnta,  etc. 

Henry  Duffy. 

ABROMA.     See  StircHliaettr. 

ABSCESS. —  (I>atin.  afmreHtcttA,  from  the  verb  alfwedo, 
I  dei>art :  olwulo  and  nfrn'riwut*,  used  by  (.'elsus  in  the 
sense  of  the  gathering  of  the  corrupted  fluids  of  the  Ixxiy 
into  an  abscess.  Greek,  aTritOTiiua.  Fn^neh,  abe^i^.  Ger- 
man, Eitti'lKuh',  though  the  Gennans  more  commonly 
use  the  wonl  nhM't/tM.)  By  the  term  ab.scess  is  meant 
a  collecrtionof  pus  within  the  boily.  the  result  of  licjuetied 
intlanuuatory  i)nKiucts.  This  may  (K-cur  in  oive  of  the 
l)reformed  spaces,  or  in  a  newly  i'onned  (ravity  in  solid 
parts  Certain  a<ljective  prefixes  are  used  to  denote 
dumtion.  character,  and  situation  of  abscesses.  Thus, 
as  H'mirds  duration,  they  may  Ix^  acute,  subacute,  or 
chronic.  As  regards  character,  the  various  terms  usihI  will 
be  mentioned  later.  As  reganls  situation,  some  of  tlu*  fol- 
lowing are  the  most,  frequent  designations:  alveolar 
(abscess  in  alveolus  of  tooth),  axillary,  bursal,  cerebral, 
lu'imtic,  ischio- rectal,  mammary,  mastoid,  ovanan,  pel- 
vic, perinephritic.  perityphlitic.  prostatic,  pulmonary, 
retromammary,  retropharyngeal,  splenic,  sub-diaphrag- 
matic, etc.  Abs<'ess<'S  more  or  less  free  in  pre-existing 
cavities  usually  Iwar  sju'cial  names:  a  collection  of  pus 
in  the  pleural  cavity  is  generally  designated  as  empyema, 
and  this  term  is  also  applied  to  collections  of  pus  in  the 
gall  bladder,  the  frontal  sinuses,  and  other  acct^ssory  nasal 
cavities  (empyenui  of  the  gall  bladder,  etc. ) .  Pyosalpinx 
means  pus  in  the  Fallopian  tulx*;  pyonephrosis,  accumu- 
lation of  pus  in  the  pelvis  of  the  kidney ;  hypopyon,  pus 
in  the  anterior  chamber  of  the  eye.  '  In' other  serous 
cavities  one  speaks  simply  of  a  purulent  or  suppurative 
pericarditis,  peritonitis,  ependymitis,  meningitis,  syno- 
vitis, or  arthritis,  etc. ,  as  the  erase  may  be.  Pelvic  abscess 
means  a  collection  of  pus  in  the  pelvis,  due  to  a  circum- 
wribed  peritonitis,  the  remainder  of  the  periton(»al  cavity 
being  shut  off  by  adhesions.  Whitlows,  felons,  boils, 
carbuncles,  and  furuncles  are  names  of  special  varieties 
of  suppurative  inflammation  which  greatly  resemble  ab- 
8ces.se8,  and  infonnation  concerning  them  will  he  found 
under  the  appropriate  heads. 

(Mnnes  of  Ahatctfuf. — Abscesses  are  the  result  of  a  kind 
of  inflammation  known  as  suppurative  or  purulent. 
(Minically.  this  form  of  inflanunation  is  almost  without 
exception  the  result  of  infection  with  micro-organisms  of 
various  kinds.  Experimentally,  it  is  (juite  possible  to 
pnxluce  suppuration  by  the  introduction  of  various 
chemical  and  other  substances,  which  directlv  or  indi- 
rectly  exerci.se  i)o.sitiv(»  ch(>motaxis  upon  the  iKvmal  and 
other  mobile  or  mobilizable  cells  of  the  IxKly.  Council- 
man, Uskoff,  (irawitz,  Orthmann,  and  otlu-rs  have  by 
their  experiments  shown  that  this  so  called  chemical  sup- 
purati(md(H'Stak«' place:  nK-n-ury.  croton  oil,  turpentine, 
nitrate  of  silver,  cliloride  of  zinc*,  et<'..  are  some  of  the 
substances  used  in  the  experiments,  in  whi<"li  the  ac- 
tion of  Imeteria,  intnMluced  a<'('i(h'ntMlly  or  latent  in  the 
tissues,  has  been  carefullv  ex<'luded.  Wvss^)kowitch 
and  then  Huchner  studied  the  elTeets  of  the  injection 
of  dead  cultures  of  divers  ortranisnis;  Huchner  experi- 
mented with  the  bacterio-proteins  ot  numerous  species 
of  bacteria,  and  showed  to  geniTul  sjitisfaction  that  pus 
may  be  produced  by  proteid  substances  in  the  bodies  of 
the  Imeteria.  Animal  and  ve«:elable  proteins  also  have 
pyogenetic  properties.  Bacteria)  toxalbuinins  ar(»  not 
pyogen(?tic. 

In  most  cases  abscess  is  the  result  of  the  presence  in 


the  tissues  of  some  one  or  more  of  the  common  pyo- 
genetic bacteria,  flrat  discovered  by  Ogston  in  1881,  sub- 
8c*quently  isolated  by  Hosenbach  in  1H84,  and  completely 
descril)ed  by  Passet  in  1H85,  namely,  Staphylococcus 
pyogeuc^s  aureus,  albus,  and  citR*us,  and  Streptococcus 
pyogenes.  Janowski  tabulates  827  cases  of  al>scess  and 
suppuration  in  the  subcutaneous  tissue  (the  most  fre- 
quent seat  of  suppuration),  and  in  605  the  staphylococci 
occurred  alone,  in  154  the  streptococcus,  and  in  68 
staphylococci  and  strepttK-occi  were  associated.  These 
organisms  have  also  l)een  found  to  produce  pus  in  man 
under  experimental  conditions.  But  abscess  frequently 
follows  the  invasicm  of  the  tissues  by  organisms  that  are 
not  constantly  or  gt»nerally  pvogenetic;  the  number  of 
organisms  that  are  facultatively  pyogenetic  is  quite  con- 
siderable. Micrococcus  lanceolat  us  (dipl(K-o<rcus  of  pneu- 
monia), which  is  the  most  frequent  pus-jinHlucer  after 
the  c(mmion  pus  c(M!ci,  may  cause  abscesses  in  the  soft 
parts,  suppurative  otitis  media,  suppurative  osteomye- 
litis, synovitis,  peritonitis,  etc.  liacillus  mucosus  cap- 
sulatus  (pneumol>acillus  of  Friedlflnder  and  B.  lactis 
aen)genes)  has  l)een  rejieatedly  isolated  from  cases  of 
suppuration  in  the  tympanic  cavitv,  the  antrum,  and 
other  acc<*ssory  nasal  cavities.  Bacillus  coli  communis 
is  fre(piently  found  in  suppurative  cholangiti.s,  abscess 
of  the  liver.  |K'ritoniti.s,  etc.,  and  is  ])yog(.'nic  in  animals. 
Bacillus  typhi  alnlominalis,  which  has  the  power  of  re- 
maining latent  in  tin*  tissues,  esix'cially  the  lK»ne  marrow 
and  th<*  gidl  bladder,  long  after  the  primary  atttick  of 
typhoid  fever,  is  now  and  again  f(mnd  as  the  pn>bable 
caus<»  of  abscesses  in  l)ones  (typhoid  iwteomyelitis),  sup- 
purative choh^cystitis,  empyema,  abscesses  of  the  soft 
parts,  etc.  The  typhoid  bacillus  proiluces  pus  in  ani- 
mals. IWillus  influenza?  may  also  induce  purulent  in- 
tlanunation. 

Anumg  other  Iwcteria  capable  of  pnxlucing  pus  may 
be  mentioned  Proteus  Zen keri,  bacillus  of  swine  plague, 
bacillus  of  chicken  cholera.  Micrococcus  tetragenus. 
Micrococcus  intracellularis,  Bacillus  pyocyaneus,  Bacil- 
lus pnKligiosus,  et(r. 

Biicillus  pyocyaneus.  the  orgimism  of  blue  pus,  is  not 
merely  a  chnmiogenic  saprophyte ;  for  it  has  been  isolated 
as  the  only  cause  of  otitis  media,  suppurative  pericar- 
ditis, hepatic  and  ovarian  abscesst^s,  ascending  urinary 
suppuration.s,  etc.  In  two  hundred  cAses  of  suppuration, 
Janow.ski  found  this  Imcillus  oidy  twice. 

8taphyh)coccus  epidemiidis  albus  Welch  is  the  most 
connnon  organism  on  the  surface  of  the  body,  iK'ing  often 
situated  dee|HT  than  can  be  reaclu^d  by  any  of  the  pn?8- 
ent  nw'tlKKis  of  cutaneous  disinfectifm;  it  is  closely  re- 
lated to  StaphylocrK'cus  pyogenes  albus,  lK*ing  according 
to  Welch  an  attenuated  fonn  of  this  organism,  and  is 
probably  the  most  general  canst?  of  **  st  itch -abscess. " 

The  action  of  Microc<x»cus  gonorrluea?  in  a  few  cases 
has  seemed  to  be  distinctively  pyogenetic. 

Micrococcus  pyogenes  tenuis,  which  is  usually  men- 
tioned as  a  pus  c<K'cus,  has  lKH*n  isolated  only  nine  times; 
in  six  instances  it  was  found  alone,  in  three  associated 
with  other  orgjuiisms.  Tin-  identity  of  this  microbe  is  not 
fully  establishetl,  and  the  questicm  has  b<*en  raised  as  to 
the  probability  tliat  Microc(K'cus  lanceolatus  is  an  organ- 
ism mistaken  for  it. 

Biicillus  pyogenes  f<eti<lus  is  a  rare?  pus-producing 
organism  tli(>  relation  of  which  to  the  colon  group  lias 
not  lM'<*n  s<*ttled. 

In  a<ldition  to  beinir  caused  bv  bacteria,  abscesses  mav 
Ik*  pnxluci'd  by  divei-s  fungi,  such  as  the  ray  fungi  (see 
Ai'ti/iotHi/i'f^ii*) .  in  which  <'ase  tli(»  pus  may  c<mtain  char- 
acteristic fungous  dusters  or  gran\ilcs:  Oidium  albicans 
and  various  forms  of  Blastomycetes  are  also  pus  pro- 
ducers: Tri<-liophvton  tonsurans  mav  cause*  cutaneous 
and  subcutaneous  absces.ses  (Sal)oumud).  Recently  cer- 
tain peculiar,  refractory,  subcutaneous  abscesses  liave 
been  show  n  to  depend  Upon  the  presence  of  a  fungus 
p«)ssil)ly  belonging  to  the  sporotricha  (S<*henck). 

A  form  of  abs<-e.ss  which  is  obs<'rv<Ml  in  hot  climates  and 
occasiiinally  in  other  regions. and  which  occurs  in  the  liver, 
has  received  the  name  of  tropical  or  aniQ'bic  abscess  of  the 
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liver;  it  is  caused  by  the  transfer  of  organisms  from  the 
large  intestine  to  the  liver,  through  the  portal  vein,  in 
amopbic  dysentery.  This  would  seem,  therefore,  to  be  an 
example  of  suppuration  with  abscess  formation  due  to  an 
animal  organism,  the  amoeba  coli,  but  the  exact  relation  of 
this  parasite  to  the  abscess  lias  not  yet  been  established ;  it 
may  be  that  other  microbes  play  an  essential  part,  the 
presence  of  the  amoeba  being  largely  secondary  or  ac- 
cidental. 

A  number  of  cocci  has  been  found  to  be  pyogenetic 
only  in  animals,  such  as  cattle,  horses,  etc. 

The  pyogenetic  qualities  of  most  of  the  organisms  that 
have  been  mentioned  liave  been  satisfactorily  established 
by  experiments.  It  appears  that  of  the  warm-blooded 
animals,  man  is  the  most  disposed  to  suppuration. 
Among  the  various  conditions  that  especially  favor  sup- 
puration may  be  mentioned  the  infectious  diseases,  both 
acute  and  chronic;  conditions  characterized  in  general 
by  a  lowering  of  the  vital  strength ;  diabetes  mellitus, 
etc.  The  common  pus  microbes  are  normally  present  on 
the  skin,  in  the  oral  cavity,  and  in  the  vaginal  secretion. 
Local  infections  are  likely  to  occur  when  the  protective 
covering  is  injured  in  any  way  and  the  general  strength 
reduced.  The  jdisposition  to  pyogenic  mfection  created 
by  the  infectious  diseases  such  as  typhoid  fever,  gonor 
rhcea,  influenza,  scarlatina,  variola,  diphtheria,  measles, 
dysentery,  etc.,  is  clearly  shown  by  the  frequency  with 
which  secondary  mixed  infections  with  pus  microbes 
occur  in  these  diseases.  Secondary  infection  usually 
means  the  lodgment  and  pathogenic  action  of  bacteria  in 
the  tissues  and  the  blood  of  persons  rendered  especially 
susceptible  by  the  influences  of  pre-existing  infections 
with  other  microl)es.  The  resulting  abscesses  may  con 
tain  the  microbe  of  the  primary  disease  and  of  the  second- 
ary' infection,  or  the  latter  only  may  be  present.  The 
phrase  secondary  infection  is  generally  used  in  this  sense. 
Abscesses  may  be  the  result  of  a  primary  polyinfection : 
thus  staphylococci  and  streptococci  not  m frequently  are 
associated  in  the  same  abscess. 

When  an  abscess  becomes  old  or  chronic  the  microbes 
present  are  usually  reduced  in  virulence,  but  by  several 
passages  through  susceptible  animals  the  virulence  may 
be  again  greatly  increased. 

Origin  of  Pus. — Pus  is  the  result  of  inflammation  in 
which  the  exudate  and  the  dead  cells  and  detritus  are 
liquefied  by  the  action  of  digestive  ferments  produced 
either  by  tne  bacteria  themselves  or  by  the  cells.  The 
ferments  either  hinder  the  coagulation  of  the  exuded 
serum  or  redissolve  the  fibrin  once  formed.  The  various 
factors  in  inflammation  are  therefore  in  full  operation  in 
the  early  stages  of  abscess  formation,  and  the  classical 
symptoms  of  acute  infiammation — rubor,  calor,  dolor, 
tumor,  functio  la»8a — are  rarely  seen  to  better  advantage 
than  in  the  beginning  of  an  acute  abscess  in  the  skin  or 
subcutaneous  tissue.  As  a  result  of  the  action  of  the 
microbes  present  or  of  their  products,  and  of  divers 
chemical  substances,  the  tissue  cells  in  the  immediate 
vicinity  are  injured,  and  this  is  followed  by  the  well- 
known  vascular  changes  of  acute  inflammation,  leading 
to  exudation  of  serum  and  leucocytic  emigration.  In 
response  to  the  positively  chemotactic  substances,  pro- 
duced either  by  the  bacteria  directly  (lA'ber) ,  or  by  the 
action  of  broken-up  necrotic  fragments  of  cells  destroyed 
by  the  bacteria,  or  by  other  causes  (Buchner) ,  the  mobile 
cells  of  the  blood  and  of  the  tissues  accumulate  in  the 
inflammatory'  focus.  Many  of  these  cells  become  phago- 
cytes, and  intracellular  and  extracellular  bactericidal  and 
digestive  ferments  are  produced.  As  a  result  of  the  dis- 
turbed intercellular  equilibrium  the  fixed  tissue  cells 
begin  to  multiply  and  karyokinetic  figures  are  seen  at 
the  borders  of  the  area;  the  migrator}'  cells  also  multiply. 
Thus  is  produced  a  mass  which  at  first  is  denser  than  the 
normal  tissue.  Under  the  influence  of  the  toxic  substances 
necrosis  of  cells  takes  phice,  and,  as  already  emphasized, 
the  proteolytic  ferments  hinder  coagulation  of  the  inflam- 
matory serum  and  dissolve  the  dead  cells  and  shreds  of 
tissue,  and  in  this  way  pus  is  formed.  The  proteolytic 
action  of  ferments  of  l^terial  origin  is  well  illustrated 


by  Rosenbach,  who  showed  that  under  anaerobic  condi- 
tions Staphylococcus  pyogenes  aureus  dissolves  white  of 
vgg  and  meat. 

Pus  is  therefore  an  albuminous,  non-coagulable  fluid, 
rich  in  cells;  it  is  distinguished  from  blood  serum  and 
lymph  by  not  being  spontaneously  coagulable.  Inflam- 
mation of  a  tissue  associated  with  cellular  infiltration  but 
without  recognizable  solution  of  tissue — histolysis— does 
not  give  rise  to  pus. 

Physical,  Chemical,  and  MorpTiologicfd  CharacUiisties  of 
PtiM. — Typical  human  pus — the  pus  bonum  et  laudabilc 
of  the  old  writers — is  a  creamy,  more  or  less  mucoid  fluid, 
usually  of  alkaline  but  not  rarely  of  acid  reaction,  pos- 
s(»8sing  a  peculiar  sweetish  odor  and  a  specific  gravity  of 
1.080-33.  Atypical.  **thin  '*  pus  (**  ichor  ")  may  have  a 
much  lower  specific  gravity,  and  such  pus,  mixed  witli 
fibrinous  flocculi  and  shreds,  and  smelling  of  butyric  acid, 
is  re'garded  as  the  result  of  a  virulent  mfection.  and  as 
indicating  a  cautious  prognosis.  Allowed  to  stand,  pus 
generally  separates  into  two  layers,  the  upper  being  a 
transparent,  yellowish  fluid — "liquor  puris" — and  the 
lower,  an  opaque  mass  composed  of  the  solid  constitu- 
ents of  the  pus.  The  liquor  puris  is  much  like  blood 
serum  and  lymph  in  its  composition, being  somewhat  less 
albuminous  and  not  containing  any  fibrinogen;  it  con- 
tains considerable  globulin,  albumoses,  and  various  ex- 
tractives, such  as  leucin  and  tyrosin,  more  or  less  mucus, 
fats,  and  cholesterin,  the  latter  especially  in  the  case  of 
old  pus:  among  the  mineral  constituents  may  be  men- 
tioned sodium  chloride  and  the  phospliates  of  magnesium 
and  calcium ;  finally,  the  serum  of  pus  will  be  mund  to 
contain  digestive,  bactericidal,  and  other  fennents  and 
toxic  substances,  partly  of  bacterial,  partly  of  cellular 
origin,  the  amount  and  the  kind  varying  according  as  the 
microbe  at  work,  its  virulence,  ana  the  age  of  the  pus 
vary.  The  odor  and  the  color  of  pus  are  also  subject  to 
vanation,  depending  on  the  cause  and  the  situation  of  the 
abscess  and  the  presence  of  secondary  putrefactive  bac- 
teria. Pus  associated  with  disease  of  the  middle  ear  and 
of  the  brain  is  frequently  fetid,  due  to  changes  of  a  putre- 
factive nature.  In  such  cases  lactic,  valerianic,  butyric, 
and  other  acids.  II^S.  etc.,  are  formed.  Purulent  ac- 
cumulations in  the  vicinity  of,  or  in  connection  with,  the 
intestines  generally  acquire  a  fecal  odor,  which  sometimes 
is  intense.  Pus  may  be  mixed  with  blood  so  that  its 
color  on  that  accoimt  varies  from  bright  red  to  brown  or 
chocolate.  Green  or  !)lue  pus  is  the  re'sult  of  suppura- 
tion caused  by  Bacillus  pyocyaneus,  which  produces  a 
green  pigment,  pyocyanin.  Abscesses  caused  by,  or  con- 
taminated with,  gasogenic  organisms,  such  as  the  colon 
bacillus.  Proteus  vulgaris,  and  Bacillus  aerogenes  capsu- 
latus,  may  contain  a  more  or  less  frothy  pus. 

In  addition  to  pus,  abscesses  may  contain  other  sub- 
stances, as  blood,  shreds  of  tissue,  foreign  bodiCvS,  para- 
sites, cheesy  and  calcareous  masses.  When  pre-existing 
cysts,  such  as  retention  cysts  and  follicular  cysts,  become 
the  seat  of  purulent  infection,  the  resulting  pus  is  mixed 
with  the  cystic  contents. 

The  formed  elements  present  in  pus  are  migrated  leu- 
cocytes and  wandering  cells.  Strieker  insisted  that  the 
pus  corpuscles  were  modified  embryonal-tissue  cells,  and 
it  stands  to  reason  that  some  of  the  cells  in  pus  may  be  of 
this  origin ;  but  it  is  now  agreed  that  leucocytes  form  the 
great  majority  of  the  cells  in  pus.  In  acute  abscesses  the 
greater  number  of  the  cells  are  leucocytes  of  the  finely 
granular,  polymorphonuclear  type;  coarsely  granular, 
eosinophiles  and  hyaline  cells  of  different  kinds  with  cir- 
cular and  oval  nuclei  are  also  found,  and  to  what  extent 
this  cell  comes  from  the  blood  and  to  what  extent  from  the 
tissues  is  unsettled.  There  is  great  diversity  in  the  ap- 
pearances of  the  cells  present  in  pus;  the  great  irregular- 
ity in  the  shape  of  the  nucleus  is  explained  as  due  in 
some  cases  to  its  Mng  fixed  while  the  ceil  is  in  motion, 
in  other  cases  to  beginning  degeneration  and  disinte- 
gration into  the  nuclear  fragments  commonly  present. 
Among  the  disintegrating  cells  will  be  found  tho.se  which 
still  retain  their  ama^boid  movement.  The  protoplasm 
of  many   leucocytes  often   shows  extensive   fatty  and 
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>rniiiiilar  r'liaii:r<'H.  In  clirnnir  iihsi'cKscs  the  iimnnniiclfar 
(:«-11h  an*  ri'lalivcly  iiiin*  iiiiiiirroiis.     Jaii(»wski  oliMTAf-d 

that  1li< lU  in  pim  nrv  *ti  \\u-  sjinic  ^cncnil  ni(iri)linlo;rv 

in  luictf'rial  ami  in  iHin-ly  <-]i(inic'al  al)sf'i'SS4'S.  In  tiuf 
<'HM'  fit'  most  alis<css 's.  ('S|KTially  tlic  arutc  pns  will 
contain,  in  arlditi'iii  tn  cflls  and  (cllular  detritus,  tlic 
HiH'fial  |»iis  |ir<»<iiH'in;r  or^ninisnis.  wIidsi-  prfsi-nci*  is  usii- 
I'lly  I'cadilv  rstatiii-licd  i)V  tlic  tirdinarv  liistnlu'riral  an<i 
l»u-i(->i(il(>'^iral  ini-iiiiNls.  In  v>ni«'  caM'S,  as  for  instance 
in  al»M- ■s^'is  rausid  liv  my  fun<ri,  tlic  or:rani*«nis  t'orni 
peculiar  i:r.i\isli  <ir  \ello\\isli  irranulcs  wliieli  can  Ik- 
Hcen  with  till'  naked  eye. 

In  doincstif'  animals  pus  presents  a  varialile  macro- 
Ni'oiiic  Mppeanmcf.  In  horsi").  eatile,  and  swine  it  cor 
ii'sponds  in  the  main  with  human  pus;  in  (loirs  it  is  iren- 
crally  thinner  :ind  more  siious:  in  nihhits.  guinea  pi.L's. 
and  hirds  it  is  much  thif.'ker.  almost  caseous  in  appear- 
ance (Johni) . 

Cm, I)  AitM  i>s.  —piiruloid  fluids  are  pnMluce(l  hy 
softeiiin;;  of  casi'ous  fiM-i  and  h\  the  so  callcfl  bland  or 
aseptic  liiph'fnction  of  Ihromhi.  In  lhes<>  cases  the  proc- 
ess is  Uiit  exactly  the  siime  as  in  ordinary  suppunition. 
althou;rh  tluids  may  result  that  greatly  resi'mhie  pus. 

The  «hronic.  so  calleil  "cold  ahscessi's  "an*  in  reality 
collections  of  soften<'d  tuherculous  niateriid.     Thev  are 

• 

<>lis4'rved  most  tre(|uently  in  coiine<tion  with  tuherculous 
arthritis  an<I  osteomyelitis.  The  contents  of  the  cavities 
an*  tonned  slnwly,  and  extension  oltcn  occurs  a<'(M)nlin^ 
to  the  laws  of  irrsivitv.  Thus  "cold  al)scc.s.si's''ass<K'iat<'d 
with  tuberculosis  of  MMtcbra-  often  make  their  way  down 
wards  as  well,  as  shown  in  th<-  lluctuatin;^:  swellinirs  ob- 
si'rve<l  iibovi'  or  below  I'laipart's  litrament,  which  oriiri- 
nate  in  tuberculous  loci  <if  the  low<'r  doi'sal  (»r  IuiuIkU' 
vertebra*  and  pass  down  al(»n>r  the  psoas  mus<'lc.s. 

Many  have  failed  to  find  liiicti'ria  in  cold  abscesses 
(Hillioth.  <>i<ston)  :  otheis  found  tubercle  bacilli  alone  or 
mixed  with  other  bacteria.  Hence  it  is  clainu'tl  bv  some 
authors  that  the  tubercle  livvm  can  caus4'  suppunition. 
while  others  re«rard  the  process  as  only  appaix-ntly 
purulent  (Maum^rarti'u).  Vuw  "tuberculous  pus"*  con - 
Hists  ot  a  tine  <rr.uiular  detritus  of  caseous  material,  fatty 
and  ;rntnular  cells,  and  few  leu<i»cytes.  >lon*  typical  pus 
Ih  ppHlucnl  when  mixe<l  infection  o<-curs.  but  even  tlieii 
the  micn)si'opicap|N'ar:inees(»f  the  pus  areilitTcrent  from 
those  of  noil  tuberculous  pus.  TulM'rculous  absi'es.ses 
are  usually  chronic,  and  |>erliaps  tin-  contents  have  been 
chanired  b\  the  lon;r  stav.      ln<K'ulat(*il  into  animals  siieh 

■  ft  *^  • 

as  ;;uiiiea  pi;rs.  the  contents  «if  "cold  abs< -esses"  nearly 
always  profluc<>  tuberculosis. 

"Senais  abseesses**  <M'cur  in  connection  with  certain 
inllammations  of  the  periosteum.  The  condition  is  also 
known  as  |>eriostitis  albumiiiosii  and  a«i  prriosteal  iran- 
^lion.  Flaiieiied  cavities  form,  eontaininir  a  varying; 
<|uantity.  nn»st  lVe«pienlly  from  HM)  to  l."ine.c..  of  eh -a  r. 
tniiisparent.  yellowish,  viscid  fluid  like  syn»>via  or  irlyc- 
erin.  The  fluid  eonlains  albumin  cmiiiulable  bv  heat 
anil  nil  rie  acid,  more  or  less  mucus,  anil  si>me  fibrin.  Pus 
cells  are  jibsrni.  hrui-r.  w  ho  eoilect«'d  twenty  tivecasi-s. 
found  the  femur  involved  twilve  times,  tin-  tibia  i  ii:ht 
times,  the  humerus  twic<'.  the  ulna  twice,  and  a  rib  once. 
The  lesinn  Was  Ineiited  at  the  epiphyseal  juiietion  sivi-n- 
teen  times  aiul  in  the  middle  of  tin-  shaft  live  tiniis.  It 
is  thoU;j:]it  thai  this  furm  of  inflammation  may  be  eithi  r 
tuberculous  or  pvoiTrnie  in  its  nature,  the  pec'uliar  nior 
pholoiTN  of  ihr evuiiati'di'priidinir on  a  ^••enndarv  uun-oid 
defeneration  of  pu>.  erlls  jir  upnti  i-fabsitrpiion  of  the  leu 
C^M'Vtesi  or  the  eMul.itr  liiav  be  prim.'M'ilv  serous,  due  to 
the  peculiar  :iel  ion  of  the  nii<'robc^. 

77/*    >/:» .     \\'.ii/\,    /'if,.    tfi\,  "/  ,l/*.vf-,  A>,  .V.  —  III  si/e  ab 
j»ee.ssi's  vary  frinn  I  lie  uiieioseopie  to  tlmsi-  eoriTaininir  a 
litn- or  more  of  pus.  ^neh  hxr-j^r  aeeumiilati'iM"^  :ire  ob 

Wrvcd    cipeeiailv    ill  the  >iofl    <ul>eu1:iner)n«s  lis>.iir'S  ;ind  ill 

prefornieil  civiliis  like  the  |i|imi;i1,  the  renal  pelvis,   etc. 

The  writer    onee    opilied    Mil    :d»'*ei',^  in    The    anlerj.ir    .-ih 

ilominal  wall.  «Nitu:iiiil  hriwei-n  it<  l.iy«  i^-.  w  hiih  «-on- 
taineil  no  less  th:in  lom  liire^  nf  xellnw.  eii-aniv  ims. 
This  l'llormoU<  »"«»lleelii  III  ilivelnpeil  ill  :i  :;iri  "seVj-M  \i:ir< 
•jf  ugu,  who   for  a   lime  piexiinislx    had    presinteti    the 


I 


I 


symptoms  of  typhoid  fever:  gradually  the  alxlomen  lio- 
>rHn  to  enlar;re  and  sfN>n  an  excessive  si/e  was  reached: 
the  summit  of  the  distention  correspouded  to  the  navel. 
The  cavity,  which  <iccupied  the  wiiole  extent  of  the  an- 
terior alMiominat  wall,  did  not  ap|>car  to  comniunicute 
with  the  peritoneal  cavity.  After  the  in.si'rtiou  of  nu- 
merous dmins.  which  criiiver;fed  at  the  navel  and  imsseil 
out  at  the  pulN's  and  the  flanks,  the  symptoms  U'^niu 
to  improve,  and  comjilete  n*covery  t«M>k  place. 

When  pusaccumulates  in  a  pn-fonned  cavity  the  walls 
of  the  absi'css  an-,  primarily  at.  least,  thos**  of  the  cavity. 
Abs«'ess<'S  in  s<>lid  or^ims  or  tissues  after  a  time  ^enemlly 
iN'come  walle<l  ofT  from  the  surroundings  by  a  layer  r>f 
granulation  tissue  and  ribrous  tissue.  t<i  which  the  nami* 
"  pyogenic  m<'mbnine**has  been  given,  on  the  supjxviition 
that  this  membrane  si'creted  the  i)us.  Pus  may  form, 
however,  without  anv  such  membmne.  whi<'h  in  n-ulitv 
repres<*nts  the  cfTorl  of  the  organism  to  circumsi-rilH'  the 
action  of  th.'  pyogenic  agents  and  limit  the  destruction 
of  tissu4'.  The  term  pyogenic  mend>nine  is  thert-fore  an 
ill-clio.sen  one. 

Often  then*  is  not  this  t<'ndency  to  definite  circum- 
s(*ription.  but  the  i>us  wanders  or  "burrows'*  in  lliedirw- 
tion  i»f  lejist  n'sistance,  soft  i»arts  like*  muscle  yielding 
readily,  whereas  densi*  tlbmus  slructun-s.  like  fascia', 
otfer  inon-  resistance.  Abs<'es.s<*s  ni':ir  the  surface  of  the 
IxMly  tend  toward  the  surface,  and  an*  then  said  to 
*' point '^;  eventually  siNmtaneous  ruptun*and  discharge 
of  the  contents  may  t^ike  place.  Abs<*essi'S  in  organs 
with  s<Tous  coverings  often  n?ach  the  surface.  [MTfomte 
the  covering,  and  by  the  discharge  of  i)us  into  the  cavity 
cau.se  difTuse  inflammation  of  the  si*nms  membrane. 
Sometinu's  previous  adhesive  inflammation  1)ctw(H.'n  two 
S4.'rous  surfaces  may  prevent  the  ewaix*  (»f  the  piia  into 
the  cavity  in  which  the  orgsin  lies,  the  pus  eventinilly 
being  discharge<l  along  other  routes.  Thus  adhesioiLS 
iM'tween  the  diai)hnigm  and  the  lung  ])n'<'(*de  the  dis- 
charge i)f  abscess4>s  of  the  liver  into  the  bronchi. 

Instead  of  pus  being  dis<'harged  spontanetiusly,  or  after 
incision,  it  may  Ik*  remove* I  by  absi^trpiion.  This  pre- 
sup])oses.  in  the  first  place,  the  destruction,  neutnilixu- 
tion.  or  removal  of  the  pyogenic  agent  and  the  subsidence 
of  the  active  inflammatory  changes:  the  fluid  ])arts  are 
>ibsorbed.  the  living  U>ucocvtes  and  wandering  cells  de- 
part, and  the  dead  <'ells  uiaiergo  disintegration  either  by 
extnt  or  inti-accllular  digestion.  0<'casionally  the  solid 
parts  nf  the  abscess  contents  are  not  removetl,  but  un- 
dergo ins])iss'iti(»n  an<l  niv  changeil  into  a  crumbling, 
irravish  materia),  whieh  later  mav  become  infiltnitcHl  with 
lime  salts  and  converted  into  a  calcan'ousma.ss;  it  is  also 
p(»ssible  that  inspissiited  pus  may  later  imdergo  lique- 
faction. Absor]»tive  chaiiiics  like  thes<'  are  always 
as.siM'iated  with  the  formation  of  a  well  marked  con- 
nective tissu<'  capsule,  which  se]iar:ites  the  area  fnmi  the 
surrounding  tissue.  Absces.s<'s  healing  spontaneously 
may  leave  behind  a  men*  scjir,  an  <-iicapsiilate<l.  calcare- 
ous mass.  I  a"  m<»re  nirely  a  eyst.  It  is  proUil>le  that 
py<»genic  microlK's  may  persist  fi»r  some  lime  in  such 
areas  in  a  coialiiion  <»f  latencx . 

K\inoi.ir  Ans4i:ssi;>. — .Seontlary  or  nH'tastalic  ab- 
scess<'s  are  thos«-  w  hieh  are  develuped  at  a  distance  from 
the  point  of  primary  infeeti»ni.  They  are  propcrlv  callnl 
cinbitlic  also,  and  are  usually  multiplt!  and  small,  hence 
often  called  miliary  ab>i«<sses.  They  are  alwaysdue  to  in- 
fectious ori:ani'»nis.  ;ind  in  most  cases  the  infected  emboli 
ar«' derived  from  thrombi  underiioini:;  scptir  softening  or 
from  fragments  (»f  endocardial  vcl*""  tat  ions.  It  isalsoi>n>l»- 
able  th.ii  tin-  <ireul:iiion  in  the  blond  of  ]»yogenic  organ- 
isms may  nsnlt  in  the  formatiun  of  multiph-  abM-esses,  in 
tlw  s;iine  niiinner  as  the  intravenous  injcition,  in  nibbits, 
uf  pure  cultures  of  .*staph,\  lococcus  ]>\oL:ciies  auR'US  is 
fullnwed  by  miliary  Uh'\  of  sup]»unjii«in.  The  presence 
in  the  blond  of  pVfiL''enic  orL^'tMis|ns.  with  the  formati<»n 
of  iiiilinlie  nr  nii'ia^tatic  absi-ess».s.  e.iiist  it  utes  the  mucli- 
ftareil  "li-i-.i-M-  pv:rnii:i.  If  one  wishes  t')  tind  the  souifc 
of  iinbiiiicab-ei  --vi  s  in  a  uiveii  <ase.  inie  fiillnws  back  the 
I  iiiulaiorx  iiirrt  lit  uinl  "t-.-irclns  t.'r  :i  ves-^el  the  M'at  (►f 
thrombosis  and  inilammation.     Thus,  if  such  abscesses 
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are  present  in  the  lun^.  one  is  likely  to  find  the  source 
either  in  the  sinuses  of  tlie  brain,  in  the  venous  plexuses 
around  pelvic  organs,  or  in  the  peripheral  veins.  Era- 
b*)lic  abscesses  of  the  brain,  heart,  spleen,  kidneys,  etc., 
commonly  have  their  origin  in  an  infectious  endocarditis 
— ^arterial  pyaemia.  In  cases  of  multiple  abscesses  in 
which  careful  search  fails  to  disclose  the  primary  seat, 
the  pytemia  is  sometimes  spoken  of  as  cryptogenetic.  its 
origin  remaining  hidden.  Embolic  abscesses  of  the  liver 
are  usually  derived  from  the  radicles  of  the  portal  vein, 
which  become  involved  in  such  conditions  as  appendicitis 
and  suppuration  associated  with  hemorrhoids  and  with 
dysenteric  and  other  ulcers  in  the  intestines;  infected  em- 
b<>li  may  also  reach  the  liver  through  the  hepatic  arter>'  in 
general  pyaemia.  Embolic  abscesses  are  most  frequently 
due  to  Staphylococcus  and  Streptoc<x?cus  pyogenes,  but 
Micrococcus  lanceolatus.  Bacillus  mucosus  capsulatus, 
and  other  bacteria  are  also  often  at  work  in  such  cases. 
Characteristic  multiple  abscesses,  whose  pus  contains  the 
fungus  f^ranules,  also  develop  in  the  metastasc^s  of  acti- 
nomycosis. 

S^tnptonin. — The  general  symptoms  of  acute  abscesses 
are  those  of  a  local  infection,  the  intensity  of  the  infec- 
tion varying  according  to  the  vinilence  of  tiie  organism. 
There  will  be  local  pain,  tenderness  and  swelling,  and 
more  or  less  fever  and  general  disturbances  due  to  the 
absorption  of  toxic  substances.  In  streptococcus  infec- 
tion the  general  symptoms  are  often  severe  It  should 
be  borne  in  mind  tliat  in  the  early  stages  of  abs<  ess  for- 
mation the  swelling  may  be  firm  in  consistence,  and  tliat 
an  e.xact  etiologicaldiagnosis  is  possible  only  after  care- 
ful bacteriological  examination.  Chronic  abscesses,  in 
addition  to  the  purely  local  symptoms,  may  in  time  in- 
duce amyloid  degeneration  of  the  internal  organs. 
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ABSCESS.  (SURGICAL.)— Clinical  research  and  ob- 
servation coinbin(*d  with  bacteriological  experimentation 
have  demonstrated  that  the  presence  of  pus  is  always  .sure 
to  Ik*  accom[)anied  by  some  form  of  bacteria.  That  these 
pyogenic  liacteria  stand  in  the  relation  of  cause  and  ef- 
fect to  the  pus  pnxiuction  has  not  been  absolutely  proved. 
It  has,  however.  Ijeen  shown  that  they  or  their  products, 
that  is,  the  toxins  which  their  chemical  action  produces. 
are  capable  of  inducing,  and  do  induce,  a  coagulation  ot 
tissue  and  a  digestion  by  peptones  which  tinally  result  in 
the  formation  of  the  absces.s.  Abscess  fomiation  is  there- 
fore the  result  of  their  action  upon  tissues  an<i  of  the  re- 
action which  is  induced  in  the  body  in  the  effort  of  self- 
protection. 

The  severity  of  the  infection  depends  upon  the  char- 
acter of  the  infecting  micro-organism  and  upon  the  at- 
tenuation which  age  or  envii-onment  has  effected  in  the 
virulence  of  its  toxins,  while  the  reaction  is  proporticm- 
ate  to  the  resisting  power  or  the  vitality  of  the  individual 
infected.  Thus  it  lias  been  found  that  the  infection 
which  results  from  the  rupture  of  an  abscess  of  long 
standing  into  the  peritoneum  is  in  some  cases  almost  in- 
nocuous and  the  reaction  very  slight,  although  the  pus 
contains  bacteria  which  are  endowed,  under  other  cir- 
cumstances, with  a  virulence  that  would  pnKluce  a  fatal 
infection.  Under  such  circumstances  and  in  operations 
upon  collections  of  pus  that  are  chronic  in  their  mode  of 
development,  the  greatest  aseptic  precautions  should  be 
employed  to  prevent  infection  by  more  virulent  germs  or 
those  of  a  different  character. 

Such  an  advance  in  our  knowledge  of  the  causiition 
and  pathology  of  abscess  formaticm  has  revolutionized 
our  methods  of  trt»atment  and  necessitates  an  adaptation 
and  revision  of  the  nomenclature,  as  well  as  of  the  treat- 
ment, of  these  results  of  infection. 

An  abscess,  when  considerwl  in  the  light  of  this  new 
pathology   cannot  be  comprehensively  defined  as  a  cir- 


cumscribed collection  of  pus.  That  definition  can  be 
applied  to  the  nidus  or  circumscribed  points  of  infection 
from  which  the  general  infection  may  spread,  but  the 
c^iuse,  the  bacteria,  may  have  permeated  the  surrounding 
tissues  or  may  have  passed  on  farther  through  the  lym- 
phatics, and  their  toxins  may  already  be  producing  a  co- 
agulation necrosis.  The  abscess,  in  its  incipient  stage, 
may  thus  be  widespread  in  extent,  and  yet  no  pus  be 
formed  other  than  in  the  nidus. 

Treatment,  to  be  effective,  must  not  be  delayed  till  the 
abscess  is  fully  formed.  It  must  comprehend  the  facts 
demonstrated  by  pathology,  and  to  be  radical,  thoroiigh, 
and  efficient  it  must  deal  with  the  incipient  abscess.  The 
cause  must  be  removed  before  the  infection  expresses 
itself  in  the  fully  developed  circumscribed  collection  of 
pus  which  would  embrace  the  whole  area  infected.  The 
old  method  of  waiting  till  the  abscess  has  formed  and 
"pointing**  has  taken  place,  has  liad  to  give  way  to 
methods  which  destix)y  the  infecting  agent  and  assist 
nature  in  preventing  its  spread.  The  re»sults  justify  the 
tr(»atment.  Recovery  is  more  rapid  and  the  drain  upon 
the*  system  is  lessened,  while  in  ca.ses  of  grave  infection 
the  life  of  the  patient  can  be  saved  in  no  other  way. 

From  the  surgical  standpoint  abscesses  are  classified  in 
accordance  with  their  situation,  in  reference  to  structures 
which  determine  their  development  and  appearance,  or 
in  reference  to  an  organ  the  vitality  of  which  is  threat- 
ened b>'  their  proximity.  These  relations  influence  their 
symptomatology  and  in  a  measui-e  the  method  of  treat- 
ment. 

The  symptoms  that  accompany  the  formation  of  an 
abscess  are  those  of  a  localized  acute  suppurative  in- 
flammation. The  area  surrounding  the  point  of  infec- 
tion becomes  tensely  swollen  from  the  infiltration  of 
the  tissues  by  the  outpouring  of  leucocytes.  The  sur- 
face becomes  more*  or  less  glazed  from  the  tension  and  is 
covered  by  a  bright  re'd  blush.  The  increasing  tension 
within  brings  ever-increasing  pain  in  the  nerves,  which 
finally  becomes  acute,  w  ith  a  characteristic  throbbing  or 
boring  sensation.  As  the  pressure  incix*ases  and  the 
tissues  become  thinned  out,  '* fluctuation"  is  recognized 
by  the  alternate  pressure*  of  the  fingera.  If  the  process 
is  allowed  to  go  on,  the  integument  becomes  whitish  and 
thinned  at  one  spot,  that  is.  "pointing"  takes  place,  and 
tinally  the  alweess  ruptures. 

The  constitutional  disturbance  is  great  throughout. 
There  may  be  a  ri.^^e  and  fall  in  temperature  on  alternate 
days  thai  suggests  malaria,  frein  which  the  differential 
diagnosis  has  fre(|uently  to  be  made  When  suppuration 
takes  place  there  is  either  a  chill  or  a  sudden  rapid  rise 
of  temperature.  Just  before  *"  pointing  "  takes  place  the 
pain  and  febrile  disturbance  are  very  great  The  rup- 
ture of  the  abscess  is  followed  by  a  subsidence  of  both 
local  and  constitutional  symptoms. 

The  tendency  of  all  absces.s4*s  or  infections  is  to  spread 
in  the  direction  of  least  resistance.  They  have  therefore 
been  clas.sitie(l  in  relation  to  the  structures  which  tend  to 
limit  their  spreading  and  to  direct  their  development  into 
subcutaneous  or  suix*rticial,  and  subfascial  or  deep  ab- 
sces.ses. 

The  deep  or  subfascial  abst^ess  is  generally  limited  by 
the  deep  fascije  and  extends  in  the  direction  of  least  re- 
sistance beneath  that  stiiicture.  It  may  be  limited  by  the 
periosteum  of  the  bone,  in  which  case  it  fonns  a  subperios- 
teal ab.scess.  It  niav  dissert  its  wav  l)etween  the  muscles, 
since  the  loose  cellular  and  connective  tissue  which  sepa- 
rates them  readilv  yieldsand  forms  the  path  of  least  resist- 
ance It  may  follow  the  sheaths  of  blood  vessels  or  along 
n<'rve  trunks  In  dealing  with  deep  abscesses  the  surgical 
anatomy  of  the  part  must  be  duly  considered,  and  the 
directions  in  which  the  abscess  may  extend  examined 
with  this  idea  in  view 

The  symptoms  of  deep  suppuration  differ  from  those 
already  described  in  coming  on  more  gradually.  The 
first  symptoms  are  of  a  subjective  nature.  There  is  no 
immediate  superficial  swelling,  the  nonnal  contour  and 
outlines  of  the  part  are  not  altered  An  (edema  may  be 
the  first  superficial  sign,  followed  by  tenderness  and  red- 
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ness,  and  as  the  inflaiiimation  approaches  the  surface  all 
the  symptoms  gradually  appear.  According  to  the  re- 
gion in  which  the  abscess  has  formed  and  the  extent  to 
which  adjacent  organs  are  involved,  the  pus  will  be 
found  to  contain  fragments  of  necrosed  bone,  or  urine,  or 
bile,  or  intestinal  contents,  with  frequently  an  odor  that 
is  very  characteristic. 

These  deeper  abscesses  are  generally  chronic.  An  acute 
deep  seated  suppuration  is,  however/not  uncommon.  The 
chronic  abscess  is  most  frequently  the  result  of  a  tuber- 
culous infection,  or  the  deep  seated  focus  may  be  the  rem- 
nant of  an  acute  disease.  Such  suppurations  and  abscess 
formations  are  seen  as  the  sequehe  of  typhoid  fever,  of 
influenza,  or  of  any  of  the  infectious  diseases. 

Chronic  suppuration,  or  ^  cold  abscess  **  as  it  was  for- 
merly termed,  is  most  frequently  a  result  of  tuberculous 
infection.  The  p.soas  abscess  illustrates  the  result  of  a 
tuberculous  infection  in  which  the  pus  enters  the  sheath 
of  the  psoas  muscle,  usually  from  a  focus  in  a  vertebra, 
and,  following  the  line  of  least  resistance,  burrows  down 
within  its  sheath  and  finally  "points  "  just  above  or  be- 
low Pou part's  ligament,  often  on  the  inner  surface  of  the 
thigh.  Another  example  of  a  deep  seated  chronic  abscess  of 
this  character  is  seen  in  the  post  pharyngeal  region.  Here 
it  arises  from  a  focus  of  tuberculous  disease  in  the  cervical 
vertebrae  and  is  guided  by  the  deep  fascia?  of  the  neck  and 
the  sheaths  of  the  blood  vessels,  and  often  points  in  the 
lower  portion  of  the  neck.  The  abscesses  of  rott's  disease 
are  to  be  grouped  in  this  category.  In  fact  all  foci  of  infec- 
tion which  are  introduced  by  any  cause  beneath  the  deep 
fasciae  may  give  rise  to  sui>puration  with  the  formation 
of  abscesses,  which  can  be  classified  only  as  deep  ab- 
scesses or  given  names  which  correlate  them  with  the  or- 
gans the  vitality  and  function  of  which  they  endanger 

As  illustrations  of  this  method  of  nomenclature  we 
have  the  perinephritic  abscess,  the  ischiorectal,  the  peri- 
typhlitic.  and  those  which  form  in  the  pericardium  or 
in  the  pleura. 

The  treatment  of  these  chronic  forms  of  suppuration, 
these  deep-seated  subfascial  abscesses,  is  identical  with 
that  of  abscesses  in  all  situations.  The  strictest  antisepsis 
and  asepsis  sliould  be  employed  The  bacteria  that  pro- 
duced these  abscesses  have  had  their  virulence  attenuated 
by  the  chronicity  of  their  development  and  the  resistance 
offered  by  the  tissues  that  suiTound  them.  The  reacting 
and  resisting  powers  of  the  tis.sues  have,  however,  been 
w^eakened,  while  the  conditions  present  in  the  abscess 
cavity  are  typical,  for  the  rapid  development  of  other 
forms  of  pyogenic  bacteria.  A  mixed  infection  should 
be  carefully  guartied  against,  and  every  precaution  em- 
ployed to  prevent  the  entrance  of  other  more  active  and 
more  virulent  forms  of  Imcteria.  The  parts  should  be 
carefully  scrubbed  and  pn'pareii  with  antiseptic  washing. 
The  operator's  hand  should  be  as  clean  as  for  a  major 
operation,  and  the  instruments  and  surroundings  should 
have  all  the  care  given  to  them  which  is  essential  to  an 
aseptic  operation. 

In  contrast  with  the  older  methods  of  treating  abscesses 
the  surgeon  does  not  wait  till  **  pointing''  has  taken  place. 
That  means  that  the  abscess  and  infection  have,  in  a  sub- 
fascial abscess,  extended  in  the  direction  of  least  resist- 
ance, beneath  the  deep  fascia,  as  far  as  is  possible,  and 
have  at  last  been  forced  to  break  through  that  fascia 
and  come  to  the  surface.  As  a  consequence  all  the 
damage  that  is  possible  has  already  taken  place,  and  the 
full  extent  of  the  infection  has  been  reached.  This  is 
what  operation  should  prevent  It  must  therefore  be 
early  and  radical.  As  soon  as  the  presence  of  infection 
and'the  danger  of  abscess  formation  are  evident,  opera- 
tion should  be  imdertuken.  The  detection  of  deep-seated 
fluctuation  or  of  deep  induration,  and  the  j)re.sence  of 
localized  pain  and  constitutional  symptoms,  are  sufticient 
indications  for  early  operation.  Such  intervention  is 
essential  in  many  castas  to  the  preservation  of  the  integrity 
of  the  organ  involved.  As  an  instance  the  ischiorectal 
abscess  may  be cite<l.  Early  incision  in  these  ca.ses  j)re- 
vents  the  rupture  of  the  abscess  into  the  bowel  and  the 
subsequent  formation  of  a  fistula      It  also  prevents  the 


involvement  of  the  entire  region  and  the  formation  of  a 
horseshoe  abscess  cavity  about  the  rectum.  This  ia 
especially  liable  to  occur  because  the  connective  tissue 
is  very  loose  and  its  blood  supply  limited. 

The  free  incision  is  planned  so  that  drainage  can  be  pro 
vided  for  at  the  most  dependent  point :  that  is,  at  the  point 
where,  when  the  patient  is  in  the  position  assumed  during 
the  after  treatment,  the  drain  will  enter  at  the  bottom  of  the 
pocket.  Free  drainage  of  the  entire  cavity  is  most  essential 
in  the  treatment  of  abscesses  In  many  cases  it  is  necessary 
to  make  more  than  one  incision.  When  fit»e.  dependent 
drainage  cannot  be  secured,  pressure  must  be  applied,  so 
that  no  pockets  of  undrained  pus  shall  remain.  If  an 
abscess  is  so  situated  that  it  is  impossible  to  secure  de 
pendent  drainage,  the  thorough  evacuation  of  the  pus 
may  be  secured  by  employing  a  sterilized  boroglyceride. 
This  preparation  has  a  greater  specific  gravity  tlian  pus. 
and  will  displace  it  in  the  depths  of  a  sinus  or  abscess 
cavity  I  have  thus  been  able  successfully  to  drain  a 
pelvic  abscess  and  the  sinust^s  that  diverged  from  it,  in 
a  case  in  which  the  septic  condition  of  the  patient  made 
operation  impossible. 

After  the  incision  has  been  made  and  the  pus  evacuated 
the  cavity  should  be  carefully  inspected  and  its  relation 
to  vital  organs  and  structures  determined  Then  a  sharp 
curette  is  emplo^'ed  to  remove  all  sloughs  and  the  in 
fected  granulation  tissue  which  forms  the  inner  wall  of 
the  cavity.  The  thorough  removal  of  this  infectetl  tissue 
is  essential,  for  in  it  are  many  bacteria  that  are  capable 
of  setting  up  further  coagulation  necroses  and  of  de- 
veloping new  abscess  cavities.  In  acute  and  severe  in- 
fections it  is  often  essential  to  follow  up  this  infected 
tissue  into  areas  that  are  simply  infected  and  inflamed,  and 
where  pus  and  abscess  cavities  have  not  yet  been  formed. 

After  the  thorough  use  of  the  curette  bleeding  may  be 
checked  by  packing  the  cavity  with  sterile  gauze,  which, 
if  the  case  is  one  of  chronic  suppuration  and  the  symp- 
toms are  not  acute  or  the  infection  very  virulent,  can  be 
removed  and  the  wound  closed,  finn  pressure  being  ap- 
plied to  hold  the  abscess  walls  in  close  apposition.  This 
method  of  treatment  in  suitable  cases  is  followed  by 
primary  union.  Perfect  asepsis  and  the  absence  of  irrita- 
tion and  oozing  in  the  wound  are,  however,  essential  to 
its  success  The  more  certain  plan  is  to  provide  drain- 
age. When  the  infection  is  more  virulent  it  is  necessary 
to  use  antis(*ptic  solutions  to  destroy  the  bacteria  in  the 
wound.  Their  action  upon  the  tissues  is.  however,  harm- 
ful, and  drainage  thus  becomes  es.sential.  Where  the  infec- 
tion is  still  more  severe  and  there  is  great  induration,  the 
wound  should  be  irrigated  with  a  1:1,000  or  1:5.000^ 
solution  of  bichloride,  to  be  followed  by  sterile  water. 
The  wound  is  then  packed  with  wet  bichloride  gauze 
wrung  out  of  a  1 : 5,000  solution ;  over  this  is  applied  on 
the  exterior  more  wet  gauze  covered  by  oiled  silk,  mack- 
intosh, or  some  impervious  material  which  forms  an  an- 
tiseptic poultice  by  retaining  the  heat  of  the  body. 
W^hen  a  less  vigorous  action  is  needed,  the  protective 
may  be  omitted  and  the  moisture  allowed  to  dry  out. 
Or  simple  sterile  gauze  may  be  employed  in  sufficient 
quantity  to  absorb  the  exuded  serum  and  keep  the 
wound  dry.  Free  drainage  or  packing  with  gauze 
w^hich  is  frequently  changed  effects  the  same  purpose 
by  absorbing  from  the  wound  the  moisture  essential  to 
the  development  of  the  bacteria  W^hen,  however,  the 
infecting  bacteria  are  very  virulent,  thisisinsufllcient  and 
it  is  neces.sary  to  use  more  active  germicidal  agents.  The 
use  of  iodoform  gauze  should  be  confined  to  tuberculous 
ab.sces.ses  In  these  it  has  been  found  to  exert  an  ap 
parent  specific  infiuence  upon  the  bacteria.  The  action 
of  the  wound  secretions  liberates  from  it  free  iodine,  which 
is  a  (leci(l(»(l  irritant  It  would  therefore  seem  well  to  avoid 
the  employment  of  iwlofonn  gauze  in  ca.ses  in  which  such 
an  irritant  action  is  not  desired 

Of  the  acute  forms  of  abscess  formation  the  spreading 
abscess  accompanied  by  septic  lymphangitis  is  the  most 
dangerous  and  recjuires  the  most  prompt  radical  and 
thoro\igh  treatnirnt  The  infection  usually  takes  place 
through  some   trifling  wound  of  the   extremities       It 
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spreads  through  the  lymphatics  and  may  go  unnoticed, 
and  the  primary  wouncl  may  heal  before  the  patient's  at- 
tention is  directed  to  the  condition  by  swollen  and  painful 
glands  that  have  become  hy peraemic  from  their  redoubled 
activity  in  combating  the  poison.  The  glands  are  found 
swollen  at  the  elbow  and  in  the  axilla  in  case  of  infec- 
tion in  the  hand,  while  the  courses  of  the  lymphatics  are 
marked  by  red  lines.  Although  the  abscess  is  located 
in  the  hand,  it  lias  in  a  sense  spread  throughout  the  lym- 
phatics. The  infection  is  there,  the  bacteria  and  their 
toxins  are  there,  and  the  incipient  abscess,  unless  prompt 
treatment  is  applied,  will  develop  throughput  this  entire 
area. 

The  treatment  is  identical  in  principle  with  that  of  all 
abscesses.  The  local  focus  of  infection  must  be  opened 
and  thoroughly  curetted ;  other  foci  of  suppuration,  no 
matter  how  many  they  are,  should  be  opened  and  as  much 
of  the  infected  tissues  as  possible  removed.  The  glands 
should,  however,  be  respected  as  long  as  possible,  until 
suppuration  is  actually  present,  for  they  are  the  bul- 
warks which  nature  is  erecting  to  prevent  further  inva- 
sion. Their  swollen,  congested  condition  is  due  to  their 
increases!  activity,  and  unless  their  vitality  is  endangered 
they  sliould  be  preserved. 

In  mild  cases  the  opening  of  the  original  focus  of  infec- 
tion and  its  thorough  treatment  by  an  antiseptic  poultice 
dressing  often  prove  sufficient,  when  combined  with  the 
application  externally  over  the  inflamed  lymphatics  of  a 
fifty,  percent,  ichthyol  ointment.  Severe  infections,  with 
multiple  foci  of  suppuration,  demand  multiple  incisions 
with  wet  antiseptic  dressings  frequently  changed,  and, 
in  some  instances,  continuous  irrigation  with  antiseptic 
solutions.  In  spite  of  all  of  these  methods  of  treatment, 
the  infection  may  become  so  serious  that  amputation  is 
necessary  to  save  the  patient's  life.  Either  a  part  or  the 
entire  limb  may  have  to  be  sacrificed  to  rid  the  system 
of  the  source  of  infection,  and  even  then  the  patient  may 
succumb. 

The  essentials  in  the  treatment  of  abscesses  are,  there- 
fore, free  incisions,  free  drainage,  thorough  cleansing  and 
curetting,  with  the  employment  of  aseptic  or  antiseptic 
washes  and  dressings,  as  the  severity  of  the  infection  in- 
dicates. In  all  cases  of  abscess  formation,  tonic  systemic 
treatment  is  indicated,  and  frequently,  unless  such  treat- 
ment is  carefully  carried  out,  recovery  will  be  very  tedi- 
ous, especially  in  crises  of  chronic  abscesses. 

Among  the  cutaneous  and  superficial  abscesses  are  to 
be  classed  those  that  lie  in  the  skin  itself,  such  as  boils, 
carbuncles,  and  the  less  serious  forms  of  pustules.  The 
latter  are  seen  as  the  acne  pustule,  and  they  range  in  size 
from  a  pin*s  head  to  a  pea.  according  to  their  period  of 
development.  They  are  the  result  of  infection  in  the 
hair  follicles  or  sweat  glands,  with  the  blocking  up  of 
the  duct 

The  next  form  of  cutaneous  suppuration,  in  point  of 
frequency  and  freedom  from  serious  results,  is  the  fa  run- 
cU  or  boil.  It  differs  from  the  pustule  only  in  the  depth 
to  which  the  infection  penetrates  and  the  severity  of  its 
symptoms,  which  result  from  the  increased  difficulty  in 
**  pointing "  and  the  severity  of  the  coagulation  necrosis 
which  the  toxins  of  the  infecting  bacteria  produce.  The 
symptoms  of  abscess  formation  are  present,  but  in  a  mild 
form.  As  the  process  of  destruction  and  the  breaking 
down  of  the  tissues  proceed  the  boil  becomes  sore  and 
tender  on  pressure.  A  crust  forms  over  the  duct  When 
it  is  removed  a  probe  can  be  passed  down  into  the  abscess, 
even  before  it  has  begun  to  discliarge.  The  suppuration 
increases,  and  finally  the  core,  or  the  result  of  the  coagu- 
lation necrosis,  is  expelled,  when  the  ciivity  heals  by 
granulation.  This  is  the  natural  process  without  treat- 
ment. 

Since  a  series  of  boils  may  follow  in  the  same  indi 
vidual,  a  condition  is  determined  called  fnrrtumhmH. 
Constitutional  and  prophylactic  treatment  are  therefore 
as  essential  in  many  instances  as  surgical  treatment. 
Frequent  baths  ana  changing  of  underclothing,  with 
careful  care  of  the  nails  and  the  avoidance  of  scratching, 
are  among  the  preventive  measures,  while,   when  the 
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boils  are  in  process  of  formation,  antiseptic  washes  should 
protect  the  surrounding  skin.  An  ounce  of  sulpho- 
naphthol  in  a  bathtub  or  warm  water  makes  a  mild  an- 
tiseptic bath  that  is  not  injurious  and  that  cleanses  the 
skin  of  the  superficially  located  bacteria. 

Boils  may  be  aborted,  when  they  are  small  and  are 
situated  superficially,  by  applying  a  few  crystals  of 
pure  carbolic  acid  on  a  glai  rod  or  piece  of  wood ;  or, 
when  the  disease  is  further  advanced,  by  the  injection 
into  the  parenchyma  of  a  three-per-cent.  solution  of  car- 
bolic acid  in  amounts  proportionate  to  the  size  of  the 
boil.  This  method  is  somewhat  painful  and  not  always 
successful. 

The  expectant  treatment  should  be  employed  only 
when  a  scar  is  to  be  avoided  and  no  organ  is  threatened,, 
and  when  it  is  too  lat€  for  abortive  treatment.  An  anti- 
septic poultice,  gauze  or  cotton  wet  in  1:3,000  bichloride 
solution  under  a  protective,  should  be  applied  over  the 
boil  and  the  cavity  should  be  syringed  out  daily  until  the 
core  is  discliarged,  when  the  cavity  may  be  packed  and 
an  occlusive  dressing  (cotton  held  in  place  by  collodion) 
applied. 

The  crucial  incision  will  frequently  abort  a  boil  and 
permit  an  antiseptic  in  the  dressing  to  reach  the  seat  of 
infection  and  destroy  the  bacteria.  When  the  disease  is 
further  advanced  free  opening,  curetting,  and  subsequent 
treatment  as  for  any  other  abscess  constitute  the  most 
rapid  and  radical  method  and  furnish  the  best  results. 
Any  of  these  operations  can  be  rendered  painless  by  the 
employment  of  infiltration  ansesthesia  or  by  the  subcu- 
taneous injection  of  a  two-per-cent.  solution  of  eucaine 
B  or  cocaine.  These  injections  should  conunence  out- 
side the  inflamed  area,  as  the  increased  pressure  causes 
great  pain. 

A  c/irbuncle  is  the  result  of  an  infection  by  bacteria  that 
enter  the  skin  in  the  same  manner  as  they  do  in  the  case  of 
a  boil.  The  conditions  under  which  they  develop  are  re- 
sponsible for  the  difference  in  the  symptoms  and  the  gan- 
grenous inflammation  and  sloughing  that  take  place  in 
the  subcutaneous  cellular  tissue.  The  conditions  which 
predispose  to  carbuncle  formation  are  the  location  of  the 
infection  in  the  thicker  portions  of  the  skin,  where  it  is 
difficult  for  the  pus  to  find  a  mode  of  exit,  and  hence  it 
spreads,  causing  pressure  and  coagulation  necroses  over 
large  areas,  and  pointing  through  the  numerous  columnar 
adiposje,  which  offer  its  only  points  of  exit  through  the 
toughened  skin.  It  is  distinguishable  by  the  extent  of 
the  tissues  involved  and  by  the  multiple  points  or  heads 
which  first  show  themselves.  Pain  is  not  so  marked  a 
symptom  and  is  not  commensurate  with  the  extent  of  the 
suppurative  process. 

The  treatment  is  antiseptic,  and  always  should  be  in  a 
measure  operative  to  permit  the  outflow  of  pus  and  the  ac- 
tion of  an  antiseptic  on  the  foci  of  infection.    The  amount 
of  operative  interference  demanded  varies  with  the  grav 
ity  of  the  case,  from  a  deep  crucial  incision,  with  or  with 
out  curetting  and  an  antiseptic  poultice,  to  complete  ex 
cision  of  the  entire  carbuncle.     The  latter  is  of  course 
reserved  for  the  severer  cases,  while  there  are  vaning 
degrees  of  operating  which  depend  on  the  extent  of  the 
infection.     All  parts  should  be  thoroughly  exposed  and 
subjected  to  the  action  of  antiseptics. 

Felom,  jmnaritium,  vary  in  degree  and  in  their  situa- 
tion. They  are  abscesses  that  form  in  the  fingers  and 
hands.  The  varieties  are  the  cutaneous,  tendinous,  and 
subperiosteal,  together  with  a  more  general  form  which 
is  krmwn  as  a  palmar  abscess  and  may  be  either  super- 
ficial or  deep  according  to  its  relation  to  the  palmar 
fascia.  It  is-  of  special  importance  because  it  endangers 
the  integrity  and  function  of  the  hand. 

The  various  forms  of  felon  are  named  according  to  the 
structures  in  which  they  originate.  Their  complications, 
sequehe,  and  gravity  depend  upon  these  relations.  The 
subperiosteal  felon  mav  destroy  a  phalanx  or  involve  an 
articulation.  The  t(mclinous  felon  may  spread  through 
the  tendon  sheaths,  and  involve  these*  spaces  in  the  liand, 
if  the  primary  disease  is  in  the  thumb  or  little  finger.  The 
cutaneous  felon  is  liable  to  produce,  as  are  all  the  others. 
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lymplmngitis  and  possible  suppuration  in  the  glands  of 
the  elbow  and  axilla. 

All  of  these  panaritium  cases  demand  radical  antiseptic 
treatment :  early  deep  incision  down  to  the  seat  of  the  sup- 
puration, curetting,  antiseptic  washing,  in  many  cases 
packing  with  gauze  wrung  out  of  a  1 : 2,000  bichloride 
Sf)lution,  and  the  application  of  an  antiseptic  poultice  till 
the  infection  is  gone.  Prompt  treatment  of  this  char- 
acter will  save  many  fingers  and  liands  that  are  of  the 
utmost  value  to  those  most  generally  afflicted — the  work- ' 
ing  classes.  Carbolic  solutions  liave  a  tendency  to  pro- 
duce gangrene  in  the  extremities  and  should  be  avoided 
in  these  cases.  Bichloride  8»>lutions  should  be  employed 
according  to  the  dermal  irritability  of  the  individual.  If 
itx)  strong  they  may  produce  an  irritation  of  the  skin, 
and  even  poisoning.  Cfunietf  JAnUr  Leonard. 

ABSINTHISM.— A  term  applied  to  the  train  of  morbid 
symptoms  following  the  abuse  of  the  licjuor  called  ab- 
sinthe. 

In  its  jreneral  features  absinthism  is  almost  identical 
with  the  alcoholism  brought  on  by  the  immodemteu.se  of 
any  other  alcoholic  be\emgo  (.see  article  Alcohol iKm, 
under  the  heading  luHnnitif)  ;  and  some  observers  have 
even  doubted  whether  any  special  and  peculiar  symptoms 
could  be  attributed  to  any  of  the  non-alcoholic  ingredients 
contained  in  the  liquor.  Nevertheles.s,  according  to  most 
authorities,  not  only  the  evil  effects  of  intemperance  ap- 
pear earlier  in  those  addicted  to  the  habitual  and  exces 
sive  use  of  absinthe  than  they  do  in  the  case  of  abusers  of 
other  alcoholic  drinks,  but  these  effects  are  in  themselves 
of  a  severer  nature,  and  there  is,  besides,  a  more  marked 
disturbance  of  the  nervous  system  in  its  various  parts. 
Vertigo,  .s(?vere  headaches,  a  condition  of  stupor  and  of 
f.pathetic  listlessnes.s,  terrifying  Imllucinations,  and  epi- 
leptiform convulsions  are  particularly  noticeable  among 
the  symptoms  belonging  to  the  absinthe  tippler,  and  this 
liquor  is  especiiilly  prone  to  bring  on  an  early  condition 
of  mental  decay,  and  seems  to  be  farile  pt-incejyi  in  its 
power  to  enslave  its  victim.  That  the  active  principles 
of  absintlie  (Artemisia  absinthium  and  its  congeners)  are 
the  agents  in  causing  the  special  toxic  effects  of  the 
liquor,  has  been  pretty  well  established  by  Marce  in  his 
experiments  on  dogs  and  rabbits. 

Huntington  Richards. 

ABSORPTION.— Gould,  in  his  "Medical  Dictionary," 
defines  absorption  as:  the  permeation  or  imbibition  of  one 
body  by  another;  the  process  whereby  nouri.shments, 
medicines,  morbid  products  of  tissue  metamorphosis,  etc. , 
are  taken  np  by  the  lymphatic  and  venous  systems. 
Foster  defines  it  as  '*the  inhibition  of  nutrition  or  other 
materials  by  a  living  organism;  the  prcK'e.ss  of  taking 
waste  or  effete  material  into  the  general  circulation. "  In 
the  limited  sense*  of  this  article,  and  as  usually  accepted 
in  physiology,  ab.sor])tion  is  merely  the  process  by  means 
of  which  nutritive  material  is  taken  from  the  digestive 
tract  into  the  circulation. 

Certain  fluids  when  brought  into  contact  with  one  an 
other  will  mix  until  the  liquids  present  a  luiiform  com- 
position, and  the  pas.sage  of  the  molecules  of  the  one 
liquid  into  the  intramolecular  spjices  of  the  other  has  been 
named  "diffu.sion. "  When  the  stime  or  similar  two 
liquids  are  separated  by  a  membrane,  this  diffusion  takes 
place  through  the  membrane  and  is  then/*alled  *' osmo.sis. " 

For  a  long  time  osmosis  was  supposed  to  be  sufiicient 
to  acco\int  for  all  the  phenomena  of  absorption,  the  proc 
ess  seemed  so  delightfully  simple,  but  careful  studies 
revealed  the  fact  that  while  dead  membranes,  fluids,  and 
gases  under  certain  definite  ccmditions  obi-y  eipially  di-W 
nite  laws,  osmosis  fails  to  explain  the  actions  of  living 
organs.  Theories  of  electrical  action  and  of  differential 
filtration  demonstrate  only  more  clearly  the  complexity 
of  the  function  of  living  absorbing  surfaces.  Living 
cells  obey  their  own  laws,  and  they  are  laws  of  life,  not 
of  mechanics.  As  the  unicellular  animal  ingests,  digests. 
absorbs,  and  excretc»s,  and  knows  what  it  wants  and  \\\\i\i 
it  has  to  do,  so  in  the  complex  higher  animal  each  cell 


retains  all  these  functions,  while  the  differentiation  of  the 
organs  has  imposed  upon  each  the  additional  labor  of  do- 
ing something  for  the  general  well-being  of  the  whole  or- 
ganism. The  work  assigned  to  the  cells  of  the  different 
parts  of  the  digestive  tract  concerned  in  absorption  is 
tiret  to  keep  themselves  in  good  condition;  secondly, 
to  pick  out  from  the  contents  of  the  tract  such  substances 
as  the  body  wants,  and  pass  them  into  the  circulation. 
It  is  safe  to  assert  tliat  normal  absorption  is  a  living,  not 
a  mechanical  act,  and  that  osmosis,  as  a  factor  in  these 
plienomena,  must  not  be  taken  into  account.  In  patholog- 
ical conditions,  however,  in  conditions  in  which  the  sepa- 
rating membrane  has  been  injured  or  its  vitality  lowered, 
osmosis  may  well  come  in  as  a  strong  factor  in  swellings, 
effusions,  lymph  accumulations,  and  all  the  phenomena 
usually  designated  as  poor  absorption ;  here  we  shall  have 
to  imagine  a  fight  between  th(?  osmotic  and  the  vital  proc- 
esses, the  latter  con.stantly  tending  to  clieck  the  action 
of  the  former,  until  recovery  takes  place  and  osmotic 
act  ion  has  ceased. 

In  a  healthy  Ixxly  the  skin  can  be  excluded  as  an  organ 
of  absorption ;  in  spite  of  the  many  careful  experiments 
made  pro  and  con,  the  weight  of  authority  to-day  rests 
with  the  assertion  that  under  noimal  conditions  the  skin 
is  passive  so  far  as  absorption  is  concerned.  The  same 
must  Ik;  said  about  the  mucous  membrane  of  the  mouth 
and  (esophagus,  for  although  we  know  that  violent  poi- 
sons can  Ik*  and  are  taken  up  by  the  nuicous  membrane 
of  the  mouth,  under  onlinary  conditions  food  does  not 
stay  therc  long  enough  to  allow  of  any  ab.sorption  to  take 
place.  That  limits  the  absorbing  surfaces  of  the  human 
body  to  the  mucous  membranes  and  allied  structures  of 
the  stomach,  and  the  small  and  large  intestines. 

While  the  food  eaten  determines  the  length  of  the 
digestive  tract,  the  absorbing  surfaces  bear  a  definite  re- 
lation to  the  bulk  of  the  body  and  explain  wh}^  the  bodv 
stops  growing  after  a  certain  size  has  bc*en  attained. 
During  a  given  limit  of  time  the  absorbing  surfaces  in- 
crease as  tlieir  .square  while  the  body  increases  in  bulk 
as  its  cube.  In  other  wonls.  if  we  assume  tliat  the  ab- 
sorbing surface  equals  2,  and  the  body  bulk  equals  2, 
then  by  the  time  the  former  has  grown  to  equal  4  the 
latter  equals  8 ;  and  when  the  former  has  increased  again 
to  16,  the  latter's  bulk  is  512.  It  is  easy  to  see  how  the 
growth  of  bulk  is  checked  b}-  the  limitations  of  the  ab- 
sorbing surfaces. 

The  substances  to  Ikj  absorbed  are  peptones,  glucose, 
and  emulsified  fat,  the  pro<lucts  of  digestion,  besides 
water  and  different  salts  which  have  remained  unchanged. 

The  stomach  has  no  specialized  organs  of  absorption, 
but  its  whole  mucous  membrane  absorbs  materials  di- 
gested in  its  cavity,  peptones  and  glucose.  The  older 
view  which  made  the  stomach  practically  the  only  organ 
worth  mentioning  of  the  digestive  tract,  and  took  it  for 
granted  that  its  function  in  the  absorption  of  peptones, 
glucose,  salts,  and  water  was  of  proportionate  importance, 
has  been  slowly  changed  by  the  results  of  modern  experi- 
ments. Without  going  to  the  other  extreme  view  which 
makes  the  stomach  nujrely  the  temporary  receptacle  for 
f(KKl,  these  experiments  prove  that  absorption  of  the 
above  named  substances  does  take  place,  but  only  to  a 
limited  extent.  Of  the  carbohydrates,  dextrose,  lactose, 
maltose,  and  saccharose,  even  dextrin,  is  absorbed  by  the 
mucous  membrane  of  the  stomach,  and  the  more  concen- 
trated the  solutions,  the  more  marked  is  the  absorption. 
Peptones  are  absorbed  slowly  and  apparently  with  diffi- 
culty, while  condiments  and  alcohol  increase  distinctly 
the  absorbing  power  of  the  stomach. 

Perhaps  the  most  interesting  and  least  noticcnl  fact 
brought  out  by  these  experiments  is.  that  practically  no 
water  is  absorbed  by  the  stomach,  but  that  all  passes 
into  the  intestines;  cm  the  other  hand,  alcoholic  solu 
tions  are  rea<lily  taken  up  This  fact  may  ultimately 
help  to  explain  why  water  is  the  beverage  most  desired 
when  men  are  thirsty,  and  why  something  mixed  with 
the  watiT  seems  neeessiiry  when  peojile,  not  thirsty, 
gather  anrl  drink  for  s<Kial  enjoyment 

Peptones,  glucose,  and   enuil.sified  fats  are  absorbed 
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moBtlv  in  the  email,  and  lo  u  litniicd  extent  in  tlic  large 
JDtratiocs.  Througliuut  Iht  large  and  small  intMtines 
we  find  or^ns  specialized  for  absorpiion.  viz..  the  villi 
and  llie  sohtarj-  glonils.  Tlit  former  are  most  numerous 
Id  tlie  duodenum  and  jejunum,  tlie  tattc-r  in  tilt-  ileum. 
'Ilirougbout  tlie  large  intealinea  we  find  solitary  glands, 
'but  DO  villi,  iiregulnrij  scattered,  ()ie  largest  numbers  In 
tbecipcum  and  ajipcnuix  vcrmiforniis:  and  llieir  limited 
number.  t«eether  wilh  llie  well-known  high  absorbing 
power  of  lue  Urge  intestines,  leads  us  to  tliink  that  its 
mucous  membrane  is,  like  lliat  of  iLe  stomncb,  au  impor- 
lanl  fnclor  in  absorption. 

The  villi,  little  eoue-shaped  protubemncea  in  llie 
mucous  membrane,  have  a  dense  network  of  blood  capil 
lanes  just  un.demeath  their  epithelial  covering,  whili'  a 
laeleal  duct  occupies  the  centre  of  the  cone.  The  solitary 
ftliUids  liave  a  dense  lacleal  plexus  beneath  tbe  meDibraou 
and  a  limiteil  supply  of  blood  capillaries.  All  the  blood 
t-apDlaries  of  the  mfestiual  tract  are  radicles  of  the  porlat 
vein,  while  the  lacteal  ducts  and  eapitlari<-s  are  radicles 
of  the  abdominal  lymphatics.  The  villi,  however,  are 
ibc  principal  organs  and  carry  the  hulk  of  the  peptones 
and  sugars  into  the  circulation  directly,  while  the  t'luul 
8ilic«l  fats  absorbed  are  poured  by  the  way  of  tlie  lucli'als 
and  abdominal  lymplialicg  into  Ihe  riTeptacuhini  clivli, 
an<t  from  there  through  the  Ihomcic  duct  into  the  left 
subclavian  vein. 

How  much  the  peptones  absorbed  are  changed  in  their 
passage  through  the  epithelial  cells  iif  the  villi,  and  hiiw 
til ueh  additional  modillcation  lakes  place  in  Ihe  capillaries 
and  veins  before  tlie  absorbed  material  enters  the  liver. 
Es  OS  yet  a  mattur  of  conjecture.  The  knowlitlgc  that 
everything  ingested,  with  tlie  exception  of  fat,  and  water 
enough  to  emulsify  tlic  fat,  lias  to  pass  through  the  liver 
b(;forc  tile  body  can  make  use  of  it.  will  probably  in- 
crease our  respect  for  that  lung- neglected  and  much- 
abused  organ. 

The  emulsified  fats  are  taken  up  by  thu  epithelial  cells 
and  pawed  into  the  stroma  of  Ihe  villus;  but  whether 
din-ctly  into  the  delicate  lymph  channels  which  traverse 
it  and  IliiBlly  unite  lo  form  the  locli-al.  or  whether  iJie 
leucocytes,  so  abundantly  found  in  the  Kiroma,  carry  the 
8niull  fat  globules  from  Ihe  epithelial  cells  directly  into 
the  lacteal,  is  yet  an  unsettled  question.  I'ntler  ordinari' 
condition.s  onl}|  fatcntors  thelocteals.  while  peptoaesanil 
sugar  find  their  way  into  Ihe  bliKxI  capillanes;  but  that 
does  not  preclude  the  possibility  tliut  after  an  excessively 
fat  meal,  a  trace  of  fat  can  find  its  way  into  the  bloo<l 
capillaries,  as  well  as  that,  in  cases  in  which  an  excess  of 
meat  and  carbohydrati>s  has  been  eaten,  a  trace  of  either 
can  be  found  in  the  lacteals. 

The  bulk  of  the  fats  ingested  is  alisorbed  in  the  form 
of  an  emulsion:  llie  BinairBmount  which  is  broken  up 
into  fatty  acid  and  glycerin  is  (irobably  absorbed  with 
Ihe  peptones  and  glucose. 

The  absorbing  power  of  the  small  Intestim'S  Is  about 
equal  to  the  taskof  taking  up  the  quantiiv  of  llnidfonncd 
bv  the  action  of  the  digestive  ferments  plus  the  quantity 
of  fluids  secreted  by  the  pancruis,  liver,  and  intestinal 
glands,  and  thus,  as  these  quantities  combined  do  not 
represent  the  total  amount  of  fluid  present,  the  contents 
of  Ihe  small  intestines  remain  fluid  throuchout  Ihelr  en- 
tire length.  In  Ihe  large  intestines  the  conditions  cliangc, 
the  absorbing  power  is  high,  secretion  and  digestion 
are  limited,  and,  as  a  consequence,  the  contents  tecome 
more  and  more  pasty  as  they  near  the  rectum,  until  finally 
the  fiecea contain llmt  puriii.ii  nf  ilir'  f.Kiri  in'.nMril  wiiii'h 

has  escaped  digestion  i,];-\   ,iii~i'ii I  [i<    .ii"-!  i-i.iu'.' 

power  of  tlie  large  hit.  -;..:-  i.  !'-,.■ 

jin'pured  by  the  action 

alworb  undigested  !ik«\,  -m.  I i  ■.-.■.>  In !.■  ..|  i  j-  .  ■iml  ir.ii  i- 
enl  enemala,  based  upon  tins  Knowli-dpe.  Iiiivf  siivi^i  the 
lives  of  many  patients. 

The  flnal  test  of  the  octivitv  of  absorption  as  well  as 
of  digestion  will  Iw  a  chemical  and  physical  examination 
'it  the  fDeces.  a  proceeding  perhaps  not  quite  as  ugrceable 
to  tlie  physician  as  iiii  analysis  of  the  eimtcnta  of  the 
patient's  stomach  after  a  te«t  meal,  but  an  innovation 


which  will  Ih'  accepted   with  heartfelt  gratitude  by  all 
whose  digtativB  tract  needs  llie  services  of  the  physician. 
JfiNu»  Pohlman. 

RETERENCra. 

MerlDE :  |ieb«r  ille  PunMlon  dn  Mi^mu.  IMS. 
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ACANTHACE^  (jVcanthus  familv).— A  large  family. 
related  to  Ihe  Mints  and  Vervains,  tint  unimportant  ex- 
cept for  its  very  rich  ornamental  properties.  Alany  spe- 
cies have  been  utilized  in  the  materia  medica  of  British 
India,  and  the  properties  of  Adhatoda  (see  Vmaeinf)  are 
very  peculiar.  The  principles  are  mostly  resinous  and 
nnuiroidal.  with  a  few  alkaloids,  and  all  the  recorded  ac- 
tions and  uses,  except  tlioau  of  Aiihaltida,  are  rather  in- 
different. U.  H.  R. 

ACANTHOSIS  NIGRICANS.— (Synon_vm'  Dystrophie 
pupitlaireet  pigmentaire[l)arier]).  A  disease  of  tlie  skin 
and  mucous  membranes  characlerizwl  by  hyperpiginen- 
talion  and  papilhiry  hypertrophy,  developing  in  the 
course  of  an  abdominal  cancer. 

The  fir^t  recorded  case  of  tliis  disease  occurred  In  a 
patient  in  Dr.  Unna's  Ciinique  for  Skin  Diseases  in  Ham- 
burg, and  was  described  by  the  present  writer  In  the  "  In- 
tenialiuiial  Atlas  for  Hare  Skin  Diseases,"  No.  4,  Plate 
X,.  in  1889.  Since  then  cases  have  been  olwerved  in 
France,  Austria,  Englanti,  and  Russia.  Couillaud,*  in 
a  monograph  publishi-d  in  1«M,  was  able  lo  recor<l  thir- 
teen cases.  At  the  Twelfth  International  Medical  Con- 
gress, Moscow,  two  additional  eases  were  described. 

The  dLsease  usually  begins  with  a  eUity  or  brownish 
discoloration  of  the  skin  of  the  neck,  about  the  genital 
organs,  and  the  umbilicus.  Inotlier  cases  thcflrst  symp- 
loni  to  attract  the  patient's  attention  is  the  papillary  or 
condylomaloid  proliferalion  affecting  the  mucous  mem- 
branes of  the  mouth.  Other  regions  that  may  be  affected 
arc  the  flexor  surfaces  of  the  extremities,  the  axllhe,  and 
the  in fromam miliary  region,  Ihe  anal  region,  and  in  wom- 
en the  vulval  and  vaginal  mucosie.  A  striking  feature 
of  the  distribution  of  the  disease  is  its  almiist  perfect  sym- 
metry. The  pigmentation  varies  from  a  light  gray  to  a 
blui^i-black  in  color.  It  occurs  over  large  areas  and 
fades  at  their  borders  into  the  normal  color  of  the  skin. 
It  is  generally  coextensive  with  the  papillary  hypertrotihy, 
liut  sometimes  appears  as  a  precursor  of  this  condition. 
It  has  never  lieen  noticed  on  the  mucous  membranes. 

Tlie  papillary  hyiH-rtrophy  varies  in  degree  from  a 
slight  prominence  of  tlie  normal  areas  of  the  cuticle  to 
"■    "  elevation  of  a 
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ive  patclieit  in  Ihe  regions 
iii^'iii-iMy  ipitii  the  normal 

-  'Iri    tl ^  nil  i-xudation 

■  .  -  uiul theyim- 
,  I  .  :  11(1  pinching 
uplheskinllleepidenni>  i-  -i  ■  n  i.'  I:  :■.!  I  -l  itselastieity, 
but  the  alTectisl  ri'gious  an'  frnly  iiinvnliii-  over  the  sub- 
culis.  There  is  no  ajipreciablc  desquamation  from  the 
affi-ctiil  areas.  On  the  mucous  membranes  Ihe  papillary 
elevations  may  be  discrel*!  or  Ihey  moy  occur  in  patches. 
The  excrescences  sometimes  attain  a  very  considerable 
si/e.  ami  in  appearance  and  consistency  arc  strikingly  like 
venen-ul  warts,  but,  unlike  them,  do  not  bli^il  rradily 
on  judpution. 

In  -Jiiiir  CHSX'S  of  long  diimtiou,  cliaiigi's  in  the  append- 
ij.-.  r  i!,.   -[,iriliBvebecnnoteil.     The nailsof  theflngere 

'    ■  ■  ■ (try.  cracked,  and  mi«.shaiH'n.     The  hnirs 

I  iiiid  over  the  entire  boily  become  dry  and 

.:  ._ Liiuy  fall  out  spontanedusly,  producing  a  total 

Aii'diii:'y  and  Piit/ioli/ffg, — Under  the  microscope 
changes  corresponding  to  the  clinical  picture  are  found. 
The  homy  layerappearssomewliat  thickened;  tlie  granu- 
lar layer  shows  several  rows  of  keratohyaline  cells;  the 
n>te  Malpighii   is  the   scat  of  n  liyi«'rIrophy  which  in 
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some  sections  attains  the  enormous  dimensions  seen  ordi- 
narily in  common  warts,  and  its  lowest  layer  contains 
great  quantities  of  pigment.  The  papillae  are  elon- 
gated, sometimes  attaining  a  length  of  6  or  8  mm.,  and 
often  ramify,  following  the  digitations  of  the  epithelium 
above  them.  They  show  no  evidence  of  increase  in 
width.  The  subpapillary  layer  and  the  cutis  itself  show 
but  very  slight  clianges — a  moderate  increase  in  the  num- 
ber of  emigrated  cells,  of  mast  and  pigment  cells. 

In  most  of  the  cases  there  has  been  more  or  less  jwsitive 
evidence  of  cancer  affecting  the  abdominal  organs.  In 
the  two  cases  in  which  an  autopsy  was  obtainable  there 
was  an  extensive  carcinosis  of  the  abdomen,  which,  while 
it  spared  the  adrenal  bodies,  was- especially  noted  as  in- 
volving the  Ij^mph  glands  in  close  proximity'  to  the  large 
sympathetic  ganglia.  There  is  no  doubt  that  the  disease 
is  directly  dependent  on  the  existence  of  abdominal  cancer, 
but  whether  it  be  a  cutaneous  manifestation  of  a  peculiar 
cancer  intoxication  or  whether  it  be  due  to  changes  in- 
duced in  the  great  sympathetic  ganglia  through  the  pres- 
sure of  the  tumors  on  them,  or  to  the  combined  action  of 
both  these  causes,  is  a  matter  that  futuR^  investigation 
must  determine. 

DiagnoniH. — Ichthyosis,  pityriasis  rubra  pilaris,  and 
keratosis  folliculorum  (Darier's  disease)  are  the  only  dis- 
eases which  may  bear  even  a  remote  resemblance  to  acan- 
thosis nigricans.  Ichthyosis  is  a  mild  congenital  dis- 
ease, persists  throughout  life  without  producing  any 
general  disturbances,  is  located  chielly  on  the  extensor 
surfaces,  never  affects  the  mucous  membranes,  and  is 
characterized  by  constant  desquamation  in  more  or  less 
extensive  scales.  Pityriasis  rubra  pilaris,  sometimes  oc- 
curring in  extensive  sheets  about  the  great  flexures  and 
presenting  the  peculiar  discoloration  common  to  many 
hyperkeratoses,  may  suggest  acanthosis  nigricans,  but 
in  all  other  respects  there  are  more  points  of  difference 
than  of  resemblance  between  the  diseases.  Darier's  dis- 
ease is  differentiated  by  the  limitation  of  the  affection  to 
the  follicles,  the  non-involvement  of  the  mucosa,  the 
peculiar  greasy  character  of  the  affected  surfaces,  and 
the  occasional  occurrence  of  large  nodular  masses  from 
which  a  foul  secretion  is  disc^harged.  The  differentiation 
from  the  various  pigmentary  affections  of  the  skin  need 
not  be  entered  into. 

The  prognosis  of  the  disease  is,  of  course,  that  of  the 
underlying  cause — the  abdominal  cancer;  that  is,  it  is 
hopeless.  In  some  of  the  cases  the  cutaneous  manifesta- 
tions have  undergone  a  varied  course,  probably  depend- 
ing upcm  clianges  in  the  location  or  size  of  the  tumoi-s 
in  the  abdomen.  In  my  own  case  there  was  an  almost 
complete  disappearance' of  the  affection  of  the  skin  and 
mucous  membranes  shortly  before  the  patient  died. 

J^igmu/id  PoUitzer. 

ACARDIUS.     See  Terati}logy. 

ACARI.     ScH)  AracJinida. 

ACAROIDES  GUM.    See  Zuntfiorrhofa  lUsin. 

ACCLIMATIZATION.— When  any  animal,  brute  or 
human,  is  removed  from  the  environment  to  which  he 
and  his  ancestors  have  l<mg  been  accustomed,  a  consider- 
able disturbance  of  the  whole  economv  is  liable  to  ensue. 
The  process  of  evolution  has  developed  certain  organs 
and  certain  functions  in  acconlance  with  the  requirements 
of  those  circumstances  under  which  his  race  has  found 
itself,  and  when  he  is  suddenly  transplanted  into  new 
conditions  some  of  his  faculties  become  without  occupa- 
tion, while  others  hitherto  uncalled  upon,  and  therefore 
undeveloped,  are  suddenlv  subject(»d  to  a  demand  to 
which  they  are  quite  unable  to  respond.  The  process  .of 
accommodation  of  the  individual  to  new  ccmditions  of 
climate  is  known  as  acclimatization  or  acclimation. 
These  conditions  include  temperature,  moisture,  morbirtc 
germs,  elevation,  sunshine,  food,  and  other  less  tangible 
Factors.  Such  elements  as  are  connected  with  the  social 
rather  than  the  natural  environment,  as,   for  instance. 


education,  the  standard  of  public  morality,  and  the 
avocation  or  means  of  livelihood,  while  in  any  radical 
change  that  they  may  undergo  profoundly  affecting  the 
individual,  are  yet  to  be  held  distinct  from  the  conditions 
to  which  acclimatization  properly  refers. 

No  other  animal  is  so  lacile  in  his  accommodation  to 
changes  of  climate  as  man.  The  lower  animals  and 
plants  often  do  not  recover  for  several  generations  from 
the  effects  of  transplantation.  The  Society  d 'Acclimati- 
sation of  Paris  has  for  years  been  carrying  on,  in  its  gar- 
dens, an  extensive  zoological  experiment  on  the  domestica- 
tion of  foreign  animals  and  plants  which  it  is  believed 
can  be  made  useful  to  European  countries.  The  record 
of  its  failures  and  successes  is  embodied  in  the  numer- 
ous volumes  of  its  reports.  Man's  comparative  immu- 
nity from  the  disastrous  effects  of  changing  climate  is 
due  in  part  to  his  ability,  by  an  intelligent  prevision  of 
the  dangers  which  are  to  beset  him,  of  guarding  against 
them.  The  records  of  arctic  explorers  present  abundant 
eivdenceof  the  ability  of  the  denizens  of  temperate  climes 
to  endure  winters  in  which  the  thermometer  averages 
from  40"  to  50"  F.  below  zero.  On  the  other  hand, 
Europeans  have  lived  in  health  and  cheerfulness  on  the 
banks  of  the  Senegal  when  the  thermometer  in  their  tents 
stood  at  from  120^  to  180°  F.  Men  endure  extremes  of 
barometric  pressure  ranging  from  tliat  of  several  atmos- 
pheres, as  found  in  caissons,  to  the  tenuitv  of  the  air  ex- 
perienced at  great  elevations.  In  the  Himala^'as  men 
have  lived  at  the  height  of  15,000  feet,  and  Humboldt 
even  went  to  the  elevation  of  19,286  feet,  where  he  re- 
mained for  a  time  without  ill  effects;  but  where  no  ani- 
mal but  a  dog  would  follow  him,  and  this  creature  quite 
lost  the  power  of  barking. 

The  differences  in  the  facility  of  acclimatization  at  vari- 
ous points  in  the  same  latitude  aR^  shown  by  an  article 
reprintt^d  in  the  Popular  Scienc^i  Monthly  for  July,  1884. 
Between  80^  and  35°  N.  latitude,  Europeans  acclimate 
much  less  readily  than  in  the  same  latitudes  south.  Al- 
giers, for  instance,  is  vastly  more  difticult  for  the  Euro- 
pean to  live  in  tlian  Cape  Colony,  yet  both  places  are 
about  latitude  35°.  The  Argentine  Confederation  and 
New  South  Wales  are  more  health}'  than  the  East  and 
West  Indies,  which  are  of  the  same  latitude.  The  mortal- 
ity of  the  French  and  English  troops  has  been  found  to 
be  about  eleven  times  as  great  at  foreign  stations  in  the 
northern  as  at  those  in  the  southern  hemisphere.  The 
chief  eause  of  the  difference  is  in  the  prevalence  of  mias- 
matic fevers  so  deadly  to  Europeans.  Those  fevers  in  the 
northern  hemisphere  occur  even  in  high  latitudes,  while 
south  of  the  equator  they  do  not  extend  beyond  the 
tropic.  The  island  of  Tahiti,  for  instance,  about  latitude 
18''  S.,  is  quite  exempt  from  these  fevers.  The  reconis 
of  the  French  and  English  soldiers  on  foreign  service 
show,  in  South  America,  a  sickness  from  malarial  fevers 
of  1.6  in  1,000  men  per  annum;  while  in  a  similar  latitude 
in  the  northern  hemisphere,  the  number  of  such  cases  an- 
nually is  224  per  1.000. 

To  persons  removing  from  one  point  to  another  within 
the  temperate  zone,  one  principal  obstacle  to  acclimatiza- 
tion is  change  (especially  diminution)  in  barometric  pres- 
sure. Many  persons  on  going  to  an  elevation  of  not  more 
than  6,000  feet  experience  a  sense  of  constriction  in  the 
chest  as  well  as  across  the  liver  and  stomach.  The  pulse 
is  quicrkened.  as  is  also  the  respiration.  The  individual 
sometimes  feels  that  he  cannot  take  a  long  breath,  and  is 
often  testing  himself  to  see  if  he  can  do  so,  but  the  act 
does  not  relieve  the  air-hunger.  Slight  exertion  causes 
fatigue  and  sleep  is  disturbed  and  titful.  If  there  was 
any  preexisting  heart  trouble,  the  condition  may  soon 
become  perilous.  Anything  like  a  congestion  of  the  in- 
ternal organs  adds  to  the  (lunger  of  a.scending  to  high 
altitudes.  If  the  unpleasant  symptoms  continue  after  a 
day  or  two  of  perfect  rest,  it  is  lulvisable  to  make  no 
further  attempt  to  secure  acclimatization. 

The  practical  (juestions  of  greatest  importance  con- 
nected with  acclimatization  are  those  relating  to  the  col- 
onization of  Anglo-Saxon  peoples  in  tropical  countries, 
which,   while   they  have   long   concerned   our  English 
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brethren,  have  come  t-o  possess  a  new  interest  for  Ameri- 
cans m  connection  with  our  recently  acquired  possessions. 

To  the  question,  **  Can  Anglo-Saxons  ever  become  com- 
pletely acclimatized  in  the  tropics?"  a  more  or  less 
guarded  negative  reply  has  been  given  by  probably  a 
majority  of  the  most  eminent  authorities.  This,  it  will 
be  observed,  does  not  mean  that  Anglo-Saxons  cannot 
live  in  the  tropics  under  conditions  of  special  caution. 
It  does  imply,  in  the  minds  of  its  advocates,  that  Euro- 
peans can  never  expect  to  perform  the  same  work  under 
the  same  conditions  as  the  natives.  If  this  be  the  case,  it 
presupposes  the  continuance  of  a  distinctively  menial  or 
8'jrvile  class  as  a  permanency,  which  appears  to  be  incon- 
sistent with  the  theory  of  a  purely  democratic  colony. 

In  favor  of  the  pessimistic  view  regarding  tropical  ac- 
climatization are  urged  the  high  death  rate,  the  pliysical 
deterioration,  and  the  reduced  fertility  of  Europeans  in 
the  tropics.  The  first  two  of  these  considerations  arc 
certainly  matters  in  which  the  improved  sanitation  of 
recent  times  may  be  expected  to  count  for  much.  In 
fact,  the  annual  mortality  of  European  troo])s  in  India, 
which  prior  to  1859  had  been  69  per  1,000.  has  now 
fallen  to  12  per  1,000.  The  death  rate  of  Euro|>ean  chil- 
dren in  India  is  considerably  less  than  that  of  native  chil- 
dren, and  in  some  colonies  compares  favorably  with  that 
in  many  districts  of  Europe. 

Whether,  as  has  been  sometimes  claimed,  white  families 
in  the  tropics  are  likely  to  die  out,  is  difficult  of  demon- 
stration, because  the  stock  is  liable  on  the  one  hand  to  be 
reinforced  bv  fresh  European  immigration,  or  on  the  other 
to  be  detenorated  by  mixed  marriages.  But  a  paper 
presented  at  the  Seventh  International  Congress  of  Hy- 
giene and  Demography  by  Sir  Clements  MarRliam  shows 
that  families  of  pure  European  blood  had  been  settled  in 
tropical  places  for  more  than  two  centuries  without  any 
deterioration,  mentally  or  physically,  of  the  later,  as  com- 
pared with  the  earlier  representatives. 

Regarding  fertility  as  affected  by  removal  of  Europeans 
to  the  tropics,  great  diversity  of  opinion  has  existed  The 
analogy  of  plants  seems  to  suggest  a  loss  of  fertility,  at 
least  temporarily,  from  a  change  of  climate.  For  ex- 
ample, the  chrysanthemum  is  said  to  have  remained  in- 
fertile for  sixty  years  after  its  transplantation  from  China 
into  France,  so  that  the  seed  had  to  be  continually  im- 
ported. But  after  that  time  fertility  began  to  be  re- 
gained, till  now  the  species  propagates  itself.  European 
fowls,  w^hich  when  first  brought  to  Bolivia  became 
sterile,  later  regained  their  fecundity. 

Regarding  the  human  species,  however,  we  are  liable  to 
error  in  judging  from  cases  in  which  infertility  is  due  to 
crossing  of  the  breed  with  inferior  races:  or  when  possi- 
ble lack  of  fecundity  is  overcome  by  fresh  European  ad- 
mixture. Yet,  as  against  a  permanent  sterility  of  pure 
European  families  in  the  tropics  there  are  abundant  in- 
stances. It  is  said  that  Spanisli  women  in  Guayaquil,  at 
a  temperature  rarelv  below  83*  F.,  are  exceedingly  pro- 
lific, and  that  the  French  have  a  higher  birth  rate  in 
Algeria  than  in  France. 

In  general,  we  may  say  that  it  is  not  temperature  or 
climate  intrinsically  which  is  the  obstacle  to  acclimatiza- 
tion. Physiology  has  shown  the  marvellous  adaptability 
of  man  to  withstand  the  widest  ranges  of  thermometric 
variation.  Moreover,  anthropologists  agree  tliat  man- 
kind  is  all  descended  from  one  primitive  stock.  Hence 
man  has  acclimatized  himself,  as  a  matter  of  fact,  wher- 
ever by  successive  migrations  he  lias  permanently  oc- 
cupied new  fields. 

The  only  important  obstacle,  then,  to  acclimatization 
is  pathogenic  organisms,  and  not  temperature 

The  diseases  to  which  a  European  is  especially  subject 
on  removing  to  the  tropics  are  yellow  fever,  dysentery, 
hepatitis,  anaemia,  and  malaria.  The  first  of  the.se.  yel- 
low fever,  constitutes  the  greatest  immediate  danger  for 
the  unacclimated  stranger.  The  Creole  population,  as  is 
known,  are  largely  exempt  from  susceptibilitv  to  this  dis- 
ease, though  even  they,  after  having  resided  for  a  time 
in  the  temperate  zone,  have  to  go  through  an  acclimatiza- 
tion on  their  return  before  they  are  safe  from  the  disease. 


Their  acclimatization  is  more  quickly  accomplished,  how- 
ever, than  that  of  the  European.  Immunitv  against  this 
fever  is  gained  by  a  previous  attack,  and  also  by  having 
passed  through  an  epidemic  of  it,  even  without  having 
contracted  the  disease.  The  time  necessary  to  secure  ab- 
solute safety  against  yellow  fever  is  variable.  The  other 
tropical  diseases  which  impede  acclimatization — dysen- 
tery hepatitis,  etc. — afford  no  security  against  yellow 
fever. 

Dysentery,  which  is  perhaps,  next  to  yellow  fever, 
the  most  fatal  obstacle  to  the  acclimatization  of  Europeans 
in  the  tropics,  is  rarely,  except  in  great  epidemics,  fatal 
at  the  first  attack;  but  with  successive  years  it  is  apt  to 
recur,  either  as  dysentery  or  as  chronic  diarrhcea.  Many 
of  the  cases  arc  now  known  to  be  due  to  the  amaba  coli. 
The  British  Admiralty,  on  the  theory  that  the  mortality  of 
the  colonial  troops  from  this  cause  is  in  direct  ratio  to  the 
period  of  their  stay  in  the  tropics,  removes  and  replaces 
such  garrisons  at  short  intervals,  while  the  French  Grov- 
emment  sends  annually  to  her  colonies  transports  to  carry 
away  those  soldiera  who  have  become  enfeebled  by  re- 
lapses and  recurrences  of  dysentery.  A  certain  number 
of  individuals  can  never  become  acclimated  to  this  disease, 
and  find  relief  only  by  a  return  to  temperate  climes 

Another  obstacle  sometimes  fatal  to  acclimatization, 
but  of  rarer  occurrence,  is  hepatitis.  This  may  be  either 
primary,  due  to  heat  or  malarial  infection — in  the  latter 
case  the  enlargement  of  the  liver  being  analogous  to  the 
accompanying  splenitis ;  or  the  hepatitis  may  be  secondary 
to  dysentery,  in  which  case  abscess  of  the  liver  may  re- 
sult, usually  with  a  fatal  ending  These  hepatic  abscess- 
es are  said  to  be  more  common  in  Europeans  than  in 
Creoles  after  a  dysentery  Other  liver  diseases,  cancers, 
hydatids,  and  icterus,  due  to  affections  of  the  gall  bladder 
and  ducts,  are  said  by  Dr.  Saint-Vol,  in  his  work,  **  Hy- 
gii^ne  des  Europeens  dans  les  ClimatsTropicaux, "etc., 
to  be  rarer  in  the  toiTid  than  in  the  temperate  zone,  in 
spite  of  the  common  belief  to  the  contrary. 

A  degree  of  amemia  may  be  considered  physiological 
in  hot  countries.  But  it  not  unfrequently  becomes  ex- 
cessive, interfering  with  the  nutrition  of  the  body  and 
combining  with  a  certaiij  amount  of  malarial  poisoning, 
and  perhaps  also  of  hepatitis,  to  impart  the  doughy,  pale, 
and  sallowish  tint  not  uncommon  in  those  who  fitve  Hved 
long  in  the  tropics.  This  anosmia,  sometimes  amounting 
quite  to  a  cachexia,  is  most  extreme  in  the  immediate 
neighborhood  of  the  equator,  growing  less  with  every 
degree  of  latitude,  and  is  by  no  means  confined  to  the 
white  race,  though  it  is  only  as  it  occure  to  Europeans 
seeking  acclimatization  that  it  deserves  mention  in  this 
connection. 

Intermittent  and  remittent  fevers,  now  known  to  be 
due  to  the  various  species  of  malarial  organism,  and  other 
manifestations  of  malarial  cachexia  are  the  obstacles  which 
most  commonly  stand  permanently  in  the  way  of  acclima* 
tization.  Recent  observations  have  shown  "that  malaria 
exists,  at  least  in  the  northern  hemisphere,  nearly  as  far  up 
as  the  Arctic  circle,  and  the  deadly  nature  of  the  Tuscan 
ManMuma  (lat.  43°)  has  even  given  a  name  to  the  disease. 
Still,  the  most  virulent  types  of  the  disease  are  of  tropical 
origin.  An  individual  may  resist  these  influences  for  a 
time,  to  fall  a  victim  without  any  apparent  change  either 
in  his  own  carefulness  or  in  the  nature  of  the  surround- 
ing miasmatic  influences.  Malaria  is  not  confined,  like 
yellow  fever,  to  the  coast  regions,  but  is  distributed 
widely.  High  altitudes  are  not  exempt  from  it,  and  it 
was  found  by  Curran  even  on  the  chain  of  the  Himalayas. 
Still,  it  is  more  common  in  lower  levels  where*  vegetation 
once  covered  with  moisture  is  left,  by  a  .subsidence  of  the 
water,  exposed  to  the  atmosphere.  There  are  some  re- 
gions, as.  for  instance,  parts  of  Senegal,  Madagascar,  and 
rVench  Guiana,  where  the  malarial  influence  is  so  strong 
that,  while  individuals  have  overcome  it,  it  may  be  said 
that,  as  a  race,  Europeans  hitherto  have  failed  to  become 
acclimated. 

In  passing  from  the  tropics  to  the  temperate  zone,  the 
obstacles  in  the  way  of  acclimatization  are  much  less  than 
when  the  emigration  is  in  the  other  direction.    The  transi- 


53 


Acrommodatloii. 
Accommodation. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES 


tion  of  seasons  from  the  heat  of  summer  to  the  cold  of 
winter  lias  a  tonic  effect,  and  is  favorable  to  those  suffer- 
ing from  aua?mia,  liepatitis,  and  malaria  Certain  in- 
flammatory chest  affections,  however,  are  liable  to  be 
caused  in  Creoles  by  a  northern  winter,  as  well  as  some 
cutaneous  diseases  dependent  perhaps  on  the  cliange  in 
the  amount  of  perspiration.  It  is  often  claimed  that 
persons  removing  to  the  temperate  zone  are  in  special 
danger  from  phthisis.  Dr.  Saint  \^el  (ioc.  cit. )  says  that 
the  reverse  of  this  is  true.  Some  negroes  die  of  tuber- 
culosis in  the  hospitals,  but  there  are  usually  circum- 
stances of  special  exposure  in  these  cases,  wfiile  those 
negroes  who  are  well  cared  for  and  live  at  service  are 
remarkably  free  from  phthisis.  Confusion  has  perliaps 
been  made  of  the  negro  with  the  monkey  in  this  respect , 
but  the  tuberculosis  so  conunon  in  the  latter  animal  is 
due  to  his  continemeut  and  to  other  conditions  not  ob 
tainiug  in  the  case  of  the  negro.  The  experience  of  all 
the  Northern  States  of  our  country  shows  that  the  negro 
acclimates  well  in  the  temperate  zone;  but  observations 
are  wanting  as  to  his  power  of  adapting  himself  to  really 
cold  climates. 

The  Creoles  residing  in  France  are  particularly  long- 
lived.  Their  acclimatization  is  said  to  be  more  readily  ac 
complished  tlian  that  of  whites  returning  after  a  long 
residence  in  the  tropics;  but,  as  a  whole,  the  effect  of 
removal  from  lower  to  higher  latitudes  is  more  beneficial 
than  that  of  moving  in  the  contrary  direction.  Arctic 
animals  do  less  well  m  temperate  regions  tlian  those  from 
the  tropics. 

Hygiene  of  Acdiniatization. — Hygiene  can  do  something 
to  overcome  the  obstacles  in  the  way  of  acclimatization.  It 
is  especially'  important  in  combating  dysentery,  anaemia, 
and  malaria.  Contrary  to  what  has  been  sometimes 
taught,  a  robust  frame  is  an  assistance  to  acclimatization. 
The  immigrant  to  the  tropics  should,  if  possible,  reach 
his  destination  in  the  cool  season,  tlrnt  the  transition 
may  be  as  moderate  as  possible  from  his  native  clime. 
For  the  same  reason  the  tropical  emigrant  should  reach 
the  temperate  zone  in  the  summer.  In  going  to  the 
tropics  one  should  not  deprive  himself  wholly  of  a  meat 
diet,  though  of  course  less  meat  and  very  little  fat  are 
required.  The  food  should  be  sutticieut  in  all  its  con 
stituents  to  keep  up  the  strength.  Alcoholic  excess  is 
to  be  especially  avoided.  The  light  wines  are  much  pref- 
erable to  spirits.  A  slight  diarrha'a  is  to  be  checked  at 
once,  as  otherwise  it  may  run  on  to  the  severe  chronic 
intestinal  fluxes.  The  dwelling  should  be  situated  high, 
with  the  sleeping-room  on  the  second  floor.  Alluvial 
bottoms  are  to  be  avoided  as  places  of  abode,  and  the 
domicile  should  not  be  erected  in  the  track  of  breezes 
blowing  over  marshy  districts.  Exposure  to  the  night 
air  is  unwise,  especially  when  there  is  a  fog  lianging 
about  Food  should  hi*  taken  before  going  out  in  the 
morning,  and  a  daily  dose  of  quinine  should  be  made 
use  of. 

Reference  should  be  made  to  the  pn)bably  important 
part  played  by  certain  insects,  notiibly  the  mosquito,  in 
the  communication  toman  of  malaria  and  possibly  of  oth- 
er diseases  that  have  given  to  some  tropical  regions  an 
unsavory  reputation  for  deadliness  to  Europeans.  If  the 
teachings  of  Koch  and  other  believers  in  the  moscjuito 
inoculation  of  the  malarial  parasite  be  confinned.  the  em- 
ployment of  nets  and  bars  will  assume  an  important  part 
m  the  hygiene  of  acclimatization. 

Direct  exposure  to  the  equatorial  sun  during  the  mid- 
dle of  the  day  should  be  avoided.  Only  the  natives  can 
withstand  its  fierceness.  On  the  other  hand,  draughts. 
especially  of  night  wind,  should  be  as  carefully  avoided 
as  in  temperate  climes  While  the  clothing  should  of 
course  be  light,  it  should  be  of  cotton  rather  than  linen, 
and  merino  undergannents  should  be  worn,  and  changed 
frequently  in  order  to  keep  the  large  amount  of  transuded 
moisture  absorbed.  Nostalgia,  which  retards  acclimatiza- 
tion, should  be  avoidnl  as  far  as  possible  If  s(K'iety  is 
wanting,  work  must  l)e  relied  upon  to  take  up  the  mind 
It  is  said  that  the  workers  acclimatize  mon;  readily  than 
the  idlers  in  hot  countries     Of  the  various  forms  of  ex- 


ercise, which  is  always  so  important  from  a  hygienic 
point  of  view,  riding  and  driving  are  especially  desirable 
in  warm  countries.  Cool  and  cold  baths  daily  are  of  use. 
The  ad  vantages  of  hydrotherapy  are  of  ten  combined  with 
those  of  high  elevation  in  the  sanatoria  which  are  loca^ted 
in  the  mountainous  districts  (where  such  exist)  in  many 
warm  countries,  and  whither  the  half  acclimated  Euro 
pean  repairs  from  time  to  time  with  much  benefit  to 
paludic,  dysenteric,  and  hepatic  affections  Finally,  if 
dysentery  obstinately  recurs  in  the  high  altitude,  or  if 
the  sj'stem  does  not  throw  off  miasmatic  impressions,  it 
is  better,  after  a  reasonable  time,  to  abandon  the  attempt 
at  acclimatization  and  return  to  a  temp)erate  climate  The 
ocean  voyage  will  be  likely  to  cause  some  relief,  and 
after  a  reconstitution  of  the  bodily  powera  in  the  home 
country,  a  second  attempt  at  acclimatization  may  be  more 
succes.sful.  CJuirks  F.   Withington 

ACCOMMODATION    AND  REFRACTION.    See  Eye, 

Dioptncs  of. 

ACCOMMODATION  AND  REFRACTION,  DISOR- 
DERS OF  — Accommodation  is  the  name  adopted  to  des 
ignate  the  adjustive  power  of  the  eye  for  distinct  vision  at 
different  distances.  As  used  in  modem  ophthalmology, 
it  may  be  more  narrowly  defined  as  the  power  of  active 
optical  adjustment  of  the  eye  for  near  vision  In  the 
case  of  the  normally  proportioned  (emmetropic)  eye.  the 
eye,  in  a  state  of  rest,  is  adapted  for  distinct  vision  at  a 
distance,  the  accommodation  coming  into  play  to  increase 
the  optical  power  (refraction)  of  the  eye  to  meet  the  re 
quirements  of  distinct  vision  at  shorter  distances. 

The  existence  of  an  active  accommodative  adjustment, 
effected  through  an  increase  in  the  convexity  of  the  crys 
talline  lens,  was  demonstrated  by  Thomas  Young  (Philo 
sophical  Transactions.  1801).  but  the  validity  of  his 
proofs  was  not  generally  recognized  until  fully  half  a 
century  later.  The  first  actual  observation  of  the  change 
in  curvature  at  the  anterior  surface  of  the  crystalline  lens, 
by  Maximilian  Ijangenbeck  (1849),  was  confirmed  (1853) 
by  A.  Cramer,  who.  by  the  employment  of  more  refined 
methods,  measurtnl  both  the  increase  in  curvature  and 
the  position  of  the  anterior  lens  surface  This  was  fol 
lowed  closely  in  time  by  the  wholly  independent  and 
altogether  admirable  research  of  H.  Ilelmholtz  (1855), 
which  definitively  established  the  fundamental  theory 
of  accommodation  on  an  exact  mathematical  basis. 
Tscheming,  who  has  lately  taken  up  the  subject  anew, 
(1894,  1895),  has  brought  to  light  important  additional 
details. 

The  changes  in  the  eye  in  accommodation  consist  in 
{(i)  a  notable  increase  of  convexity  in  a  central  area  of 
the  anterior  surface  of  the  crystalline  lens,  {h)  a  much 
smaller  but  positively  demonstrated  increase  of  convex- 
ity in  a  central  area  of  the  posterior  surface  of  the  crys 
talline  lens,  and  {c)  a  slight  displacement  forwartl  {i.e., 
in  a  direction  to wanl  the  posteriorsurface  of  the  cornea) 
of  the  anterior  lens  surface ;  the  ])osition  of  the  centre  of 
the  posterior  lens  surface  remaining  unchanged. 

Accommodation  is  accompanied  by  active  contraction 
of  the  pupil,  the  effect  of  which  is  to  stop  off  all  but  a 
eompamtively  small  central  ])ortion  of  the  crystalline 
lens,  thus  excluding  the  peripheral  portions  of  the  lens 
from  participation  in  the  formation  of  the  retinal  image, 
lioth  aeccmimodation  and  the  accompanying  pupillary 
contraction  are  essentiallv  binocular  acts,  and  thev  are 
sensibly  e(jual  in  the  two  eyes.  They  are.  moreover 
as.sociate(l  with  convergence  of  the  visual  axes  upon 
the  object  for  which  both  eves  arc  accomnuMiated.  thus 
making  it  ])ossible  to  see  near  objects  single,  as  well  as 
distinctly,  with  the  two  eyes 

These  several  adjustments,  which  go  to  make  up  the 
complex  act  of  binocular  accomuKMlation,  areco  onlinated 
luuler  the  control  of  the  third  (common  motor)  ])air  of 
cranial  nerves.  Thus  the  iin])ulse  to  accommodate,  in 
order  to  see  a  small  near  object  distinctlv,  evokes  not 
only  the  needful  lenticular  and  pupillary  changes  in  both 
eyes,  but  also  the  simultaneous  action  of  both  recti  intcmi 
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muBcIts,  rpsiiUiog  in  coDvergence  corresponding  to  tlic 
distance  of  the  obj(«t.  Similarly,  the  impulse  lo  eoc- 
vcr^  the  visu&l  axes,  in  order  to  make  the  two  retinal 
images  fall  each  at  the  central  fovea  in  its  own  ej'e  and 
M  to  preveot  the  confusion  incidirut  lo  double  vision, 
evokes  a  simultaneous  and  equivalent  accommodative 
change,  with  contraction  of  the  |)Upil,  in  both  eyes. 

The  physiological  bond  by  which  accommodation  and 
convergence  are  co-ordinated  is,  however,  clastic,  within 
certain  limits.  Thus  the  relation  of  the  two  adiustments 
may  be  altered,  for  the  time  being,  by  looking  through 
concave  or  convex  ghisses,  or  through  divergent  or  con- 
vergent prisms,  ao  as,  with  unchanged  convergence,  to 
force  or  to  relaK  tbc  accommodation,  or,  with  unchanged 
accommodatioD,  to  increase  or  to  diminish  the  converg- 
ence. Such  experiments  are,  however,  fatiguing,  and 
cannot,  as  a  rule,  be  long  continued  witliout  giving  rise 
to  a  vivid  sense  of  discomfort  and  of  functional  disturb- 
Again,  the  relation  of  accommodation  to  convergence 
is  progressively  changing,  from  youth  to  old  age,  in  con- 
nection with  the  physiological  increase  in  tlic  tianloess  of 
the  crystalline  lens,  which  neviTthclcss  llrst  makes  itself 
seriously  felt  after  middle  life  as  an  accommodative  in' 
sufficiency  under  the  familiar  aspect  of  prftliyopia  or  old 
sight,  in  which  reading  becomes  ilifllcult  or  Inipoasible  at 
the  ordinary  distance  of  holding  the  book. 

AgaiD,  there  are  many  persons,  subjects  of  anomalies 
of  tl)e  eyes  which  involve  notable  varislions  In  the  rela- 
tion of  accommodation  to  convergence,  who  neverthe- 
less experience  no  difficulty  in  the  habitual  free  use  of 
the  eyes  in  near  work,  or  perhaps  even  imagine  tliat  they 
enjoy  exceptionally  gooci  vision.  These  arc,  however, 
generally  cases  of  a  congenital  anomaly,  or  else  of  one 
which  is  of  gTa<lual  development,  giving  time  tor  a  cor^ 
respondingly  gmdual  cliange  in  the  relation  of  the  two 
adjustments  one  to  the  ntlier. 

The  accommodative  power  which  the  eye  can  bring 
into  exercise  is  called  the  miige  of  affiimni'ulnfinn  ;  it  is 
conveniently   measuml    in   units   calle<l   dioptrics,   one 
dioptric  (I  D)  being  equivalent  to  a  convex  lens  of  1   i 
metre  focal  length.  { 

The  maximum  range  of  accommodation  for  any  eye  is 
attained  when  the  fellow  eye  is  covered,  or  otherwise  ex- 
cluded from  pariicipation  id  the  visual  act,  and  is  free  to 
assume  a  position  of  extreme  convergence.  Tliis  maxi- 
mum range  is  callwl  the  abmilutf  range  of  ncrommmlatinn. 
The  range  of  accommodation  for  the  two  eyes  togetlier. 
under  convergence  for  tny  particular  distance,  is  called 
the  rdatirt  raiigr  of  aKomiiiodalion. 

The  relative  range  of  accommodation  varies  greatly  for 
different  distances.  Thus  Ponders  (1B58)  found  that  in 
a  young  person,  of  the  age  of  fifteen  years,  it  was  possi- 
ble to  accommodate  with  ciilier  eve  singly  up  to  a  dis- 
tance of  8.6&  Paris  inches  (about'tO  cm.  =  -^  metre), 
indicating  an  absolute  range  of  accommodation  of  about 
10  D,  With  the  two  eyes  together,  it  was  possible  lo  see 
distant  objects  dislinclly  through  concave  glasses  of  any 
power  up  to  a  limit  of  11  Fans  imlies  (negative)  focal 
length  (about  29.7  cm.  =  j\,  metre),  indicating  a  rela- 
tive range  of  accommodation  of  about  3.}IT  D  under 
Sftrallelism  of  the  visual  axes.  Under  convergence  for  a 
Istance  of  3.9  Paris  Inches  (about  tO.5  cm.  =  ^  metre) 
it  was  just  possible  to  accoumindate  for  tliat  distance. 
but  it  was  also  possible  to  sec  distinctly,  with  the  two 
eyes,  through  convex  glasses  of  any  power  up  to  a  limit 
of  9  Paris  inches  (about  a4.»  mi.  =  ^f  melie)  foenl 
len^h.  indicating  a  negative  relative  range  of  acconmio- 
dation  of  about  —4.1  D,  I'nder  higher  grades  i)f  conver- 
gence, i.e.,  for  distances  less  than  3.9  Paris  inches  (]0.;i 
cm.),  it  was  impossible  lo  accomniodale,  wilh  tlic  two 
eyes,  for  the  distance  of  the  point  of  intersection  of  the 
visual  axes ;  in  other  words,  iltstinet  binocular  vision  was 
possible  only  at  distances  greater  than  alHiut  10..'i  cm. 
i»'j  metre),  indicating  a  binofiiUirriingf  ofareninmodiilian 
of  about  U.5  D.  Under  convergence  for  all  distances 
greater  than  3.9  Paris  inches,  it  was  found  that  the  two 
eyes  could  accommodate  for  a  distance  less  than  that  of 


the  intersection  of  the  visual  axes,  and  also  for  a  greater 
distance :  in  other  wonls,  the  relative  range  of  acc<mimo- 
dation  was  in  part  positive  and  in  part  negative.  "This 
distinction  acquires  practical  importance  from  llie  fact 
Ihat  the  afwmmodatioH  mn  he  muiulniae^  »ii(>/  fm-  n  dit- 
tanrt  at  which,  in  nfertaee  to  the  iirgafirr,  the  jx-ntire  pari 
of  the  relntite  range  of  aeeommodation  it  toleroMff  great." — 
Donders, 

Fig.  10  shows,  in  the  form  of  a  diagram,  the  series 
of  measurements  of  the  relative  accommodation  in  the 
case  cited,  as  plotted  by  Donders:  the  onlinales  indicate 
dioptrics  of  accom  modal  ion,  and  the  abscissas  the  corre- 
sponding degrees  of  convergence,  namely,  for  dislaD(«s 
of  I  metre  and  aliquot  ^rts  (4,  i.  i,  to  ,V  *'f  "  metre.* 

By  inspection  of  the  diagram  it  is  seen  that  the  positive 
part  of  tb&  relative  mnge  of  accommoilalion — i.f..  the 
part  above  the  diagonal  line  KK'— appears  only  In  con- 
vergence for  distances  greater  than  about  10,.^  cm.  {^ 
metre);  at  12,5  cm  (V  metre)  the  positive  part  is  about 
I hn-e- sevenths  as   great   as  the  negative;    at  33.3  cm. 


(d  metre)  the  positive  part  exceeds  the  ncgalive  in  the  ratio 
of  about  a  to  Ti. 

These  relations  of  the  positive  lo  tlie  negative  part  of 
the  relative  range  of  accommodation  correspond  closely 
to  actual  condilions  as  leameil  from  every -day  observa- 
tion of  the  workiii)'  of  the  accommodation  in  young  per- 
sons. Tims  a  child  of  say  Vi  years  can  onliiiarily  force 
liis  accommodation  so  as  to  sec  niinutc  obJM'ta  distinctly 
for  a  sliort  lime  at  a  minimum  distance  of  alvout  10 
cm.,  using  about  10  U  of  accommiKlaiion,  Al  a  little 
greater  distance,  about  13.5  cm.,  using  about  8  D  of  ac- 
conuno<lation,  lie  cnu  mid  for  a  muHi  longer  liutc.  al- 
though not,  OS  a  rule,  without  a  consciouHiess  of  effort 
leading  to  fatigue.  At  about  20  cm.,  using  about  3  U  of 
accommodation,  the  Hii'nmm<Mlaliou  can  often  be  main- 
tained for  hours  togi'ther  in  close  work,  but  not  without 
Iiu-urring  the  risk  of  ultiniale  grave  iujiiri'  to  the  eyes 
when  reading  at  sn  sliort  a  distuiiee  iH-cnmes  hablliial. 
The  limit  of  ease  and  safety,  for  young  pi'rsons,  in  long- 
continued  useof  llic  eves  in  reading  niid  study,  isal  sliout 
8;)  cm.  (alxiiil  18  English  inchesl.  or  (lerlmps  a  little  less, 
corresponding  to  au  lialittual  use  of  not  much  inure  than 
3  D  of  accommodation.  At  this  limit  of  <lislanf-('  the  rela- 
tive range  of  accunimovlation  is  ample,  anil  the  jHisitivo 
part  is  at  aboui  if-  -        
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The  letters  r,  rj,  r«,  and  p,  pi,  p»  (Fig.  10)  represent 
the  absolute,  the  relative,  and  the  binocular  farthest  and 
nearest  points,  respectively,  of  distinct  vision.  Under 
parallelism  of  the  visual  axes  the  absolute  far  point  (r\ 
the  relative  far  point  (r  i),  and  the  binocular  far  point  (ri) 
all  fall  together  at  an  infinite  distance;  but  there  is  a 
positi  ve  relati  ve  accommodation  of  abou  t  3. 37  D.  Under 
convergence  for  a  distance  of  10.5  cm.  (^  metre),  the 
relative  near  point  (pO  and  the  binocular  near  point  (p«) 
fall  together  at  the  same  distance  of  about  10.5  cm.  from 
the  eye;  but  there  is  a  negative  relative  accommodation, 
which  here  attains  its  maximum,  of  —4.1  D.  The  ab- 
solute near  point  {p)  is  attained  only  under  extreme  con- 
vergence (for  a  distance  of  about  5.5  cm.  =  -f^  metre),  and 
falls,  together  with  the  relative  near  point  {p\),  at  about 
10  cm.  (-j^y  metre)  from  the  eye;  under  this  maximum  ex- 
ertion the  relative  range  of  accommodation  is  reduced  to 
zero.  Under  convergence  for  all  distances  greater  than 
20  cm.  (i  metre),  the  positive  part  of  the  remtive*  range 
of  accommodation  is  large  and  nearly  constant,  falling  no- 
where below  about  3.25  D,  and  reaching  a  maximum  of 
nearly  4  I)  at  a  distance  of  about  38  cm. 

Table  A. 

^mm^m€»?°  [O  1  2  3  4  5  6  7  8  9  10  11  12  13  U  15  16  17  18  19  20 

Distances  In 
metres. 
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Table  A  represents,  in  parallel  series,  consecutive 
dioptrics  of  accommodation  and  the  corresponding  dis- 
tances at  which  a  normally  proportioned  (emmetropic) 
eye  sees  distinctly  through  the  exercise  of  the  accommo- 
diation.  It  will  be  observed  that  the  fii*st  dioptric  of  ac- 
commodation covers  all  distances  from  infinity  up  to  a 
distance  of  1  metre  from  the  eye ;  the  second  covers  a 
distance.  1  —  ^  =  |  metre ;  the  third,  |  --  ^  =  J  metre ;  the 
fourth,  \  —  \  =  ^j  metre;  the  tenth,  i  —  tV  =  ^ir  nietre; 
the  twentieth,  -j^  —  J^  =  ^^^  metre,  etc. 

Inasmuch  as  the  distance  of  the  near  point  (p)  from 
the  ej'e  is  the  reciprocal  of  the  number  of  dioptrics  of 
accommodation,  it  follows  that  when  the  effective  range 
of  accommodation  exceeds  1  D  the  distance  of  p  from 
the  eye  will  be  represented  by  some  fractional  part  of  1 
metre.  Again,  if.  for  any  cause,  the  far  point  (r)  falls 
at  a  distance  (which  we  will  represent  b}'  K)  less  tliau  1 
metre  from  the  eye,  the  distance  of  the  near  point  {p) 
from  the  eye  (which  we  will  represent  by  P)  will  be  less 
than  when  r  is  at  infinity,  but  will  still  always  have  a 
real  value  represented  by  some  fraction  of  1  metre.  The 
lim»ar  distance  R — P,  covered  by  any  given  range  of  ac- 
commodation, decreases,  therefore,  at  a  rapidly  increasing 
rate  for  every  change  in  the  position  of  r  nearer  to  the 
eye.  The  linear  distance,  R— P.  is  called  the  region  of 
accommodation;  its  special  significance  will  appear  more 
fully  in  connection  with  the  study  of  the  Anomalies  of 
Refraction,  and  of  the  changes  effected  by  wearing 
spectacles. 

Refraction  is  the  word  used  in  ophthalmology  to 
designate  the  optical  power  of  the  eye  when  in  a  state  of 
accommodative  relaxation  or  rest.  It  is.  in  fact,  the  ag- 
gregate of  successive  refractions,  {a)  from  tlie  air  into 
the  cornea,  {b)  from  the  cornea  into  the  aqueous  humor. 
{c)  from  the  aqueous  humor  into  the  crystalline  lens,  {d) 
from  layer  to  layer  of  the  crj-stalline  lens,  through  a 
medium  of  progressively  increasing  refractive  ])()\ver 
(index  of  refraction)  from  its  anterior  surface  toward  its 
centre,  and  of  decreasing  refractive  power  from  its  centre 
to  its  posterior  surface,  and  (<)  from  the  crystalline  lens 
into  the  vitreous  bodv.  Inasmuch  as  the  curvatures  of 
the  several  refracting  surfaces  and  the  indices  of  refrac- 
tion of  the  several  transpan^nt  media  remain  constant  or 
nearly  constant,  after  the  eye  has  once  att^iined  to  its  full 
development,  the  absolute  refraction,  as  deterniininir  the 
position  of  the  principal  focus,  is  practieally  a  constant 
quantity  for  any  particular  eye. 

The  principal  posterior  focal  length  (focal  length  for 
parallel  rays)    of  the  human  eye,   measured  from  its 


second  (posterior)  principal  point,  is  estimated  at  about 
20  ram.  (g>^  metre).  To  represent  the  sum  of  the  several 
refractions  in  the  eye  by  one  refraction,  at  a  single 
spherical  surface,  we  have  only  to  assume  an  infinitely 
thin  cornea  of  5  mm.  radius  of  curvature  and,  suppress- 
ing the  crystalline  lens,  to  assume  a  length  for  the  axis 
of  the  eyeball  equal  to  2^  mm.*  This  simplified  or 
reduced  eye,  again,  may  be  represented  by  a  thm  convex 
lens  of  66.6  D  power,  mounted  15  mm.  (^^^  metre)  in 
front  of  a  screen  representmg  the  retina. 

The  measurements  of  the  radii  of  curvature  of  the 
cornea  and  of  the  two  surfaces  of  the  crystalline  lens  are, 
however,  found  to  vary  notably  in  different  eyes,  and 
this  without  giving  rise  to  any  corresponding  anomaly  in 
the  functions  of  the  eye  as  a  w^hole.  The  explanation  is 
found  in  other,  compensating  variations  in  the  size 
(length  of  axis)  of  the  eyeball.  Thus  a  very  small  eye- 
ball, with  correspondingly  short  radii  of  curvature  of  its 
refracting  surfaces,  e.g.,  the  eye  of  a  mouse,  may  be  as 
perfectly  proportioned  as  a  much  larger  eyeball,  with 
coiTespondingly  greater  radii  of  ( urvature,  e.g,,  the  eye 
of  a  rabbit.  Estimates  of  the  actual  refraction,  even  in 
the  case  of  the  human  eye,  are  therefore  at  best  but  aver- 
age estimates;  they  are,  moreover,  of  minor  importance, 
and  are  practically  disregarded  in  the  discusssion  of  oph- 
thalmological  problems.  On  the  other  hand,  any  deviation 
from  a  correct  proportion  between  the  curvatures  of  the 
refracting  surfaces  and  the  length  of  the  axis  of  the 
eyeball  is  of  very  great  importance,  for  it  is  upon  such 
correct  proportion  that  the  adaptability  of  the  eye  to  the 
varied  requirements  of  vision  mainly  depends. 

We  have  then  to  recognize,  firet  of  all,  a  normal  con- 
dition of  correct  proportion,  emmetropia,  E  (from  ifi/ierpoc, 
proportionate,  and  uf^  eye) ,  between  the  radii  of  curva- 
ture of  the  refracting  surfaces  of  the  eye  and  the  length 
of  the  anteroposterior  diameter  (axis)  of  the  eyeball.  In 
emmetropia,  a  sharply  defined  image  of  a  distant  object 
is  formed  on  the  retina  without  the  exercise  of  any  part 
of  the  acconunodation.  so  that  the  entire  range  of  accom- 
modation is  available  to  meet  the  requirements  of  distinct 
vision  for  near  objects.  The  region  of  accommodation 
includes,  therefore,  all  distances  from  infinity  up  to  the 
distance  of  the  near  [x>int  (p)  from  the  eye,  and  is  at  its 
maximum  (cf.  Table  A). 

As  opposed  to  emmetropia  we  recognize  a  condition  of 
incorrect  proportion,  ametroj/ia  (from  ajuerpo^,  dispropor- 
tionate, and  wV.  ^yp),  in  which  the  principal  focus  of  the 
eye  falls  elsewhere  than  at  the  distance  of  the  retina. 
Ametropia  occurs  under  two  opposite  types,  according 
as  the  retina  lies  in  front  of  or  behind  the  jprincipal  focus. 
■  Ifypermefropia,  H  (from  vmpfierpo^,  over-measure,  and 
wV,  eye),  is  the  condition  in  which  the  principal  focal 
length  of  the  eye  is  greater  than  the  length  of  its  axis. 
The  hypermetrope,  if  his  range  of  accommodation  is  in 
excess  of  that  required  to  advance  the  focus  for  parallel 
rays  to  the  actual  position  of  the  retina,  is  able,  through 
the  exercise  of  some  part  of  his  accommodation,  to  see 
clearly  at  a  distance.  A  part  only  of  the  range  of  ac- 
commodation is  then  available  for  near  vision,  and, 
through  the  recession  of  the  near  point,  the  region  of  ac- 
commodation is  curtaile<l.  In  the  highest  grades  of 
hypermetropiatlu'  range  of  accomnimlation  is  insuflUcient 
to  overcome  the  refractive  defect,  so  that  distant  as  well 
as  near  objects  are  seen  indistinctly  ;  in  the  lower  grades 
the  reces-sion  is  often  not  so  great  as  to  interfere  ma- 
terially with  distinct  near  vision,  so  long  as  the  range  of 
accommodation  remains  normal  or  approximately  nonnal. 
The  accomnioilation  is  nevertheless  overburdened  in 
hypermetropia,  and  its  exercise*  is  often  attended  with  a 
sense  of  strain  or  fati<rue:  with  advancing  age,  the  re- 
cession of  ihe  near  point,  due  to  the  progressive  diminu- 
tion of  the  range  of  accommodation,  gives  ri.se  prema- 
turely to  the  condition  of  old  sight  {pV(i<ln/oina) . 

In  hypermetropia  the  disproportion  is  ordinarily  due  to 
an  actual  deficiency  in  the  length  of  the  a ntero- posterior 

♦  The  index  of  n^frartion  fnmi  air  inU)  the  aqueous  humor  is  as- 
suitxHl  to  l»e  i  =  1.3,  whieh.  though  not  absolutely  exact,  !s  a  very 
close  approximation  to  the  true  index. 
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diameter  of  the  eyeball,  and  may  properly  be  regarded 
as  the  result  of  incomplete  development  of  the  eye  in  its 
posterior  segment.  The  crucial  test  of  hypermetropia  is 
the  ability  to  see  distinctly  at  a  distance  through  convex 
glasses :  its  measure,  in  dioptries,  is  the  strongest  convex 
lens  through  which  vision  at  a  distance  is  unimpaired. 
(See  Hypermetropia.) 

Myopia,  M  (from  ^wiV.  winking  or  shutting  the  eye) , 
is  a  condition  the  exact  opposite  of  hypermetropia.  As 
a  visual  defect,  myopia  was  well  known  to  the  Qreek  and 
Roman  writers  on  scientiiic  subjects;  it  takes  its  name 
from  the  fact  that  short-sighted  persons  see  distant  ob- 
jects more  clearly  when  the  opening  of  the  eyelids  is  re- 
duced to  a  narrow  slit.  In  myopia  the  principal  focal 
length  of  the  eye  is  less  than  the  length  of  its  axis.  The 
myope,  therefore,  even  under  complete  relaxation  of  his 
accommodation,  does  not  see  distinctly  at  a  distance ;  but 
he  has  perfect  vision,  without  exercise  of  the  accommo- 
dation, at  some  short  distance  defined  by  the  position  of 
his  far  point  (r),  which  position  is  determined  by  the 
grade  of  myopia.  The  near  point  {p)  of  distinct  vision, 
as  determined  by  the  range  of  accommodation  and 
measured  from  r,  falls  nearer,  therefore,  to  the  eye  than 
in  emmetropia.  The  region  of  accommodation,  i.e.,  the 
difference  in  distance  of  the  far  point  and  the  near  point 
from  the  eye,  is  notably  restricted,  and  in  the  highest 
grades  of  myopia  is  reduced  to  insignificance.  In  myopia 
of  low  graaes,  the  disability  of  old  sight  (presbyopia)  is 
first  experienced  at  a  later  period  of  life  than  in  emme- 
tropia; in  the  higher  grades  of  mvopia,  in  which  the  far 
point  (;•)  lies  well  within  the  ordinary  reading  distance, 
presbyopia,  in  the  ordinary  acceptation  of  the  word,  is 
an  impossibility. 

In  myopia  the  disproportion  is  due  to  an  elongation  of 
the  axis  oT  the  eye  incident  to  distention  of  the  eyeball, 
as  a  result,  in  most  cases,  of  improper  or  excessive  ap- 
plication to  close  work  during  the  period  of  childhood 
and  youth.  Unlike  hypermetropia,  myopia  is  to  be  re 
garded  as  essentially  a  pathological  condition ;  and  it  is 
generally  progressive,  increasing  in  grade  from  year  to 
year  provided  that  the  active  causes  continue  operative. 
The  test  of  myopia  is  the  inability  to  see  distant  objects 
distinctly  except  through  concave  glasses ;  its  measure, 
in  dioptries.  is  the  weakest  concave  lens  which  brings 
distant  vision  up  to  the  same  standard  of  acutcness  as  at 
distances  within  that  of  the  far  point.   (See  Jfyopia.) 

The  positions  of  the  far  point  (r)  and  of  the  near  point 
(p) ,  respectively,  are  measured,  in  metres  and  parts  of  a 
metre,  from  the  anterior  nodal  point  of  the  eye,  which  is 
situated  in  the  crj'stalline  lens  about  0.2*5  m'm.  from  its 
posterior  surface.  Representing  these  distances  by  R 
and  P,  respectively,  the  range  of  accommodation,  ex- 
pressed in  dioptries,  by  A,  and  the  degree  of  myoi)ia  or 
of  hypermetropia,  expressed  also  in  dioptries,  by  M  or 
H,  respectively,  we  have : 

In  emmetropia,       R  =  infinity, 


in  myopia, 


P  =  -T-  metre ; 
A 

1 
K  =  :r7  metre, 
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P  = 
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in  hypermetropia,  R  =  —  _  metre, 
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P  = 
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metre. 
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As,  however,  the  actual  limit  for  distant  vision  is  at  in- 
finity, this  must  represent  the  position  of  the  far  point 
(r)  m  hypermetropia;  the  expression  of  the  real  condition 
then  becomes; 


In  hypermetropia,  R  =  infinity, 

1 


From  a  comparison  of  these  equations  it  will  be  seen 
how,  with  the  same  range  of  accommodation,  the  region 
of  accommodation  is  most  extensive  in  emmetropia.  In 
myopia  the  region  of  accommodation  is  greatly  con- 
tracted through  the  approach  of  the  far  point  (r) ,  with 
but  slight  and,  in  the  higher  grades  of  myopia,  unim- 
portant compensation  in  the  approach  of  the  near  point 
(p)  to  the  eye.  In  hypermetropia  the  effective  range  of 
accommodation  is  diminished,  and  the  region  of  accom- 
modation is  curtailed  through  the  recession  of  the  near 
point  (p)  from  the  eye,  the  far  point  (r)  remaining,  as 
m  emmetropia,  at  inlinity.  When  H  is  so  large,  or  A  so 
small,  that  A  is  less  than  H,  the  entire  ran^e  of  accom- 
modation becomes  negative,  and  distinct  vision  is  impos- 
sible at  any  distance. 

By  the  correction  of  the  ametropia,  by  an  appropriate 
concave  or  convex  glass,  the  far  point  (/•)  is  adjusted  to 
infinity,  and  the  position  of  the  near  point  (p)  is  then  de- 
termined by  the  range  of  accommodation  (A).  The 
equations  for  myopia  and  for  hypermetropia  then  become 
identical  with  that  of  emmetropia. 


In  myopia, 


R  = 


P  = 


in  hyper n.eiropia,  R  = 
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We  have  thus  far  considered  only  the  case  of  ametropia 
in  a  single  eye,  and  have  ignored  all  complications  grow- 
ing out  of  the  fact  that  vision  is  actually  the  result  of 
the  concurrent  action  of  the  two  eyes.  In  brief,  it  may 
be  said  that  in  order  to  see  an  object  single  and  distinctly 
with  the  two  eyes  together,  the  eyes  must  be  accurately 
directed  each  to  the  same  point,  and  this  point  must  be 
a  point  for  whose  distance  each  eye  is  accommodated. 
The  close  connection  between  accommodation  and  con- 
vergence may  lead  to  important  complications  both  in 
myopia  and  in  hypermetropia.  In  myopia,  there  is  com- 
paratively little  occasion  for  the  exercise  of  the  accom- 
modation, but  the  need  for  convergence  remains  un- 
changed, or  may  even  be  increased  by  reason  of  the 
shorter  distance  at  which  the  strongly  myopic  eye  sees 
small  objects.  This,  noimal  or  excessive,  convergence 
may  in  turn  evoke  accommodation  for  a  still  shorter  dis- 
tance, and  so  necessitate  the  holding  of  the  book  still 
nearer  to  the  eves,  thereby  inciting  again  to  stronger 
convergence,  "fhe  excessive  accommodation  which  is 
thus  excited  may  cause  the  myopic  eye  to  appear  more 
strongly  myopic  tlian  it  really  is,  and  may  lead,  through 
long-continued  tension  of  accommodation,  to  pathological 
conditions  resulting  in  progressive  increase  m  the  grade 
of  the  myopia.  On  the  other  hand,  the  eyes  may  fall 
into  the  habit  of  relaxing  the  accommodation  to  the  de- 
gree requisite  for  distinct  vision  at  or  near  the  far  point, 
in  which  case  the  attendant  relaxation  of  the  convergence 
may  lead  to  relative  iusulliciency  of  the  recti  intemi 
muscles,  with  resultant  muscular  fatigue  from  the  effort 
to  maintain  binocular  vision  (muscular  asthenopia) :  or 
else  the  effort  to  maintain  bin(x?ular  vision  may  be  aban- 
doned, and  a  condition  of  actual  muscular  insufllciencv 
(divergent  strabismus)  established.  In  hypermetropic 
the  eyes  accommodate  even  in  distant  vision,  and  must 
accommodate  more  strongly  than  in  emmetropia  in  order 
to  see  near  objects  distinctly.  Accordingly,  in  In'per- 
metropia  one  of  two  complications  may  arise:  either  the 
convergence  may  be  habitually  adjusted  to  the  distance 
of  the  object,  in  which  case  the  correlated  accomniixiaticm 
may  be  insufficient  for  continuous  near  work,  and  so  the 
eyes  may  suffer  from  accommodative  insufficiency  or 
fatigue  {accmnmadative  adhenopia) ;  or,  on  the  other 
hand,  the  accommodation  may  be  maintained  to  the  de- 
gree requisite  for  distinct  vision,  and  this  excessive  ac- 
commodative effort  may  evoke  a  tendency  to  excessive 
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convergence,  which  nmj"  develop  into  convergent  stra- 
bismus.    {See  Afit?iem4i)ia,  Strabismus.) 

The  effect  of  the  disturbed  correlation  between  accom- 
modation and  convergence  in  ametropia  has  been  con- 
cisely formulated  by  Douders.  as  follows* 

Ilypevmttrojria  causes  ac/'omtnodattte  asthenopia,  to  he 
actirelt/  otetrome  by  strahismtis  converge ns. 

Myopia  leads  to  m  uscular  astJieno^pia,  passively  yielding 
to  strahismtts  diretyens. 

Astigmatism  is  a  refractive  anomaly  in  which  the  re- 
fractive power  of  the  eve  is  unequal  in  different  meridians. 
(See  Astigmatism.)  'This  inequality  is  greatest  in  two 
meridians  which  lie  at  right  angles  to  each  other,  and 
which  are  called  the  principal  meridians.  The  astigmatic 
eye  may  be  emmetropic  in  one  of  its  principal  mendians, 
in  which  case  it  is  either  myopic  or  hypermetropic  in  the 
other;  or  it  may  be  cither  myopic  or  hypermetropic  in 
both  meridians;  or,  lastly,  it  may  be  myopic  in  one  of  its 
principal  meridians  and  hypermetropic  in  the  other.  If 
the  astigmatic  eye  is  hypermetropic  in  its  horizontal 
meridian,  the  accommodative  disturbances  generally 
simulate  those  which  belong  to  hypermelropia,  namely, 
accommodative  asthenopia,  or  a  tendency  to  convergent 
strabismus;  if,  on  the  other  liand,  the  eye  is  myopic  in 
its  horizontal  meridian,  the  complications  are  more  com- 
monly those  which  belong  to  myoi)ia,  namely,  muscular 
asthenopia  or  insufficiency.  Moreover,  as  in  astigma- 
tism the  acuteness  of  vision  is  more  or  less  inpaired,  the 
inclination  is  always  to  hold  the  book  too  near  to  the 
eyes,  and  thus  the  tendency  to  accommodative  tension  or 
to  muscular  insufficiency,  on  the  one  hand,  or  to  muscu- 
lar tension,  or  to  acconmiodative  insufficiency,  on  the 
other  hand,  is  materially  increased. 

Irregular  astigmatism  (see  Astigmatism)  necessarily 
impairs  the  acuteness  of  vision  at  all  distances,  and  may 
prove  a  source  of  disability  or  of  danger  through  the 
forcing  of  both  accommodation  and  convergence  in  the 
effort  to  read  continuously  at  a  very  short  distance. 

The  correction  of  regular  astigmatism,  together  with 
any  accompanying  ametropia,  by  means  of  appropriate 
cylindrical,  spherico  cylindrical,  or  toric.  lenses,  both 
improves  the  ncutene-ss  of  vision  and  removes  the  (lis 
abilities  incident  to  the  displacement  of  the  region  of 
accommodation.  Even  in  irregular  astigmatism  a  part 
of  the  refractive  defect  may  often  be  corrected  by  means 
of  some  form  of  cylindrical  lens,  with  corresponding  im- 
provement in  the  acuteness  of  vision. 

Unequal  refraction  in  the  two  eyes — auisf)metrojna 
(from  iv/ffof,  unequal,  fiirpov,  measure,  and  w^,  oye) — may 
give  rise  to  certain  complications  growing  out  of  the 
close  connection  between  accommodation  and  conver- 
gence. Moreover,  as  the  acconunodation  is  sensibly  equal 
m  the  two  eyes,  the  same  degree  of  inequality  exists  in 
accommodation  as  in  a  state  of  rest,  so  that  the  two  eyes 
are  never  accurately  accommodated  for  the  same  distance 
at  the  same  time.  In  order  to  see  any  object  cU^rly,  one 
of  the  eyes  must  therefore  accommodate  accurately  for 
its  distance,  while  the  other  eye  is  accommodated  for 
some  other  distance.  Hence  one  of  the  retinal  images  is 
distinct,  while  the  other  is  imperfectly  defined.  This 
difference  in  definition  is,  however,  not  of  very  great  im- 
portance, for,  practically,  the  attention  is  concentrated 
upon  the  clearer  image,  and  the  confused  details  of  the 
other  image  are  disregarded.  Both  images  are,  however, 
utilized  in  binocular  vision,  as  is  shown  by  the  persist- 
ence of  the  binocular  faculty  of  estimating  differences  of 
distance  and  of  appR»ciating  the  form  of  solid  objects 
(stereoscopic  vision) .  On  theoretical  grounds  a  certain 
improvement  in  the  acuteness  of  vision  should  result 
from  the  accurate  correction  of  both  eyes  by  means  of 
glasses  of  different  foci,  and  this  is  actually  the  fact  in 
the  case  of  lesser  differences  in  refraction,  but  in  cases  of 
great  difference,  equalizing  glasses  are  not  always  readily 
accepted.  A  person  with  one  emmetropic  eye  of  nonnal 
visual  acuteness  will  not  ordinarily  accept  glasses  for  the 
sole  purpose  of  remedying  a  defect  of  which  he  is  per- 
haps unconscious  and  which  causes  him  no  incon  venienre ; 
and,  similarly,  many  persons  with  ametropia  of  a  differ 


ent  grade  in  the  two  eyes  will  rest  satisfied  with  glasses 
of  equal  foci,  which  leave  the  existing  refractive  differ- 
ence unchanged.  Hence  it  is,  as  a  general  rule,  umieces- 
sary  to  give  glasses  for  an  uncomplicated  refractive  error 
of  one  eye,  and,  in  cases  of  unequal  defect  in  the  two 
eyes,  it  is  often  sufficient  to  prescribe  glasses  of  equal 
foci,  selected  with  reference  to  the  condition  of  the  eye 
which  is  habitually  in  use. 

The  complications  which  may  make  it  necessary  to 
prescribe  glasses  of  different  foci  in  anisometropia  occur 
chiefly  in  cases  of  myopia  of  one  eye,  or  of  myopia  of  a  dif- 
ferent grade  in  the  two  eyes.  In  myopia  of  one  eye,  with 
emmetropia  or  moderate  hypermetropia  of  the  other,* 
the  myopic  eye  is  ordinarily  used  in  reading,  and  the 
emmetropic  or  hypermetropic  eye  in  distant  vision. 
Such  a  person  may  suffer  from  muscular  asthenopia  or 
insufficiency  of  the  recti  intemi.  as  a  consequence  of  the 
habitual  relaxation  of  the  accommodation  in  reading,  or 
from  injurious  tension  of  the  accommodation,  with  a 
tendency  to  progressive  increase  of  the  grade  of  myopia, 
incident  to  the  habit  of  converging  accurately  for  the 
reading  distance.  In  such  erases  it  is  generally  best  to 
correct  the  myopic  eye  by  means  of  a  suitable  concave 
glass,  and  to  prescribe  for  the  other  eye  either  a  plane 
glass  or  a  convex  glass  suited  to  the  grade  of  its  hyper- 
metropia. In  myopia  of  a  different  grade  in  the  two 
eyes  it  is  the  rule  to  correct  the  less  myopic  eye  for  dis- 
tance, and  to  give  either  the  same  glass,  or  one  of  shorter 
focus,  to  the  more  myopic  eye,  as  may  be  found  most 
satisfactory  upon  trial.  If  the  difference  in  the  refrac- 
tion of  the  two  ej'es  is  large  (two  dioptrics  or  more),  a 
partial  correction  of  the  more  myopic  eye  may  be  pre- 
feiTcd  in  the  Ix'ginning.  and  the  full  correction  may  be 
accepted  after  the  lapse  of  a  few  weeks  or  months. 

Aphakia  (from  a,  privative,  and  (paKo^  =  lens,  a  lentil) 
is  the  condition  in  which  the  crystalline  lens  is  either 
wholly  wanting  or  is  so  displaced  that  it  no  longer  lies  in 
the  axis  of  the  eyeball.  The  focal  length  of  the  crystal- 
line lens,  within  the  eye,  is  estimated  at  43.7  mm.,  repR»- 
senting  a  refractive  power  of  about  23  D.  The  aphakial 
eye  has  therefore  sustained  a  loss  of  refractive  power 
equal  to  al>out  23  dioptrics,  besides  the  loss  of  its  entire 
accommodation.  In  correcting  aphakia  by  means  of  a 
convex  glass,  the  position  of  the  glass  (about  half  an 
inch  in  front  of  the  cornea)  is  much  more  advantageous 
than  that  of  the  crystalline  lens  which  it  replaces,  so  that 
a  glass  of  ten  or  eleven  dioptrics  is  sufficient,  in  most 
cases,  to  make  good  the  refractive  deficiency.  Tlie  retinal 
image  is  also  enlarged  by  about  one-third,  inconsequence 
of  tlie  change  in  the  position  of  the  nodal  point.  A  cer- 
tain degree  of  accommwlative  adjustment,  with  addi- 
tional enlargement  of  the  retinal  image,  may  be  obtained 
by  holding  the  glass  farther  from  the  eye,  but  as  the  dis- 
tance at  which  the  glass  can  be  easily  held  is  limited  to 
the  length  of  the  nose,  it  is  too  small  to  admit  of  the 
necessary  adjustment  for  reading.  Hence  two  glasses 
are  generally  required,  a  weaker  glass,  of  ten  or  eleven 
dioptrics,  for  distant  vision,  and  a  stronger  glass,  of  say 
thirteen  to  fifteen  dioptrics,  for  reading.  If  tlie  aphakial 
eye  is  of  hypermetropic  construction,  proportionally 
stronger  glasses,  and  if  of  myopic  construction,  propor- 
tionally weaker  glas-ses,  are  required.  In  aphakia  of  one 
eve.  with  normal  vi.sual  acuteness  of  the  other  eye,  it  is 
impossible,  by  any  glass,  to  make  the  retinal  images  equal 
in  size  in  the  two  eyes,  yet  even  with  this  drawback  the 
correction  of  the  aphakial  eye  is  generally  accepted  by 
young  persons,  with  the  very  great  advantage  of  helping 
to  keep  the  eye  in  use.  and  so  opposing  the  not  infrequent 
tendency  to  diift  into  a  ]>ositi()u  of  divergent  (or  more 
rarely  of  convergent)  strabismus.  An  aphakial  eye.  even 
when  uncorrected,  generally  takes  some  j)art  in  binocu- 
lar vision,  and  is  of  use  by  enlarging  the  general  field  ot 
vi.sion,  and  also  by  assisting  in  the  estimation  of  distances. 
A  considerable  grade  of  astigmatism  is  frequently  present 
in  aphakia,  which  may  be  due  either  to  origin*al  as^'m- 

♦  The  niituv,  atitftnrtrofna  has  bet^n  pn>|>osHl  for  the  particular  forni 
of  ani.-^ouietropla  in  which  one  eye  is  hyperaietropic  und  the  other 
myopic. 
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metry  of  the  cornea  or  to  an  acquired  asymmetry  incident 
to  the  healing  of  a  corneal  wound  or  of  the  incision  in  the 
operation  for  the  extraction  of  cataract.  Low  grades  of 
astigmatism  are  often  overcome  by  looking  obliquely 
through  the  strong  convex  glasses  worn  to  correct  the 
aphakial  condition;  higher  abrades  may  require  correc- 
tion by  a  spherico-cylindrical  or  tr  ric  lens.  (See  Astig- 
matism.) 

Disorders  of  accommodation  may  occur  as  a  result 
either  of  an  abnormal  condition  of  the  special  organ  of 
accommodation,  the  crystalline  lens,  or  of  disordered  in- 
nervation. 

The  progressive  hardening  of  the  crystalline  lens, 
which  has  already  begun  in  youth,  and  which  goes  on 
probably  throughout  tne  entire  duration  of  life,  becomes, 
after  middle  life,  an  insurmountable  obstacle  to  such 
change  in  the  form  of  the  lens  as  is  essential  to  perfect 
accommodation  for  the  usual  r^wiing  distance.  (See  Pres- 
byojna.)  Only  in  myopia  is  there  an  apparent  exception 
to  this  statement,  owing  to  the  fact  that  the  far  point  (r) 
often  lies  so  near  to  the  eye  as  to  bring  it  within  tlie 
ordinary  reading  distance  of  30  cm.  (12  inches).  In  such 
cases  the  myope  never  becomes  presbyopic  in  the  sense 
of  being  unable  to  read  without  the  aid  of  convex  glasses: 
but  whereas  in  youth  he  i"eads  easily  with  the  concave 
glasses  which  accurately  correct  his  myopia,  he  is  com- 
pelled, with  advancing  age,  either  to  lay  aside  his  glasses 
in  reading  or  to  exchange  them  for  weaker  concave 
glasses  than  those  through  which  he  sees  well  at  a  dis- 
tance. In  hypermetropia,  on  the  other  hand,  the  loss  of 
accommodation  shows  itself  by  an  early  recession  of  the 
near  point  {p) ,  so  that  help  is  sought  from  ccmvex  glasses, 
perhaps  long  before  the  usual  age  of  from  fort}'  to  forty - 
live  yeare.  The  young  hypermetrope,  wearing  convex 
glasses  which  correct  his  hypermetropia,  is  able  both  to 
see  at  a  distance  and  to  reaa,  and  it  is  only  at  the  age  of 
about  forty-five  years  that  he  finds  himself  compelled 
to  exchange  these  glasses  for  stronger  reading  glassies. 
Under  no  circumstances  can  a  presbyopc  see  clearlv  at  a 
distance  and  read  easily  with  the  same  glasses.  Either 
he  is  an  emmetrope.  in  which  case  he  requiix^s  convex 
glasses  for  reading,  but  none  for  distant  vision ;  or  he  is 
a  myope,  and  so  R'quin^s  concave  glas.ses  for  distance, 
and  weaker  concave  glasses,  or  no  glasses  at  all,  or  possi- 
bly even  weak  convex  glas.ses,  for  reading:  or  he  is  a 
hypermetrope,  and  so  si*es  distinctly  at  a  distance  with 
neutralizing  convex  glasses,  but  recpiires  stronger  convex 
glasses  for  reading. 

Paralysis  or  paresis  of  accommodation  from  defective 
innervation  may  be  the  result  of  an  affection  implicating 
the  terminal  branches  of  the  ciliary  nerves,  or  any  part 
of  the  nervous  tract  between  these  and  the  central  origins 
of  the  oculomotor  nerve  in  the  ganglia  and  cortex  of  the 
brain.  It  is  accompanied  by  dilatation  and  loss  of  mobil- 
ity of  the  pupil,  and  in  many  cases  also  by  paralysis  or 
paresis  of  one  or  more  of  the  muscles  supplied  by  the 
oculomotor  nerve,  namely,  the  levator  palpebne  superi- 
oris,  the  rectus  superior,  the  rectus  inferior,  the  rectus 
intemiis,  and  the  obliquus  inferior. 

A  typical  example  of  paralysis  of  accommodation  de- 
pendent on  impairment  of  the  function  of  the  terminal 
branches  of  the  ciliarv  nerves  is  that  which  follows  the 
instillation  of  a  mydriatic  solution  into  the  conjunctival 
aac.  AVithin  fifteen  minutes  after  the  instillation  of  a 
drop  of  a  solution  of  atropia  sulphate  of  a  strength  of  one 
percent.  (1: 100),  the  pupil  begins  to  dilate,  and  within 
half  an  hour  the  dilatation  reaches  its  maximum,  and  the 
pupil  no  longer  contracts  under  the  stimulus  of  strong 
light.  Closely  following  the  dilatation  of  the  pupil,  the 
near  point  (p)  begins  to  rc»cede  rapidly  from  the  eye,  and 
the  paralysis  of  accommodation  is  complete  at  the*  end  of 
about  an  hour  and  a  lialf.  The  dilatation  of  the  pupil 
and  the  paralysis  of  accommodation  continue  without 
sensible  change  for  about  two  days,  after  which  both 
begin  to  pass  away,  the  former  very  gradually,  the  latter 
more  rapidly  for  two  or  three  days  and  afterward  more 
slowly,  until  at  the  end  of  ten  or  twelve  davs  the  effect 
of  the  drug  disappears  altogether.     The  effect  of  very 


weak  solutions  of  atropia.  say  of  a  strength  of  one  one-hun- 
dredth of  one  per  cent.  (1  10,000),  is  to  dilate  the  pupil 
in  the  course  of  an  hour  and  a  half  or  two  hours,  but 
without  rendering  it  inmiovable  under  the  influence  of 
strong  light,  and  without  greatly  affecting  the  accommo- 
dation. Under  the  action  of  atropia  the  near  point  (j)) 
recedes  from  the  eye  until  it  comes  to  coincide  with  the 
far  point  (/•)•  Hence  the  visual  disturbance  varies  very 
conspicuously  according  to  the  refractive  condition  of 
the  eye.  In  emmetropia  distant  vision  remains  clear, 
but  accommodation  for  the  near  is  rendered  impossible ; 
in  hypermetropia  vision  becomes  indistinct  for  the  dis- 
tance, and  still  more  so  for  the  near;  while  in  myopia  of 
a  rather  high  grade  there  may  be  no  trouble  in  reading, 
and  the  loss  of  accommo<lation,  within  the  narrow  limit 
of  distance  between  the  far  point  and  the  near  point,  may 
give  rise  to  little  inconvenience  or  may  even  pass  un- 
noticed. To  the  hypermetrope  or  myope  wearing  glasses 
which  correct  his  refractive  defect  the  visual  disturbance 
is  the  same  as  in  emmetropia.  Several  other  plants,  be- 
longing mostly  to  the  natural  family  SoUinace(f,  yield  al- 
kaloids whose  action  is  nearly  identical  with  that  of  atro- 
pia; cocainalso.  the  active  principle  of  evythroxyUn  coca, 
has  the  property  of  dilating  the  pupil,  with  a  minimum 
effect  on  the  accommodation.  Euphtlialniin  hydrochlor- 
ate,  a  synthetic  pro<hict  lately  introduced  in  ophthalmic 
practice,  has  mydriatic  properties  similar  to  those  of  co- 
cain. 

Concussion  of  the  eyeball  is  sometimes  followed  by 
weakening  or  loss  of  the  accommodation,  conjoined  with 
dilatation  of  the  pupil.  This  condition  may  soon  pass 
away,  or  it  may  be  permanent. 

Diphtheria  is  often  followed  by  paresis  of  accommoda- 
tion, with  enlargement  of  the  pupils.  It  occurs,  as  a 
rule,  after  recovery  from  the  throat  affection,  and  lias 
oi*dinarily  a  duration  of  several  weeks.  It  is  generally 
associated  with  paresis  of  the  palatine  muscles,  giving 
rise  to  characteristic  alteration  of  the  speech,  and  diffi- 
culty of  swallowing  liquids.  The  external  muscles  of 
the  eye  may  also  l)c  affected,  and  cases  of  true  convergent 
strabismus  have  been  observed  as  a  result  of  exct^ssive 
efforts  to  accommodate  in  the  weakened  condition  of  the 
accommodation.  The  symptoms  af  paresis  of  accommo- 
dation following  diphtheria  are  essentially  the  same  as  in 
asthenopia  resulting  from  the  overloading  of  the  accom- 
UKxlation  in  In'permetropia.  and  the  use  of  convex  glasses 
is  often  indicated  as  an  aid  in  reading  during  the  con- 
tinuance of  the  disability:  the  instillation  of  a  drop  of  a 
weak  solution  of  i)ilocarpine,  two  or  three  times  a  day,  is 
also  of  utility  in  many  cases. 

Pressure  u])()n  the  ciliary  nerves,  from  intra-orbital 
hemorrhage,  inflanmiatory  exudation,  tumor,  etc.,  may 
give  rise  to  loss  of  accommodation  and  dilatation  of  the 
pupil,  without  affecting  the  function  of  any  of  the  ex- 
ternal muscles  of  the  eyeball. 

In  lesions  affecting  tlie  conductivity  of  the  oculomotor 
nerve,  the  acconmiodative  disturbance  and  dilatation  of 
the  pupil  are  accompanied  by  paralysis  of  the  levator 
muscle  of  the  upper  lid  (ptosis),  of  the  recti  muscles 
(excepting  the  abducens),  and  of  the  inferior  oblique 
muscle. 

Mydriasis,  with  loss  of  accommodation,  may  occur  as 
a  symptom  of  intracranial  disturbance,  affecting  the  cen- 
tral origins  of  the  oculomotor  nerve.  Such  disturbance 
may  be  the  result  of  a  pathological  process  (syphilis, 
embolism,  etc.).  in  which  case  it  is  apt  to  be  associatinl 
with  paralysis  of  one  or  more  of  the  external  muscles  of 
the  eyeball. 

Exposun*  to  sudden  changes  of  tenn>erature  is  some- 
times followed  by  paralysis  of  one  or  more  of  the  motor 
nerves  of  the  eye  or  of  the  eyelid.  These  cases,  which 
are  often  designated  as  rheimmtic,  end  freciuently  in 
perfect  recovery  after  some  days  or  weeks;  in  other  in- 
stances they  prove  n'bellious  to  all  treatment. 

The  constitutional  effect  of  an  ovenlose  of  any  one  of 
the  common  mydriatic  drugs  (belladonna,  datura,  hyos- 
cyamus,  duboisia).  administered  by  the  stomach  or  hypo- 
dermically,  is  marked  by  conspicuous  dilatation  of  the 


59 


Acepluilus. 
Aeetabolam. 


-   REFERENClS  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


pupils,  with  loss  of  accommodation.  If  the  patient  sur- 
vives the  toxic  influence,  these  symptoms  disappear  after 
a  short  tifhe. 

True  spasm  of  accommodation,  as  distinguished  from 
the  condition  of  accommodative  tension  already  noticed 
in  connection  with  ametropia,  is  of  comparatively  rare 
occurrehce,  and  is  a  result  of  irritation  of  the  ciliary 
nerves  or  the  oculomotor  nerve  centres.  It  is  associated 
with  contraction  of  the  pupil,  and  is  the  exact  opposite 
of  accommodative  paralysis  with  mydriasis.  Certain 
dnigs  {myotics),  instilled  into  the  conjunctival  sac,  have 
the  property  of  evoking  accommodative  spasm  witli  con- 
traction of  the  pupil.  A  single  drop  of  a  solution  of 
eserine  sulphate  (the  active  allSiloid  of  Calabar  bean),  of 
the  strength  of  one-half  of  one  per  cent.  (1 :  200) ,  brings 
on  contraction  of  the  pupil  and  spasm  of  accommodation, 
which  begin  nearly  simultaneously  within  about  ten 
minutes,  and  reach  a  maximum  in  from  thirty  to  forty 
minutes.  After  about  two  houre,  the  far  point  (r), 
which  at  the  heiglit  of  the  action  of  the  drug  is  not  over 
20  cm.  (eight  inches)  fi-om  the  eye,  is  found  to  have 
receded  to  its  normal  position  (intinitv  in  the  emmetro- 
pic eye) ;  but  the  near  point,  in  voluntary  accommo- 
dation, is  considerably  nearer  tlian  normal  after  the 
lapse  of  six  hours,  showing  a  temporary  increase  in 
the  range  of  accommodation.  The  contraction  of  the 
pupil  begins  to  diminish  after  about  two  hours,  at  first 
slowly,  then  more  rapidly  for  about  four  hours  more,  and 
afterward  slowly  until,  at  the  end  of  two  days,  the  pupil 
has  nearly  or  quite  regained  its  normal  diameter.  With 
a  weaker* solution  of  eserine  tlie  spasm  of  accommodation 
is  much  less  than  with  the  half-per-cent.  solution,  and  is 
painless;  with  the  stronger  solution  the  action  is  accom- 
panied by  a  sensation  of  spasmodic  jerking,  with  some 
pain.  Pilocarpine,  the  active  alkaloid  of  jaborandi,  is 
much  milder  in  its  action  than  eserine,  but  is  neverthe- 
less an  efficient  myotic,  and  exerts  also  a  very  positive 
effect  in  stimulating  the  accommodation. 

Contraction  of  the  pupil  is  frequently  observed  in  cen- 
tral nervous  affections,  and  notably  in  tabes  dorsalis. 
Myosis,  with  spasm  of  the  accommodation,  follows  also 
the  administration  of  large  doses  of  eserine,  opium,  and 
some  other  drugs,  internally.  The  internal  or  hypoder- 
mic use  of  pilocarpine  does  not  produce  contraction  of 
the  pupil  or  spasm  of  accommodation. 

Irritation  of  the  fifth  cranial  nerve  (ophthalmic  divi- 
sion) is  followed  by  contraction  of  the  pupil,  and  the 
same  phenomenon  may  attend  irritation  of  the  terminal 
branches  of  this  nerve  in  the  cornea.  Myosis  from  this 
cause  may  also  be  attended  with  spasm  of  accommodation. 

John  Green. 

ACEPHALUS.    Sec  Tei-atoloffy. 

ACETABULUM,  FRACTURES  OF,  may  be  divided 
into  compound  and  subcutaneous,  or.  as  regards  their 
causation,  into  direct  and  indirect.  The  hip  joint  is  so 
deeply  situated  and  so  efficiently  protected  by  the  sur- 
rounding bony  projections  and  soft  tissues  against  din*ct 
violence  that  fractures  produced  in  this  manner  almost  in- 
variably belong  to  the  compound  variety,  and  in  the  great 
majority  of  cases  tlK»y  are  the  result  of  gimshot  injuries. 
Gunshot  wounds  of  the  hip  joint,  with  or  without  frac- 
ture of  the  acetabulum,  have  always  bwn  considered  by 
surgeons  as  formidable  and  dangerous  lesions.  Pirogoff 
maae  the  statement  that  during  the  Crimean  War  all  in- 
juries of  this  kind  proved  fatal.  During  the  War  of  the 
Rebellion  nearly  all  cases  of  gunshot  injuries  of  the  hip- 
joint  treated  on  the  conservative  plan  resulted  in  deatli. 
Of  63  cases  of  similar  injury  in  which  resection  was  per- 
formed, only  5  recovered.  In  his  classical  treatise  on 
this  subject,  B.  von  Langenbeck  collected  119  cases  which 
occurred  during  the  Franco-Prussian  War,  with  29  recov- 
eries; 88  were  treated  on  the  expectant  plan,  with  2o 
re(!Overies;  31  were  submitted  to  excision,  with  4  recov- 
eries. 

The  acetabulum  may  be  fractured  without  injury  of 
the  head  or  neck  of  the  femur,  as  the  bullet  may  impinge 


upon  the  floor  of  the  acetabulum,  from  within  the  pelvis, 
with  sufficient  force  to  break  the  bone,  producing  a  fissure 
or  stellate  fracture  of  its  base,  or  it  may,  in  its  course, 
carry  away  the  rim  of  the  cotyloid  cavity.  An  exceed- 
ingly interesting  case,  illustrating  tlie  latter  assertion, 
is  reported  by  Dr.  J.  F.  Miner,  of  Buffalo  (BvffdU 
Med.  and  Surg.  Journal,  vol.  v.,  p.  383).  Lieut. -Col 
James  Strong,  of  the  Thirty -eighth  New  York  Volun 
teers,  was  wounded.  May  5,  1862,  at  the  battle  of  Wil- 
liamsburg, Ya.  The  ball  entered  a  little  below  the  ante- 
rior superior  spinous  process  of  the  ilium,  and  made  its 
exit  near  the  outer  margin  of  the  sacrum.  The  ball 
passed  deeply,  and  fractured,  in  its  course,  the  rim  of 
the  acetabulum,  which  was  removed,  an  inch  and  a  half 
in  length,  and  of  a  diameter  sufficient  to  show  that  the 
whole  upper  rim  had  been  carried  away.  This  fragment 
of  bone  was  removed  from  the  wound  at  the  dressing 
made  in  the  hospital  to  which  he  was  carried,  after  hav- 
ing lain  on  the  field  for  some  hours.  The  wound  was 
very  large,  and  a  thorough  examination  could  be  made 
by  the  easy  passage  of  the  finger.  The  patient  passed 
through  a  serious  and  prolonged  illness  from  the  suppu- 
ration and  hectic  fever  which  followed,  but  finally  recov- 
ered, with  five  inches  shortening  of  the  limb,  inward 
rotation  of  the  foot,  and  bony  ankylosis  between  the  dis- 
located thigh  bone  and  the  ilium.  The  points  of  entrance 
and  exit  of  the  projectile  furnish  valuable  information  in 
regard  to  the  probable  injury  of  the  acetabulum  in  gun- 
shot fractures  of  the  hip  joint.  In  the  case  here  reported, 
the  ball  entered  just  below  the  anterior  superior  spinous 
process  of  the  ilium,  and  passed  out  near  the  margin  of 
the  sacrum,  l(»aving  intact  the  heatl  of  the  femur,  but 
opening  the  hip  joint  by  carrying  away  the  superior  and 
posterior  margin  of  the  rim,  thus  permitting  the  subse- 
quent dorsal  dislocation  of  the  head  of  the  femur  by  mus- 
cular force.  B.  von  Langenbeck  states  that,  in  case  the 
ball  enters  directly  below  and  toward  the  outer  side  of 
the  spine  of  the  pubes.  and  takes  its  exit  in  the  region 
behind  the  greater  troclianter  of  the  same  side,  as  a  rule 
it  penetrates  the  hip  joint ;  and,  at  the  same  time,  it  frac- 
tures in  its  course  the  upper  rim  of  the  acetabulum. 
Escape  of  synovial  fluid,  swelling  in  the  region  of  the 
hip  joint  from  extravasation  of  blood  or  the  products  of 
inflammation,  preternatural  motion  in  the  joint,  crepita- 
tion, and  dislocation  of  the  head  of  the  fenuir  spontane- 
ously or  on  manipulation,  are  other  important  diagnostic 
symptoms.  The  most  important  information  regarding 
the  exact  nature  of  the  injury  is,  however,  obtained  by 
enlarging  the  track  of  the  bullet  and  rendering  the  hip- 
joint  acces-sible  to  touch  and  sight.  This  procedure,  done 
under  antiseptic  precautions,  not  only  affonls  an  oppor- 
tunity to  ascertain  the  true  nature  and  gravity  of  the 
injury,  but  it  is  imperatively  called  for  as  the  first  and 
most  important  step  in  the  treatment.  All  foreign  bodies 
and  detached  pieces  of  bone  should  be  removed,  all  hem- 
orrhage carefully  arrested,  and  the  whole  injured  surface 
and  surrounding  parts  thoroughly  disinfected;  eflfective 
drainage  should  be  estiiblished,  and  every  possible  source 
of  infection  guarded  against  by  dressing  the  wound  anti- 
st'pticaily.  All  these  measures  are  es.sential,  as  the  sue-, 
cess  of  the  operation  and  the  life  of  the  patient  depend 
on  procuring  and  maintaining  an  aseptic  condition  of  the 
wound.  The  leading  principle  in  the  treatment  should 
be,  from  the  very  beginning,  to  convert  the  compound 
into  a  simple  fracture,  and  thus  protect  the  patient 
against  the  dististrous  consei|Ucnces  of  traumatic  infec- 
tion, exhausting  suppuration,  pyaMuia.  and  septicaemia. 
Subcutaneous  or  simple  fractures  are  again  divided 
into  those  which  involve  the  floor  and  those  which 
involve  the  rim  of  the  acetabulum.  This  division  rests 
on  clinical  ex])erience  jis  well  as  on  the  results  of  experi- 
mental res(»arch.  Fractures  of  the  base  or  fl(X)r  of  the 
acetabulum,  notwithstanding  their  rare  occurrence,  yet 
present  a  great  diversity  in  the  diR'ction  and  extent  of 
the  line  of  fracture.  Courant  observed  a  fracture  which 
traversed  the  ilio-peetineal  tubercle,  the  entiix*  acetabu- 
lum, and  the  ischium.  Earle  and  Travers  describe  two 
cases  in  which  two  lines  of  fracture  oassed  through  the 
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aretabulum ;  Neill  and  Sansom  saw  cases  with  three  lines 
of  fracture  which  extended  beyond  the  rim.  In  Dr. 
Neill'a  specimen  the  tines  of  fracture  followed  those  of 
the  embryonal  divi^onof  the  bone;  the  union  which  fol- 
lowed was  complete,  and  there  was  very  little  callus  on 
the  articular  surface,  a  circumstance  uncloubtedly  due  to 
the  slight  displacement  of  the  fragmenta.  More  serious 
to  the  life  of  the  patient  and  the  future  utility  of  the  limb 
are  those  cases  in  wliich  a  multiple  fracture  at  the  base 
exists  with  such  wide  separation  between  the  fragments 
as  to  allow  the  head  of  the  femur  to  be  driven  into  the 


IS  have  been  reported.  Astley  Cooper  alludes  to  three 
cases.  In  two  of  these  the  ttiigli  was  rotated  inward,  in 
the  third  case  the  leg  and  thigh  were  supinated.  Itlr. 
Hoore's  case  demonstrates  the  possibility  and  manner 
of  repair  in  these  cases  (Medico-  Chir.  Transactions,  vol. 
xxxiv..  p.  lOT),  A  tnan  suffered  a  severe  Injury  of  the 
hip.  which  was  diagnosticated  and  treated  for  fracture  of 
the  femoral  neck.  The  thigh  was  not  inverted  or  everte<l, 
onlv  slightly  flexed  and  adducted.  The  man  recovered, 
and  several  yeara  afterward  died  from  other  causes,  when 
an  autopsy  revealed  that  the  injury  bad  been  a  fracture 
of  the  OS  pubis,  ilium,  and  acetahuliim.  which  allowed  Ihe 
bead  of  the  femur  to  pass  through  into  the  pelvU,  the 
trochanter  resting  against  the  acetabulum.  Similar  cases 
have  been  reported  by  Kendrick  and  Morel-Ijivellfc.  In 
all  cases  of  fracture  at  the  Imisc  of  the  8cetai)ulum.  with- 
out <lisplacement  of  (he  head  of  the  femur,  the  diagnosis 
usually  remains  douhtfiil.  Main  reliance  must  l>e  placed 
OD  the  manner  in  which  the  injury  was  inflicted,  the  in- 
tensity of  the  force  applied,  and  the  location  of  the  pain. 
Accurate  measurement  will  always  furnish  important 
negative  evidence.  In  cose  of  intrapelvic  dislocation  of 
the  head  of  the  femur  through  the  fracturpd  base  of  Ihe 
acetabulum,  the  shortening  of  the  limb  and  the  appro.\i- 
mation  of  the  trochanter  major  toward  the  pilvis  will  be 
proportionate  to  Ihe  degree  of  penetration  of  the  head 
and  neck  into  the  pelvis:  rotation  of  the  limb  will  not  lie 
practicable:  flexion  and  extension  will  be  found  to  be 
either  impaired  or  rendered  impossible ;  and  at  the  same 
time  the  head  of  the  femur  may  he  felt  within  the  pelvis 
on  maklngadigilal  examination  through  Ihe  rectum.  In 
the  adoption  of  therapeutic  nieasures  it  Is  necessary  to 
ascertain  the  degree  of  impairment  of  Ihe  functional  ca- 
pacity of  tl>e  acetabulum.  If  the  head  of  the  femur  is 
retained  flrmly  in  lis  Dormal  position  the  fracture  will 
unite  promptly  and  firmly  without  any  special  i-etenlive 
measures.  Rest  in  bed  with  the  thigh  slightly  flexed  ami 
resting  upon  pillows  will  be  sufllcient  to  fulfll  the  loc«l 
indications.  If  the  pelvic  ring  is  more  extensively  frac- 
tured, a  plaster-of  Paris  splint  including  the  ]K-lvis.  both 
thighs,  and  the  entire  leg  on  thealTected  side,  or  Verity's 
suspension  splint,  will  prove  most  efncient  in  sec-urtng 
immobility  of  the  fragments,  and  will  afford  the  greatest 
amount  of  comfort  to  the  patient.  When  Ihe  base  of  the 
acetabulum  has  been  perforated  by  the  head  of  the  femur 


■  tissue  which  will  definitely  prevent  rcdislo- 

FitACTfRE  OP  TUE  Rim  op  the  AcET.iniT.iM.— a 
number  of  well -authenticated  eases  of  this  a<'rident  liave 
been  reported,  so  tliat  no  further  doubt  can  exist  Ihnt 
some  portions  of  the  rim  can  be  fractured  williout  further 
injury  to  the  acetabulum.  Some  yenrsago  the  writer  col- 
lecleu  from  various  sources  twenty -seven  eases  of  this 
kind  of  fracture,  alt  of  them  supported  by  an  accunilc 
clinical  history,  some  having  been  cases  verified  by  a  posl- 
mortem  examination.    Dr.  H.  (>.  Walker,  of  Detroit,  lias 


1ST9|.  Id  Ihe  text-books  on  surgery  thissiibject  is  usuiil 
ly  referred  to  under  the  head  of  complicateii  dislocations 
of  the  bead  of  the  femur.    As  this  fracture  usuully  in- 


volves the  upper  and  posterior  portion  of  the  rim,  the 
resistance  to  the  head  of  the  femur  in  that  direction  ia 
lost,  and  as  a  result — either  with  the  concurrent  aid  of 
some  extraneous  force, 
or  even  without  such 
aid,  simply  bv  the  force 
of  muscular  contraction 
— a  doraal  dislocation  of 
the  thigh  takes  place, 
with  adrluetion.  flexion. 
and  rotation  of  llic  thigh 
inward.  The  difllcully 
experienced  in  retaining 
the  head  of  the  femur  in 
Ihe  acetabulum  under 
these  circumstances,  as 
well  as  the  obscurity  of 
the  diagnosis.  Imparts  to 
this  subject  an  uuusual 
amount  of  interest.  The 
older  works  on  surgery 
mention  direct  and  great  violence  as  the  only  cause  of  frac- 
ture of  the  acetabulum;  indeed.. until  more  recently,  it 
liad  been  considered  impossible  for  a  fracture  of  the  rim 
to  take  place  without  more  extensive  injury  to  the  ilium. 
When  the  fracturing  force  is  applied  over  the  centre  of 
the  troclianter  major,  iu  the  direction  of  tlie  neck  of  the 
femur,  the  head  of  the  bone  is  driven  directly  against  the 
socket,  and  a  stellate  or  perforating  fracture  of  the  base 
of  the  acetabulum  is  the  result,  according  to  tlie  amount 
of  violence  applied :  but  if  the  force  is  applied  in  such  a 
manner  tliat  it  first  rotates  the  femuroutward  or  inward, 
then  one  margin  of  the  acetabulum  acts  as  a  fulcrum  to 
the  neck,  and  the  bead  is  forced  against  the  opposite  side, 
and  a  linear  fracture  through  the  acetabulum,  or  a  frac- 
ture of  the  rim,  takes  place.  In  such  cases,  the  traction 
of  the  capsular  ligament  assists  the  head  of  the  femur  in 
producing  the  fracture  of  the  rim,  but  independently  of 
other  causes  such  traction  is  insufficient  to  produce  the 
injury.  When  the  force  is  applied  to  the  p<«terior  part 
of  the  pelvis,  the  pelvis  becomes  the  movable  point,  and 
tlic  foot,  if  the  leg  is  extended,  or  more  frc(|uently  the 
knee,  becomes  the  fixed  point,  and  furnishes  the  neces- 
sary amount  of  resistance.  Tliese  asserliims  Imve  been 
verified  by  the  wriier  by  numerous  experiments  on  the 
cadaver.  At  the  moment  the  injury  is  receivetl.  it  is  es- 
sential for  the  thlKh  to  !«  nhdiietnl.  as  adduclion  would 
favor  a  dislocation  by  the  heail  of  the  femur  gliding  over 
the  inclinetl  plane  of'llie  internal  surhce  of  Ihe  aeetabu- 
lum.  The  pelvis  may  bo  the  fixed  point,  and  the  force 
may  lie  trnusniilteil  through  the  femur  by  a  blow  or  fall 
upon  Ihe  knee.  In  most  instances  in  which  this  accident 
iMciirred,  the  thigh  was  more  or  less  Hexed  at  Ihe  time  of 
injury;  benee.  in  the  majority  of  cases,  the  upper  and 
])oste'rior  segment  of  the  rim  was  fractured,  and  fne  bead 
of  the  femur  dish icAled  into  llie  upper  sciatic  notch  or 
upon  the  dorsum  ilii.  Of  the  twenty-seven  cases  of  frac- 
ture of  Ihe  ritii  of  the  acetabulum,  the  extn-mes  of  the 
apes  were  eighteen  and  seventy-eight  years,  so  that  most 
of  these  cases  occurred  during  the  time  of  life  when  the 
individual  is  most  exposed  to  grave  injuries.  It  is  also 
well  to  remember  that,  in  young  piTSons.  dislocation  and 
diastasis  occur  in  prefcivncc  to  fractun'.  while  in  the 
age<1.  Ihe  altered  position  of  the  neck  of  the  femur,  as 
well  us  the  increasnl  fragility  of  its  tissue,  is  a  potent 
pivdisposing  cause  of  fracture  of  the  fenioral  net^k. 

The  symiiloms  presi-nH.il  by  a  case  of  fracture  of  the 
rim  of  Ihe  acetabulum  are  those  of  dislocation  and  frac- 
ture c()ml)ined;  ilie  s(-mptoms  of  the  fonner  resemble 
onlinarv  disliicnfiou.  while  those  of  Ihe  latter  are  directly 
referable  to  the  broken  Irnne  itself.  A  certain  degree  of 
displncemeni  of  Ihe  bead  of  the  femur  was  present  in  all 
cases  in  which  a  diagnosis  was  made  iluring  life.  II<'nja- 
min  Travers  believed  that  in  some  casi-s  of  fracture  of  the 
riinof  the  acetabulum  Ihe  displacement  lakes  place  gradu- 
ally  some  time  after  the  injury  has  licen  received,  but  it 
is  more  protnhle  that  ibesc  wen!  cases  such  as  have  been 
described  by  Hueter  as  inflammatory  dilatation  of  the 
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acetabulum,  the  interstitial  absorption  of  the  margins  of 
the  cavity  penuitting  the  head  of  the  femur  to  glide  up- 
ward and  backward.  In  24  cases  the  direction  of  the  dis- 
location is  mentioned,  and  in  15  of  these  the  head  of  the 
femur  was  dislocated  upward  and  backward,in  4  into  the 
great  sciatic  notch,  in  2  directly  backward,  in  2  down- 
ward, and  in  1  case  forward.  It  will  be  seen,  then,  that 
in  a  large  majority  of  cases  that  portion  of  the  rim  is 
fractured  which  is  in  the  direction  of  the  usual  form  of 
dislocation,  so  that  the  same  injury  which  produces  a 
dislocation  may  also  cause  a  fracture,  provided  the  force 
applied  be  sufficiently  great,  and  the  limb  happen  to  be 
aMucted  at  the  time  the  injury  is  sustained. 

The  amount  of  shortening  corresponds  to  the  distance 
the  head  of  the  femur  recedes  from  the  socket.  In  Ag- 
new's  case  no  shortening  could  be  detected  on  careful 
measurement.  In  all  of  the  other  cases  in  whi(th  mention 
is  made  of  this  symptom,  it  was  present,  but  varied  in  de- 
gree from  a  quarter  of  an  inch  to  four  inches.  If  the 
head  of  the  femur  has  left  the  socket  the  position  of  the 
limb  is  the  same  as  in  simple  disocatiou.  the  direction 
being  determined  by  the  fonn  of  dislocation.  Flexion  to 
a  greater  or  less  extent  was  present  in  all  cases  in  which 
reference  is  made  to  this  subject.  Inversion  of  the  foot 
and  rotation  of  the  femur  inward  were  present  in  fourteen 
cases,  while  the  opposite  condition  existed  in  three  c^ses, 
and  in  ten  cases  no  mention  is  made  of  this  symptom. 
When  the  dislocation  was  complete,  the  limb  remained 
immovable  in  its  abuoimal  position  until  rwluction  was 
eflPectetl.  The  characteristic  symptoms  of  the  injury  are 
those  which  are  referable  to  the  fracture  it.self,  and  these 
are  crepitus,  easy  reduction,  and  difficult  retention. 
Crepitus  is  always  an  important  symptom  in  ascertaining 
the  existence  of  a  fracture.  If  it  is  distinctly  felt,  there 
can  be  no  further  doubt  that  a  bone  has  been  broken. 
The  presence  of  this  synii)tom  is  of  special  diagnostic 
value  in  connection  with  this  subject,  as  the  symptoms 
of  dislocation  are  usually  so  prominent  as  to  engage  the 
whole  attention  of  the  surgeon.  In  the  castas  reported, 
this  symptom  is  alluded  to  eighteen  times,  and  in  the  fol- 
lowing terms:  distinct,  eleven  times;  faint,  once;  marked, 
twice ;  indistinct,  once ;  slight,  once ;  and  in  two  cases  it 
was  absent.  Bigelow  lays  great  stress  on  this  symptom  as 
being  essential  to  the  diagnosis  of  fracture* ;  his  words  arc : 
"To  afford  satisfactory  evidence,  castas  of  this  sort  should 
have  been  identified  by  autopsy,  or  at  least  by  crepitus.  " 
I  believe  that  the  crepitus  is  not  the  same  as  in  ordinary 
fractures,  for  in  these  it  is  the  re*sult  of  two  rough  bony 
fragments  rubbing  against  each  other,  while  in  the  cases 
under  consideration  it  is  a  roughness  we  obtain  by  rub- 
bing an  articular  surface  against  a  broken  surface  of  bone ; 
hence  it  is  not  quite  as  loud  and  distinct.  The  detached 
margin  of  the  acetabulum,  unless  comminuted,  remains 
attached  to  the  capsular  ligament,  and  is  i>ushed  in  fiT>nt 
of  or  to  one  side  of  the  head  of  the  femur  at  the  time  dis- 
location occurs,  and  is  dragged  after  it  when  re<luction 
takes  place.  In  most  of  tlie.se  ca.ses  it  is  clearly  stated 
that  crepitus  was  felt  just  before  the  head  of  the  femur 
slipped  into  the  socket,  or  at  the  moment  reluxatiou  t(x>k 
place,  and  in  both  instances  it  must  have  been  produced 
by  the  head  passing  over  the  rough  broken  edge  of  the 
acetabulum.  The  ease  with  which  reduction  has  been 
effected  has  attracted  the  attention  of  almost  every 
observer.  This  is  due  to  a  more  extensive  laceration  of 
the  capsular  ligament  than  occurs  in  simple  dislocation, 
and  also  to  the  removal  of  the  obstacle  offered  by  the  in- 
tact margin  of  the  acetabulum.  By  the  fracture  of  the 
rim,  a  more  direct  and  even  route  has  been  prepared  for 
the  head  of  the  femur  to  return  to  its  socket. 

Reluxation  has  always  constituted  the  most  perplexing 
feature  of  these  cases.  Its  occurrenice  has  usually  led  to 
a  more  thorough  examination  and  correct  diagnosis.  It 
is  well  known  that  in  ordinary  dislocations  of  the  hip- 
joint,  when  the  bone  has  once  been  reduced,  it  remains 
in  its  place  regardless  of  the  after-treatment,  differing 
greatly  in  this  respect  from  the  same  lesion  of  the  shoul 
der  joint  on  account  of  the  greater  depth  of  the  socket 
and  the  action  of  more  numerous  and  powerful  muscles 


for  maintaining  retention.  Hueter  believed  that  the 
cases  of  habitual  dislocation  of  the  hip  joint  reported  by 
Karpinski  may  have  been  the  result  of  injury  to  the  rim 
of  the  acetabulum.  Reluxation  takes  place  from  tlie 
inability  of  the  defective  margin  to  resist  muscular  con- 
traction. The  difficulty  in  retaining  the  bone  is  increased 
by  the  depth  of  the  fracture  and  its  approach  to  the  junc- 
tion of  the  superior  and  posterior  portions  of  the  rim.  In 
this  connection  it  is  impoitant  to  determine  what  portion 
of  the  rim  is  most  frequently  the  seat  of  the  fracture. 
In  20  of  the  cases  special  mention  is  made  of  this  fact,  as 
follows:  superior  portion  of  rim,  2;  superior  and  poste- 
rior, 7;  posterior,  5;  posterior  inferior,  4;  inferior,  1;  an- 
terior. 1.  When  the  inferior  or  anterior  portion  of  the 
rim  is  fractured,  there  is  no  tendency  to  reluxation  pro- 
vided the  limb  is  kept  in  the  extended  position  and  slightly 
inverted. 

Diagnoinft. — A  most  thorough  and  critical  examination 
while  the  patient  is  profoundly  under  the  influenee  of  an 
aniesthetic  is  always  necessary  to  establish  a  positive 
diagnosis.  If  spontaneous  reluxation  does  not  follow 
immediately  after  reduction  has  been  accomplislied,  and 
there'  are  sufficient  symptoms  present  to  warrant  a  suspi- 
cion of  the  presence  of  the  injury,  it  would  be  advisable 
to  test  the  functional  integrity  of  the  acetabulum  by 
flexion,  adduction,  and  rotation  of  the  thigh ;  if  any  part 
of  the  rim  has  become  defective  by  fracture,  reluxation 
will  be  sure  to  take  place.  This  manceuvre*,  a.ssociated 
with  the  presence  of  cre'pitus,  may  be  regarded  as  the 
crucial  test. 

The  differential  diagnosis  must  consider  fractures  of 
the  neck  of  the  femur  with  displacement,  and  simple  dis- 
location. To  distinguish  this  fracture  from  fracture  of 
the  neck  of  the  femur,  it  is  necessary  to  compare  their 
most  prominent  symptoms: 


FRACTIRK  OF  THE  RIM  OF  THE 
ACETABULUM. 


FRACTURE  OF  THE  NECK  OF  THE 
FEMUR  WITHOUT  IMPACTION. 


PosiHion  of  Limb, 

Thigh  and  leg  flexed,  adducted,  I  Thigb  and  leg  straight  and  rotated 
and  rotated  inward.  |     outward. 

Mobility  of  Limb. 
Mobility  of  limb  diminished.  I  Mobility  of  limb  increased. 

Are  of  Rotation. 

The  trochanter  major  rotates  in  |  The  arc  of  rotation  of  the  trochan- 
ter major  is  diminished. 


its  normal  arc. 


Crepittis. 


Crepitation  Ls  not  rough,  and  is 
felt  as  the  head  passes  over  the 
broken  edge  of  the  acetabulum. 


Crepitation  is  rough,  and  is  felt 
when  the  limb  has  been  drawn 
down  to  its  normal  length. 


Head  of  the  Femur. 

The  head  of  the  femur  is  felt  to  be  I  The  head  of  the  femur  Is  normal 
displaced.  |     in  its  position. 

Retention. 


The  deformity  reappears  If  by  any 
movement  of  the  limb  the  head 
of  the  femur  is  made  to  leave 
the  socket. 


The  deformity  reappears  as  soon 
as  extension  ceases. 


Hint  or y. 


Is  most  frequent  In  middle  life  and 
Ls  the  result  of  great  violence. 


If  intracapsular  in  variety,  it  oc- 
curs  in  the  aged  and  is  the  re- 
sult of  slight  violence. 


Cre'pitus  and  a  tendency  to  reluxation  are  the  symp- 
toms on  which  we  j>laee  the  most  reliance  for  differentiat- 
ing this  fracture  from  simple  dislocation.  Acupuncture, 
asadvisc'd  by  Middeldorpf.  may  be  of  great  service  to  de- 
termine the' existence  of  fracture  of  the  rim.  After  re- 
duction has  been  accomplished,  a  long  stout  needle,  pre- 
viously well  disinfected,  is  passed  through  the  tissues  to 
the  supposed  seat  of  fracture.  By  lateral  movements  of 
its  point  the  defect  in  the  margin,  as  well  as  the  rough- 
ness of  its  surface,  is  ascerlained.  An  effort  should  now 
be  made  to  11  x  the  detached  fragment  with  the  point  of 
the  needle,  and  by  rubbing  it  over  the  broken  margin  a 
rough  crepitus  is  elicited. 
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ProgfUMfis. — The  prognosis  must  have  reference  to  the 
preservation  of  life  and  the  restoration  of  the  utility  of  the 
limb.  All  of  the  old  authoi*s  regarded  fracture  of  the 
pelvic  bones  as  a  grave  lesion,  almost  necessarily  leading 
to  a  fatal  termination.  I  believe  tliat  all  uncomplicated 
fractures  of  these  bones  tend  to  recovery,  and  that  death 
is  attributable  in  most  instances  to  a  lesion  of  some  im- 
ix)rtaut  pelvic  or  abdominal  viscera.  In  23  cases  in 
which  the  result  is  noted  in  this  regard.  13  recovered  and 
10  dietl.  The  prognosis  is  less  favorable  if  the  floor  of 
the  acetabulum  is  also  implicated  in  the  fracture.  Of  4 
cases  of  this  sort,  only  1  recovered.  In  9  cases  out  of  the 
13  tliat  i-ecoven»d,  the  limb  remained  in  place  after  reduc- 
tion, and  the  recovery  was  complete.  In  4  cases  redis- 
location  took  place,  the  limb  assuming  the  same  mal- 
I)osition  as  after  simple  unrcniuced  dorsal  dislocation  of 
the  femur. 

Treatment. — The  indications  to  be  fulfilled  in  the  treat 
ment  of. this  class  of  injuries  are-  (1)  to  rt»duce  the  dislo 
cation:  (2)  to  retain  the  head  of  the  femur  in  the  socket 
until  union  has  taken  place  between  the  fragments.  The 
dislocation  may  l>e  reduced  by  manipulation  or  by  exten- 
sion; in  both  instances  flexion  constitutes  an  important 
step  in  the  operation.  Bigelow  says:  '* These  displace 
ments.  especially  the  displacement  backwanl,  demand 
the  usual  attempts  at  n»duction  by  flexion.  Although 
the  bone  inclines  to  slip  from  the  socket  it  can  be  retained 
there,  in  cases  of  a  sort  heretofore  considered  difticult  of 
treatment,  by  angular  extension,  with  an  angular  splint 
attached  to  the  ceiling,  or  some  other  point  above  the 
patient;  or  if  any  manceuvi-e  has  nnluced  the  bone,  the 
limb  should  be  retained,  if  possible,  in  the  attitude  which 
completed  the  manoeuvre.  "  In  17  of  the  cases  report chI, 
the  manner  of  nxluction  is  specified  as  follows,  b}'  exten- 
sion, 11  (in  most  of  these  cases  extension  and  flexion  wen* 
combined);  by  manipulation,  2;  by  manipulati(m  and 
extension,  1;  by  manipulation  over  Sutton's  fulcrum.  1. 
by  extension  with  pulley,  2.  In  all  but  (me  of  the  cases 
the  displacement  was  corrected  without  difliculty.  As  in 
most  instances  a  diagnosis  cannot  lie  made  before  reduc- 
tion has  been  accomplished,  surgeons  will  resort  to  their 
favorite  methods  of  retluction.  Should  the  nature  of 
the  lesion  be  determined  beforehand,  traction  in  thedirec 
tion  of  the  broken  edge  of  the  rim,  and  rotation  of  the 
limb  inward,  will  readily  restore  the  normal  relation  of 
the  parts.  As  we  possess  no  direct  measures  of  keeping 
the  fractured  surfaces  in  apposition,  all  our  efforts  must 
be  directed  toward  preventing  reluxaticm  by  appropriate 
position  and  fixation  of  the  limb  and  ]H'lvis  The  depth 
and  extent  of  the  fracture»d  margin,  as  well  as  the  loca 
tion  of  the  fracture,  will  determine  the  difliculty  in  retain- 
ing the  head  of  the  femur  in  its  normal  position.  If 
sufliicient  depth  of  the  upper  portion  of  the  rim  is  left  to 
seri'e  as  support  to  the  head  of  the  bone,  all  that  is  ueces 
sary  is  to  dress  the  thigh  in  the  abducted  position,  so  as 
to  press  the  head  of  the  femur  against  the  flcKir  of  the 
acetabulum.  As  the  contusions  of  the  soft  parts  about 
the  hip  and  pelvis  are  severe,  a  plaster-of  Paris  splint 
cannot  be  applieil  as  a  primary  dressing.  The  healthy 
limb  and  pelvis  should  always  be  included  in  the  reteii 
five  dressing.  Bonnet's  wire  breeches,  Dzondi  Ilager 
dom's  apparatus,  or  Hamilton's  splint,  as  advised  by 
him  in  the  treatment  of  fractures  of  the  femur  in  clni 
dren.  will  be  found  sufficient  to  maintain  retention. 
After  the  swelling  in  the  soft  parts  has  subsided,  nothing 
more  perfect  could  be  devised  than  a  plaster  of- Paris 
dressing,  including  both  limbs  and  the  pelvis. 

When  nearly  the  entire  depth  of  the  upper  or  posterior 
portion  of  the  rim  has  been  detached,  muscular  contrac- 
tion must  be  counteracted  by  permanent  extension  with 
the  weight  and  pulley,  and  immobility  of  the  joint  should 
be  secured  by  appropriate  splints,  tn  cases  of  this  sort, 
angular  extension  with  an  angular  splint,  as  advised  by 
Bigelow.  will  answer  an  admirable  purpose.  The  un- 
broken part  of  the  rim  should  be  made  the  support  of  the 
bead  whenever  practicable.  Thus,  for  example,  when 
the  posterior  part  of  the  rim  is  fractured  the  thigh  should 
be  dressed  in  the  position  of  hyperex tension ;  a  broad. 


firm,  pelvic  band,  with  a  compress  above  the  troclianter, 
being  employed  to  aid  in  keeping  the  bone  in  place,  in 
approximating  the  fractured  surfaces,  and  in  preventing 
muscular  spasms. 

The  treatment  should  be  continued  for  a  sufficient 
length  of  time  to  secure  a  firm  union  of  the  detached  ' 
fragment  with  the  broken  rim,  which,  as  in  other  frac- 
tures, generally  requires  from  four  to  six  weeks.  The 
patient  must  be  directed  to  exercise  great  care  in  the  use 
of  the  limb  for  a  considerable  length  of  time  after  all 
dressings  have  been  removed,  so  as  to  obviate  any  undue 
pressure  against  the  recently  repaired  rim  of  the  acetabu- 
lum. 

X.  Senn. 
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ACETAL.—Ethylene-di  ethyl-ether— di-ethyl-aldehyd. 
ClhriUOC  .,H5)a.  "  This  is  a  prepjiration  obtained  by  dis- 
tilling a  mixture  of  acetic  aldehyd  and  alcohol  in  the 
presence  of  some  dehydrating  agent  such  as  sulphuric 
acid.  It  is  a  colorless,  limpid  liijuid,  very  volatile,  and 
with  a  rather  agreeable  ethereal  odor.  On  the  tongue  it 
is  rather  sharp,  but  leaves  a  pleasant  nutty  aftertaste. 
It  is  soluble  in  eighteen  parts  of  water  and  in  twenty- 
live  parts  of  chloroform ;  and  it  is  miscible  in  all  propor- 
tions with  alcohol  and  ether.  It  boils  at  104-106'  C. 
(219^-222^  F.),  and  its  specific  gravity  at  20°  C.  is  0.831. 
Its  particular  use  is  as  an  agreeable  sedative,  and  it  also 
has  some  power  as  a  hypnotic  and  local  ana*sthetic.  As  a 
hypnotic,  however,  its  effects  are  too  transient  to  be  of 
much  value ;  and  the  more  volatile  ethere  are  preferable 
for  the  production  of  local  amesthesia.  As  a  sedative  in 
headache  and  nausea  one  to  three  drachms  may  be  given 
in  emulsion  with  orange  flower  or  cinnamon  water,  and 
may  Imj  administered  either  by  mouth  or  by  rectum. 

Acetal  is  also  the  trade  name  for  a  heatlache  remedy 
which  consists  of  various  volatile  oils  and  acetic  ether 
di-ssolved  in  alcohol.  W.  A.  Bastedo. 

ACETAMINOL.  — Para  acetami<lo - Iwuzo}!  eugenol, 
C.lIa.OClIs.CalU.O.CO.C.H^NHCHsCO,  prepared  by 
the  action  of  benzoic  and  amidoacetic  acids  on  euge- 
nol. It  is  in  whitish  scales  or  a  crystalline  powder,  is 
practically  insoluble  in  water,  and  is  soluble  in  alcohol. 
It  has  the  general  antis(»ptic  action  of  benzoyl  eugenol 
combined  with  more  or  less  power  to  reduce  the  temper- 
ature. It  has  been  used  as  an  intestinal  antiseptic  and  in 
the  treatment  of  pulmonary  tuberculosis.  Dose,  5  to  15 
grains.  W.  A.  Baatedo. 

ACETANILID.— CJU.KH,CJI,0  (Phenylacetamide, 
Antifebrin).  Of  the  host  of  new  remetlies  that  liave  been 
manufactun'd  during  the  past  few  years,  this  is  one  that 
has  received  general  approbation  and  has  sustained  the 
reputation  with  which  it  was  introduced.  Since  its  intro- 
duction in  1HH6.  by  Drs.  Kahn  and  Ilepp,  it  lias  been  ex- 
tensively employed,  without  detracting  from  their  esti- 
mate of  its  virtues.  Further  study  has  established  its 
antipyretic  and  analgesic  properties,  and  were  it  not  tliat 
in  phenazoue  and  phenacetine  we  have  drugs  with  a 
similar  action  it  would  be  prized  as  of  inestimable  value. 

It  now  occupies  a  position  in  the  new  phannacopo^ias 
of  the  United  States  and  Great  Britain — in  the  former  as 
acvtaitiliil,  **an  acetvl  derivative  of  aniline";  in  the  latter 
as  ticttiiniUfh',  "a  crystalline  substance  obtainable  by  the 
action  of  glacial  acetic  acid  on  aniline,  and  subsequent 
purification. "  It  occui-s  as  white,  shining  micaceous, 
crystalline  lamina',  or  a  crystalline  powder,  (nlorless,  hav- 
ing a  faintly  burning  tast<'.  Soluble  at  5U'  F.  in  194 
parts  of  water  and  in  5  parts  of  alcohol ;  in  18  parts  of 
boiling  water;  also  soluble  in  18  parts  of  ether  and  easily 
soluble  in  chloroform.  When  Iieated  to  235.4'  F.  it 
melts.     Upon  ignition  it  is  consumed  without  leaving  a 
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residue.  It  is  neutral  to  litmus  paper.  A  simple  test  is 
to  add  a  cold  saturated  aqueous  solution  to  ferric -chlor- 
ide test  solution ;  the  color  of  the  latter  should  not  be 
changed,  indicating  an  absence  of  aniline  salts. 

Acetanilid  exercises  a  depressing  action  upon  the  gray 
matter  of  the  nervous  system,  and  a  destructive  action 
upon  the  constituents  of  the  blood.  Upon  the  former 
depends  its  therapeutic  properties,  while  Mie  latter  is  an 
altogetlier  undesirable  effect. 

Its  action  on  the  nervous  system  is  most  marked  upon 
the  gray  matter  of  the  spinal  cord,  by  which  the  power 
of  conducting  painful  impressions  is  greatly  reduced,  and 
at  the  same  time  it  lessens  the  receptivity  of  the  brain 
The  brain  retains  its  cleaniess,  but  motive  power  and 
conduction  are  affected  in  a  slight  degree. 

Its  effect  upon  the  medullary  centres  is  to  reduce  the 
frequency  and  force  of  the  pulse,  depress  respiration,  and 
by  relaxing  the  blood-vessels  to  promote  the  flow  of  blood 
to  the  surface  and  lessen  blood  pressure.  In  very  large 
doses  these  effects  are  intensified,  "and  upon  animals  the 
drug  has  caused  anaesthesia,  loss  of  refiex  action,  weakened 
circulation,  convulsions,  coma,  and  general  paralysis. 

In  ordinary  doses  its  action  upon  the  blood  is  not 
noticeable,  but  if  its  use  is  persiste<l  in  it  leads  to  amemia. 
In  over-doses  it  acts  directly  upon  the  ha?moglobin,  pro- 
ducing methaemoglobin  and  lessening  the  oxidizing  power 
of  the  blood.  The  blootl  may  become  of  a  dirty -brown 
color  and  hemoglobinuria  may  be  present. 

When  toxic  symptoms  arise*  there  is  generally  a  sudden 
sense  of  weakness  and  oppression,  with  a  rapid  lowering 
of  temperature  and  bluing  of  finger  nails  and  lips;  this  is 
accompanied  or  followed  by  vertigo,  giddiness,  noises  in 
the  ears,  dilated  pupils,  cold  extremities,  subnormal  tem- 
perature, shallow  breathing,  feeble  pulse,  nervous  twitch 
ings.  convulsions,  and  coma.     It  is  after  large  doses,  or 
during  the  prolonged  use  of  the  drug,  that  these  symp 
toms  of  poisoning  are  met  with,  but  many  instances  are 
reported  in  which  an  ordinary  therapeutic  dose  has  pro 
ductal  an  alarming  condition. 

In  the  administration  of  the  drug  there  are  many  points 
to  be  considered  which  influence  its  action.  As  the  effect 
of  the  dose  is  continued  for  two  or  three  hours,  the  dose 
should  not  be  repeatc<l  until  that  interval  has  elapsed. 
When  the  use  of  the  drug  is  persisted  in  for  some  time,  a 
day  of  freedom  from  its  u.se  should  occasionally  be  allowed 
to  intervene,  as  it  undoubtedly  possesses  a  cumulative  ac 
tion.  Many  instances  are  reporti*d  in  which  severe  toxic 
symptoms  have  followed  the  same  dose  that  had  been 
given  for  some  days  with  only  beneficial  effects.  When 
the  patient  is  ana»mic,  and  in  the  debilitated  and  aged, 
the  toxic  symptoms  more  readily  supervene,  and  in  worn 
en,  during  the  few  days  previous  to  menstruation,  the 
condition  of  the  blood  is  supposed  to  favor  the  decomix)- 
sition  of  the  dnig  and  increase  its  action.  The  time  of 
the  dose,  in  relation  to  the  natural  rise  or  decline  of  tern- 
pemture,  is  of  importance ;  when  given  with  the  increase 
of  fever,  its  action  is  slower  and  within  control;  but  if  its 
effect  coincides  with  the  decline,  the  fall  will  be  rapid 
and  probably  in  excess  of  what  is  expected. 

The  tendency  to  cause  profuse  sweating  and  cj'anosis 
has  unfortunately  engendered  in  many  a  sense*  of  dread 
which  lias  restricted  its  use.  This  toxicity  is  greatly 
over-estimated  and  should  not  be  feared  if  the  dos*^  and 
mode  of  administering  are  attended  to.  It  is  rather  a 
danger-signal  far  in  advance  of  any  serious  consequences 

The  cyanosis  and  depression  are  not  of  long  durat  ion  and 
are  rapidly  overcome.  Fatal  cases  are  rare,  and  very  large 
quantities  of  the  drug  have  been  taken  without  causing 
death.  A  case  is  n^ported  in  which  teaspoonful  doses 
were  taken  at  short  intervals  until  one  ounce  was  dis- 
posed of,  and  in  another  instance  seven  and  a  half  drachms 
were  taken  with  suicidal  intent.  In  both  ca.s<*s  recovery 
followed. 

Kahn  and  Ilepp  in  their  original  papers  stated  that 
one-fourth  of  a  gramme  (8.85  grains)  was  a  sufficient  dose. 
and  subs(»quent  writers  have  insisted  on  the  efficacy  of 
even  smaller  quantities. 

InsteEui  of  the  seven  or  ten  grains  so  frequently  given, 


the  consensus  of  opinion  now  points  to  three  or  four 
grains  as  a  more  proper  initial  dose  in  everv  case  in  which 
its  use  is  begun,  to  be  increased  as  the  individual  suscep- 
tibility is  learned. 

During  the  past  few  years  it  has  become  evident  that, 
when  applied  to  raw  surfaces,  acetanilid  may  be  absorbed 
and  produce  its  physiological  effect.  In  some  instances 
acute  poisoning  has  followed  this  use  of  the  drug  in 
infants  and  children.  In  one  case  the  umbilical  cord  was 
dressed  with  about  sixty  grains  of  the  crystals.  On  the 
second  day  prostration  and  cyanosis  were  marked,  and 
continucHl  for  three  days.  In  another  case  between 
twenty  and  forty  grains  were  applied  to  a  burned  sur- 
face. When  used  for  two  successive  days  the  same  toxic 
symptoms  arose.  Many  other  cases  have  been  reported. 
In  one,  an  infant  four  days  old,  death  resulted  m  four 
hours. 

A  distressing  itchiness  and  burning  of  the  skin,  accom- 
panied by  a  varying  degree  of  erythema,  has  occasionally 
been  noticed.  It  is  not  so  common  as  during  the  use  of 
other  coal-tar  products,  but  many  cases  have  been  re- 
corded. 

To  counteract  the  poisoning,  stimulating  treatment  is 
indicated.  Warmth  to  the  extremities  and  surface ;  alco- 
hol, ether,  and  camphor  by  the  mouth  or  hypodermically : 
belladonna  is  particularly  recommended,  four  drops  of 
the  tincture  every  half -hour  for  four  doses,  afterward  at 
longer  intervals,  having  proved  of  service.  Strychnine 
is  also  useful.  The  inhalation  of  oxygen  is  indicated. 
In  extreme  prostration  the  transfusion  of  saline  solution 
has  Ix'en  adopted  with  benefit. 

Acetanilid  in  fever  is  us(*d  solely  as  an  antipj'retic,  and 
as  such  it  has  l^een  classed  as  one  of  the  best  we  possess. 
It  is  utilized  in  typhoid  fever,  pneumonia,  phthisis,  ery- 
sipelas, acute  rheumatism,  and  in  all  conditions  in  which 
hyperpyrexia  is  present.  It  was  thought  by  some  to 
have  specific  properties  in  acute  rheumatism,  but  such 
a  view  is  no  longer  tenable;  the  duration  of  the  dis- 
ease is  not  affectxHl,  complications  are  not  prevented,  nor 
does  it  guard  the  patient  against  relapses.  It  reduces 
the  high  temperature  and  relieves  the  discomfort  and  dis- 
tress that  arc  present,  and  its  sedative  action  on  the 
nervous  system  adds  to  its  calming  and  refreshing  effect. 
Its  continuous  administration  is  not  advised,  but  only  its 
us(;  when  the  temperature  is  such  as  to  require  interfer- 
ence. 

In  phthisis  it  ]>roves  ptrrticularly  soothing.  In  the 
hyperjnrexia  of  pneumonia  it  is  use<l  with  advantage, 
but  in  this  condition,  as  well  as  in  advanced  phthisis, 
where  the  respiratory  tissue  is  reduced,  it  must  be  given 
with  caution. 

In  acute  rheumatism  it  relieves  the  painful  and  swollen 
joints  and  reduces  the  temperature.  When  the  pains  are 
severe  larger  do.ses  are  required  than  in  other  febrile 
affections.  Its  action  is  generally  thought  not  to  be  so 
efticar-ious  as  that  of  antipyrin  or  salicNiate  of  soda. 

Its  analgesic  properties  have  proved  almost  as  decided 
as  its  power  of  reducing  pyrexia.  It  is  particularly  use- 
ful in  all  pains  due  to  irritation  of  the  sensory  nerves,  or 
pains  of  a  reflex  charact<'r,  such  as  those  of  hx'omotor 
ataxia,  neuralgia,  sciatica,  lumbago,  pains  after  opera- 
tions, ovarian  and  menstrual  irritation;  also  in  migraine, 
nervous  headaches,  and  the  headaches  of  growing  chil- 
dren. In  all  paroxvvsmal  pains  it  has  proved  equally  suc- 
cessful. 

It  has  been  recommended  and  tried  in  epilepsy  and 
chorea,  but  without  much  advantage. 

(^uite  recently  it  has  been  lauded  as  a  very  effective 
remedy  for  threatened  premature  expulsion  of  the  ovum. 
It  is  stated  that  from  seven  to  ten  grains  will  lessen  the 
uterine  contraction  and  pain  and  clieek  the  hemorrhage; 
the  dose  to  be  repeated  at  intervals  of  two  or  three  houre. 

In  the  (li.s<*ases  of  infancy  it  has  proved  of  decided  use- 
fulness. Its  effects  are  of  longer  (Juration  and  the  toxic 
synii)tonis  are  not  so  liable  to  follow  its  use.  In  scarlet 
fever,  measles.  ]>n<'Uinonia.  etc.,  its  action  has  been  most 
gratifying,  reducing  fever  and  restlessness  and  inducing 
a  quiet  and  refreshing  sleep.     In  whooping-cough  it  is 
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also  used  with  success;  its  action  promotes  expectoration 
and  reduces  the  frequency  and  duration  of  the  parox- 
ysms. 

Its  non-irritating  and  antiseptic  properties  have  led  to 
its  employment  as  a  dressing  after  surgical  operations, 
as  well  as  for  wounds  of  every  description.  It  is  also 
recommended  as  a  substitute  for  iodoform  in  venereal 
sores.  It  may  be  dusted  pure  over  the  parts  or  mixed 
with  boric  acid  in  varj'ing  proportions.  A  glycerol  is 
made  bv  adding  one  part  to  forty  of  cold  sterilized  glyc- 
erin. If  a  stronger  preparation  is  desired,  a  solution  of 
acetanilid  in  alcohol  is  prepared,  twenty  grains  to  the 
ounce,  and  one  ounce  of  this  mixed  with  four  of  glyc- 
erin.   It  may  also  be  combined  with  vaseline  or  collodion. 

Bean  mo  nt  Small. 

ACETIC  ACID.— Acetic  acid,  IIC,H,0,,  the  well- 
known  acid  of  vine^r,  is  a  body  fluid  at  ordinary  tem- 
peratures, and  miscible  in  all  proportions  with  water. 
3lixtures  of  the  acid  and  water  in  different  proportions 
constitute  the  different  grades  of  the  acid  in  commerce. 
Strong  acetic  acid  is  caustic,  lar^ly  through  its  property 
of  dissolving  the  formed  material  of  the  connective  tis- 
sues to  a  pultaceous  translucent  substance.  Being  caus- 
tic, it  is  of  course  irritant,  and  swallowed  in  conceutrat<»d 
condition  operates  as  a  corrosive  poison,  the  effects  and 
symptoms  being  substantially  the  same  as  in  poisoning 
by  the  strong  mineral  acids.  Two  cases  of  death  have 
been  recorded.  The  treatment  is  similar  to  that  to  be 
employed  in  case  of  poisoning  by  a  mineral  acid.  In 
non-corrosive  strength  of  solution  (five  or  six  per  cent., 
the  equivalent  of  vinegar),  acetic  acid  prodiiros  the  usual 
local  effects  of  the  sour  acids — exciting  the  flow  of  saliva 
and  tending  to  oppose  sour  fermentation  of  the  food — and 
is  also  distinctly  astringent.  Inhaled,  the  fumes  are 
reviving  in  faintness  and  may  relieve  headache. 

Acetic  acid  has  many  uses  in  phannacy.  Recently  it 
has  been  urged  strongly  by  high  authority  that  the  Phar- 
macopoeia should  substitute  acetic  acid  largely  for  alcohol 
as  a  menstruum  for  the  preparation  of  extracts,  and  it  is 
probable  that  some  such  course  will  be  followed.  It  has 
even  been  proposed  that  this  class  of  extracts  shall  bear 
the  special  name  "Aceti-acts."  In  medicine  the  strong 
acid  may  be  employed  as  a  caustic,  as  to  warts  or  can- 
cers, and  the  weak  acid  used  to  make  refreshing  acid 
draughts  in  fever,  or  cooling  lotions  in  inflammatory 
skin  affections.  Acetic  acid  is  offlcial  in  the  U.  8.  Pliar- 
macopocia  in  the  following  forms: 

Actdum  Aceticum  Glaciate,  Qiacial  Acetic  Acid. — This 
is  defined  to  be  " nearly  or  quite  absolute  acetic  acid." 
It  is  ''a  clear,  colorless  liquid,  of  a  strong,  vinegar-like 
odor,  and  a  very  pungent,  purely  acid  taste.  When  the 
acid  is  cooled  to  a  temperature  as  near  as  possible  to  15"  C. 
(59°  F.),  but  yet  in  a  liquid  form,  its  specific  gravity 
should  not  be  higher  than  1.058,  corresponding  to  at  least 
ninety -nine  percent,  of  absolute  acid.  At  a  temperature 
somewhat  below  15**  O.  (59"  F.),  the  acid  becomes  a  crys- 
talline solid"  (U.  S.  P.).  This  grade  of  the  acid  is  Jor 
pharmaceutical  uses. 

Acidum  Aceticum,  Acetic  Acid. — The  grade  of  acid  thus 
simply  named  is  a  "liquid  composed  of  thirty-six  per 
cent.,  by  weight,  of  absolute  acetic  acid  and  sixty-four 
per  cent,  of  water."  It  is  "a  clear,  colorless  liquid,  hav- 
mg  a  strong,  vinegar-like  odor,  a  purely  acid  taste,  and  a 
strongly  acid  reaction.  Specific  gravity,  about  1.048  at 
15"  C.  ((59'  F.).  Miscible  with  water  and  alcohol  in  all 
proportions.  When  heated,  the  acid  is  volatilized  with- 
out leaving  a  residue''  (U.  8.  P.).  This  grade  of  acid  is 
somewhat  stronger  than  the  best  samples  of  tlie  commer- 
cial so-called  **No.  8 "acid,  these?  "isV).  H"  acids  mrely 
being  of  higher  specific  gravity  than  1.080  and  often  sink- 
ing to  1.025  or  less  (Squibb).  This  is  the  acid  that  results 
from  the  purification  of  the  cnide  acid — crude  pt/roh)/ /irons 
aeid,  so  called — obtained  by  the  destructive  distillation  of 
wood. 

Acetic  acid  of  the  present  quality  is  sharply  irritant 
and  even  mildly  caustic.  Dangerous  synii>tonis  have  re- 
sulted from  swallowing  it,  undiluted,  in  quantity  of  two 

Vol.  I.— 5 


or  three  ounces.  Tlie  acid  may  be  used  as  a  mild  caustic, 
but  its  principal  uses  under  its  own  form  are  pharma- 
ceutical. 

Acidum  Aceticum  Dilutum,  Diluted  Acetic  Acid. — This 
preparation  is  compounded  of  one  part,  by  weight,  of 
acetic  acid  of  the  foregoing  grade  and  five  parts,  by 
weight,  of  distilled  water.  It  "* contains  six  per  cent, 
by  weight,  of  absolute  acetic  acid.  Specific  gravity, 
about  1.008  at  15"  C.  (59"  F.)"  (U.  8.  P.).  This  diluted 
acid  is  of  the  strength  of  the  best  qualities  of  vinegar, 
and  is  better  than  vinegar  for  all  the  purposes  of  the 
same,  medicinal  or  dietetic.  Squibb  says:  ** If  one  part 
of  alcohol  be  added  to  about  two  liundred  and  fifty -six 
parts  of  this  diluted  acetic  acid — that  is,  about  half  a 
fluidounce  to  the  gallon — and  the  mixture  be  set  aside  for 
a  few  weeks  (the  longer  the  better;,  enough  acetic  ether 
is  generated  to  give  it  the  full,  clean  aroma  of  fine  vine- 
gar, and  then  for  table  use  it  is  very  far  superior  to  any 
vinegar  made  in  the  ordinary  way  by  fermenting  cider.  ** 

Diluted  acetic  acid  is  the  most  convenient  grade  of  the 
acid  for  medicinal  use,  and  has  also,  in  the  IT.  S.  Phar- 
macopoeia, superseded  vinegar  for  pharmaceutical  pur- 
poses. For  an  acid  draught  a  five-per-cent.  addition  to 
water  is  appropriate,  and  for  a  lotion  a  twenty -five-per- 
cent, addition.  The  popular  notion  that  the  habitual 
use  of  vinegar  tends  to  deterioration  of  nutrition  and 
health  is  certainly  not  true  of  a  moderate  indulgence,  if 
indeed  it  be  true  at  all.  Edward  Curtis. 

ACETIC  ETHER.— Under  the  title  ^ther  Aeeticns, 
Acetic  Ether,  the  U.  8.  Pharmacopceia  makes  official  a 
preparation  consisting  of  the  ethereal  salt,  ethyl  acetate, 
with  a  little  contaminating  alcohol  and  water.  Acetic 
ether  is  described  as  **a  transparent,  colorless  liquid,  of  a 
fragrant,  and  refreshing,  slightly  acetous  odor,  and  a 
peculiar  acetous  and  burning  taste.  Specific  gravity, 
0.893  to  0.895  at  15"  C.  (59' F.).  Boiling  point,  about 
76 '  C.  (168.8"  F.).  Soluble  in  about  eight  parts  of  water 
at  15"  C.  (59"  F.);  miscible  in  all  proportions  with 
alcohol,  ether,  fixed  and  volatile  oils.  Acetic  ether  is 
readily  volatilized,  even  at  a  low  temperature.  It  is  in- 
flammable, burning  with  a  yellowish  flame  and  an  acetous 
odor"  (U.  8.  P.).  Acetic  ether  should  be  kept  in  well- 
stoppered  bottles  and  away  from  lights  or  fire. 

Ihe  effects  of  acetic  ether  upon  the  animal  economy 
are  similar,  in  a  general  way,  to  those  of  common  ether, 
the  most  important  point  of  difference  being  that  acetic 
ether  is  the  slower  in  operation.  For  this  reason  this 
ether  is  not  available  as  a  surgical  amesthetic;  but,  on 
the  other  hand,  by  reason  of  its  agreeable  odor,  it  makes 
an  excellent  and  grateful  cardiac  stimulant,  antispas- 
modic, and  carminative,  taken  internally.  Used  ex- 
ternally, it  may  serve  to  mask  disagreeable  odors.  It 
may  be  given  internally,  in  quantities  ranging  from  fif- 
teen to  thirty  drops,  well  diluted  with  water  or  with 
some  medicinal  preparation,  to  which  the  ether  is  added 
as  an  adjuvant  or  corrigent.  Editard  Curtis. 

ACETONE.— Acetone,  CaHaO,  the  ketone  of  acetic 
acid,  called  also  pyrfKicctic  ftpint  and  jn/ro<icetic  ether,  is 
a  colorless,  limpid,  and  inflammable  liquid  of  pungent 
(luality,  miscible  in  all  proportions  with  water,  alcohol, 
and  ether.  Its  effects  upon  the  animal  system  are,  doubt- 
less, of  the  general  nature  of  those  of  the  volatile  alcohols 
and  ethers,  but  the  substance  has  never  been  systemati- 
cally employed  as  a  medicine. 

It  is  used  for  chemical  purposes  in  the  manufacture  of 
chloroform,  and  as  a  solvent  for  fats  and  resins. 

It  occurs  normally,  in  small  amounts,  as  an  ingredient 
of  bloml,  urine,  etc.  Edirard  Curtis. 

ACETONURIA.— Definition.— The  presence  in  the 
urine  of  a  pathologicjil  quantity  of  acetone.  CO(CIl3)a. 

IliSTORK  AL. — Petters  in  1857  discovered  acetono  in  the 
urine  of  a  patient  suff'ering  from  diabetic  coma,  and  tlm^e 
years  later  Kaulich  demon strat<*d  its  occurrence  in  ordi- 
nary cases  of  diabetes  and  added  a  clinical  picture  of  the 
condition  known  as  acetonaemia. 
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Kussmaul  in  1874.  writing  on  diabetic  coma,  first  threw 
doubt  on  the  previously  expressed  idea  that  a  definite 
relation  existed  between  diabetic  coma  and  acetonuria, 
while  Grerhardt  later  on  showed  the  occun*enoe  of  diacetic 
acid  in  the  urine,  a  substance  which  has,  clinically,  even 
greater  importance. 

Occurrence. — Physiologically,  acetone  occurs  in  the 
urine  in  ver>'  minute  proportions,  probably  never  more 
than  .02  gm.  being  excreted  in  twenty-four  hours.  Path- 
ologically, more  than  5  gm.  have  been  in  the  daily  quan- 
tity of  urine. 

The  main  conditions  under  which  increased  acetone  is 
found  may  be  briefiy  sunmiarized  as  follows: 

1.  Alimentary,  i.e.,  accordiug  to  diet;  withdrawal  of 
carbohydrates ; '  this  may  reach  0. 7  gm.  after  prolonged 
dieting. 

2.  l5iabetes,  especially  aft<?r  some  duration  of  the  dis- 
ease and  with  proteid  diet  or  increased  fats. 

3.  Fevers  (often  with  diacetic  acid  and  /3  oxv butyric  acid 
as  well);  infectious  diseases,  e.g..  enteric  lever,  sepsis, 
pneumonia,  exanthems,  tuberculosis,  acute  inflammatory 
rheumatism;  in  the  fevers  it  occurs  only  in  prolonged 
cases,  probably  because  of  the  nature  of  the  diet ;  acute 
fevers  present  no  increased  acetonuria. 

4.  Starvation  and  inanition ;  cachexia ;  early  carcinoma 
of  stomach. 

5.  Digestive  disturbances  with  auto-intoxication;  peri- 
tonitis. 

6.  Pregnancy  with  dead  foptus. 

7.  Nervous  lesions  and  mental  disease ;  tabes;  general 
paralysis;  melancholia,  etc. 

8.  Artificially  induced  general  anaesthesia  (chloroform). 

9.  Experimental — after  extirpation  of  the  solar  plexus 
or  of  the  pancreas. 

10.  Medicinal — phlorizin ;  chronic  morphinism. 
Source. — There  is  no  doubt  that  acetone  elimination 

bears  a  definite  relation  to  the  increased  destruction  of 
proteids,  its  occurrence  in  starvation,  fevers,  etc.,  bear- 
ing out  this  theory.  It  is  not  yet  determined  whether 
the  amount  excreted  depends  merely  on  the  quantity  of 
tissue  proteid  destroyed  or  upon  the  total  proteid  used 
up  by  the  metabolism.  Von  Noorden  and  Honigmauu 
hold  that  the  destruction  of  tissue  proteid  is  the  essential 
feature.  Certainly  acetone  elimination  is  not  always  in- 
creased with  greater  ingestion  of  proteids;  in  fact,  too 
much  protei<l  may  diminish  the  degree  of  acetonuria. 
Fatty  diet  seems  to  increase  acetone  elimination ;  indeed, 
Geelsuyden  is  of  the  opinion  tliat  disintegration  of  fat 
either  fn  the  tissues  or  in  the  focxi  is  the  main  cause  of 
acetonuria.  Again,  while  increasc»d  ingestion  of  carbo- 
hydrates causes  deerea.se  of  acetone  excretion,  a  diminu- 
tion of  this  in  the  diet  is  followed  by  marked  acetonuria. 

There  seems  to  be  no  mutual  relation  between  nitrogen 
elimination  and  acetonuria. 

In  diabetic  urine  three  substances  frequently  occur 
together  and  seem  to  have  some  definite  relation  to  one 
another,  though  their  exact  interdependence  is  not  as  yet 
understood.  These  substiuices  are  acetone,  diacetic  acid, 
and  /3  oxybutyric  acid.  We  can  readily  derive  one  from 
the  other,  e.g.,  ft  oxybutyric  acid  froni  diacetic  acid,  or 
again  by  oxidation  ft  oxybutyric  acid  fonns  acetone  and 
carbonic  acid.  These  three  exist  also  together  in  other 
conditions  than  diabetes,  e.g.,  in  starvation,  severe  infec- 
tions, fevers,  etc.,  and  tlieir  relative  proportions  seem  to 
vary  without  respect  to  their  origin. 

Probably,  as  Naunyn  suggests,  ft  oxybutyric  acid  is 
usually  formed  first  and  is  the  mother  substance  for  the 
others,  and  the  amounts  of  each  formeci  depend  on  a 
great  variety  of  conditions;  thus,  for  exam])le,  a  very 
marked  alkaline  state  of  the  blood  favors  diacetic  acid  for- 
mation, while  again  acetone  forms  best  in  an  acid  urine, 
and  so  on.  Certainly  the  degree  of  acetonuria  does  not 
depend  regularly  on  the  amount  of  ft  oxybutyric  acid. 

Clinical  Significance. — In  all  probability  the  acetone 
per  fie  is  hannless  and  the  toxic  symptoms  are  produced 
by  the  diacetic  and  ft  oxybutyric  acids;  and  ])o.ssibly  also 
others,  e.g.,  lactic  acid  or  volatile  fatty  acids,  come  into 
action,  too,  at  times.     At  all  events,  it  is  the  acid  intojc- 


icaiion  (or  excessive  acidosis,  as  it  has  been  called)  that 
induces  the  serious  changes  which  occur.  Patients  mani- 
festing this  acid  intoxication  usually  get  diabetic  coma 
if  no  intercurrent  affection  occur  to  carry  them  off. 

The  PROGNOSIS,  then,  depends  rather  upon  the  evidence 
of  acidosis  than  of  acetonuria  to  a  large  extent,  and  Hal- 
lervorden  has  for  this  reason  suggested  the  importance 
of  frequent  estimation  of  the  anmionia  eliminated,  this 
giving  a  fairly  accurate  idea  of  the  acid  intoxication. 
(More  than  3  gm.  of  NIT,  in  twenty-four  hours  indicates 
excessive  acidosis,  while  if  more  than  4  gm.  exist,  the 
onset  of  diabetic  coma  is  almost  certain,  even  though  due 
treatment  temporarily  diminish  the  amount  of  NH,  elim- 
ination.) This  theory  is  proven,  too,  by  Stadelmann's 
and  Minkowski's  observations,  that  diminished  COs  was 
in  the  blood  {i.e.,  less  alkalinity),  and  by  the  fact,  too, 
that  in  severe  diabetes  the  sudden  restricting  to  meat 
diet  {i.e.,  acid)  is  often  followed  by  coma. 

The  acetone  is  to  some  extent,  however,  in  definite 
ratio  to  the  intensity  of  the  diabetes,  and  the  presence  of 
a  large  quantity  is  of  grave  import — though  not  as  a 
proilrome  of  approaching  coma,  as  Ilirschfeldt  once  sup- 
posed. Intercun-ent  fevers,  e.g.,  pneumonia,  may  greatly 
increase  the  acetone  temporarily,  and  with  convalescence 
the  quantity  may  return  to  its  previous  amount.  So  it 
was  in  the  case  of  a  diabetic  whose  urine  increased  during 
an  intercurrent  pneumonia  from  0.4  gm.  to  4  gm.  acetone, 
daily,  and  with  convalescence  the  amount  returned  to  0.4 
gm.  in  the  twenty-four  hours ;  coma  did  not  supervene  and 
the  patient  lived  for  months  afterward,  until  fatal  maras- 
mus came  on.  It  is  well,  however,  to  follow  the  acetone 
excretion  in  diabetes,  for  its  increase  is  so  frequent  with 
threatening  symptoms; — hence  the  benefit,  at  such  a 
time,  of  judicious  administration  of  carbohydrates. 

The  DIAGNOSTIC  significance  of  acetonuria  lies  in  the 
fact  that  its  presence  to  any  extent  with  glycosuria  ren- 
ders the  diagnosis  of  diabetes  certain. 

J'exts. — Before  testing  for  acetone  one  should  ascertain 
the  possible  presence  of  diacetic  acid,  which  by  decompo- 
sition often  forms  acetone.  For  this.  Gerhardt's  reac- 
tion is  to  be  tried  and  the  following  three  steps  must  be 
taken : 

Fifteen  cubic  centimetres  of  urine  are  treated  with  dilute 
(not  too  acid)  ferric  chloride  so  long  as  it  gives  a  precipi- 
tate. The  precipitiite  (ferric  phosphate)  is  filtered  and 
more  ferric  chloride  added  to  the  filtrate.  In  presence  of 
diacetic  acid  a  claret-red  color  appears.  A  second  portion 
of  the  urine  is  boiled  and  the  same  test  repeated  after 
cooling.  A  negative  result  should  follow,  because  the 
diacetic  acid  was  deconiposed  by  the  boiling.  (If  a  posi- 
tive result  were  again  obtained  it  would  indicate  the 
presence  of  acetic  or  some  other  acid  in  the  urine.) 

A  third  portion  is  next  acidified  with  sulphuric  acid 
and  shaken  with  ether.  The  ether  is  removed  and  shaken 
with  a  very  dilute  aqueous  solution  of  ferric  chloride, 
when  the  waterv  layer  becomes  violet  red  or  claret  red. 
The  color  di.siippears  on  warming  or  after  standing 
twentv-four  hours. 

In  the  abH4  are  of  diacdic  arid  we  proceed  to  test  di- 
rectly for  acetone.  No  single  test  for  acetone  is  com- 
pletely satisfactory;  hence  the  necessity  of  employing 
several  as  confirmatory  evidence.  One  may  use  the  urine 
as  it  is,  although  it  is  more  accurate  to  resort  first  to  dis- 
tillation. About  250  c.c.  of  urine  are  boiled  after  faintly 
acidifying  with  sulphuric  acid,  and.  a  goo<l  condensation 
being  secured,  all  the  acetone  will  distil  in  the  first  20  c.c. 

AVhen  diffcitic  arid  is  preMitf  ihe  urine  should  first  be 
rendered  faintly  alkaline  and  carefully  shaken  up  in  a 
separator  funnel  with  ether  (the  ether  must  be  free  from 
alcohol  and  acetone).  The  removed  ether  is  then  sliaken 
up  with  water,  which  takes  up  the  acetone,  and  this 
watery  licjuid  is  tested. 

Quiilitatire  TeMn. — Lichen's  lodofitria  Test.  Treat  a 
few  cubic  centimetres  of  the  distilled  urine  (which  sliould 
be  freshly  voided  always)  with  some  sodium  hydrate  and 
iodine  potassic  iodide  solution  and  gently  warm.  With 
traces  of  acetone  a  yellow  precipitate  of  iodoform  occurs, 
and  this  will  be  recognized  by  its  odor  and  by  the  hexag- 
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ooal  plates  or  stellate  crystals.  While  this  test  is  delicate 
enough  for  acetone,  there  are  many  other  constituents  of 
the  urine  and  other  substances  (at  least  seventeen)  which 
yield  a  similar  reaction.  Among  them  is  alcohol ;  hence 
the  possibUitv  of  error  from  using  an  alcoholic  solution  of 
iodine  to  maxe  up  one  of  the  reagents— which  must,  of 
course,  be  avoidea.  Gunning  modified  the  test  by  using 
an  alcoholic  solution  of  iodine  and  ammonia  instead  of 
the  mixture  mentioned  above.  A  black  precipitate  of 
iodide  of  nitrogen  results,  and  this,  in  the  presence  of 
acetone,  gradually  disappears,  leaving  the  yellow  iodo- 
form behind.  The  test,  though  not  quite  so  delicate,  is 
more  accurate,  neither  alcohol  nor  aldehyde  producing  a 
similar  result ;  and,  moreover,  it  is  eminently  suited  for 
clinical  purposes,  in  view  of  the  temptation  to  test  with- 
out the  time-absorbing  distillation. 

Legal' s  Sodium  Nitmprusside  Test.  Treat  a  few  cubic 
centimetres  of  the  urine  with  two  or  three  drops  of  a 
freshly  prepared  concentrated  solution  of  sodium  nitro- 
prussfde  and  add  a  thirty -percent,  solution  of  caustic 
potash.  A  ruby  red  color  appears,  which  clianges  to 
yellow.  Any  urine  may  give  this  reaction.  But  if  ace- 
tone be  present  in  pathological  amount  the  addition  of 
acetic  acid  changes  the  color  to  a  purple  red  or  violet. 

Parakresol  and  creatinin  give  somewhat  similar  reac- 
tions. In  presence  of  the  former,  however,  the  yellow 
color  changes  to  pink  on  addition  of  acetic  acid,  while 
with  the  latter  a  miuration  with  acetic  acid  gives  a  yel- 
low color,  soon  changing  to  green  and  blue.  Acetone, 
under  similar  conditions,  gives  a  carmine  color.  Fehr 
modifies  this  test  by  floating  the  acetic  acid  on  the  urine 
as  the  color  changes  to  yellow.  A  violet  is  produced  at 
the  line  of  contact,  its  intensity  being  proportionate  to 
the  amount  of  acetone  present. 

Notwithstanding  its  frequent  commendations  for  clin- 
ical purposes,  Legal's  test  is  certainly  unreliable  unless 
the  unne  be  first  distilled. 

Le  N(^Vs  test  is  similar.  One  adds  an  alkaline  solu- 
tion of  sodium  nitroprusside  (so  dilute  as  merely  to  give 
a  faint  reddish  tint  to  the  solution)  to  the  urine ;  a  rubv 
red  color  is  obtained,  soon  chan^ng  to  yellow.  On  boil- 
ing and  adding  the  acid  a  greenish  blue  or  violet  results. 

I^emoUiVs  Indigo  Test.  Treat  the  urine  with  a  wanm 
saturated  and  then  cooled  solution  of  orthonitrobenzalde- 
hyde  and  add  caustic  soda.  If  acetone  be  present  the 
liquid  becomes  first  yellow,  then  green,  and  finally  indigo 
forms,  which  may  be  dissolved  in  chloroform. 

Chautard  takes  fuchsin  solution  into  which  a  cur- 
rent of  sulphurous  acid  gas  lias  been  passed.  This  decol- 
orizes the  liquid  and  gives  it  a  clear  yellow  tint.  When 
added  to  urine  containing  acetone  a  deep  violet  color  is 
produced. 

Reynolds'  mercuric  oxide  test  depends  on  the  power  of 
acetone  to  dissolve  freshly  precipitated  mercuric  oxide. 
A  mercuric  chloride  solution  is  first  precipitated  by  alco- 
holic caustic  potash.  The  urine  is  added  to  this  and  the 
mixture  well  shaken  and  filtered.  If  acetone  be  present 
the  filtrate  contains  mercury,  which  may  be  detected  by 
the  black  color  on  adding  ammonium  sulphide. 

Reynolds'  and  Gunning's  tests  are  particularly  recom- 
mended for  delicacy  and  reliability  combined. 

Quantitatite  Test. — Huppert's  modification  of  Mes- 
singer's  is  that  most  recommended;  Lieben's  iodofonn 
test  being  the  method  on  which  it  is  based. 

Acetone  forms  iodoform  when  treated  in  an  alkaline 
solution  with  iodine.  By  treating  the  urine  with  a  known 
amount  of  iodine  one  need  simply  estimate  the  (quan- 
tity unused  by  the  iodoform  to  know  how  much  has 
been  combined.  This  can  be  done  by  titration  with 
sodium  thiosulphate  solution.  For  the  details  of  the 
method  the  reader  is  referred  to  Huppert's  "Analyse  dcs 
Hams,"  1898.  Charks  F.  Martin. 

ACETO-PHENONE-ORTHO-OXY-QUINOLIN,  C»H«- 
NO.CH».CO.C6H6,  is  made  by  the  action  of  an  alkali  on 
a  solution  of  acetophenone  chloride  and  orthoquinolin. 
It  is  an  odorless,  tasteless,  strongly  basic  liquid  insoluble 
in  water  and  soluble  in  alcohol,  ether,  and  chloroform. 


It  forms  salts  with  the  acids,  and  is  given  in  doses  of  one 
to  three  minims  as  a  hypnotic  or  for  neumlgia.  Its  uses 
are  the  same  as  those  of  acetophenone  (see  nypnoae),  but 
it  lacks  the  penetrating  odor  and  pungent  taste. 

W.  A.  Basttdo, 

ACET-ORTHO.TOLUID(Ortho-tolyl-acetamid). 

ACET-PARA-TOLUID  (Para-tolyl-acetamid),  C.H*- 
(CH,)NH.COCH,. 

These  isomers  are  produced  by  the  prolonged  boiling 
of  glacial  acetic  acid  with  orthotoluidin  and  paratoluidin 
respectively.  They  occur  in  colorless,  needle-shaped 
crystals,  almost  insoluble  in  cold  water  and  readily  sol- 
uble in  alcohol  and  ether.  Chemically  they  differ  from 
phenacetin  only  by  the  substitution  of  a  methyl  for  an 
oxy ethyl  group,  and  they  are  valuable  as  antipyretica 
The  dose  is  from  5  to  15  grains.  W,  A,  Bastedo. 

ACETYLENE.     See  Carbon,  Oxids  of. 

ACETYL-THYMOL  (thymol  acetate),  CioH„O.CH,CO, 

is  a  colorless  liquid  with  an  aromatic  odor  and  pungent 
taste,  and  is  used  as  an  antiseptic.  W.  A.  Bastedo, 

KC\l}S,— Fatty  Acid  So-ies,  Cyia^O,.— Fatty  acids  are 
found  in  the  body  chiefly  in  combination  with  glycerin  in 
the  glyccrides  or  neutral  fats  of  adipose  tissue.  They  are 
also  found  combined  with  alkalies,  as  soaps,  and,  in  small 
quantities,  as  free  fatty  acids.  Free  fatty  acids  occur  in 
the  intestine  as  a  result  of  the  breaking  up  of  neutral 
fats  in  pancreatic  digestion.  Some  of  the  lower  members 
of  the  series  are  found  free  in  blood  and  sweat.  As  we  as- 
cend the  series,  the  molecules  become  more  complex  and 
the  melting  and  volatilizing  points  rise.  For  each  acid 
they  vary  slightly,  according  to  the  mode  of  preparation. 
Many  fatty  acids  crystallize  in  characteristic  forms.  The 
following  are  of  most  physiological  importance: 

Formic  acid.  H.COOII,  is  found  combined  as  salts  in 
minute  traces  in  normal  urine,  and  in  increased  amount 
in  certain  dist.»ases  with  deranged  metabolism,  such  as 
leucocy  tha?niia  and  diabetes.  It  is  present  in  the  stings  of 
certain  insects,  giving  them  their  irritating  qualities.  It 
is  a  colorless  liquid,  of  strong  odor,  volatilizing  at  KX)**  C. 

Acetic  acid,  ClIs.COOll,  is  found  in  the  intestine  and 
sometimes  in  the  stomach  as  a  result  of  fermentation 
processes,  occurring  in  carl)ohydrates  and  higher  fatty 
acids.  Its  salts  are  present  in  normal  urine  in  traces,  and 
in  increased  amount  in  duibetes  and  leucocythoemia.  In 
the  diseases  name<^l,  it  is  also  found  in  the  urine  combined 
with  acetyl,  Clla.CO.  to  form  diaceticacid,  CHa,CO,CHa,- 
COOH.  Acetic  acid  hna  a  characteristic  odor  like  vine- 
gar, a  sour  taste,  and  forms  transparent  crystals  which 
melt  at  17°  C. 

Propionic  acid.  Cns,CHa,COOH,  occura  occasionally 
in  sweat.  It  is  present  in  the  blood,  urine,  and  vomit  of 
certain  diseases.  It  is  the  first  fatty  acid  to  form  a  neu- 
tral fat  with  glycerin.  It  has  an  odor  like  acetic  acid 
and  volatilizes  at  142^  C. 

Butyric  acid,  Clh,  (ClI^)  2,00011,  is  found  in  the  in- 
testines and  occasionally  in  the  stomach,  as  a  result  of 
fennentations.  It  may  be  fornie<l  from  the  decomposition 
of  proteids,  carbohydrates,  fatty  acids  higher  in  the  series, 
or  lactic  acid.  It  is  found  in  sweat,  and  traces  have 
been  demonstrated  in  blooil  and  urine.  It  is  present  in 
milk  and  butter,  combined  with  glycerin  as  butyrin. 
Butyric  acid  is  an  oily  liquid,  volatilizing  at  162.8*"  C 
and  solidifying  at  —19^  C. 

Isovalerianic  acid,  (CH3)2,CII,CHa.COOH,  is  found  in 
cheese,  the  sweat  of  the  foot,  and  the  urine  of  certain 
diseases.  It  is  a  product  of  proteid  decomposition.  It 
is  found  combined  as  a  neutral  fat  in  dolphin  blubber. 
It  is  an  oily,  colorless  liquid,  smelling  like  rotten  cheese, 
and  volatilizing  at  176.3  . 

Caproic  acid,  CHs.  (CHa)4,C00H,  is  found  in  the 
fa?ces  and  sweat,  also  in  cheese,  is  formed  from  putrefac- 
tion of  proteids,  and  occurs  as  a  glyceride  in  butter.  It 
is  an  oily,  colorless  liquid,  with  a  faint,  unpleasant  smell. 
It  volatilizes  at  ^iOo**  C.  and  solidities  at  - 18'  C. 
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Caprjrlic  acid.  CH,,(CHa)6,C00H,  and 

Capnc  acid,  CHs,  (CHa)6,C00H,  are  found  in  sweat, 
in  cheese,  and  as  glycerides  in  butter.  Caprylic  melts  at 
16.5'  C.  and  volatilizes  at  236°  C.  Capric  melts  at  80"  C. 
and  volatilizes  at  270''  C. 

Laurie  acid,  CH,(CH,),o,COOH,  and 

Myristic  acid,  CHs,  (CHj)  i«,COOH,  are  present  as  gly- 
cerides in  human  fat  and  in  butter,  also  as  compound 
ethers  in  spermaceti.  Laurie  acid  melts  at  43.6*  and 
m^'ristic  at  53.8°  C. 

I'almitic  acid,  CH3.(CH,)i4.COOH,  is  found  as  a 
glyceride  in  all  animal  fats  and  as  compound  ethers  in 
spermaceti  and  beeswax;  it  is  also  found  combined  with 
cholesterin  in  wool  fat  (lanolin).     It  melts  at  62"  C. 

Stearic  acid,  CHs,  (CHa)i«,COOH,  is  found  combined 
like  palmitic  acid  in  animal  fats  and  speimaceti.  It  melts 
at  69.2"  C.  Margaric  acid  is  a  name  sometimes  applied 
to  a  mixture  of  palmitic  and  stearic  acids. 

Arachidic  acid,  Clla,  (CHa)i8.C00H,  is  found  in  but- 
ter as  a  glyceride.     It  melts  at  75"  C. 

Cerotic  acid,  CHs,  (CHj)  26,COOH,  is  found  free  in  bees- 
wax. Combined  as  cetyl  ether,  it  forms  the  principal 
part  of  Chinese  wax.  The  free  acid  forms  gmnular 
crystals,  which  melt  at  78"  C. 

Aciylic  Acid  Series,  C,,H2n2 — Oa. — Some  of  the  higher 
members  of  this  series  lorm  compounds  with  glycerin, 
resembling  the  neutral  fats.  The  most  important  mem- 
ber of  this  group  physiologically  is — 

Oleic  acid,  CH8,(CHa)M.(Cfi)a,C00H;  it  is  found 
united  with  glycerin  in  all  the  fats  of  the  body,  as  a 
liquid  fat,  olein,  which  holds  the  higher  fats  of  the  fatty 
acid  series  in  solution  at  the  body  temperature. 

GlycoUe  Acid  JSen'eft,  CJi^jfli.  —  Carbonic  acid, 
OH,COOH.  is  unknown  in  its  free  state,  being  doubt- 
less too  unstable  to  exist.  Its  salts,  however,  are  pres- 
ent in  large  quantities  in  the  body,  and  play  an  important 
part  in  the  alkalinity  of  the  tissues  and  iluids.  Its  cor- 
responding oxide,  COa,  is  the  principal  form  in  which 
carbon  leaves  the  body. 

Glycol ic  acid,  H,CHOH,COOH,  does  not  occur  in  the 
body. 

Lactic  acid,  CH,,CHOH,COOH,  exists  in  three  isomeric 
varieties: 

1.  Fermentation  lactic  acid  is  present  in  sour  milk,  and 
in  the  stomach  and  intestines  during  digestion.  It  is 
also  found  in  small  quantities  in  the  muscles  and  brain, 
and  in  diabetic  urine.  It  is  a  colorless  or  faintly  yellow 
liquid  of  syrupy  consistency,  and  is  distinguished  from 
the  two  following  by  being  optically  inactive. 

2.  Paralactic  or  sarcolactic  acid  is  the  i)rincipal  acid  of 
meat  extracts  and  of  muscle,  and  is  also  found  in  numer- 
ous glands.  It  is  present  in  the  sweat  in  puerperal  fever, 
and  in  the  urine  after  severe  fatigue,  in  acute  yellow 
atrophy  of  the  liver,  and  in  phosphorus  poisoning.  It 
is  dextro-rotatory  to  polarized  light. 

8.  A  third  laevo-rotatory  lactic  acid  has  been  obtained 
by  the  fermentation  of  cane  sugar  by  a  special  bacillus. 

Oxybutyric  acid,  CH,,CHa.CHOH*COOH,  found  along 
with  diacetic  acid  and  acetone  in  the  blood  and  urine 
of  diabetes,  is  an  odorless  syrupy  liquid,  which  mixes 
freely  with  water,  alcohol,  and  ether,  and  rotates  polar- 
ized light  to  the  left. 

Oxalic  Add  Senes,  C^Ha — aO*. — Oxalic  acid,  COOH,- 
COOH,  is  found  in  small  quantities  in  the  urine  as 
calcium  oxalate,  and  often  occurs  in  excess  after  the  in- 
gestion of  rhubarb  or  cabbage.  It  is  usually  increased 
where  the  amount  of  uric  acid  is  increased.  It  may  be 
obtained  in  the  laborator}^  along  with  urea  and  carbonic 
acid  gas  from  the  oxidation  of  uric  acid,  and  it  is  believed 
to  be  formed  from  the  latter  in  the  body  to  some  extent. 
Oxalic  acid  is  a  violent  poison.  It  crystallizes  from 
aqueous  solutions  in  large,  transparent  prisms,  which 
effloresce  when  exposed  to  the  air. 

Succinic  acid,  COOH,(ClIa)a.COOH,  has  occasionally 
been  found  in  the  urine  after  the  ingestion  of  asparagus 
and  other  vegetables  and  fruits.  It  has  also  been  de- 
tected in  the  sweat,  the  intestinal  contents,  and  in  the 
thymus  and  thyroid  glands.     It  forms  large  colorless 


crystals  which  are  unaltered  by  the  air  and  which  fuse 
at  180"  C. 

Amido  Acids  are  derived  from  the  fatty  acids  by  replac-> 
ing  one  or  more  hydrogen  atoms  by  amidogen,  NH«. 
They  are  formed  from  proteids  and  albuminoids  (gelatin) 
during  digestion  and  metabolism,  and  are  considered  im- 
portant precursors  of  urea. 

Carbamic  acid,  OH,CO,NH«,  amidoformic  acid,  is  not 
known  in  the  free  state.  Its  ammonium  salt  has  been 
found  in  the  blood  and  is  believed  to  be  an  intermediate 
substance  between  proteids  and  ui"ea. 

Leucin.  (CHs)«.CH,CHa.CH,NHa,COOH,  a-amidoiso- 
butylacetic  acid,  is  isomeric  with  and  was  formerly 
considered  identical  with  amidocaproic  acid.  It  is  pres- 
ent wherever  proteids  are  being  broken  up  by  tryptic  di- 
gestion, by  boiling  with  dilute  acids  or  by  putrefaction.  It 
has  been  found  in  certain  glands  after  death,  and  is  found 
in  the  urine  in  acute  yellow  atrophy  of  the  liver  and 
phosphorus  poisoning.  There  are  satisfactory  proofs  of 
its  being  one  of  the  precursors  of  urea.  It  crystallizes  if 
pure  in  shining  white  plates,  but  usually  forms  character- 
istic round  knobs  or  balls. 

Ty rosin,  HO, C^H *, C  all, , NH,, COOH,  p  oxy phenyl- 
amidopropionic  acid,  contains  a  phenyl  group,  and  is 
consequently  a  member  of  the  aromatic  group  of  sub- 
stances as  well  as  an  amido  acid.  It  is  formed  with 
leucin  from  the  breaking  up  of  proteids  in  pancreatic 
digestion,  and  especially  in  putrefaction.  It  crystallizes 
in  colorless,  silky,  fine  needles,  which  are  .often  grouped 
into  tufts  or  balls.  It  has  not  been  definitely  proved  to 
be  a  precursor  of  urea. 

Aspartic  acid,  HOOC.CaH,,NHa,COOH.  amidosuc- 
cinic  acid.  It  is  formed  from  proteids  during  pancre- 
atic digestion,  and  is  probably  a  precursor  of  urea  in  the 
animal  body.     It  crvstallizes'in  rhombic  prisms. 

Glutamic  acid,  HOOC.C3H5.NHa,COOH,  amidopyro- 
tartaric  acid.  It  is  formed  along  with  aspartic  acid  dur- 
ing pancreatic  digestion.  It  crystallizes  in  rhombic 
tetrahedra  or  octahedra  or  in  smalTleaves. 

Lysin,  CeHn.NaOa,  Arginin.  C6Hi4,N40a.  andHistidin, 
C6H»,N3()a.  are  probably  amido  acids,  but  in  their  reac- 
tions they  resemble  bases  and  are  grouped  together  under 
the  name  of  the  hexone  bases  because  they  each  contain 
six  atoms  of  ciirbon.  They  are  among  the  products  of 
proteid  decomposition.  Lysatin  or  lysatinin,  which  is 
sometimes  given  as  a  separate  substance,  is  probably  a 
mixture  of  lysin  and  arginin. 

Glycocoll,  NHa.CHa.COOIi,  amidoacetic  acid,  is  also 
known  as  glycocin  or  glycin.  It  is  formed  from  the  de- 
composition of  proteids  and  albuminoids,  and  is  found 
free  in  the  intestine  as  a  result  of  the  breaking  up  of  the 
bile  salts.  It  is  also  set  free  when  hippuric  acid  is  boiled 
with  mineral  acids  or  alkalies. 

Sarcosin,  NH,Cn,,CHa,COOH.  methyl  glycocoll.  is  not 
found  in  the  body. 

Creatin,  NH.CNHa,NCH,,CHa,COOH+HaO,  may  be 
prepared  synthetically  from  cyanamide,  CN,NHa,  and 
sarcosin.  ft  occurs  among  the  extractives  of  muscle  and 
is  regarded  as  a  probable  precursor  of  urea.  When  in- 
jected into  the  blood,  however,  it  loses  the  elements  of 
water  and  appears  in  the  urine  as  creatinin.  C4HrN30. 

Taurin,  NHa.CaHi.SOa.OlI.  amidoisethionic  acid,  is 
found  combined  in  the  bih?  stilts.  It  may  occur  free  in 
small  quantities  in  the  intestines.  It  crystallizes  in  color- 
less, shining,  four  to  six  sided  prisms,  often  of  large  size. 

Bile  AridH. — Glvcocholic  and  taurocholic  acids  are 
found  in  the  bile  combined  with  soda  to  form  the  bile 
salt.s.  They  consist  of  cholalic  acid  in  combination  with 
glycocoll  and  taurin  respectively. 

Glvcocholic  acid,  CaftllisNOo.  is  found  in  human  and 
ox  bile,  but  is  absent  or  nearly  so  from  that  of  caniivora. 

Taurocholic  acid.  Caf,H<riNS():,  is  found  principally 
in  the  bih'  of  the  carnivom  and  man,  but  is  also  present 
in  oxen,  slieep.  and  goats. 

Cholalic  acid,  C2  4H4.,Oi,  is  found  combined  in  the 
above-named  bile  acids.  It  is  insoluble  in  water,  but 
soluble  in  alcohol,  and  slightly  so  in  ether.  It  crystal- 
lizes in  rhombic  prisms  or  in  large  rhombic  tetrahedra  or 
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(X'tahedra.  Choleic  acid,  C«4H4i)04,  and  fellic  acid, 
09aH4o04,  are  also  present  in  small  quantities  in  human 
bile,  combined  in  place  of  cholalic  acid  in  the  bile  salts. 

Annnatic  Acids. — Acids  of  the  benzene  series.  A 
number  of  these  are  present  in  the  body  in  small  quanti- 
ties. They  are  derived  partly  from  the  aromatic  sub- 
stances contained  in  the  food,  and  partly  from  the  break- 
ing up  of  proteids.  Tyrosin  has  been  already  described 
under  the  aniido  acids.  The  following  are  found  prin- 
cipally in  the  urine: 

Ilippuric  acid,  CJI.,CO.NH,CH,.C()OH.  Benzoyl 
amidoacetic  acid  occurs  in  large  quantities  in  the  urine  of 
herbivora,  but  only  in  small  quantities  in  the  camivora 
and  man.  The  quantity  in  the  urine  i.s  increawHl  by 
vegetable  food  containing  benzoic  acid  comjwunds,  and 
by  putrefactive  processes  in  the  intestine.  It  may  \k' 
decomposed  into  benzoic  acid  and  irlycocoll. 

Ethenial  sulphuric  acids  include  the  following  four 
acids,  phenol-sulphuric  acid,  C.H6,0,S()j.()II,  cresol-sul- 
phuric  acid,  CMl7.0.80,.OH,  indoxyl-sulphuric  acid  or 
indican,  CMI«N.O,SOi,OH,  and  skafoxvl-sulphuric  acid. 
CvH-,N,0,SO,,OH. 

These  acids  are  all  found  in  the  urine,  and  are  drrivnl 
from  the  phenol,   cresol,  indol.  and  skatol   which  an-   ■ 
formed  in  the  intestines  as  a  n*sult  of  the  putrefaction  of  ' 
proteids.     Any  circumstances  favoring  the  latter  pnx-C'SH,    ' 
such  as  intestinal  diseases  accompani^l  by  olwtmction. 
increase  the  amount  of  these  acids  in  the  urine  ! 

Aromatic  oxyacids,  of  which  the  principal  are  pamoxy- 
phenyl -acetic  acid.  C.H«.OH.CHi,('0<)Ii,  and  jianioxy- 
phenyl- propionic  acid,('«H4,OH.C'aH4.C'<>OH,  are  fcirni<fl 
from  tyrosin  in  small  quantities  in  the  intestine  and  pasn 
unclianged  into  the  urine. 

ytirliir  Acids. — Tliese  are  acids  rich  in  phospboru.^.  ot  \ 
complex  and  variable  composition,  found  among  t\u:  JWff^t 
characteristic  constituents  of  cell  nuclei.  They  ombine 
with  proteids  to  form  numerous  varieties  of  nuclei n  ami 
nucleoproteid.  Among  the  prorlucts  of  their  fhrfomjtff' 
sition.  the  most  important  are  the  alloxuric  YtfuWf^.  al.<vi 
known  as  the  xantbin  or  still  better  ax  the  purin  iKwIif^f. 

Uric  Acid. — C'»n,N40j.  trioxy purin.  i.s  found  in  adult 
human  urine  to  the  extent  of  from  «rvf  n  to  ten  grain?*   ; 
per  day.  combined  with  ha«*A  to  form  uratf^.     In  birds 
and  reptiles  it  replaces  urea  in  the  urine  as  the  prinrifinl 
end  product  of  proteid  metabolism.     In  man  it  i.s  df  riv>fl   ' 
principally  from  the  nuclei  of  broken-down  cpII.s  anrl 
from  the  purin  bodies  contained  in  the  fftfwi.     The  ext*-nt   i 
to  which  it  is  formed  from  proteids  in  the  hrjrly  rannr>t 
be  considered  settled.      For  further  derail:>  about  uric 
acid,  see  the  articles  on  Gf/»ft  and  rnf**^. 

WiJfittm  .S.  Mf/rrwr.        \ 

ACIDS,  MINERAL,  TOXICOLOGY  OF.-The  only 
mineral  acids  which  require  fxtendf-fl  ron-sidKnition  at 
the  hands  of  the  toxicologist  or  physician  an-  ^^ulphiirir, 
nitric,  and  hydrochloric  acifLs. 

I.  Sulfthuric  Acid. — A  numb*^r  of  differenr  f«»rmrt  of 
sulphuric  aci«i  *iccur  in  commerce. 

First,    the  pure  acid,   colorless    and   oily,  known    a,s 
chemimUy  pure  itu/ftAn ric  acid,  having  a  :*perif1<    araviry 
of  l.S42,and  containing  about  DO  prr  c«-nt  of  snlphurir 
.  acid. 

Second,  a  solution  of  much  tlu-  same  app»-amnr»»  ron-   i 
taining  \fi'y  p^r  rnnt.  of  snlphiiri*^  acid,  rhr  .Uifhtm  a»iI. 
fthuricttm  of  the  rniteil  Stares  PlisirmarDpo-ia. 

Thinl.  the  dilare.  watery  solnriun  nf  rh«*  :Kid  aif*o  r  li  ar 
and  colorless,  containing  10  p«-r  n-nr   of  sulphurji-  m  i«| 
the  Andum  t^tdphnHfnni  dihitunt  of  fhr-    f  nirt-il  .Stati's 
Pharmacopoeia. 

FMiiitti,  the  rtnuntrrritd.  acid  of  varyin:r  stren-jTh.  and 
colore*]  brown  to  black  by  orsanic  impnriries. 

The  concentrated  acid  in  all  its  forms  is  inT«»nMely  ri-,r 
rrjsive,  destroying  reaiiily  any  orjanic  riMsu*'  \\•\^\\  \'\\\c\\ 
it  may  come  in  contacr.  lis  pr.w^T  in  rluM  .lir'T-tion  i< 
due  to  its  avidity  of  wat^r.  it  beinjr  ihW'  to  .xn-arr  rlu* 
elements  of  water  from  wo#)d.  cloth,  or  tli'sh,  i.»Hving  the 
TCsklue  charred  and  more  or  less  blackem^l  an  a  rpsnlt 


On  clothing,  if  dark  colored,  the  acid  prcKluces  a  brown 
stain  with  reti  edgi»s,  and  after  a  time  decomposes  and 
softens  the  fibres  of  the  cloth,  so  that  it  easily  falls  to 
pieces.  The  acid  spot  is  always  wet,  due  to  absorption 
of  water  from  the  material  anJ  from  the  air.  On  light- 
colored  cloth  the  acid  i)roduci*sa  brown  stain,  which  after 
a  time  turns  bUick  and  destroys  the  tissue  of  the  cloth. 

Wood  is  blackencHi  by  the  actitm  of  the  acid,  and  at 
the  same  time  softene<l  and  disintegrati*d.  In  damp 
weather  the  stain  of  this  acid  on  wcnnI  is  moist,  unless 
the  acid  has  been  neutmiized  by  an  alkali. 

On  the  skin  the  concentnitefl  acid  protluces  an  intense, 
biting  sensation,  and  soon  blisters  and  d<*stn)ys  the  cuticle, 
and  to  a  greater  or  less  extent  cornxles  the  tissues  under- 
neath. If  the  acid  is  not  removal  at  once,  the  H|K»t  funis 
brown :  and  even  when  it  is  waHhed  away  innne<liate]y.  or 
its  actitm  neutralized  by  alkalien.  the  <ruticle  is  destroye<l 
anil  a  red  s<rar  renmins  wherever  fli*'  acid  has  acted. 
This  acid.  lN*caus<f  it  is  w^  readily  obtained,  is  the  favorite 
of  the  acid  thrower,  who  att^'mpts  to  disfl^un'  or  blind 
his  victim  by  throwing  the  \u-vy  liquid  ovi-r  the  face  and 
\wTwm.  A  nunilier  of  caws  are  n-iKirtifl  y<*«rly  in  which 
such  attf'nii>tH  have  Ih'^'U  monr  rir  hrss  Mucci'HHfiil.  If  the 
acid  g^'ts  into  the  eyes,  its  corrosive  ac'tioii  and  tin*  In- 
tense; inflammation  it  s'-ts  up  are  alnif»«<t  Hun*  sfriouHly  to 
im|mir  the  sijrht,  and  certainly  tocjiu.»w  flu*  most  excruci- 
ating .sufTf'ring. 

Fatal  ri'SultH  from  sulphuric  acid  intniflucefl  info  the 
IkkIv  arc  numerous.  Yet  the  a^'id  has  never  Ik'cu  u«w'd  in 
homicidal  cas#-s  except  when  the  intended  vicfin^  has 
iH'f'n  inr-apable  thrriugh  age  rir  crmdit ion  id  resisting  the  ad- 
ministrifttion  of  the  acid.  For  sr>  inti'U.sely  WMir  is  jtn  taste, 
and  ^9  suddenly  corr^/sive  its  a/tion,  that  in  the  very  w\  of 
taking  it,  it  is  rej#-cte<l.  The  results  of  faking  if  are  there 
fore  to  be  \(t(tk(-i\  fr»r  in  cas^-s  td  .suicirle  or  accident.  A 
numlier  of  jtuch  cas^-sare  refK,rt/f),  anrf  s/mie  in  which  there 
has  rjccurrerl  a  curious  la/rk  td  ^-arly  symptoms,  the  action 
of  the  ar:!d  s^-^^mingto  N;  delay#-^l  by  the  pres#'nrre  of  fo^iri 
in  the  stoma/h.  .S^»me  cas^-s'are  reyi^»Tt«f|  in  which  the 
a#-id  lias  l»#-*-n  t^ken  by  the  vatrina  or  nrctimi.  In  all 
th#-srr  instanc^-^  the  corrosive  ai^tion  of  the  a^id  has  fie^-n 
in  evirlence  «i/>oner  or  later. 

When  the  c/^ncenrnit^-rl  aeid  is  swallowed,  there  is  alt 
once  the  ni^^t  intense-  fmin  in  the  mouth  an^l  thrf^at.  In 
many  instance?*  this  s#  n^e  fd  \ti%\u  is  v>  excruciating  as  to 
deprive  the  \icT^tT\  of  the  f>^>«  cr  td  motion,  yet  cas<'S  are 
refrordcd  in  which,  after  takinjr  if.  the  fi^rsrm  has  walked 
or  rirlflen  a  cr»n.sirlerable  distarK-e  The  pain  quickly  ex- 
rends  to  the  stomach.  an<l  there  i^  conf  Inucrl  vomiting  of 
a  thick.  bTo^^n  material,  strongly  a/ Id  and  tinged  with 
h\*ifA.  Thf.  mMith  li^rom*-s  filled  with  a  toujrh.  stringy 
mriru.s.  so  that,  difficulty  td  sw  billow  in sr  and  loss  of  sfi^'cch 
spM-dily  ''x'ciir.  The  rn^^mrh  an^'l  the  r<.nirue  are  j^r^-atly 
swollen  ami,  at  times,  as  ihonsrh  sm^-ared  with  white  fiaint, 
fhofisrh  after  a  time  the  color  chaniT's  to  srray  or  brown.' 
Th^  aNlomen  is  very  fiainfjii  \\\\tu  ton/hed.  and  is  gen 
eraily  distended.  All  f'>orl  i^  iriimerli»rely  rejected  |>v  the 
stomar:h  and  vomiting  is  tisually  ineesminr.  The  face  is 
pale  and  anxi.HH .  tlw  pulse  i^  cjinck  and  fee  hie .  the  Ixjfly 
eol«l  and  ro'.ererl  with  a  er.kl  perspjraMon  There  is  no 
delirium.  Th«- howeU  ^re  eon'^tipafed -.  tin- st/-,r,lM  if  any, 
.are  mr.re  or  livw  h^ck  and  contain  shrerU  of  I  in  in  ^  mem 
hrane.  r>i'ath  usually  ^'^eurs  \viri»in  fmni  ei_r|,t<rn  to 
forty  eight  hours,  rhoujrh  it  n-;a>  r-'-rur  froni  tlw  s^-rond 
riry  HtTecTs  of  the  arid  many  ni«tnriis  after  flu-  i:ifr,r  has 
h'-en  faken. 

Thi»  tn-atmenr  rors^jisis  in  rhe  adnnni-tiriri«.n  of  .Iiluf<9 
alkalies,  hy  pn-f.-r-Mire  calcined  nja/uesia  vjniuj-li  in  nn 
enierjrency  wa-'^hino'  s«»«la  or  ev.-n  rhe  j.'.M^t.  r  r'r.»n.  fh.- 
wail  may  l>e  u-ir-fj  r,,  nrurrali/r-  'L.-.-Kid  mA  in  c.-h,.  of 
the  inck  of  all  these.  \v:Uer  sJM.'iid  he  j-i^.-n  r..j.ii,u>il\ 
Murilairinous  and  oily  drinks  ^iH.u'd  .■ii'*«.  h«-  adnrinisii-fr 
fo  Hid  in  r.-cov.-rinj'  the  eorr'Hl.-f!  ^urf.ic.vj  Tin-  -j'lTiiMeh 
pump  should  no*-  he  tisi-cl  on  ;ue..-.n:  of  li...  ^.-r-m.-d 
ei.nditinn  of  rh<-  ti^jsu^s  In  i-'.\<v^  -d  imv)»:idni j*  -ju-'T..*--.! 
tion.  wjiich  sr.nn-tim*'** 'frc-Mr-i  :V..!v,  in-  -s-v.,!..]!  e.,nd;ti..n 
of  thi-  jl«»tris  or  from  tin-  pri>«rnc.'  -.f.i  nuiss  of  stringy 
mucus.  tracheot»>my  must  he  p-sor«*Ml  tr, 
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A  post-mortem  examination  of  a  case,  rapidly  fatal, 
shows  the  mouth  and  tongue  more  or  less  corroded  and 
covered  with  a  white  or  brown  coat,  the  oesophagus  cor- 
rod^  and  at  times  its  lining  membrane  loosened  entire  in 
the  form  of  a  tube,  or  more  commonly  detached  in  shreds. 
The  bronchial  tubes  are  intensely  inflamed.  In  some  in- 
stances death  has  resulted  from  the  effects  of  the  acid  on 
the  organs  of  respiration  alone.  The  stomach  is  intensely 
reddened,  and  its  mucous  surface  may  be  brown,  the 
blood-vessels  beneath  showing  as  dark  lines  through  the 
action  of  the  acid  on  the  blood.  Sometimes  the  stomach 
is  perforated,  the  edges  of  the  perforation  being  black  and 
jagged,  and  the  surrounding  organs  showing  marks  of  in- 
flammation. In  eases  of  death  from  the  remote  effects  of 
the  acid,  the  appearance  of  the  body  is  that  of  starvation. 
Tlie  glands  of  the  stomach  are  found  to  be  extensively 
destroyed  and  the  stomach  itself  much  contracted.  Con- 
striction of  the  stomach  and  cesopliagus  has  also  been 
found  on  post-mortem  examination. 

Recovery  has  taken  place  from  so  large  a  dose  as  three 
ounces,  and  death  lias  i-esulted  from  forty  drops,  in  the 
case  of  a  child.  The  amount  which  will  cause  death  de- 
pends so  much  on  individual  conditions  that  it  is  impos- 
sible to  state  what  may  be  considered  a  fatal  dose.  Re 
covery  from  a  case  of  sulphuric  acid  poisoning  is  not  usual, 
though  a  number  of  cases  of  recovery  have  been  reported. 

The  search  for  sulphuric  acid  in  a  case  of  death  by  its 
action  may  lead  to  negative  results,  as  lias  been  shown  in 
a  number  of  cases.  This  comes  from  the  fact  that  most, 
if  not  all,  of  the  acid  is  gotten  rid  of  by  the  incessant 
vomiting,  by  its  neutralization  by  the  remedies  admin- 
istered, by  its  combination  with  the  albuminous  matters 
of  the  tissues,  or  by  its  elimination  by  the  kidneys  or 
bowels.  In  order  to  detect  the  acid,  the  vomited  material 
or  the  stomach  with  its  contents  must  be  steeped  in  water 
for  some  time,  the  solution  filtered,  and  the  reaction  of  the 
filtrate  tested  with  blue  litmus  paper.  A  slightly  acid 
reaction  is  to  be  expected,  even  if  no  sulphuric  acid  is 
present,  owing  to  the  naturally  occurring  free  hydro- 
chloric acid  in  the  gastric  juice. 

A  portion  of  the  filtrate  is  to  be  carefully  evaporated  to 
small  bulk,  and  in  it  is  to  be  placed  a  lump  of  white  sugar 
If  any  sulphuric  acid  is  present,  the  sugar  after  a  time 
will  turn  brown  or  black,  according  to  the  amount  of 
acid  present.  If  to  a  portion  of  the  clear  filtrate,  made 
acid  with  hydrochloric  acid,  there  is  added  a  solution  of 
barium  chloride,  a  dense  white  precipitate  of  barium 
chloride,  insoluble  in  acids  and  alkalies,  is  formed  at  once, 
if  sulphuric  acid  be  present.  The  same  precipitate  will 
be  formed  whether  free  or  combined  sulphuric 'acid  be 
present,  and  care  must  be  taken  not  to  base  an  opinion  on 
the  result  of  this  test,  unless  it  can  be  proven  that  the 
amount  of  barium  chloride  is  in  excess  of  that  which 
would  be  present  in  the  foods  taken,  or  would  correspond 
to  a  greater  amount  than  that  in  any  medicine  adminis< 
tered.  The  quantity  of  sulphuric  acid  is  readily  calcu- 
lated by  collecting  and  washing  the  barium  sulphate 
formed,  and  igniting  it  with  the  filter  paper  in  a  porcelain 
crucible,  and  then  weighing  the  product  after  the  crucible 
has  become  cold.  Each  100  parts  of  the  precipitate  cor- 
respond to  42.06  parts  of  anhydrous  sulphuric  acid. 

II.  Nitric  Acid. — Nitric  acid  or  aqua  fortis  is  not  so 
common  as  sulphuric  acid,  and  for  this  reason,  aud  also 
because  of  its  warning  odor,  it  is  not  so  liable  as  the 
other  to  be  taken  accidentally.  A  number  of  cases  of 
suicide  and  some  cases  of  accidental  death  have  been 
traced  to  its  use.  Fatal  results  have  followed  both  w  hen 
the  fumes  have  been  inhaled  and  when  the  acid  itself  has 
been  swallowed. 

A  number  of  forms  of  the  acid  occur. 

Firet,  a  clear,  colorless  liquid  having  a  specific  gravity 
of  1.42,  and  containing  75  per  cent,  of  the  acid.  This 
liquid  fumes  strongly  in  the  air,  and  its  vapor  is  suf- 
focating. 

Second,  a  colorless  liquid  having  a  specific  gravity  of 
1.414,  and  containing  68  per  cent,  of  the  acid.  This  is 
the  Aciditm  nitricum  of  the  United  States  Plmniiacopci'ia. 

Third,  a  dilute  acid,  also  clear  and  colorless,  containing 


10  per  cent,  of  the  real  acid,  the  Acidum  nitricum  dilu- 
turn  of  the  United  States  Pharmacopoeia. 

Fourth,  a  commercial  acid  of  varying  strength,  yellow 
or  brownish  red  in  color  and  giving  off  irritating  fumes. 

All  the  colorless  forms  of  the  acid  ai'e  decomposed  by 
air  and  light,  with  the  formation  of  oxides  of  nitrogen, 
and  the  liquids  become  colored  through  the  solution  of 
these  oxides  in  the  acid.  In  bottles  partly  full  of  nitric 
acid,  the  space  above  the  liquid  is  also  filled  with  the 
gaseous  products  of  the  decomposition  of  the  acid. 

The  corrosive  effects  of  nitric  acid  are  mucli  like  those  of 
sulphuric  acid,  with  the  differences  that  nitric  acid  has 
not  so  great  an  attraction  for  water  and  that  it  possesses 
the  power  to  oxidize  most  organic  substances  with  which 
it  comes  in  contact.  Further,  it  combines  with  albumin- 
ous substances,  making  a  comparatively  stable,  yellow 
compound. 

The  vapor  when  inhaled  produces  a  sense  of  suffoca- 
tion and  fulness  in  the  head  which  is  follow^  by  a  cough 
and  by  inflammation.  These  symptoms  gradually  pass 
away  in  most  instances,  though  some  cases  are  recorded 
in  which  death  has  followed  the  inhalation  of  the  vapor  of 
the  acid. 

When  swallowed  in  concentrated  form,  there  is  at  once 
an  intensely  severe,  burning  pain  in  the  mouth  and  throat 
which  extends  soon  to  the  stomach.  The  stomach  is  dis- 
tended and  there  are  eructations  of  a  peculiar,  sour-smell- 
ing gas.  Vomiting  usually  occurs,  the  matters  vomited 
being  brown  in  color  and  generally  containing  dark 
brown  blood.  The  mouth  is  filled  with  thick  mucus  and 
there  is  often  almost  complete  loss  of  voice.  Swallow- 
ing is  intensely  painful  and  often  impossible.  The  proc- 
ess of  breathing  is  interfered  with  on  account  of  the 
swelling  of  the  glottis  and  adjacent  part^.  Sometimes 
tracheotomy  is  necessary.  The  pulse  is  faint,  quick,  and 
irregular.  The  surface  of  the  body  is  covered  with  a 
cold  sweat,  and  there  are  frequent  chills.  The  bowels 
are  constipated,  and  in  some  cases  the  urine  is  suppressed. 
Toward  the  end,  a  stupor  sometimes  comes  on,  but  the 
mind  is  generally  clear.  Death  has  taken  place  in  an 
hour  and  a  half  from  the  primary  effects,  and  from  the 
secondary  effects,  after  two  years.  Death  is  usually  de- 
layed from  twelve  to  twenty -four  hours. 

The  treatment  consists  in  giving  mild  alkalies  or  alka- 
line carbonates  to  neutralize  the  corrosive  effects;  milk 
and  mucilaginous  drinks  are  also  beneficial. 

The  quantity  necessary  to  produce  a  fatal  result  varies, 
as  in  the  case  of  the  other  mineral  acids,  according  to 
many  circumstances.  Death  has  followed  the  swallow- 
ing of  tw^o  drachms,  and  recovery  has  taken  place  after 
half  an  ounce  has  been  swallowed. 

The  post-mortem  appearances,  when  death  has  occurred 
within  a  short  time  after  taking  the  acid,  show  a  yellow  or 
brown  color  on  the  mouth  and  Tips,  and  the  skin,  where  the 
acid  may  have  fallen,  is  burned  and  easily  detached.  A 
yellowish  or  brownisli,  frothy  liquid  issues  from  the  nose 
and  mouth.  The  abdomen  is  usually  distended,  the 
membranes  of  the  mouth  are  white  or  slightlv  yellow,  the 
teeth  are  corroded,  and  sometimes  there  are  yellowish  stains 
at  the  junction  of  the  teeth  and  gums.  Marks  of  inflam- 
mation are  present  in  the  larynx  also.  The  lining  mem- 
brane of  the  oesophagus  is  softened  and  often  easily  de- 
tached in  long  strips.  The  lungs  are  congested.  The 
stomach  is  infiamed  aud  shows  yellowish  or  brown  patches 
or  streaks.      The   muscular   coats  of   the    stomach  are 

feuerally  softened,  but  the  organ  is  seldom  perforated, 
'he  iufiimiumtiou  gradually  decreases  in  intensity  from 
the  stonuich  downward,  and  the  small  intestines  show 
only  slight  marks  of  the  acid.  In  prolonged  cases  there 
are  noted  great  contraction  and  marks  of  ulceration  in 
the  (esophagus  and  stomach.  In  some  cases  the  stomach 
has  been  found  with  large  scars,  or  almost  obliterated,  or 
attached  to  adjacent  organs,  with  its  cardiac  and  pyloric 
openings  contracted  to  a  mere  thread.  The  body  is 
emaciated,  the  person  having  died  from  starvation — a 
view  which  is  borne  out  by  the  c(mditiou  of  the  stomach 
and  organs. 
In  case  the  patient  lias  long  survived,  there  is  no  use 
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to  search  in  the  dead  body  for  indications  of  the  acid. 
The  most  promising  material  for  such  investigation  is,  of 
course,  the  vomited  matter,  but  if  this  be  not  available, 
the  stomach  and  its  contents,  if  any,  mav  reveal  the 

gresence  of  the  acid,  provided  death  has  followed  the 
igestion  of  the  acid  within  a  few  hours. 

In  order  to  make  the  necessary  tests  for  the  presence 
of  the  acid,  the  materials  at  hand  arc  treated  with  water 
at  a  gentle  heat  for  some  time.  The  mixture  is  then 
filtered  and  evaporated  to  small  volume.  Portions  of 
Uie  solution  are  then  tested  as  follows; 

First,  test  the  reaction  of  the  material  with  blue  litmus. 
If  the  litmus  is  reddened,  it  shows  the  presence  of  an 
acid,  which  in  this  case  may  be  nitric  acid,  hydrochloric 
acid,  or  lactic  acid,  or  an  acid  salt. 

Second,  to  a  crystal  of  brucine  in  a  porcelain  dish  add 
a  small  amount  of  the  solution  and  warm.  If  free  nitric 
acid  is  present,  the  crj'stal  turns  red. 

Third,  to  a  saturated  solution  of  ferrous  sulphate,  add 
in  a  test  tube  a  little  of  the  suspected  solution  carefully, 
so  as  not  to  mix  the  two  liquids.  In  a  short  time  a 
brown  or  brownish-black  line  appears  at  the  junction 
of  the  two  liquids,  if  nitric  acid  is  present.  If  alkalies 
have  been  administered,  concentrated  sulphuric  acid 
must  be  added  to  the  portion  of  the  liquid  used  for  this 
test,  the  mixture  cooled,  and  the  iron  solution  poured  on 
this  mixture. 

Fourth,  to  a  portion  of  the  solution,  hydrochloric  acid 
is  added,  and  a  fragment  of  gold  leaf.  The  solution  is 
then  carefully  heated.  If  Litric  acid  is  present,  a  part 
of  the  gold,  at  least,  will  dissolve.  The  presence  of  the 
gold  in  solution  may  be  proven  by  treating  the  liquid 
after  filtration  with  stannous  chloride,  when  in  the  pres- 
ence of  gold  a  purple  coloration  results. 

Fifth,  a  portion  of  the  liquid  evaporated  to  small  bulk 
is  placed  in  a  flask  and  to  it  is  added  some  concent  rated 
sulphuric  acid.  A  strip  of  bibulous  paper  that  has  been 
dipped  in  boiled  starch  containing  a  little  dissolved 
potassium  iodide  is  suspended  from  a  cork  fitted  to  the 
mouth  of  the  flask.  After  a  time  the  paper  is  turned 
blue  in  the  presence  of  nitric  acid. 

III.  Hydrochloric  Acid. — Hydrochloric  or  muriatic  acid 
occurs  in  commerce  in  several  forms: — 

First,  as  a  clear,  colorless  liquid  that  fumes  strongly 
in  the  air,  giving  off  suffocating  vapors  and  absorbmg 
water.  The  solution  has  a  specific  gravity  of  1.20,  and 
contains  40.8  per  cent,  of  acid. 

Second,  as  a  clear  solution,  having  a  specific  gravity 
of  1.16,  and  containing  31.9  per  cent,  of  acid. 

Third,  as  a  clear  liquid  prepared  from  the  preceding 
by  dilution,  and  containing  10  per  cent,  of  hydrochloric 
acid. 

Fourth,  as  a  yellow  liquid  containing  a  variable  amount 
of  the  acid  and  colored  yellow  by  iron.  This  acid  also 
contains  traces  of  arsenic  and  other  impurities. 

As  in  the  case  of  the  other  acids,  hydrochloric  acid  oc- 
casions serious  consequences  because  of  its  corrosive  na- 
ture, and  is  less  active  in  proportion  to  its  dilution.  It 
is,  however,  the  least  corrosive  of  the  common  mineral 
acids,  and,  on  account  of  the  irrespirable  gas  given  off. 
the  concentrated  acid  is  less  liable  than  the  others  to  be 
taken  by  accident  or  to  be  administered  in  homicidal 
cases. 

When  the  strong  acid  is  swallowed  there  is  at  once  in- 
tense pain  in  the  mouth,  throat,  and  stomach,  followed 
by  vomiting  with  eructations  of  gas.  In  some  cases  a 
white  vapor  is  also  seen  escaping  from  the  mouth.  The 
vomited  matters  have  a  strongly  acid  reaction,  and  are 
brown  in  color  and  sometimes  streaked  with  blood.  The 
pulse  is  feeble  and  quick,  the  breathing  labored,  and  the 
surface  of  the  body  is  cold  and  covered  with  perspiration. 
The  mouth  and  throat  appear  white  and  swollen. 

The  treatment  in  cases  of  hydrochlorie  acid  poisoning 
consists  in  the  administration  of  dilute  alkalies  and 
mucilaginous  and  oily  drinks.  The  carbonates  are  not  to 
be  useflexcept  as  a  last  resort,  on  account  of  the  softened 
condition  of  the  stomach. 

Recovery  has  occurred  from  a  large  dose  of  the  acid, 


and  death  has  followed  the  taking  of  a  small  one.  The 
amount  necessarily  fatal  is  unknown,  the  result  depend- 
ing more  on  bodily  conditions  and  treatment  than  on  the 
amount  of  the  acid. 

If  the  case  proceeds  rapidly  to  a  fatal  termination,  the 
appearances  at  the  post-mortem  are  generally  as  follows: 
The  mouth,  tongue,  and  throat  are  white  and  swollen,  the 
epiglottis  much  enlarged,  the  oesophagus  devoid  of  its  lin- 
ing membrane  to  a  greater  or  less  extent,  or  thrown  into 
longitudinal  folds  and  thickened.  The  lungs  are  inflam^ 
and  somewhat  congested.  The  stomach  shows  the  cor- 
rosive effects  of  the  acid;  its  walls  are  much  softened 
and  sometimes  present  a  charred  appearance.  The  in- 
testines also  show  marks  of  inflammation. 

The  detection  of  the  acid,  except  in  the  materials  first 
vomited,  is  extremely  diflicult,  and  complicated  by  the 
fact  that  there  are  present  in  the  body  normal Iv  a  vary- 
ing amount  of  chlorides  and  even  of  free  hyrfrochlonc 
acid.  Tests  of  the  material  supposed  to  contain  the  acid 
are  made  by  treating  it  with  water  for  a  considerable 
time  and  filtering  the  liquid.  A  portion  of  the  filtrate  is 
treated  in  a  porcelain  dish  with  a  few  drops  of  phloro- 
gluciu  vanillin  solution,  made  by  dissolving  2  gm.  of 
phloroglucin  and  1  gm.  vanillin  in  30  c.c.  of  alcohol. 
On  careful  evaporation,  a  red  line  appears  at  the  junc- 
tion of  the  liquid  and  the  dish. 

The  filtrate  turns  blue  litmus  red. 

The  concentrated  liquid  causes  white  fumes,  if  a  glass 
rod  dipped  in  concentrated  ammonium  hydrate  be  held 
near  it. 

A  portion  of  the  filtrate  added  to  a  solution  of  silver 
nitrate  gives  a  white  curdy  precipitate,  insoluble  in  acids, 
but  readily  soluble  in  ammonium  hydrate.  Hydrochloric 
acid,  free  or  combined,  gives  this  reaction,  and  the  above 
test  is  of  use  only  in  case  the  amount  of  the  precipitate 
is  largely  in  excess  of  what  might  l)e  due  to  the  chlorides 
in  foods  and  in  the  gastric  juice.  The  above  precipitate 
also  furnishes  a  ready  means  of  estimating  the  amount  of 
the  hydrochloric  acid  present,  if  the  precipitate  is  care- 
fully dried  at  100'  C.  and  weighed,  each  hundred  parts 
corresponding  to  25.43  parts  of  anhydrous  hydrochloric 
acid.  Herbert  M.  HiU. 

ACIDS,  THERAPEUTIC  ACTION  OF.— In  treating  of 
the  therapeutic  action  of  acids,  reference  is  directed  to  the 
stronger  acids  which  possess  all  the  chemical  charactera 
of  this  grouj)  in  a  marked  degree.  The  most  important 
are  sulphuric,  nitric,  hydrochloric,  phosphoric,  acetic, 
citric,  and  tartaric  acids.  Of  the  vast  host  of  other  acids, 
represented  by  boric,  benzoic,  oleic,  carbolic,  salicylic 
acid,  etc.,  the  chemical  characters  of  the  true  acid  are 
either  absent  or  gradually  diminish  until  they  are  over- 
shadowed by  other  important  therapeutic  properties. 

When  applied  to  the  tissues,  the  local  effect  varies  from 
the  powerful  corrosive  action  of  sulphuric  acid  to  the 
mild  irritation  of  the  vegetable  acids.  Sulphuric  acid 
is  destructive  to  all  tissues,  altering  and  destroying  them 
beyond  recognition.  It  is  extremely  hygroscopic,  and 
this  affinity  for  water  is  the  cau.se  of  its  great  pene- 
trating and  diffused  action.  It  combines  with  the  al- 
bumin, fibrin,  etc.,  prcKlueiug  a  jelly-like  ma.ss  which 
may  be  partially  discolored  and  charred.  The  milder 
solutions  simply  coagulate  and  disorganize  the  albu- 
minous structures.  Kitric  acid  acts  similarly,  but  is 
less  severe.  In  addition  to  its  corrosive  effects,  it  pro- 
duces a  characteristic  yellowLsh  stain,  which  serves  to 
distinguish  it  from  other  aei<ls.  A  somewhat  similar 
stain  is  caused  by  bromine  and  iodine,  but  marks  of  either 
of  these  are  readily  removed  by  a  little  caustic  potash, 
while  the  nitric  arid  stain  becomes  of  a  brighter  hue  by 
the  acticm  of  the  alkali.  Hydrochloric  acid  is  very  much 
weaker.  It  dcH'S  not  cause  the  same  destruction  of  tissue 
as  the  other  two  acids,  but  the  parts  become  white  or 
whitish  brown  by  its  coagulation  of  the  albumin;  at 
times  bullie  and  blisters  may  form.  On  the  soft  mucous 
surfaces,  the  strong  acid  may  pr<xluce  a  swollen ;  struc- 
tureless mass.  The  other  acicls.  with  the  exception  of 
glacial  acetic  acid,  are  simple  irritants. 
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When  the  acids  ari-  adminislored  internally,  the  local  ef- 
fects are  tht  same  as  when  they  are  appliL'd  to  the  skin, 
but  more  severe  on  acc^oiiiit  of  the  greater  delicacy  of  the 
tissues.  lu  addition  to  the  action  upon  the  mucous  mem- 
hraue.  they  also  act  upon  the  Becretionit  and  upon  the  con- 
tents of  tlif  stomach.  In  medicinal  dosos,  the  beneficial  ef- 
fects of  dilute  acids  are  marked,  but  how  far  this  is  due  to 
their  lixul  actiuu  or  is  secondary  (o  action  after  absorption. 


in  the  bluud.  and  render  it  less  alkaline,  hut  never  pro- 
duce acidity.  They  are  i-xcretcd  aa  sulphates,  chluriilra, 
etc.  The  presence  of  hydrocliloric  acid  in  the  gastric 
juice  isregnnled  as  a  trucsecretfouof  the  gastric  glands. 
As  eseluiroiics.  acids  are  a  useful  afljunct  to  the  tlieru- 
[leuticuniiainentarium.  Sulphuricacidisnotso  much  em- 

iiloycd  as  it  was  formerly,  when  it  was  a  favorite  reagent 
or  removing  inorhiii  growths.  Its  painful  effects  and 
great  peuct lilting  gwiwer  are  object loiiuble.  and  it  iare- 
plaeea  hy  other  caustics  which  arc  more  eanily  controlled. 
This  iN-ni'tntliiig  pmiJerly,  however,  renilefn  ft,  as  well 
as  nitric  acid,  uf  value  in  bites  and  wounds  of  poisonous 
nnimals.  Nitric  acid  Is  alwavs  sclcclcd  whcu  uny  de- 
struction of  tissue  isdesireil.  Its  value  in  sv  phi  lit  ic  Wires 
and  phagedenic  ulccmlion  lawi-ll  reeogiiiKiil.  It  removes 
the  necrosed  tisiuc  and  produces  a  healthy  growth  of 
granulations.  ( 'lironiicacul  and  carbolic  acid'uuiv  be  men- 
tioned here.  They  art-  not  true  acids,  hut  thi.'ir  caustic 
properties  are  freiiui'utly  rt'sortwi  to,  Tlieir  action  is 
more  easily  controlled,  but.  in  the  case  of  rliromic  acid  in 
particular,  cvllefTeetsmayfoUowfisubsurption.  Ilydru- 
chlorle  arid  is  seldom  used,  although  it  was  at  one  lime 
often  employed  to  destroy  the  membrane  in  diphtherilic 
throats.  Tlie  um  of  acetic  acid  is  almost  liniilwl  Ui  llie 
slow  removal  of  warty  growths  and  the  treatment  of 
rinE-wfemis. 

In  wiiik  solutions  the  acids  become  stimulating  and 
disinfecting  lullons.  Nitric  acid  has  been  found  of  ser- 
1  ice  In  indolent  ulcers  and  wounds,  and  iu  cystitis.  Ily- 
.drochloric  acid  is  employed  for  the  same  purpose  in  the 
anginas  of  scarlet  fever  and  diphtheriu.  In  very  dilute 
solutions  sll  acids  ]>ossess  a  cooling  and  refreshing  actiiiu 
when  applied  to  the  surface  of  the  body ;  they  also  exert 
an  astriug<'nt  cilect  upon  the  blood-vessels  awl  sweat 
glands,  ns  wlu-n  eiuployetl  to  prevent  or  lessen  the  night 
sweats  of  phrhiiiiis.     Nitromuriatlc  acid  iMthsand  coiu- 

Ereascs  have  been  extolliid  an  u  mtans  of  relieving  the 
CDatilis  of  hot  elinmtes. 

When  adniinisten-<l  ns  a  beverage  all  acids  arc  most 
Tefreshing.  This  is  well  kuown  in  all  tropical  countries. 
Lemonade,  lime  juice,  dilute  phosphoric,  acetic,  cilrle. 
and  tartaric  acids  arc  universally  employed.  Their 
effervescing  mlts  arc  particulariy  useful."  The  treat - 
inent  of  fevers  by  the  coniinuons  employment  of  acids 
liaa  many  disciples.  They  prove  n'frigeranl  and  disin- 
fectant, pmniolc  digestion,  and  if  there  is  iiiiy  <liurrliieiil 
tendency,  their  astriugent  properties  become  of  servlci'. 
The  vegetable  acids,  either  pure  or  In  conthi nation,  have 
B  more  relaxing  effect  and  promote  excretion  liv  the 
omuuetoric!'.  Iti.i'iuimit  Su'ialL 

ACNE.— nKl■^MTIO^-.— Acne  may  IjedeHuedos  a  di-i- 
ease  of  the  si-liaceous  glands  of  the  skin  and  of  the  fol- 
licles of  the  lanugo  hairs  allHehiil  tu  them,  thus  being 
Loth  a  tolliculilis  and  a  perifolliculilis.  It  isehuracter- 
izwl  by  their  inflammation  and  su]ipunition,  and  often 


various  salient  features  presented  bv  its  le: 

certain  eliuicul  cbanHCteristics  iircitoniiiianl  in  a  ra«e. 
and  there  are  Iheri'forv  fouinl  in  litemlnn-  such  IcruH 
as  aene  vulgaris,  piiMulosii.  puiii'liila,  jnvi'iiiliK.  iulolc', 

CSH.     In'addin..'.   ■.-;..-.  :' 

applied  to  m    I  m  ■  ■■   ..  ■    i  ,   ■ 

nothing  wbaii^v i.  .1  i. .-     i.ui  n  i.^.  :i 

represent  Io1bI1>  illiii-iiui,  |ii.iii..lL.t;i. ni  iniiiii--,  imkI 
among  these  are  included  IuUtoiIuus  iiUtilioiiH,  drug 


eruptioUB  (iodine  and  bromine  acne),  or  folliculilidea 
of  artiHeial  origin  (tar,  oils,  and  grease,  etc).  For 
the  sake  of  simplicity  and  deflniteness,  the'  disnise  will 
be  treated  of  here  under  the  heading  of  acne  simplex — 
the  more  superficial  form — and  of  acne  indumta — the 
deeper-scaled  variety.  Acne  rosacea,  being  a  compound 
process,  will  receive  separate  mention. 

SyMiTOJiATOLooY.  —  jIc/k  Siiiiplej:  — Acne  simplex 
possibly  represents  the  most  common  form  of  the  dis- 
ease, as  it  is  the  one  developing  particularly  about  the 
age  of  puberty  and  in  young  people.  Instances  have  also 
been  seen  at  a  much  earlier  age.  and  likewise  later  io  life, 
about  the  climacteric.  Apparently,  it  occurs  more  ofton 
in  the  female  than  in  the  male  sex,  but  the  ratio  between 
them  la  probably  more  relative  than  exact.  The  lesions 
characterizing  the  affection  occur  without  regularity  or 
symiuelry.  though  they  are  usually  distributed  bilater- 
ally.  Still,  variulious  are  met  wllli.  such  as  one  side  of 
the  face  being  intensely  attacked,  and  the  other  side  only 
silghlly,  and  sometimes  It  is  found  unilateral.  Acne  oc- 
curs on  the  face  esjiecially,  but  it  also  often  appears  on 
the  chest  and  aliuulders,  and  stmietimes  on  the  upper 
arms,  or  it  extends  down  the  back  even  to  the  thigha. 

The  lesions  cliaraclerizing  acne  lumplex  are.  coinedonea, 
papules,  and  pustules.  In  tiiis  vartety  of  (he  disease,  the 
conU'do,  or  popularly  the  hlackheatl,  as  a  rule  constitutes 
a  central  point  around  which  the  intiammatorj'  changes 
lake  place.  These  can  usually  l>e  seen  and  traced  in 
every  case,  and  consist  of  redness  around  the  comedo. 
then  formation  of  a  papule,  and  lastly  transformatum 
into  a  pustule,  LCsioua  niay.  however,  arise  indepcad- 
ently  of  the  enmedu.  The  lesion  having  Ix-come  pustular, 
remains  as  such  for  a  few  days:  the  redness  then  bcginH 
to  fade  and  a  ciusl  forms,  which  falls  olf  in  the  course 
of  a  few  days  or  more,  leaving  a  slight  stain,  or  a  scar,  or 
a  pitting.  The  pustular  tniusformatioii  does  not,  bow- 
ever,  take  place  in  all  of  the  leuons.  >hiny  of  them 
having  reached  the  iiaiiuhkr  stage,  remain  in  that  fonn  for 
a  variable  length  of  time  and  tlieii  (iradiially  undergo  In- 
volution, Neither  do  all  the  comciionpa  liecome  im- 
plicated and  n'sult  in  papules  or  pustules,  but  many 
persist  1)1  rirti  unclinngeil.  In  consequence,  on  an  afTccted 
surface  all  stages  uf  the  disease  are  usually  met  with,  and 
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Pathological  Anatomy. — According  to  many  writers, 
the  starting  point  of  the  inflammatory  change  is  ai'ound 
the  follicle  of  the  lanugo  hair  attached  to  the  gland,  the 
latter  becoming  only  secondarily  implicated  in  the  proc- 
ess. The  writer  has,  however,  frequently  found  the 
hair  follicle  absolutely  intact  and  not  concerned  in  the 
pustukr  formation.  The  inflammatory  changes  always 
bee:in  around  the  follicle — that  is,  it  is  primarily  a  peri- 
folliculitis. The  tissues  are  infiltrated  with  round  cells, 
which  are  located  at  first  around  the  network  of  blood- 
vessels supplying  the  sebaceous  gland  attacked.  Unna 
states  that  the  infiltration  consists  of  palsma,  large  fusi- 
form "  mast "  and  a  few  giant  cells,  leucocytes  being  found 
only  when  suppuration  has  occun*ed.  The  degree  of  infil- 
tration varies  in  different  lesions  and  cases.  The  writer  has 
found  that  in  acne  simplex  lesions,  infiltration  is  more  su- 
perficial and  located  about  the  duct  and  upper  part  of  the 
gland,  while  in  tlie  indurate  form  it  is  deeper  and  around 
the  body  of  the  gland  especially.  It  may  also  extend  wide- 
ly throughout  the  cutis ;  and  several  contiguous  glands  be- 
coming affected,  they  melt  together  into  one  inflammatory 
and  suppurating  area.  The  perifollicular  inflammation 
having  extended  to  the  ^iand,  its  parenchyma  becomes 
infiltrated,  its  cavity  is  distended,  and  its  walls  rupture 
in  places.  Its  contents  are  then  composed  of  sero-fibrin- 
ous  fluid,  sebaceous  debris  and  leucocytes,  some  intact 
glandular  epithelium,  and  often  the  comedo.  In  acne 
simplex  the  gland  is  not  always  destroyed,  but  in  acne 
indurata  it  generally  is.  The  same  changes  may  affect 
the  follicle  or  the  lanugo  hair  attached  to  the  gland. 

Etiology. — The  etiological  causes  active  in  the  pro- 
duction of  acne,  whether  of  the  simple  or  indurate;  variety, 
are  manifold,  and  the  process  cannot  in  any  sense  of  the 
term  be  regarded  as  of  specific  origin.  Whether  the 
many  disturbances  or  systemic  conditions  found  in  con- 
nection with  these  cases  are  to  be  estimated  as  of  causa- 
tive importance,  or  as  simply  of  predisposing  effect,  is  a 
question  which  will  be  determined  when  the  pathological 
origin  of  the  disease  is  absolutely  established.  Until  then, 
it  can  only  be  said  that  without  their  proper  valuation 
and  consideration,  no  case  of  acne  can  be  understood  or 
its  needs  correctly  estimated,  for  it  is  more  upon  these 
etiological  factors  that  treatment  should  be  based  than 
upon  any  other  feature  presented  by  the  process.  Age 
pkys  an  important  part,  as  the  inception  of  the  disease 
in  the  large  majority  of  cases  is  at  or  about  the  time  of 
puberty.  Still  it  occurs  at  other  ages,  and  the  writer  has 
seen  it  develop  at  every  period  of  life  between  puberty 
and  the  climacteric,  and  even  later.  In  youth,  acne 
simplex  is  most  common,  but  acne  indurata  occurs  most 
frequently  after  twenty-five.  That  it  tends  to  disappear 
at  the  age  of  twenty -one — a  belief  so  current  among  the 
laity  and  unfortunately  the  general  medical  profession 
also — is  an  unwarranted  assumption,  due  to  the  fact  that 
many  patients  have  at  that  age  recovered  from  one  or 
another  disturbance  of  nutrition  incident  to  their  de- 
velopment, and  occurring  during  the  period  in  which 
stability  of  their  tissues  was  in  a  stage  of  transition ;  that 
is,  major  etiological  causes  of  the  disease  had  by  that 
time  been  removed  by  nature,  by  general  treatment  for 
other  systemic  conditions,  or  by  greater  care  of  the  func- 
tional and  general  health  on  the  part  of  the  individual 
afflicted,  through  education  and  possibly  observation  of 
the  relation  existing  between  the  eruption  and  some  de- 
viation from  normal  health. 

Menstrual  and  uterine  disorders  are  frequently  accused 
as  predisposing  factors  in  the  production  of  acne,  but  still 
too  much  stress  should  not  be  laid  upon  them  alone,  since 
the  cause  of  the  menstrual  disturbance  may  more  prop- 
erly be  the  important  factor.  At  any  rate,  an  aggravation 
of  an  existing  acne  will  commonly  occur  before,  during, 
or  after  a  menstrual  epoch.  And  yet  the  abnormal  con- 
ditions which  affect  this  function  may  be  entirely  re- 
moved, but  the  eniption  will  persist ;  or  the  acne  may  be 
radically  cured,  while  the  functional  or  other  disturbance 
of  the  uterine  organs  remains  unchanged.  In  as-sociation 
with  the  process,  all  other  forms  of  functional  and  nutri- 
tive disturbance  are  also  met  with.     Constipation  is  very 


frequent  and  not  uncommonly  chronic  catarrhal  forms  of 
diarrhoea.  Chlorosis  or  anaemia  of  variable  grades  and 
debility  of  various  origin  are  often  the  basic  factors. 
Qastric  and  intestinal  dyspepsia  are  common,  though  in 
my  experience  it  is  most  usually  fermentative  intestinal 
indigestion  which  is  of  importance.  Dilatation  of  the 
stomach  has  been  stated  to  be  particularly  common  in 
these  cases,  but  it  is  undoubtedly  exceptional.  Mental 
and  physical  exliaustion,  excesses  of  any  and  every  kind, 
masturbation,  urethral  irritation,  a  sedentary  life,  exces- 
sive exercise,  the  gouty,  rheumatic,  or  strumous  consti- 
tution, all  must  be  mentioned  as  causes  of  acne  in  them- 
selves or  through  their  influence  upon  the  systemic 
health.  But  if  analysis  is  applied  to  all  of  these,  it  can- 
not but  be  evident  tliat  the  whole  may  be  comprised  in 
the  category  of  lowered  or  debased  nutrition,  as  all  are 
productive  of  more  or  less  marked  nutritive  disturbance 
of  the  organism.  In  consequence,  the  etiology  of  acne 
can  be  briefly  stated  to  depend  especially  upon  some  dis- 
turbance occurring  in  the  functional  or  systemic  health 
of  an  individual,  which  results  in  disordered  or  lowered 
nutrition.  External  and  local  causes,  however,  also 
play  a  certain  part  in  the  production  of  the  disease. 
Among  these,  there  may  be  mentioned  exposure  to  cold 
winds,  to  irritation  of  various  kinds,  inattention  to  clean 
liness,  etc.  The  face,  the  locality  most  generally  affected, 
is  that  surface  especially  and  constantly  exposed  to  such 
factors  as  changes  of  temperature,  to  dust  and  dirt  of 
every  description  cairied  by  the  winds,  to  irritating  in- 
fluences of  many  kinds:  and  the  fact  that  it  is  attacked 
so  disproportionately  in  frequence  to  other  surfaces 
equally  or  almost  as  rich  in  sebaceous  glands  would 
suggest  that  these  various  external  agents  and  causes 
have  an  influence  in  developing  or  at  least  in  aggravating 
many,  if  not  all,  cases  of  the  disease. 

As  particular  causes  of  acne,  the  atrophic  form  of 
rhinitis  has  been  mentioned,  and  recently  a  Gennan  col- 
league lias  claimed  that  all  cases  of  the  process  owe  their 
origin  primarily  to  some  slight  or  severe  ulcerative  or 
erosive  process  in  the  nasal  cavities,  which  allows  en- 
trance of  pyogenic  germs  into  the  lymphatic  circulation. 

The  acne  due  to  the  use  of  iodine  and  bromine  compounds 
has  as  its  direct  inducing  cause  one  of  those  substances, 
and  is  a  drug  eruption;  not  an  acne  in  a  strict  sense, 
but  one  of  artificial  origin.  The  same  may  be  stated  in 
regartl  to  the  folliculitis  due  to  the  closure  of  the  follicle 
by  tar — ^after  use  of  a  tar  ointment — ^and  known  as  acne 
picea;  while  the  many  other  processes  dubbed  acne  of 
one  kind  or  other,  having  nothing  in  common  etiologi- 
cally  with  acne  simplex  and  indurata,  should  all  be  strictly 
disassociated  from  these. 

The  effc^ct  of  diet  upon  the  disease  is  of  some  impor- 
tance, since  it  may  originate  the  process,  through  the 
functional  disturbances  which  it  may  create,  or  it  may 
aggravate  an  already  existing  acne.  Among  the  articles 
of  diet  which  may  be  particularly  mention^  are  sweets 
of  all  kinds,  pastries,  oatmeal,  cheese,  nuts,  highly  sea- 
soned and  rich  foods,  shellfish,  etc.  Milk  in  certain  in- 
dividuals appears  to  have  the  effect  of  causing  an  out- 
break of  lesions;  so  also  has  cream,  fermented  drinks, 
such  as  beer,  etc.,  cliampagne  and  syrups  with  soda  or 
natural  waters. 

Diagnosis. — There  should  be  no  difficulty  in  making 
the  diagnosis  of  a  case  of  acne.  Popularly  known  as 
'*  pimples  *'  or  a  "  pimply  face  "  or  an  attack  of  "  black- 
/  heads,  "it  is  so  common  that  its  recognition  should  be 
immediate.  Especially  is  this  the  case  with  acne  simplex, 
in  which  the  comedo  plays  so  important  a  role;  but  acne 
indurata  may  at  times  offer  some  points  of  doubt.  The 
papular  form  of  eczema  may  be  differentiated  by  its  oc- 
cun-encc  on  the  extremities  as  well  as  on  the  face,  and  it 
is  never  limited  to  the  latter.  Its  lesions  are  smaller,  often 
crowned  with  a  minute  vesicle,  and  they  tend  to  coalesce 
into  patches;  they  are  very  itchy,  and  when  opened  do 
not  contain  sebaceous  debris.  The  vesicular  or  pustular 
elevation  is  superficial  and  results  in  the  formation  of 
epidermic  scales  and  small  exudation  crusts.  The  pustu- 
lar syphilide  may  be  mistaken  for  acne,  and  vice  versa; 
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and  so  much  is  this  the  case  tlmt  one  fonn  of  syphilitic 
eruption  Irns  l)een  named  acneifonu.  These*  lesions  may 
1)0  limited  to  the  face,  but  thev  are  mon*  often  coincident 
with  syphilitic  manifestations  on  other  parts  of  the  Innly 
or  on  the  mucous  m(?mbnines.  They  tend  to  form  gmups, 
to  dry  and  become  covered  with  crusts;  and  when  these 
an*  remove<l,  a  punched-out  ulceration  tillcHl  with  sero- 
purulent  fluid  and  bounde<l  by  a  more  or  less  intiltratcKl 
wall  is  found.  Many  mistakes  in  diagnosis  are  made  be- 
tween an  indurate  acne  and  the  superlieial  gummatous 
syphilide — the  so  called  tubercular  syphilide — especially 
when  the  latt<'r  is  f^ituated  on  the  nose.  Hut  the  ern»r 
should  not  occur  when  it  is  borne  in  mind  tlmt  the 
syphilitle  as  a  rule  is  circumscribed  in  its  occurrence,  its 
lesions  are  gnmpetl,  imh>lent,  undergo  softening  and 
crust  formation,  and  beneath  the  latter  ulcenition  occurs. 
The  pnx'ess  vrry  usually  extends  slowly  in  an  exeentric 
or  serpiginous  maimer,  leaving  more  or  less  marked  ci(*a- 
trices.  Acne  indumta,  <m  the  other  hand,  runs  a  more 
acute  coiirse,  is  painful  and  furuncular  in  a^speet,  occut*s 
here  and  then*  without  reference  to  pre-existing  lesions, 
does  not  tend  to  form  groups,  heals  up  mpidly  after  evacu- 
ation, does  not  ulcenite  nor  tend  to  progn-ss  in  a  serpig- 
inous manner,  and  frecjuently  leaves  no  s<-ar,  or  at  the 
most  one  superficial  and  ill  definiHl. 

Then?  is  a  pai>ular  form  of  erythema  occurring  at  the 
menstrual  epoch  in  women  which  is  verv  usually  c*)n 
founded  with  acne.  It  is  i)ai)ular  in  clianicter,  though 
(M-casionally  a  pustule  occurs.  It  appears  on  the  face 
4'Si>ecially.  but  sometimes  over  the;  neck  and  shoulders. 
Its  api>eanince  is  brusk.  a  few  days  before,  during,  or 
just  after  the  menstrual  epoch.  It  may  consist  of  a  few 
or  of  many  lesions,  which  are  fr.mkly  intlanunatory  and 
about  the  si/.e  of  a  small  i>ea.  They  do  not  contain  any 
<*ome(l()  nor  sebaceous  matter;  they  itch  and  burn,  per- 
si.st  fnr  a  few  days  to  a  week,  and  then  subside,  to  reai> 
])ear,  however,  at  the  time  of  the  next  j>erio<l.  This 
<*ru]Mion.  purely  a  reflex  papular  erythema,  is  usually 
rcL'^anled  as  an  acne,  but  it  should  be  strictly  separated 
fnMu  it, 

PiiooNosis. — The  prognosis  of  an  acne  is  favonible. 
and  it  can  be  said  that  all  cases  of  the  dis<'ase  an*  cund)le. 
j)rovi(led  that  the  etiological  factors  existing  in  any  given 
<-ase  are  corn<'tly  <*stimate(l,  and  that  t\w.  thempeutic 
<*fTorts  an-  carried  (nit  carefuliv  and  svstemalicallv  by 
tin'  pati<*nt.  Acne  also  may  and  (hm's  disappear  spon- 
taneous] v.  but  ihit  is  the  case  when  the  one  or  other  caus(» 
of  the  process  has  also  been  rein(»ved  by  course  of  time, 
improvjinenl  df  geneml  sonialic  (onditions,  etc.;  but  in 
view  of  the  (lisligiininent.  scarring,  and  changes  which 
mav  occur  in  tin-  skin  from  the  tlisease.  it  is  not  advisjible 
to  wait  for  a  spontaneous  involution  and  to  leave  the 
patient  with()Ut  su<"h  prop«'r  care  as  will  kcej)  the  proc- 
<'ss  withiii  bounds  or  gradually  cause  its  entire  cessjition. 
In  giviiii;  to  a  patient  the  proLMiosjs  of  his  or  her  acne, 
it  shoiild  also  l)e  Itorne  in  mind  that  Ihe  sinie  causes  can 
])r(Mluce  Ihe  sune  elTects.  and  that  the  coini)I(te  or  lasting 
cun*  of  the  erujition  will  then-fon-  depend  ujxju  the  in 
ilividual's  avoiijance  of  the  particular  eaus<'  or  causrs  or 
factors  which  have  be«n  found  to  be  ihe  basis  for  the 
existence  of  the  disease  in  any  niven  ea-^e.  As  to  the 
leULMh  of  time  nce<led  1o  cure  a  ca^**.  <le(inite  sta1<'nients 
shouhl  not  be  made,  since  thecluralion  of  treatment  will 
liave  to  depend  u|)on  tin-  respon^;!' of  th<'  i)ati<'nt  to  the 
remedial  aL^-nts  ni.ade  use  of.  1  lie  care  and  s\stem  with 
which  the  ord<-rs  of  the  i)hysi(ian  are  carried  out,  the 
ai;<' of  the  pati<nt.  an<l  particuUirly  upon  tlu'  possibility 
of  removing  the  etiological  catisr  or  causes.  Still,  if  not 
absobitely  cured,,  no  case  should  be  dismissed  as  incur 
able,  as  all  can  be  very  materially  benelitcd  by  i)roj)cr 
care. 

TlUO.VI'MKNT. — The  methods.  procedtU'es.  and  rcmedi<'S 
pertaining  to  the  treatment  of  acne  are  manifold  and 
various,  being  such  as  have  to  do  with  the  general 
systemic  health,  and  siich  as  .are  local  and  applicable  to 
the  lesions  themsi'lves.  In  no  scns^*  of  the  term  is  there 
any  sp<'cific  medication  in  vo^rue  or  anv  drug's  which 
can  be  regardetl  as  specific,  Imt  every  ca.se  has  to  receive 


such  treatment  as  is  indicated  by  the  coDditions  found 
to  exist.  The  statement  just  made  refers  especially  to 
the  internal  and  general  systemic  care,  and  in  these 
particulars  there  is  no  disease  in  which,  as  it  may  be 
put.  "" individualization"  of  treatment  is  so  necessary 
and  called  for.  As  a  rule,  no  two  cases  can  be  treated 
alike,  but  each  must  receive  such  special  advice  as  may 
be  judgetl  to  be  required,  after  a  thorough  investigation 
into  the  IxMlily  and  functional  health  of  the  patient,  )us 
habits,  mcHle  of  life,  diet,  etc.  Under  these  circum- 
stances, should  constipation  \ye  the  factor  in  the  case,  it 
should  be  relieved  by  cascara  sagrada,  aloin,  or  some  other 
remedy  affecting  the  bowels,  or  by  means  of  diet,  proper 
exercise,  cold  douches,  etc.  Oastric  or  intestinal  indigc^- 
tion.  fermentative  processes,  sliould  be  appmpriately 
combated  by  dietary  measures,  the  mineral  acids,  pep- 
sin, etc.  or  f)y  intestinal  antiseptics — resorcin,  sulphocar- 
l)olate  of  s(Kla,  sidicin,  cliarcoal,  etc.,  and  by  such  other 
measures  as  are  indicated  for  these  conditions.  If  de- 
bility or  ana'mia  exists,  then  tonics  are  called  for:  iron, 
nux  vomicra,  mcTcury,  the  vegetable  bitters,  feeding  up, 
geneml  hygienic  methods,  etc.  The  ferrum  rcductum, 
the  carbonate,  and  the  dry  sulphate  of  iron  have  proved 
the  best  in  my  experience;  ha'mogalloi  is  particularly 
g(M)d  when  the  stomach  n^b<*ls  against  the  other  forms  or 
when  constipation  exist.s.  Except  to  tuberculous  subjects, 
the  i(Hlide  of  iron  should  not  be  given,  owing  to  the  pos- 
sibility of  the  iodine  causing  an  eruption.  When  admin- 
istering inm  in  c-jises  of  acne,  the  blood  should  be  testtni 
at  the  Iwginning  of  its  use  for  its  percentage  of  haemo- 
globin, and  ret  est  ed  every  two  to  three  weeks.  Only  in 
this  way  can  certainly  Ikj  had  that  the  iron  given  is  being 
assimilated  and  the  blmnl  state  is  or  is  not  improving. 
l*mctically,  Fleischl's  luemometer  answers  all  require- 
ments for  testing.  For  strumous  subjects,  cod -liver  oil, 
the  hypophosphites,  and  the  malt  pre|)arations  are  espe- 
cially valuable.  If,  on  the  other  hand,  the  acne  occurs  in 
gouty  subjects,  in  those  who  are  rheumatic  or  plethoric, 
w  ho  show  evidences  of  deficient  elimination,  then  alkaline 
mixtures,  the  potash  salts — except  the  i(Klide  and  bro- 
mide— iithia,  saline  purgatives,  colchicum,  the  salicylates, 
strict  regimen,  etc.,  arc  of  the  great<?st  service.  In  other 
wonl.s,  every  indication  obtaineil  from  investigation  of 
the  patient's  history  should  be  dul}'  estimated  and  re- 
ceive such  attention  as  it  requin*s.  It  is  useless  to  take 
up  each  seriatim,  but  all  should  Ihj  considered  together  in 
order  to  obtain  as  mpid  progress  as  possible.  The  effects 
of  calcium  sidphide  are  illusory:  none  when  given  alone; 
but  when  exhibited  together  with  dietary  regulations, 
with  other  internal  and  local  treatment,  then  improve- 
ment is  seen  in  theca.se.  But  the  R'sult  is  obtained  bv 
those  sanu;  meastires  when  no  calcium  sulphide  is  ad- 
ministered. Arsenic  is  of  use  under  certain  conditions, 
but  should  not  be  regarded  as  a  specific.  Asande,  more 
harm  than  benefit  is  done  by  it.  It  is  of  value  in  certain 
cases  in  w  Inch  ana-mia  or  delnlit y  is  present.  In  acute  ex- 
amples of  thedisea.se  it  iscontniindicated,  but  it  may  be  of 
benefit  in  those  which  are  chronic  in  type.  In  those  acnes 
which  are  complicated  by  a  seborrha'a  oleosa,  or  in  which 
the  process  is  sluggish  and  the  lesions  an*  indolent  and 
leave  cong<'ste<l  stains,  ichthy(>l  internally  is  frequently 
of  value.  Beiriiniing  with  five  gniin  doses  three  times  a 
day.  the  amount  may  gnidually  l>e  increased  until  gr. 
XV,  ter  in  (li<'  are  being  taken.  The  drug  is  hannless.  and 
for  its  best  elTccts should  be  continued  forsevend  months. 
The  (jucstion  of  diet  is  of  some  importance,  but  yet  it 
shoidd  not  be  carried  to  an  extreme,  nor  be  reganh.'d 
as  the  keynote  of  the  treatment.  In  geneml,  it  may  \k* 
stai<Ml  that  the  diet  should  be  com])os<*(l  <>f  nutritious  and 
easily  diirested  food,  and  the  various  articles  chos<*n  or 
forbidden  shoidd  <lcp«*nd  to  the  greatest  extent  U])(m  the 
diirestive  conditions  in  existence  in  the  individual  casi> 
under  care.  As  a  rule.  I  have  found  that  it  is  advis- 
able to  forbid  in  all  cases  such  articles  as  are  compristnl 
under  tin*  hea<lingof  sweets— desserts,  candies,  jams,  pre- 
serves, pies,  rich  i)uddini;s.  etc. — and  also  oatmeal. 
chees*'.  and  nuts.  Hesides  these,  the  diet  should  exclude 
stimulating,  highly  s<'a.soned.  and  indigestible  fowls  of  all 
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kinds.  Oysters  are  allowable,  but  lobsters  and  crabs  will 
be  found  injurious.  Clear  soups,  plainly  cooked  fish, 
roast  and  broiknl  and  boiled  meats,  poultrj'  and  game, 
vegetables  of  all  kinds,  salads  with  plain  vinegar  and  oil 
dressing  are  perfectly  allowable  for  all  cases,  but  at  the 
same  lime  the  diet  in  these  as  well  as  in  all  particulars 
will  have  to  be  varied  according  to  the  necessities  of  the 
individual  case.  It  may  thus  be  found  that  in  one  milk, 
cream,  butter,  and  fats  will  be  beneticial,  while  in  others 
they  will  be  injurious;  in  some,  a  light  claret  or  Rhine 
wine  with  the  meals  is  distinctly  beneticial,  but  in  others 
all  wines  will  be  harmful.  The  same  remarks  are  perti- 
nent as  regards  beer,  alcohol,  tea  and  coffee ;  and  on  the 
whole,  it  may  be  stated  that  so  far  as  diet  is  concerned, 
the  same  rule  should  be  followed  as  has  been  laid  down 
for  the  internal  medication  of  acne — that  is,  it  should  be 
made  to  conform  to  the  needs  and  the  requirements  of 
the  individual  afflicted,  and  not  with  a  view  of  fumi.shing 
a  specific  regimen  which  shall  of  itself  remove  the  afflic- 
tion. 

Greneral  hygienic  laws  should  also  be  enforced.  Exer- 
cise in  moderation,  but  not.  however,  to  the  excessive 
point  it  is  carried  to-day.  is  of  value,  and  so  also  is  a  change 
from  a  sedentary  to  an  active  life.  Attention  to  personal 
cleanliness,  to  bathing,  to  early  hours  is  clearly  indioited, 
and  dissipation  and  excess(.'S  of  all  kinds  shouhl  be 
avoided. 

The  local  treatment  of  acne  is  of  equal  importance  with 
the  internal  and  with  the  general  care  of  the  patient,  for  by 
these  means  the  lesions  of  the  disease  can  be  removed  tind 
a  healthy  action  of  the  skin  can  be  brought  about,  and  that 
even  before  the  predisposing  causes  have  Iwen  entirely 
disposed  of.  Many  cases,  moreover,  can  be  cured  by 
external  treatment  alone,  but  the  writer  has  failed  so  far 
to  obtain  such  a  result  from  exclusivel}'  internal  care. 
Both,  in  reality,  should  go  hand-in-hand  in  order  to  get 
the  best  and  most  rai)id  cure  of  the  pnx'ess. 

The  first  requisite  in  the  hx^il  treatment  is  the  use  of 
Boap  and  water.  The  surface  of  the  skin,  the  seat  of  an 
acne,  should  be  thoroughly  washed  night  and  morning. 
Any  good  toilet  soap  is  all  that  is  necessiiry'  but  a  marble 
or  sand  soap  has  been  recommended,  as  well  as  the  Tr. 
Baponis  viridis.  Superfatted  soaps  containing  resorcin, 
ichthyol,  sulphur,  or  mercuric  chloride  are  also  advise(l 
and  used,  but  unless  left  on  the  surface  over  night,  for  in- 
stance, they  offer  little  advantage  over  a  plain,  pure  soap. 
Tar  soaps  are  decidedly  injurious  in  these  cases,  particu- 
larly if  rubbed  into  and  left  on  the  skin,  inasmuch  as  the 
tar  may  lead  to  the  development  of  an  acne  picea.  The 
water  should  be  fresh  and  cool — about  the  temperature 
of  the  room:  and  in  the  writer's  opinion  and  experience. 
hot  water  is  injurious.  Still,  it  is  recommended  by 
many  as  of  value  when  applied  for  a  number  of  minutes 
every  night  at  as  high  a  temperature  as  can  l>e  borne  by 
the  patient.  Face  steaming  is  also  advised  by  some,  the 
external  remedy  ordered  being  aftenv^ard  rubbed  into  the 
skin.  The  writer  certainly  ainnot  vouch  for  the  value 
of  either  one  of  the.se  procedures,  as  he  himself  has  never 
found  them  other  tlian  objectionable,  increasing  the 
amount  of  the  eruption,  inducing  often  a  seborrha^a 
oleosa,  accompanied  by  a  relaxed  condition  of  the  skin 
and  dilated  follicular  orifices,  and  causing  the  skin  to  have 
a  sieve-like  appt»arance.  He  has  also  found  that  these 
procedures  were  liable  to  cause  a  persistence  of  the  proc- 
ess and  to  occasion  frequent  relapses.  The  stime  state- 
ments he  would  also  make  in  rt^gard  to  facial  massjige, 
so  frequently  recommended  and  used  lo-<lay,  as  in  his 
experience  he  has  found  that  it  often  caus<'s  an  outbreak 
of  acne  and  invariably  aggravates  a  pre-existing  one. 
Still  all  of  these  may  in  some  cases  be  beneticial,  but 
they  certainly  are  not  adapted  for  all,  and  should  not  be 
made  use  of  as  regular  modes  of  treatment. 

The  comedones  should  be  dealt  with  acconling  to  the 
directions  given  under  that  s<'etion.  Curetting,  both  for 
them  and  the  acne  lesions,  has  been  reconiinendcd  by 
various  writers — Hebra.  Jr..  Fox.  Brocq:  a  dermal  curette 
is  used,  and  the  face  is  g(me  over  and  thoroughly  scrape<l 
once  every  week  or  ten  days.     The  operation  is  mther 


painful,  and  though  't  times  there  mav  be  rapid  improve- 
ment, yet  unless  tho  patient  is  treated  locally  and  inter- 
nally at  the  same  time,  the  relief  is  only  temporary  and 
a  marked  relnj^/se  is  apt  to  follow.  I  wish  to  emphasize 
this  statement  because  in  a  large  numlxjr  of  cases  which 
have  come  under  my  ob.servation  the  previous  treatment 
consisted  solely  of  repeated  curetting,  and  yet  tlie  re- 
lief afforded  had  been  only  temporary.  Incision  of  all 
the  lesions  with  a  sliarp- pointed  bistourj*  and  complete 
evacuation  of  their  contents  constitute ' very  desirable 
steps.  When  the  acne  lesion  has  been  quite*  large,  or  a 
veritable  abscess  has  formed  (through  the  coalescence  of 
sevenil  lesions),  or  such  an  abscess  has  re-formed  de- 
spite repeated  openings  with  the  knife,  it  is  advis- 
able to  swab  out  the  cavity  with  pure  carbolic  acid  or 
with  pure  or  fifty  per  cent,  ichthyol.  An  ordinary 
match  slightly  sharpened  is  all  that  is  necessary  for  con- 
veying the  antisc'ptic  into  the  cavity.  For  lesions  which 
are  indunite,  indolent,  and  obstinate,  not  containing  pus, 
linear  sc^arification  has  bei*n  recommended  by  Vidal  and 
electrolysis  by  Brocq.  The  latter  procedure*  invariably, 
however,  causes  mon»  or  less  marked  scars.  For  the  obsti- 
nate lesions,  the  writer  has  obtained  good  results  from  the 
Emplastrum  hydrargyri,  or  from  pure  ichthyol.  or  from 
the  Ungiientum  hydrargyri  nitratis  diluted  one-half  or 
more.  The  local  agents  and  remedies  which  have  been 
used  and  recommended  for  the  treatment  of  acne  are 
innumerable  and  of  the  most  various  kinds.  Yet  all 
which  will  be  found  beneficial  possess  some  degree 
of  antiseptic  action.  The  application  chosen  sliould 
vary  according  as  the  process  is  acute  in  character,  or 
l>artakes  rather  of  the  indolent  and  chronic  type.  For  the 
former,  soothing  applications  should  be  used,  and  for  the 
latter  those  which  are  stimulating  and  capable  of  causing 
a  certain  amount  of  active  reaction  in  the  tissues.  In 
all  ca.«ies,  li(|uid  agents,  solutions,  etc.,  are  far  prefer- 
able, and  only  occasionally  are  salves  and  greases  ad- 
visiible.  When  the  eruption  is  acutely  infiamed,  there 
can  be  used  a  lotion  of  R  Magnesia;  carbonatis,  Zinci 
oxidi,  aa  gr.  xv. ;  Acidi  carbolici,  gr.  x.  (or  Acidi  borici, 
gr.  XV.:  or  re.sorcini,  gr.  v.,  etc.);  Aqua»  rosfe.  %\. 
M.  Calamine  may  be  substituted  for  the  magnesia  in 
the  lotion,  or  acpia  calcis  can  be  used  instead  of  the  rose 
water.  Other  lotions  suitable  for  these  crises  are: 
Liquor  plumbi  subacetatis  diluti.  or  I^  Bisnuithi  sub- 
nitratis.  3ij.;  Ichthyoli.  gr,  xv. ;  A(|ua'  rosa\  aqua? 
calcis.  aii  j  ss.  ^I.  If  the  patient's  skin  is  a  dry  and 
harsh  one  and  a  seborrhcea  oleosa  do<*s  not  complicate 
the  acne,  then  an  ointment  can  be  used.  Suitable  ones 
would  be:  H  Acidi  salicylici.  gr.  xv. ;  Zinci  oxidi.  gr. 
xl. ;  Unguenti  aqutc  rosic.  J  i.  M.,  or  a  two  per  cent, 
ichthyol  ointment,  or  one  containing  acid,  boracicum, 
thn'e  to  five  percent.,  etc.  The  remedy  chosen  should 
be  kept  more  or  less  constant!}'  on  the  affected  surface, 
in  order  to  obtain  the  best  results,  and  if  possible  it  should 
therefore  be  used  both  day  and  night. 

The  large  majority  of  acne  ca.ses  being,  however,  of 
the  chronic  type,  a  greater  choice  of  remedies  is  nt»eded, 
and  they  are  also  recpiired  when  the  acute  stage  of  the 
dis<^ase  has  subsided  and  the  case  has  also  become  indolent 
in  diameter  and  course.  Of  especial  value  are  applica- 
tions containing  sulphur.  It  may  be  used  in  powder  form 
mixed  with  starch  in  the  proportion  of  one  to  four,  or  as 
high  as  one  to  one,  that  is,  equal  parts.  But  it  is  in 
lotions  that  sulphur  is  most  useful,  though  many  recom- 
mend it  in  the  form  of  a  ten-percent,  ointment  or  paste. 
I^  Sulphuris  subliniati,  gr.  I.  to  3  ij. :  Cretje  pneparatie, 
kaolini,  aa  3ij.;  Unguenti  acpne  ro.sfe,  3  i.  M.  Apply 
freely  at  night  and  remove  with  soup  and  water  next 
morning,  and  then  rub  in  well  a  two-percent,  salicylic  or 
other  mild  ointment,  or  ap]>ly  a  three-  to  five-percent, 
boric-acid  lotion  several  times  through  the  dav.  A  verv 
strong  resorcin  paste  is  also  of  benefit  at  times.  Its 
strength  may  be  from  ten  to  twenty-five  per  cent,  or 
even  more  according  to  the  indolent  nature  of  the  cas(\ 
It  should  be  ap]>lied  by  the  physician  an<l  its  effects 
closely  wjitched.  as  resorcin  has  a  very  powerful  reac- 
tionary effect  on  the  skin,  and  will  cause  a  diffusa'  j)eeling 
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off  of  the  epidermis.  The  reaction  produced  niav  give 
some  very  uiidesimble  Results,  but  when  the  procetlure  is 
carried  out  with  ciire  it  is  usually  of  great  iK'nelit.  The 
number  of  applications  necessary  will  vary  in  each  case, 
and  the  paste  should  be  discontinued  when  the  epitlermis 
has  a  seared,  yellow  hK)k,  and  exfoliation  is  imminent ;  a 
mild,  soothing  salve  should  then  be  substitutwl  for  it.  The 
process  may  be  repeated  a  luimber  of  times,  but  a  milder 
resorcin  paste  should  be  used  after  the  lirst  peeling  has 
occurred.  Tliis  m(?lh(xl.  which  is  rather  lieroic,  neces- 
sitating the  patient's  continement  to  the  hou.se,  is  of  gn*at 
value,  but  nec(*ssjirily  of  restricted  use,  antl,  the  same  re- 
sults being  obtainable  by  milder  measures,  it  should  hv 
reserved  for  (►bstinate  and  rebellious  cases. 

Tliere  are  a  large  nund)er  of  lolions  in  use  for  acne, 
which,  together  with  other  ingredi(.'nts,  contain  some  pro- 
jKntion  (►f  sulphur.  Of  thes<*.  there  may  l>o  mentioned: 
I^  Sulphurissublimati.  3  ij. ;  .Etheri.s.  spiritus  vini.  glyc- 
erini.  aa    3  i.i- :   Aqua*  calcis.  acpne  ro.s<e,  aa    3  iv.     M. 

(Crocker).  1$  Sulphuris  lactis,  3iv. :  Tinctune  saponis 
viridi.s.    3  x. ;  (tlycerini,     3  vi. ;   Spiritus   vini.    J  i.     31. 

(Elliot).  1\  SiOphuris  lactis,  |  iss. :  Glycerini,  |  i. ; 
8piritis    vini  campliorati,     3  x. :    Atjunp   rosje,    (j.s.     M. 

(Besnier).  These  various  combinations  owe  their  cth- 
cacy  for  the  most  part  to  the  sulphur  they  contain, 
and  may  be  varied  according  to  the  physician's  wi.shes. 
One  of  the  most  u.seful  will  be  found  to  be:  1$  Zuici 
sulphatis.  potassii  sulphuret.,  aa  gr.  xv. ;  Sulphuris 
lactis.  gr.  xx. :  Acpue  rosie,  r  i.  >I.  When  made 
with  fresh  drugs  and  pro])erly  ])repared,  this  lotion  is 
of  very  great  value.  It  shoiilcl  be  applied  at  night 
after  the  face  has  been  thoroughly  washed  with  soap  and 
water,  and  allowed  to  remain  all  night.  If  irritation  is 
produced,  col*!  cream  can  be  u.sed  during  the  day.  But 
it  is  wise,  however,  to  keep  up  the  eiTect  of  the  treat- 
ment even  during  the  day.  and  for  this  purpose  a  lotion 
of  boric  acid  can  be  used,  or  a  one  to  three-per-cent. 
soluri(Ui  of  resorcin  in  water,  but  preferably  in  alcohol 
and  water.  e(|ua]  parts.  A  very  beneticial  lotion  is  1^ 
Acidi  boriei,  gr.  xv. :  H(  sorcini.  gr.  x. :  Acidi  acetici 
diluti,  3  ij ;  Spiritus  vini.  3  vi,     M.     Potassium  sulphide, 

3i..  in  rose  water,  riv.,is  also  reconnnended.  The 
mercuric  .sidt  is  often  of  value,  but  it  should  never  be 
used  in  eonjunction  with  suli)hur  preparations,  owing  to 
the  probable  formation  of  sulphuret  of  mercury  on  the 
surfaet'.  Authors  reeonunend  ^  llydniriryri  biehloridi. 
gr.   XV.;  Annnonii  cliloridi.   gr.  xxx.   to  Ixx. ;  Alcolioli. 

5  iv. ;  A(|ua'.  ( )i.  31.  The  fornuda  of  the  "Oriental 
Lotion"  as  irivcii  bv  Ilebra  is:  1^  llvdnirirvri  biehloridi. 

3  i. ;  A(pia' (Icstiliati.  3  iv.  ;  (.)voruin  iij  albumen:  Sueei 
citri  reeentis.  3  iij.  :  Sacclmri,  3  i.  M.  Another  formula 
ree(^nunen(l(.Ml  l)v  tin*  w  ritcr  is:  li  1 1  vdnirgN  ri  biehloridi. 
gr.  iij.  to  vi.  ;  Acidi  s;di<'ylici.  gr.  \\.\.  :  .\citli  acetici 
diluti.  3  iss.  ;  Sj>iritiis  villi.  5  iiss.  M.  Wln-n  using  any 
of  these  lotions,  it  should  be  nnu'inlx-rcd  that  more  or  less 
des(juanuiti(»n  and  peeling  <»f  ihc  horny  layer  takes  place, 
audit  is  advisable  to  warn  patients  of  the  fact.  When 
this  occurs,  it  Is  wise  to  discontinue  the  application  and 
to  use  an  indilVerent  sahe  until  the  reaction  has  subsided, 
and  then  to  beirin  anew  with  tin-  lotioii. 

Tclithyol  a^  an  e.\ternal  aiient  is  most  valuable  in  cer- 
tain cases.  It  may  be  used  in  watery  solution — live  to 
tiftv  per  cent. — or  it  inav  be  added  to  anv  of  tlw  fore- 
going  formula',  with  tin-  exception  of  those  contain- 
ing uicrcuric  chloride.  The  writer  has  found  it  of 
especial  benefit  in  cases  in  an  Inch  pusiulation  was  a 
marked  feature;  and  in  full  streULMh  or  in  a  tifty-per-c<-nt. 
dilution  it  has  very  conunonly  served  the  purjxjse  of 
aborting  a  bei:iiuiing  lesion.  In  those  instances  of  acne 
in  which  from  time  to  time  ()ne  or  two  papules  beirin  to 
develop,  the  ichtliyol  ap])licalion.  as  mentione<l,  has  been 
a  most  valuable  agent  in  cutting  short  the  career  of  such 
fresh  lesions. 

In  the  case  of  ])atients  in  whom  there  is  no  complica- 
tion of  a  seborrlnea  oleosji.  but  who  have  a  natural  dry- 
ness of  the  integument,  ointments  are  especially  of  use. 
AVhen  indicated,  they  should  be  such  as  possess  antiseptic 
properties,  and   may    contain   various  remedial  agents. 


Among  the  nianv  recommended,  the  Unguenti  hydrar- 
gyri  ammoniati.  Ave  to  ten  per  cent.,  may  be  mentioned, 
and  also  one  made  witli  the  red  or  yellow  oxide  of  mer- 
cury— three  to  ten  per  cent.  A  ten-per-eent.  sulphur 
ointment  may  be  of  value,  or  the  hypochloride  of  sulphur 
may  be  used — ten  to  fifteen  jwr  cent.,  or  the  iodide  of 
sulphur — throe  to  ten  per  cent.  At  times  the  following 
formula  will  be  found  a  good  one:  9  Unguenti  hydrar- 
gyri  oxidi  rubri,   3ij.;  Lnguenti  sulphuris  (U.  S.  P.), 

3  iij. ;  Unguenti  aqute  rosie,  q.s.  ad  Ji.  M.  In  ordinary 
cases  the  writer  would  advise:  3  Acidi  boriei,  gr.  x. ; 
Kesorcini,  gr.  x. ;  Acidi  acetici  diluti,    3  iij. ;  Ijanolini, 

3  vi. ;  Unguenti  aquie  n>sa?,  3  ij.  M.  In  addition  to 
these,  there  may  be  mentioned  calomel  ointment,  three 
to  ten  per  cent.,  ii  naphthol  ointment,  five  per  cent., 
or  one  containing  dermatol,  or  oxychlorate  of  bismuth, 
etc.  In  cases  characterizeil  by  indolence,  the  Unguen- 
tum  hydrargyri  nitratis,  dilutee!  (1  to  8,  1  to  4,  or  1  to  2), 
is  of  benefit.  Chrysarobiu,  pure  carbolic  acid,  tincture 
of  iodine,  have  also  been  used  in  individual  instances 
with  benefit.  That  is,  there  is  a  host  of  external  remedies 
or  **  cures  "  for  acne  embodieil  in  literature,  but  when 
dealing  with  a  case  of  the  disease  it  should  always  be 
kept  in  mind  that  each  case  represents  an  individual,  and 
whatever  line  of  treatment  is  instituted  it  sliould  involve 
the  use  of  an  antiseptic,  should  be  adapted  to  the  pe- 
culiarities of  each  individual  patient's  skin,  and  sliould 
be  adjusted  in  accordance  with  the  intensity  of  the 
lesions  existing  in  each  case. 

Oe4>rge  T.  Elliot. 


ACNE  NECROTICA.— (Synonyms:  Acne  frontalis,  seu 
varioliformis;  acne  pilaris:  acne  rodens;  acne  atrophica; 
folliculitis  varioliformis,  etc.) 

Definition. — A  chronic,  recurrent,  papulo-pustular 
affection,  having  its  seat  about  the  hair  follicles,  leading 
to  necrosis  of  the  involved  tissues  and  terminating  in  a 
variola-like  scar. 

Symptomatology. — The  site  of  predilection  is  the  fore- 
head, at  the  margin  of  the  hair,  and  it  is  this  fact  which 
gave  rise  to  the  name  acne  frontalis.  A  wider  acquaint- 
ance with  the  affection,  however,  has  sliown  that  it  in- 
volves other  regions.  It  may  extend  to  the  hairy  scalp, 
the  face,  the  neck,  and  the  interscapular  and  intermam- 
mary  regions.  ('a.ses  of  more  or  less  generalized  enip- 
tions  of  i)apulo-pustules  terminating  in  necrosis  and  scar 
formation  have  been  described,  which  present  many  of 
the  clinical  features  of  this  maladv. 

The  primary  lesion  is  generally  stated  to  be  a  papule 
which  soon  becomes  encrusted  and  covers  an  underlying 
ulceration.  Sabouniud  describes  the  elementary  lesion 
as  an  und)ilieated  vesicle  always  st^'ated  about  a  hair. 
Within  two  or  three  days  it  attains  its  full  dimensions, 
about  li  mm.  in  diauieter.  Its  eentml  portion  then  sinks 
below  the  level  of  the  surrounding  integument,  becomes 
harder,  encruste<l,  and  gives  to  the  observer  the  impres- 
sion that  it  is  m(>rtiscMl  into  the  skin.  The  color  of  the 
crust,  at  first  a  yellow  or  brownish  yellow,  darkens  with 
age.  The  lesion  may  renmin  in  this  state  for  several 
weeks;  exceptionally  two  or  more  pustules  may  become 
continent. 

( )n  rem(ning  the  crust  or  after  its  spontaneous  separa- 
tion, a  red.  moist.  (>r  dry  depression  is  left  which  eventu- 
ally becomes  whit<*  like  the  variola  scar.  Superficial 
lesions  healing  with  shallow  depressions,  and  deeper  ones 
lea<ling  to  dei)ressed  scars,  are  generally  encountered  in 
(.yciy  (^.;m,.  ( t^'nnti) . 

Th<'  presence  of  lesions  in  various  stages  of  evolution, 
with  juginented  an<l  non-pigmented  seal's  of  older  ones, 
makes  uj»  the  i>eculiar  clinical  picture  (►f  the  disease. 

Pathof,()(;y  and  ^Iokuid  Anatomy. — It  is  now  gen- 
erally (onceded  that  acne  necrotica  is  a  perifolliculitis 
probablv  of  locallv  infectious  oriirin. 

Sabouraud  insists  that  the  atTection  demands  for  its 
development  hair  follicles  previously  infected  with  his 
microbacillus  of  fatty  scborrluea.  It  is  not  possible  to 
have  acne  necrotica.  ac<-(»r(ling  to  this  writer,  unless  these 
infected  follicles  are  invaded  by  the  yellow  staphylococci 
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which  arc  the  essential  agents  in  producing  the  disease. 
The  infection  takes  place  at  the  follicular  opening,  and 
from  this  point  invades  the  epidermis  in  a  circular  man- 
ner, giving  rise,  as  the  process  increases,  to  an  intense 
leucocytosis  in  the  papillary  and  subpapillary  dermal 
regions.  The  ti  nal  stage  is  characteri zed  by  a  dry  necrosis 
of  all  the  involved  tissues. 

Sabouraud  was  unable  to  dilTerentiate  the  yellow 
staphylococcus,  which  he  found  in  all  lesions  of  acne 
necrotica,  from  ordinary  Staphylococcus  aureus  from 
other  sources.  The  distinct  clinical  lesion  to  which  it  is 
supposed  here  to  give  rise  may  be  due  to  the  previous 
damage  to  the  follicle  by  the  microbacillus  of  seborrhcea, 
to  its  admixture  with  this  organism,  to  a  change  in  the 
virulency  of  the  staphylococcus,  or  to  other  causes  which 
we  are  at  present  unable  to  determine. 

Micro-organisms  had  been  previously  described  in  these 
lesions  by  Touton,  Unna,  and  myself,  and  others. 
Touton  was  not  inclined  to  attribute  to  them  any  patho- 
genic importance.  Unna,  however,  considers  the  affec- 
tion due  to  a  mixed  infection  with  a  small  bacillus  and 
his  diplococci  of  seborrhoic  eczema. 

In  lesions  examined  by  myself,  staphylococci  were 
found  which  are  probably  identical  with  those  described 
by  Sabouraud. 

In  substance  it  may  be  stated  that  acne  varioliformis 
(Hebra)  is  an  intlammation  of  the  pilo-sebaceous  system, 
probably  microbic  in  origin,  leading  to  destruction  of 
these  organs  and  the  surrounding  derma,  and  that  Bazin 
was  correct  in  naming  the  disease  acne  pilaris. 

Etiology. — Acne  necrotica  is  essentially  a  disease  of 
adult  life.  It  is  rarely  seen  before  the  age  of  thirty,  and 
may  develop  late  in  lite.  Men  are  more  frequently 
affected  tlian  women. 

Some  of  the  older  dermatological  writers  attributed  it 
to  syphilis.  Although  sometimes  mistaken  for  a  grouped 
papulo-pustular  syphilidc  on  the  forehead  or  at  the  sites 
of  acne  necrotica,  it  does  not  owe  its  existence  to  that 
infection. 

Its  more  frequent  occurrence  among  those  in  the  lower 
walks  of  life,  and  its  location  in  the  majority  of  instances 
on  the  forehead,  exposed  to  the  pressure  of  unclean  hat 
bands,  lend  weight  to  the  theory  of  local  infection.  A 
pre-existing  fatty  seborrhcea  is,  according  to  Sabouraud, 
an  absolutely  essential  condition  for  the  development 
of  an  acne  necrotica  by  affording  a  lorus  minoris  re- 
ffistentict,  and  determining  the  clinical  features  of  the 
eruption. 

Diagnosis. — The  absence  of  comedones  and  the  sites 
affected,  together  with  the  depressed  encrusted  lesions, 
intermingled  with  white  and  pigmented  scars,  easily  en- 
ables one  to  differentiate  this  variety  of  folliculitis  from 
acne  vulgaris.  Its  differential  diagnosis  from  a  papulo- 
pustular  or  a  grouped  pustulo-tubercular  syphilide  is 
more  difficult.  The  history  of  frequent  recurrences  ex- 
tending over  months  or  years,  which  patients  with  acne 
necrotica  give  us,  together  with  the  absence  of  concomi- 
tant manifestations  of  syphilis,  should  enable  one  to  sepa- 
rate the  two  diseases.  Syphilis  again  shows  no  predilec- 
tion for  the  hairy  parts  of  the  face  which  the  former 
affection  does  in  a  striking  manner. 

Other  varieties  of  pustular  affections  of  the  follicles  do 
not  give  rise  to  the  peculiar  and  rapid  tis.sue  necrosis 
with  its  resulting  variola-like  scar.  It  is  questionable 
whether  the  generalized  eruption  of  papulo-pustules  re- 
sulting in  scar  formation  like  that  of  acne  necrotica  of 
the  face  should  be  included  with  this  disetise  in  a  single 
group. 

This  disseminated  eruption,  to  which  various  names 
have  been  given,  as  hydradenitis  suppurativa,  acuitis, 
necrotizing  granuloma,  etc.,  frequently  begins  as  a  deep- 
seated  papufe  about  the  coil  glands  or  in  the  connective 
tissue  of  the  derma  independently  of  the  glandular  struct- 
ures. While  the  two  diseases  present  many  similar 
clinical  features,  it  is  quite  probable  that  they  depend  on 
different  infectious  agents.  Boeck  claims  for  the  gen- 
eralized eruption  a  close  relationship  with  lupus  erythem- 
atosus, and  believes  that  both  affections  are  due  to  the 


toxic  products  of  the  tubercle  bacillus  absorbed  from  a 
focus  in  some  part  of  the  body. 

Prognosis. — It  is  not  difficult  to  cure  a  single  attack  of 
the  eruption,  but  recurrences  are  the  rule,  and  we  have 
no  certain  means  of  preventing  them  or  of  limiting  their 
frequency. 

Treatment. — The  various  internal  remedies  recom- 
mended by  dermatological  writers  liave  probably  no 
value  in  curing  the  attacks  or  preventing  relapses. 

The  lesions  are  quite  readilv  healed  by  ointments  con- 
taining sulphur,  resorcin,  ^  naphthol,  salicylic  acid, 
ammoniated  mercury,  or  calomel.  These  drugs  may  be 
used  in  the  strength  of  two  to  five  per  cent,  or  stronger. 

Careful  attention  should  be  paid  to  the  hygiene  of  the 
scalp  and  to  personal  cleanliness,  as  the  agent  producing 
the  infection  is  probably  widely  scattered. 

The  scalp  should  be  frequently  washed  wuth  the  or- 
dinary tincture  of  green  soap,  followed  by  lotions  con- 
taining bichloride  of  mercury,  1: 1,000,  to  insure  its  dis- 
infection. Resorcin  lotions  (two  to  ten  per  cent,  in 
alcohol  and  water,  equal  parts),  with  the  occasional  use 
of  sulphur  or  salicylic  acid  ointment,  may  be  used  alter- 
nately with  the  bichloride  lotion.  It  is  only  by  the  per- 
sistent use  of  local  antiseptic  applications,  not  only  to 
the  eruption  itself,  but  to  the  surrounding  skin,  that 
we  may  hope  to  prevent  or  delay  relapses. 

J.  A.  Fordyce, 
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ACNE  ROSACEA. —  (Synonyms:  Acne  erythematosa; 
gutta  rosacea;  acne  rosee;  Couperose;  Kupfernase;  etc.) 

Definition. — Acne  rosacea  represents  not  one  disease, 
but  a  rosacea  with  a  superimposed  acne.  Rosacea  is  a 
congestive  disturbance  affecting  the  nose  and  portions  of 
the  face,  transitory  at  first,  but  afterward  becoming  per- 
manent, and  represented  by  redness,  dilatation  of  the 
cutaneous  blood-vessels,  the  formation  of  a  telangiec- 
tasis, and  in  some  instances  by  more  or  less  hypertrophy 
of  the  connective  tissue  and  the  glandular  elements  of  the 
skin.  The  acne  lesions  developing  in  the  course  of  the 
process  are  secondary  products,  and  are  expressions  of 
an  inflammatory  process  affecting  the  sebaceous  glands. 

Symptomatology. — Uosaceti  attacks  especially  the 
nose  and  the  neighboring  portions  of  the  cheeks,  though 
it  may  extend  laterally  to  the  malar  prominences,  or 
even  implicate  the  forehead  and  the  chin,  and  in  some 
cases  the  entire  face,  with  the  exception  of  the  orbital 
spaces.  The  symptoms  characterizing  the  process  vary 
in  degree  and  in  intensity  according  to  the  stage  and 
the  grade  of  the  affection.  In  the  earlier  stages,  there  is 
only  more  or  less  marked  hypenemia  or  congestion  of 
the  nose  and  cheeks,  occurring  after  eating  or  drinking, 
or  after  exposure  to  cold,  or  at  the  time  of  menstruation. 
The  symptoms  are  usually  tmusitory,  and,  remaining  in 
existence  for  a  short  space  of  time,  disappear  without 
leaving  a  trace.  The  patients  generally  complain  tliat 
there  is  at  the  time  a  sensjition  of  heat  or  of  burning,  but 
yet  the  skin  itself  is  cold  to  the  touch.  This  recuri*ent 
congestion  mav  take  place  for  a  variable  length  of  time, 
alternating  with  a  return  to  normal  conditions;  but 
sooner  or  later  the  hypenemia  occurs  more  often  and  ap- 
parently without  cause  or  inducement,  and  gradually  the 
redness  becomes  a  stable  and  permanent  fact,  varying 
only  in  degree  from  time  to  time.  The  congestive  dis- 
turbance, when  permanent,  is  diffuse  and  sluggish  in 
character,  without  definite  outlines,  and  the  redness  re- 
turns only  slowlv  after  pres.sure.  At  times,  however,  it 
may  be  active  and  may  simulate  an  erysipelas  or  acute  der- 
matitis. When  exposed  to  the  cold,  the  affected  surfaces 
are  liable  to  become  bluish  and  cyanotic  in  appearance. 
The  stage  of  permanent  congestion  may  persist  for  a 
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vnrlnblf  Icniitli  nf  liiuc  witlumt  uny  [iirllicr  Chanel'  <>c- 
CurrfuK  in  tin-  nkin.  Hut  wxrtipr  orliiwr  tlun-  ili-vi-lops 
upon  tlx:  nnHuand  otlMTRurfocifia  cuiuliliiin  of  U'laiigi- 
crbiata.  reprcscnUHl  by  fine,  tiirtiioufi,  dilutcil  1iIihmI-vcs- 
K'Ir.  Tliesc  vary  In  kIep.  iNrlriK  iisiuilly  more  pniminfiit 
and  larf^T  nu  tlic  ulif  nasi,  ami  tkcy  wmH-tiniLi)  iircwiii 
in  tlu'ir  roursc-  distinct  ruriroxitit-s.  TIk-  ti'lunKUKrtaUf; 
condition  nuiy  bu  Hlif;ht  ur  Hcvr-rc.  nnd  In  muiik-  cwu-h  at- 
tains Niicli  n  l'K-i);1it  tlutt  llir  cnlirc  ninii>  mid  cticfkii  are 
covered  with  distinctly  evident  liirtuoiifi  viistnliLr  ililatu- 
tloDii,  vBryinfT  in  rcilcir  fnim  lirirfit  nil  tn  inirpliHli  iwl, 
Rccoiillnfr  to  till'  U'm|M:nilure  aiiii  llit  soiiialic  condition 
of  ttie  alTccttfil  individual. 

The  imx-cas.  as  a  nilc,  <lofs  not  pro^cri'KK  lu'viiud  tliis 
Htage.  but  occaKionally  and  ufhT  Ion;;  uxislciKT.  a  flbroid 
dcgc Deration  of  tlu'  siirfacu  uttacliiil  taki's  I)lH('(^.  It  in 
the  noH>,  however,  wiiicli.  as  a  nile,  in  tlic  seat  of  tJiis 
change,  the  otJier  piirtions  ot  tlio  fticu  Ix-iiig  affecUii 
only  to  a  sliglit  dcjjree  and  nnxlemtely  tliiikcned.  Tlie 
nose  under  lliesc  eonditions  iMt'onies  li'ypertrophicil  as  u 


whole,  anil  im  in.niiiusof  iis  <uiii>iririiK  ilicTe  iiiny  in  iid- 
ditioiiuriw  ].>lmhtt<'<l  or  p<'<tiiririiliitr<).  tinii  (.'nnvtlis  of 
\-arioiis  siw.  wliieli  soLnetiiiiis  lUliiin  .■m.j'nious  d,'vrlii]i- 
ninit  (I'liiMophyiiial. 

Ill  all  uf  the  stiiai"*  of  riJSJiiiii  a  seliorrtm'.i  olcii'Ja  {.'■■n- 
erallv  c<«*\ist^,  Tlic  affei'hil  surfari-  U  ;rri;i-.i .  tin-  t.ri 
Ili-es'of  [he  ^'luiii'mts  jrUin.ls  aiv  diluli'd,  jni.l  i.iiniile 
dR>p4  of  nil  nm  In-  mi-h  evudin.i:  fn>ni  tli<'iu  afliT  tlie  ^ 
liuxhing  turn  siilislileil,  and  even  imii'iH'iidi'nllv  of  llii> 
hviKwmiu.  When  tiie  eoiip^Iiun  ha*  Ik.oi.i.-  ii.riim 
nent.  these  iirirl<ii*  may  In-  so  exii-wively  dilaled  iliiH  the 
Hkln  hai  n  sieve-like upiininimi-,  but  it  is  in  the  livi«r- 
tnipliie  fonn  of  rosiieeji  lli;il  Ilir  -r.-.W^-^t  de^'re>'  of  ililii- 
Ijltion  i«  found.  In  oilier  ,,■1^.-.  1b.'  iilTn  Irnl  siirfji.-e  is  | 
Willy  ami  dry  or  niveri'd  \vitli-.iikiil.  iliiii,  >illi>Hi-ihsi'iili-i. 
iir  with  larK^r  pmisy,  sofi  irii-^i-,  'I'Ih-  ]i;iii''iit>ienni|>hiin 
of  ilchiiiK  and  biirnin;;.  mid  lli.-—  ■iviiii.i.niisiin-  iiiv:in 
nlily  assoeiati'd  with  a  yellow. 


A  further  and  very  common  complication  of  n  rosacea 
in  acne,  which,  in  tlie  majority  of  ca.se!i.  sooner  or  later 
ariws  on  the  rongesled  Hurfiicc.  it  is  when  the  two 
processes  ore  combined  tliat  an  acne  rosacea  may  be  said 
to  exist.  The  lesions  mav  be  cltlier  of  the  supedlc^l 
(slniph-x)  variety  or  of  ilie  deejx'r  (Inilnrotai.  or  l>otli 
inay  la-  present.  They  will  lie  found  on  the  iiose  and 
chi-eks,  slDgly  or  very  numerous,  and  oci-nrring  in  nuni- 
beTH  on  the  iMise.  In  whk-h  nrfcan  they  frequently  enuse 
cimsideroble  deformity  and  also  vi-ry  inNrked  pain.  In 
the  nisei  vi-s.  tin-  li-sions  differ  in  nowise  from  those  others 
which  iMSTiir  independently  of  niRaceH. 

TlH'  course  of  the  priwew  ie  always  a  sliiw  one,  and.  hav- 
ing lie  veil  ine<l,  it  )u  nistK  In  varying  degree  for  an  indefi- 
nite jieriod  of  time,  or  until  Its  inducing  raiise  or  cauF«& 
have  been  remuved  by  appropriate  eare  or  treatment. 
Slight  subsidi-nccu  of  the  congtistive  distnrlmncc  and  rf 
tlie  acne  lesions  an;  generally  Re<'n  to  alieniate  with  e\- 

Pathoi.ooy  .VXD  MoKBiD  AvwTOMV.— Itiisarca  is  pri- 
marily a  vasomotor  neurosis,  result- 
ing in  retardation  of  the  elreulatJon 
in  the  supcrliclal  capillatj-  plexus. 
Although  at  first  transitory-,  this 
pari-tic  eondliiou  of  the  blood-vessels 
iiccimes.tlin.iugh  frequent  repetition, 
soniewliat  fixed.  lu  cimsecjuence  the 
coiigiittivc  redness  becnnu-S  perma- 
nently establfslied,  nnd  the  tcltuigi- 
eet«K<-8  and  raricosltii-s  gradually 
lii'<-ome  evident.  The  Implication  of 
the  bliHid -vessels  is  not  limited  to  the 
siipertlcial  ones,  but  may  extend  to 
the  deeiH'r  ]i1e\iis.  and  so  all  the 
vessels  throughout  the  skin  may 
Ih'  uffeotiil.  In  ciin.«eguence  of  the 
eoni^i'slioii.  the  si-baeenus  glands  are 
inlliicneed  and  tlie  seltorrliipa  oleosa 
arises.  TIk^  acne  lesions  owe  their 
origin  to  tlic  rroulling  debased  nu- 
trition of  tltc  skin.  In  some  eases 
iif-w  connective  tissue  forms  about 
the  blood- vessels  and  the  follicles. 
thus  ]in<dnring  a  thickening  of 
llie  coriuiti  and  causing  ultimately 
eillier  the  hyjHTlniphic  form  of  tlic 
ciisi-usc,  or.  in  veri-  severe  rtises, 
rliiiiophynia.  On  the  other  hand. 
one  f'lnii  of  the  iiy|M-rtro|diie  stage 
IS  nUriliuliil  to  an'  incn-ase  in  size 
of  (he  wbiceous  follick-s. 

■f  the  first  stage  of  rosacea 


!0i^"''^: 


-'X' 


y  Hie  w  rlier  to  lie  rejiresentiil  by  a  dila- 


1  the 


.     .         IsjHiiiand  ' 

piienilly  enlliil  ptlyri:isi>.  1 

The  cliiiical  pli-tun'  im-seiiln. 


f:l.t,lli,.i.ri«.mi-of1 
■  im.iilly.li,.>h.i„ll.it 


rtMln  [ 
liorriKi 
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ind  slagi-.  there  was  an  Increase  In  degree  in 
:e  leiiiiires.  many  dilated  vessels  having  thin  wa]K 
liirgc  luiniiia  being  found  widelv  distributed  tbFough- 

ilie  i-oritiiii,  which  wii>  also  slightly  thickened  awl 
miitoiLs.  In  Uii-  lliin!  stage  (rbinopbynia).  mariccd 
ir[iliisiii  .if  thi-  iniiiiiitlve-iis'iue  elements  of  the  skin 

iiiki'u  |>iiici',  tiiKJ  ilie  m'Ihu-i-ous  glands  were  also 
i'wh:it  enliircc.l.  Tlic  IiIiuhI-vi-ssi-Is  were  large  and 
U0U1  and  tlir'ir  cniit-:  werif  ihii-keiied.  Substantially 
siiine  cluingi's  luive  Im-i'ti  found  by  others,  but  I'una 
aserils'i  the  foniiiiliou  of  llie  ghiwths  hi  some  cases 
in  enhirgemi'iit  mid  iiitiltiplicalion  of  tlie  selMceoiis 
ids.  H  hich  thus  consliliile  the  major  part  of  the  rhi- 
liymalous  elianp-.  lu  other  <-aseN  he  slates  tliat  tlic 
icelive- tissue  hyiK-rtniphy  ] in ihiini nates  though  the 
iiliilar  cluingi-  may  also  lii'a  pniminenl  fixture.  The 
'sti^iiiions  of  Iliiiis  Ilelim  leil  1i>  pnu-tleally  the  same 
■liisiiins.  The  hi>>li>pnlli<ilogy  of  tiK-  iiene  leidons 
irrinu'  in  i-imiieciion  wiili  rtisneiu  dms mil  <liner  from 

iif  the  sjime  ctlhin-«i'nri-s  which  arisi-  inde|H'ndenl1v. 
riiir.iHiV,— Howni'ii  cli-vi-li.|is  nu.n'  fn-r|uenltv  in 
icii  lli:iti  ill  iri.-ii.  mil!  wiijle  iKi-iirriiig  i-s|ierinllv 
r  till-  ii^'e  of  thirty  mid  Ui  cililcr  people,  yet  it  also  is 
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not  infrequently  seen  in  younger  persons.  It  arises  in 
women  very  commonly  in  association  with  puberty, 
with  menstrual  and  utero-ovarian  irritation,  and  espe- 
cially at  the  menopause.  It  also  is  liable  to  appear  dur- 
ing pregnancy,  in  sterile  women,  and  very  frequently 
among  those  others  who  come  in  the  category  of  old 
maids.  In  both  sexes,  disorders  of  the  gastrointestinal 
canal  are  potent  factors  in  the  production  of  the  conges- 
tive disturbance,  and  in  individual  cases  there  will  there- 
fore be  found  such  disturbances  as  constipation,  gastric 
or  intestinal  indigestion,  fermentative  processes,  etc. 
Anosmia  is  often  the  basis  of  the  cutaneous  disease,  and 
so  also  is  plethora.  The  gouty  and  rheumatic  diatheses 
are  prone  to  favor  the  development  of  the  disease  both 
directly  and  through  those  functional  and  other  dis- 
turbances which  are  so  liable  to  occur  in  those  who 
are  subjects  of  these  constitutional  conditions.  Sed- 
entary habits  strongly  predispose  to  the  process,  and 
hence  rosacea  and  its  accompanying  feature,  acne, 
very  commonly  affect  seamstresses,  sewing  girls,  and 
others  obliged  by  their  occupation  to  forego  outdoor  or 
physical  exercise.  In  connection,  however,  with  their 
confining  occupations,  it  should  also  be  mentioned  that 
these  same  individuals  are  usually  subjects  of  functional 
bodily  disturbances,  due  to  their  diet  and  poor  hygiene. 
The  morphine  habit  has  been  claimed  to  produce  the  dis- 
ease, and  it  has  also  been  attributed  to  various  intranasal 
processes,  such  as  atrophic  and  hypertrophic  rhinitis, 
chronic  catarrhal  inflammations  of  Various  degrees,  and 
sycosis  of  the  vibrissae.  Seborrhoic  dermatitis  Ls  claimed 
by  Unna  to  be  a  most  important  cause  of  rosacea  in 
women.  It  would  be  more  correct,  however,  to  regard 
its  effects  when  located  on  the  nose  as  in  the  line  of  pro- 
ducing a  redness  similar  to  rosacea,  through  the  inflam- 
matory congestion  incident  to  its  presence,  tlian  to  claim 
tliat  it  causes  that  hitter  disease  itself.  Exposure  to  cold 
and  bad  weather  is  an  external  factor  in  the  etiology  of 
the  process.  The  writer  has  seen  sunburn  determine 
its  existence,  and  in  a  number  of  cases  a  slight  chillblain 
condition  of  the  nose  led  to  objective  symptoms  simulat- 
ing accurately  a  mild  rosacea.  Face  steaming,  use  of 
verj*^  hot  water,  continual  exposure  to  the  heat  of  a  fire — 
all  enter  into  this  category.  The  effect  of  diet  and  abuse 
of  spirituous  liquors  is  generally  very  well  ivnown.  The 
articles  of  diet  which  arc  injurious  are  pmcticjilly  the 
same  as  have  been  mentioned  for  acne,  and  their  effects 
are  not  so  much  in  themselves,  as  in  the  gastro-intestinal 
and  other  disturbances  which  they  may  bring  about. 
When  used  in  excess,  all  liquors  may  lead  to  the  devel- 
opment of  a  rosacea,  but  the  most  pernicious  are  fer- 
mented drinks,  such  as  ale,  beer,  porter,  and  also  sweet 
wines  and  liquors,  port,  etc.  Tea,  when  improperly 
used,  may  have  a  similar  influence,  owing  to  the  injurious 
effect  of  the  tannin  on  the  gastro-intestinal  canal.  The 
influence  of  smoking  in  itself  is  certainly  remote,  though 
it  possibly  may  indirectly  operate  through  the  produc- 
tion of  a  catarrhal  or  other  intranasal  irritation.  In  many 
cases,  however,  no  definite  etiological  cause  can  be  dis- 
covered. 

Diagnosis. — The  diagnosis  of  rosacea  will  ha  obtained 
from  the  history  of  its  development,  as  well  as  from  the 
clinical  symptoms  presented  by  it.  As  the  disease  occu- 
pies, as  a  rule,  the  nose  and  neighboring  portions  of  the 
cheeks,  it  will  be  found  that  the  persistent  redness  was 
preceded  by  intermittent  flushing,  and  was  followed  by 
superficial  capillary  dilatation  and  the  formation  of  tel- 
angiectases and  varicosities.  Lupus  erythematosus, 
which  commonly  occupies  the  same  surfaces,  may  l)e 
differentiated  from  a  rosacea  by  the  distinct  delimittition 
of  the  patches  constituting  it.  The  outlines,  though  ir- 
regular, are  sliarply  defined,  the  edges  are  usually  ele- 
vated and  enclose  a  scaly  area.  The  patches  tend  to 
enlarge  by  peripheral  extension,  and  as  a  rule  atrophic 
changes  occur  over  the  affected  area. 

Erythematous  eczema  should  also  he  differentiated 
from  rosacea.  Its  occurrence  is  not  limited,  however,  to 
the  same  localities,  but  it  appears  anywhere  on  the  face, 
or  neck,   or  other  surface.      It  appears  bruskly  as  an 
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acute  process,  which  in  time  may  become  chronic  in 
character.  The  affected  portions  are  somewhat  swollen 
from  serous  exudation ;  tliey  are  scaly  and  rough  to  the 
touch,  or  have  a  glazed,  varnished  api)earance,  and  there 
is  much  burning  and  itching.  When  syphilis  exists 
on  the  nose,  either  in  the  form  of  the  papulo-pustular- 
grouped  svphilide  or  when  there  are  cutaneous  gummata, 
errors  in  diagnosis  are  not  only  possible,  but  are  not  in- 
frequent. If  attention,  however,  is  paid  to  the  history 
of  the  development  of  the  redness  and  of  the  lesions  dis- 
cretely located  or  aggregated  together  in  groups  upon  it; 
if  it  is  noted  that  beneath  the  crusts  distinct  ulceration 
with  subsequent  scarring  occurs,  and  that  there  is  a  ten- 
dency as  regards  the  gunmiatous  lesions  to  serpiginous 
extension  with  consecutive  cicatrization,  then  the  diag- 
nostic difficulty  .should  give  no  trouble. 

The  term  erysipelas  is  used  very  loosely  both  by  medi- 
cal men  and  by  patients,  and  it  is  a  most  common  fact 
to  hear  the  latter  complain  of  an  erysipelas,  which  in 
reality  is  a  rosacea  of  several  months*  or  years'  standing. 
They  often  state  that  their  diagnosis  was  that  made  by 
their  physician.  It  should,  however,  be  remembered 
that,  though  erysipelas  does  frequently  affect  the  nose 
primarily,  yet  it  is  an  acute  process,  begins  with  slight  or 
marked  chills,  and  is  accompanied  by  elevation  of  tem- 
perature and  such  other  somatic  disturbances  as  are 
never  associated  with  a  rosacea. 

PuoGNOsis. — The  prognosis  of  this  cutaneous  affection 
will  depend  to  a  great  extent  upon  the  possibility  of  re- 
moving its  inducing  cause  or  causes  in  any  given  case 
and  upon  the  ability  to  prevent  their  recurrence.  An 
entire  and  aUsolute  cure  is  obtainable  and  can  be  effected, 
or  if  not  this  nuich,  at  any  rate  a  most  decided  ameliora- 
tion of  the  symptoms. 

Treatment. — In  the  treatment  of  rosacea  or  acne  rosa- 
cea, very  much  the  same  procedures  are  called  for  as  have 
been  detailed  for  acne  simplex  and  acne  indurata.  The 
aises  require  both  internal  and  external  care,  the  former 
being  .such  as  will  remove  or  modify  that  defect  in  func- 
tional or  physical  health  which  may  be  found  in  the  case 
imder  consideration  at  the  time,  and  the  latter  being 
such  as  will  bring  back  tone  and  vasomotor  control  to 
the  paretic  blood-vessels,  or  will  destroy  them.  or.  in  the 
severest  grades  of  the  disease,  will  remove  the  disfiguring 
growths  which  have  arisen.  In  general  it  may  be  said 
that  all  internal  medication  should  be  such  as  will  correct 
the  existing  constipation  or  gastro-intestinal  disturlmnce 
present  in  the  case.  If  uterine  or  ovarian  irritation  ex- 
ists, it  should  be  attended  to;  and  also  gout,  rheumatism, 
and  lithjemic  conditions  should  receive  proper  attention. 
Ana?mia  or  plethora,  the  tuberculous  diathesis,  and  every 
other  factor  should  be  properly  estimated  and  seen  to, 
and  all  matters  pertaining  to  errors  of  diet  should  be  dili- 
gently investigated.  As  a  rule,  cheese,  oatmeal,  sweets, 
pastnes,  nuts,  fermentable  articles,  and  such  as  are  highly 
seasoned,  stimulating,  and  liable  to  tax  the  digestive 
powers,  should  be  forbidden.  Beer  and  alcohol  and  all 
sweet  beverages  should  be  stopped,  though  a  light  claret 
with  water  or  a  dry  Moselle  wine  may  be  allowed  at 
meals.  Coffee  without  milk  is  perfectly  allowable,  but 
tea  should  be  cut  off,  unless  it  is  very  weak  and  freshly 
made.  With  these  exceptions,  the  diet  should  be  of  a 
simple,  easily  digested,  and  nutritious  character.  The 
needs  and  digestive  culpabilities  of  each  patient  should 
be  studied,  and  the  food  taken  should  be  such  as  is 
found  appropriate. 

So  far  as  drugs  are  concerned,  it  may  be  stated  that  in 
many  of  the  cases  in  which  the  process  is  in  its  inception, 
in  which  the  redness  has  not  become  persistent,  but  is 
represented  by  periods  of  flushing  and  of  retrogression, 
the  mineral  acids  are  particularly  useful.  Especially  is 
this  the  case  with  the  dilute  nitric,  muriatic,  or  nitro- 
muriatic  acid.  Another  class,  however,  may  require 
alkaline  remedies  and  diuretics,  the  citrate  and  acetate  of 
potash,  or  some  of  the  more  recent  ones,  uricedin,  uro- 
tropein,  aspirin,  etc.,  or  it  may  be  saline  purgatives  that 
are  called  for.  By  means  of  these  it  is  possible,  in  the 
early  cases,  to  divert  the  blood  current  from  the  face  to 
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some  other  part  of  the  body.  When  the  congestive 
disturbance  of  the  nose  and  face  has  become  a  stable 
fact,  then  a  very  useful  n*medy  is  ichthyol.  B(*ginuing 
with  doses  of  ^r.  v.,  it  sliould  be  increase<i  until  gr. 
XV.  are  taken  t.i.d.  It  may  be  given  in  pill  or  capsule 
form,  or  simply  diluted  with  water  or  coffee.  Toler- 
ance to  its  peculiar  taste  is  quickly  established,  and 
only  rarely  have  I  found  the  remedy  to  l)e  objection- 
able or  distressing  to  the  patient.  Besides  these  par- 
ticular remedies — and  they  should  be  given  in  conjunc- 
tion with  those  others  demanded  by  the  necessities  of 
the  individual  case — ergot  and  ergotin  have  been  rec- 
ommended, as  well  as  iH^lladonua,  digitalis,  quinine,  cod- 
liver  oil.  etc.  But  all  of  these  are  intended  to  meet 
indications  furnished  by  certain  ca.ses,  and  should  not 
be  regarded  as  of  general  or  extended  value.  Arsenic 
may  l)e  said  to  l)e  always  injurious  in  rosacea.  The 
local  trwitment  is  of  theiitniost  imi)ortance.  and  some, 
if  not  many,  instances  of  the  disease  may  be  relieved 
by  it  alone.  In  acute  ca.ses,  characterized  by  active 
hypenemia  and  buniing,  soothing  applications  are  to 
be  used.  The  magnesium  carl^onate  and  zinc  oxide, 
or  the  calamine  and  zinc  lotion  referred  t^)  in  the  article 
on  Acne,  is  indicated;  or  a  lotion  of  R  Bisnuithi  subni- 
tratis,  gr.  XXX. ;  Bismuthi  oxychloratis,  gr.  xl. ;  Mag- 
nesia? carbonatis.  gr.  xx. ;  Aqua;  rosa',  3  i.  M.  et  S., 
or  the  Liquor  s(Khe  chlorinaUe  diluted  1 :  20,  or  less,  or 
more,  nuiy  be  applied.  A  very  thin  boiled  sttirch  poul- 
tice is  frequently  of  great  value,  as  is  also  the  oltlcial 
Liquor  calcis 

The  majority  of  the  cases  of  rosticea  coming  under 
treatment  are.  however,  of  the  chronic  type,  have  pa.HSi'(l 
Ix'yond  the  i)rimary  stiige.  and  require*  a  very  ditfer- 
ent  ordtT  of  local  treatment — one  which  is  stimulating 
in  its  effects  and  whic  h  is  intended  to  im])r(>ve  the  vaso- 
motor tone  of  the  paretic  ve.ssels.  For  this  purpose, 
stronger  applications  than  are  needed  in  acne  in  geueml 
are  called  for.  and  for  this  purpose  a  stiff  paste  is  often 
useful — 'E^  Resorcin,  gr.  1.  to  cl. :  Kaolin,  Zinci  oxidi.  fia 
3  ij. :  L'nguent.  iU[\nv  rosa*,  3  i.  M.  In  place  of  the 
res(^rcin.  ichthyol  may  Ix;  substituted  in  the  strength  of 
ten  to  tifty  percent.,  or  the  ichtliyol  may  be  used  pun*. 
The  pastes  are  applied  every  night  until  a  decided  reac 
tion  has  been  produced  and  tJie  homy  layer  has  a  glazed 
appeamnce  and  is  beginning  to  exfoliate.  The  paste 
used  should  then  be  replaced  by  a  mild,  soothing  oint- 
ment, U  Acidi  salieylici,  gr.  *x. ;  Ziuei  oxidi.  3  ij. : 
Unguent,  acpi.-e  ros.-e.  3  i.  M.,  or  any  other  similar 
salve.  When  the  exfoliation  has  ceased,  the  surface  will 
Im.'  found  nnieh  ini])rove(l  in  all  probability,  and  the  siune 
paste,  or  a  weaker  one.  may  again  he  applied  and  the  .sjinie 
course  followed.  This  procedure  may  be  kept  up  until 
all  the  redness  has  disiippcared,  or  toward  the  end  the 
lotion  given  under  Ar/o — 1{  Zinci  sulphatis.  Potassii  sul- 
phidi,  aa  3  ss. ;  Sulphuris  lactis,  3  i. ;  A(juje  rosa*.  3  i. 
M. — may  l>e  applied.  To  obtain  the  sjinie  result,  caustic 
potash  .M)lutions  (two  to  ten  per  cent.)  have  been  recom- 
mended, or  viiTorous  washinir  with  green  soap.  Like- 
wist?  VIeniinckx's  solution  in  full  stren.i:tli  or  diluted  one- 
half,  or  even  weaker,  is  at  time-;  of  benclit.  Chrvsarobin 
has  iK'cn  advis4*d  and  used,  but  tin*  danger  oi"  conjunc- 
tivitis from  its  application  on  the  face  renders  it  of  doubt- 
ful .service.  Wiien  sehorrhoic  dermatitis  is  the  cau.se 
of  the  rosjicea.  resorcin  an<l  sulphur  are  particularly  call(Ml 
for.  Thev  niav  be  iised  either  in  ointment  form  or  in 
water,  or  in  alcohol  and  wat<*r.  ecpial  parts. 

The  acne  lesions  which  may  be  coinci<lent  with  the 
rosacea  do  not  re(piire  any  special  treatment,  but  the 
telangiecta.sia  and  dilated  i)loo(l  vessels  remaining  after 
subsidence  of  the  congestive  distuibance  have  to  Ix*  dealt 
with.  Tiiev  mav  In*  dest roved  bv  multiph*  scaritication. 
cjin*  being  taken  to  split  the  vessel  hmiritudinally  with  a 
tine-pointed  knife  and  then  to  make  tnuisverse  incisions. 
It  has  been  recommended  to  touch  the  r>pen  vessel  along 
its  length  with  nitrate  of  silver,  but  that  usually  leaves  a 
scar  as  a  result.  Iodine  and  pui*e  carbolic  acid  have  also 
iK'cn  advised,  but  when  the  scaritication  has  been  prop- 
erly done,  none  of  these  measures  is  necessary.     Excellent 


results  aiv  obtained  from  electrolysis,  and  also  from  the 
use  of  the  thermocautery- .  As  regards  the  former,  the 
nee<ile  used  for  electrolytic  destniction  of  superfluous  hair 
is  all  that  is  necessary.  The  needle  attached  to  the  nega- 
tive pole  of  a  galvanic  battery  should  penetrate  the  ves- 
sel before  the  circuit  is  closed — tliat  is,  before  the  electric 
current  is  turned  on.  The  positive  pole — sponge  moist- 
ened with  water  or  salt  solution — ^is  grasps  by  the  pa- 
tients aftc>r  the  needle  has  been  introduced  into  the  vessel. 
The  procedure  is  very  painful  and  requires  much  time, 
and  scarring  is  vcrj'  Imble  to  result.  The  thermocautery 
acts  on  the  same  principle,  but  it  is  neither  as  painful 
nor  as  liable  to  cause  scars.  A  needle  point  ^ould  be 
used,  such  as  is  furnished  with  the  3Iikrobrenner  intro- 
duced into  practice  by  Unna  of  Hamburg.  Much  the 
same  result  may,  however,  be  obtained  if  an  ordinary 
sewing  needle  grasped  bv  a  needle  holder  be  heated  in 
an  alcohol  flauie  and  macfe  use  of  to  puncture  the  dilated 
blood-vessels  in  their  course.  The  method  is  simple,  and 
I  have  found  it  absolutely  as  efficacious  as  the  more 
showy  and  impressive  ones  previously  mentioned. 

When  the  case  is  one  of  hypertrophic  rosacea,  in  which 
the  development  of  connective -tissue  growths  in  greater 
or  lesser  degree  has  occurred,  surgical  interference  is 
called  for.  Ablation  of  the  excrescences  is  necessary  and 
mav  be  done  with  the  knife  or  the  galvanocautery.  Elec- 
trolysis has  l)een  recommended,  but  is  of  uncertain  value, 
if  not  entirely  without  result.  George  T.  Elliot, 

ACOIN  (I)i  -  para  ■  anisyl  -  mono-  phenetyl  -  guanidine  - 
chlorhydrate). — Introduced  in  1899  by  Trollaenier  as  a 
local  anasthetic.  it  has  been  found  to  have  an  action 
similar  to  that  of  cocaine  but  without  systemic  effects. 
Its  anaesthesia  is  more  rapid  and  of  longer  duration  than 
that  of  cociiine.  and  is  increased  by  the  addition  of  a  little 
of  the  latter.  Trolldenier's  original  solution  consisted  of 
1  part  of  acoin  in  1,000  parts  of  normal  salt  solution. 
Darier  reconmiends  acoin,  gr.  i.,  cocaine,  gr.  ii.,  dis- 
solved in  100  minims  of  0.8  per  cent,  sodium  chloride 
solution.  Dropped  into  the  eye,  acoin  has  practically 
the  same  effect  as  cocaine,  but  when  injected  into  the 
subconjunctival  or  subcutaneous  tissues  there  is  none  of 
the  intense  burning  sc*n.sation  which  cocaine  may  pro- 
duce.    In  strong  solution  acoin  is  caustic. 

W.  A.  Basfedo. 

ACONITE.  Aio^iTVM.—{\fonkf<h(xHl  Wolfohaue.)  "The 
tuber  of  Aco/titntn  S(f)HfliiK  L.  (fam.  lianunculacccB)^ 
(U.S.  P.). 

Acoftif'/m  L.  is  a  genus  of  some  sixty  species,  dis- 
tributcji  almost  throughout  the  NortheVn  hemisphere. 
Many  of  the  species  resemble  one  ant)ther  so  closely  that 
even  from  the  exannnation  of  com]>lete  specimens,  with 
flower  and  fruit,  botani.sts  have  reached  the  most  diverse 
conclusions  regarding  their  identity  or  distinctness.  It  is 
therefore  not  remarkable  that  the  detached  medicinal 
portions  should  be  found  ditlicult  of  differentiation,  or 
that  various  species  should  have  been  found  mixed  in 
commerce.  As  the  chemical  and  medicinal  properties  of 
\  the  (lilTerent  species  vary  greatly  in  degree,  the  tubers  of 
at  least  one  species  being  used  for  f<Hul,  these  mixtures 
become  s(*rious  in  the  case  of  such  an  important  dnig. 
Of  late,  much  more  care  has  been  exercised  'than  for- 
merly, so  that  this  adulteration,  intentional  or  accidental, 
has  become  infre(pient.  Partly  because  of  this  element, 
and  partly  becaus<'  experiment  has  proven  the  activity 
of  the  drug  to  increase  under  cultivation,  the  British 
Pharmacopo-ia  now  re<|uires  that  only  the  cultivated 
English  tiiher  shall  be  su]>plie(l.  It  is  also  cultivated  in 
various  continental  localities.  These  cult ivateil  products 
are  much  more  i-xjuMisive  than  the  ordinary  drug,  but 
their  specification  appears  fully  justified,  except  wiien  a 
standardi/ed  drug  or  preparation  (see  Composition)  is 
I   employed. 

The  ofbcial  sjM'cies  occurs  abundantly  in  the  mountain- 
ous districts  of  Central  KurojM-  and  Asia,  extending  up 
the  mountain  sides  to  a  very  high  elevation,  as  well  as 
deep  into  the  valleys.     The  plant   is  cultivated  as  an 
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omsmenlal  flower  fa  llie  United  StAtes,  where  occasion- 
ally it  escapes.  The  tubers  used  in  medicine  are  chicllj 
collected  ia  Europe. 

Since  tbe  herb,  although  unofficial,  is  much  used  in 
medicine,  the  entire  plcut  isliere  described.  Tbe  simple, 
stiff,  upright  stem  of  aco- 
nite rises  from  50  to  lUO  cm. 
(20  to  40  iDcties)  from  ttie 
ground,  bearing  numerous 
^temate  leaves,  and  a  long, 
close,   terminal,  bplke-lilw. 

The  leaves  {FoJio.deentd", 
B.  P.)  are  sub-rotund,  from 
S  to  20  cm.  iu  diameter  (2 
to  U  inches) .  ralber  sliff  and 
thick,  smooth,  shining,  and 
dark  green  above  and  paler 
below,  Tbe  blade  is  patui- 
'^■-  ately  tliree  -  parted ;  the  lat- 

*■  eral  segments  are  again 
divided  nearly  to  the  iMse. 
~^  The  narrowly  wedge- 
"^  slwped  division;^  arc  further 
^.,,^  three  or  two  lohed,  and 
-  these  lobes  are  again  in- 
"A  cised.  or  cleft,  wilh  linear 
>  and  pointed  tips.  The 
>  '  leaves  become  less  com- 
pound toward  the  upper 
n  HapeSut  L.  P»rt  of  the  Stem,  and  are 
finally  reduced  lo  three  or 
several  cleft  bracts.  They  have  no  marked  odor,  but 
upon  being  cbcwcd  produce,  like  the  tuber,  a  persistent 
stinging  sensation  in  the  mouth.  They  are  poisonous 
and  contain  a  small  and  uncertain  amount  of  afonitiiif. 
and  considerable  aconilie  acid,  the  latter  of  do  thera- 
peutic importance.  The  flowers  are  of  striking  appear- 
ance; the  corolla  ia  nearly  wanting,  &nd  its  place  is  taken 
by  a  large  colored  calyx,  of  which  the  unper  sepal  is 
developed  into  a  deep  cup-sliaped  helmet,  tliat  sits  upon 
the  rest  of  the  flower  Bke  a  bonnet  (Pig:.  18).  The 
piqiils  ore  Ibrec,  containing  numerous  smnirovules. 

The  mature  tuber  gives  the  spccillc  name  to  the  plant 
InapelltiK.  a  little  turnip).  It  Is  a  simple,  conical,  taper- 
ing tuber,  ending  in  a  long,  slender,  cylindrical  tap-rool, 
and  bearing  numerous  rootlets  upon  its  sides  (see  Fig. 
19).  P^m  ilsiK'alycrowu  arises llie  flowering  stem,  and 
at  the  base  of  Ibis  stem  a  short  stolon  extends  horizon- 
tally under  the  ground,  and  bears  on  lis  extremity  a 
young  luber,  more  or  less  developed  according  to  the 
season,  and  destined  to  produce  the  plant  of  Ibe  succeed- 
ing year.  There  may  also  remain  upon  the  oilier  side  of 
the  crown  a  similar  but  dead  conuectiou  between  the 
present  tuber  and  the  remains  of  that  of  the  preceding 
year.  This  habit  of  growth  well  enables  us  lo  determine 
the  season  when  tlie  tuber  was  collecicd.  When  it  sliall 
become  positively  determined  at 
what  season  it  is  most  active,  this 
knowledge  will  doubtless  prove 
of  the  greatest  value  to  us. 

Fresh  aaiiiite  taker  is  brown  ex- 
ternally, white  williin,  and  baa  a 
biting,  benumbing  "taste,"  which 
has  caused  it  to  be  occawonally 


tules  the  usual  drug  {Aonititi 
U.  8.  P. ;  Aroniti  Sadu.  B.  F 
T-iUra    Aainili.    P.   G. :     Ibifi. 

D'neonit  impel.  Codex  Med.,  etc., ,       

la  from  1  to  2  cm.  in  dianicterut 
the  base,  and  from  5  lo  7  cm.  in  length  (two-fiflbs  lo 
four-Hfths  inch,  bv  8  to  3  inches) :  much  shrivelled  and 
wrinkled  longitudinally,  especially  below ;  often  curved 
and  twisted,  or  broken.  TIic  external  color  is  dark 
brown;  internally  it  is  grayish,  showing,  in  a  transverse 
section,  a  distinct,  five  to  eight  pointed  stellate  cambium 


ring,  in  each  angle  of  which  Is  a  well -developed  flbro 
vascular  bundle.  Frequently  the  tubers  are  attached 
in  pairs;  wlien  not,  the  scar  where  they  were  broken 
apart  can  be  seen.  The  taste  is  similar  to  that  of  tbe 
fresh  root,  but  the  stinging  sensaiion  may  be  a  little 
delayed. 

Aconite,  even  when  coming  solely  from  Aconitum 
Xapelliit.  is  very  variable  in  quality  and  often  poor. 
The  age  of  the  root  has  much  to  do  with  this.  Grown  In 
different  countries,  or  under  varying  cireumstances,  it  ia 
subject  to  considerable  variation  in  quality.         . 

Composition. — Its  active  constituent  is  the  alkaloid 
Aeonitine,  described  below.  The  determination  of  its 
percentage,  which  is  vcr^  irregular,  therefore  constitutes 
a  perfect  method  of  estmiatinc  its  quality.  Owing  to 
djfllcullics  in  its  extraction,  this  determination  has  in 
the  past  not  been  found  practicable,  but  it  is  altogether 
probable  that  such  a  method  of  assay  will  be  incorporated 
into  the  forthcoming  edition  of  the  Pharmacopoeia.  It 
has  also  been  proposed  to  determine  the  presence  of  the 
normal  percentage  of 
alkaloid  b^  securing 
the  tinghng  effect 
upon  tiie  tongue  and 
lips  by  the  use  of  a 
solution  of  a  specific 
degree  of  dilution: 
but  the  personal 
equation  is  so  great, 
and  the  effects  of 
training  so  impor- 
tant, tliat  this  method 
has  not  found  favor. 
The  total  alkaloidal 
should    be 


hunilredths    ' 


sides 
Ihe  ulkaloiit,  a  lar^e 
amount  of  aeonitic 
acid,  combined  with 
otlciuin,  is  present, 
Healn  and  slight 
of  fat  and 
also  found. 
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the    1 


'   Fra.  IB, 


cients,   both   i 

rope    and    Asia, 

poisons,  and  are  sti 

to   be  still   used    by 

some  of  the  hill  trilKs  of  India 

They  were  emplojt-d  as  meilicines  in  Gennanv  in   the 

twelfth,  and  on  the  islands  of  Great  Britain  in'tlie  thir- 

teenlh   centnriL-s,  but   afterward    fell   into  disuse  until 

1TS3,  when  Sl.x^rck,  of  Vienna,  again  introduced  them 

to  the  medical  profession,  since  which  time  they  have 

been  constantly  used. 

PiivsioLouicAi.  Action.— There  is  nothing  in  tbecom- 
posiiion  of  aconite  which  materially  modilies  tlie  action 
of  the  aeonitine. 

l^-imarji  Efferln.—W.  sharply  stimulates  ceriain  of  the 
nerve  endings  on  coming  into  contact  with  them,  as  well 
as  certain  of  the  cnceplialic  centres.  These  tffwts  upon 
Ibe  nerve  endings  are  evidenced  by  a  tingling  sensation 
in  the  skin,  whether  the  aconite  be  directly  applied  or 
be  carried  there  in  the  circulation.  A  simitar  tingling  la 
produced  upon  contact  with  the  mucous  membrane,  and 
Ibis  becomes  a  severe  irritation  when  the  drug  is  applied 
in  concentrated  form,  as  when  the  dust  of  the  alkaloid  is 
inhaled  or  reaches  tlie  eyes.  This  effect  of  ac()nlte  upon 
the  mouih  is  markedly  to  increase  the  salivary  and 
mucous  secrclion.  It  produces  some  increase  of  per- 
spiration in  Ihe  same  direcllv  slimnlaling  manner  on 
being  carried  to  the  skin.  Lender  careful  observation, 
spasmodic  contractions  of  voluntary  muscular  fibre  can 
be  seen,  while  slimuEalion  of  Ihe  vasomotor  mcclionism 
(whether  central  or  peripheral  is  not  certainly  known) 


Aconite* 
Aconltlne. 
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results  in  arterial  constriction,  when  other  and  antago- 
nistic influences  resulting  from  tlie  drug's  action  are  ex- 
cluded. At  the  same  time,  the  pupil  is  temporarily  con- 
tracted. Under  the  same  conditions  of  control,  increased 
cardiac  action  is  observed.  A  slight  diuretic  effect,  in 
spit«  of  decreased  blood  pressure,  is  probably  due  to 
direct  renal  stimulation.  Stimulation  of  the  medullary 
centres  is  plainly  evidenced  by  the  strong  cardiac  inhibi- 
tory action  which  is  the  most  prominent  effect  of  the 
drug,  and  in  convulsions,  which  in  poisoning  often  occur 
before  the  respiration  has  failed  sutflciently  to  produce 
them.  There  is  a  powerful  stimulation  of  the  respiratory 
centre,  though  the  action  is  temporary,  irregular,  and 
spasmodic.  The  vomiting  which  is  often  present  may 
also  be  due  in  part  to  the  stime  ceutml  stimulating  cause. 
When  nausea  is  present,  the  diaphoresis  is  increased. 
The  powerful  slowing  of  the  vagus  results  in  a  marked 
slowing  of  the  heart,  and  as  tlie  systole  is  much  the  more 
abbreviated,  the  heart  is  weak  as  well  as  slow,  and  blood 
pressure  is  reduced.  The  temperature  falls,  partly  owing 
to  this  cause,  partly  to  the  perspiration,  and,  some  think, 
partly  by  reason  ot  the  disturbance  of  the  heat  centres. 

tkwadary  Effecix. — The  secondary  effect  of  aconite  is 
to  paralyze  the  parts  at  first  stimulated,  though  these  are 
affected  in  very  different  degrees  as  to  both  strength  and 
promptness.  Failure  of  the  sensory  nerve  endings  pro- 
duces anresthesia  where  tingling  Ix^fore  existed,  so  that  a 
sensation  of  numbness  is  experienced.  The  stimulated 
respiration  changes  to  a  depressed  one,  and  convulsions 
from  this  cause  frecpiently  ensue  in  poisoning.  Vaso- 
motor constriction  disappears,  as  does  secretion  due  to 
peripheral  stimulation.     The  pupil  often  becomes  dilated. 

The  promptness  with  which  these  secondary  symptoms 
appear  is  proportitnial  to  the  size  and  concentration  of 
the  do.se,  so  that  the  primary  symptoms  may  be  almost 
altogether  wanting.  In  all  cases,  they  supervene  so  soon, 
and  are  so  much  more  pronounced  and  continuous,  that 
they,  rather  than  the  ])rimary,  constitute  the  medicinal 
effects  of  the  drug.  Of  all,  tlie  cardiac  repression  and 
lowered  arterial  pressure,  which  are  contiuuou.s,  are  the 
most  prominent  etlects. 

In  jxMsoning,  conspicuous  modifications  of  the  medic- 
inal etTeets  occur.  The  heart  becomes  very  erratic,  al- 
though upon  the  whole  weakness  is  rapidly  progressive. 
The  respiration  is  painfully  depressed  and  convulsive. 
Muscular  weakness,  which  may  be  quite  persistent  even 
after  recovery,  is  added  lo  nerve  depression.  Kespira- 
torv  failure  is  the  usual  cause  of  death.  This,  with  car- 
diac  paralysis,  is  sometimes  almost  instantaneous  when 
large  (luantities  of  a  li([ui«l  p^eparati()n  are  swallowed. 

Otherwise,  the  above  (les(iil>e<l  symptoms  come  on 
successively.  The  tintrlinir  and  numbness  of  the  mouth 
are  very  characteristic,  and  are  succeeded  by  similar  sen- 
sations  over  the  surfuc(*  of  the  body,  especially  in  the 
hands  and  feet.  The  skin  soon  becomes  cold,  though 
there  is  more  or  less  ]>erspiration.  Tliere  is  dilatation  of 
the  pupils.  There  is  progressive  muscular  weakness, 
accompanied  by  feebleness  and  ultimately,  in  fatal  cases, 
paralyses  of  respiration. 

Although  some  aconiline  is  excreted,  especially  by  the 
urine,  it  is  for  the  most  part  (juickly  burned  up  in  the 
system,  so  that  if  a  fatal  nsuli  is  not  ])rompt,  recoveiy 
is  apt  to  occur.  Atropine^  is  a  i)hysioloi:ical  antidote,  as 
is  digitalis.  External  heat  is  very  important.  Alcohol 
should  be  used  cautiouslv. 

» 

Aconite  is  one  of  the  most  useful  druirs  of  the  Phar- 
macopceia.  It  works  especially  w<ll  with  children,  aiul 
even  very  small  doses  often  work  siiti<factorilv.  Because 
of  the  rapidity  with  which  it  is  destroyed  in  the  system, 
doses  should  l>e  small  an<l  often  rejxated.  The  special 
cases  in  which  it  is  useful  are  those  of  sthenic  char 
acter,  in  the  relief  of  congestions.  It  is  a  very  sjife  and 
UKKlerate  agent  for  lowering  the  t(  ini)erature,  as  well 
as  for  relieving  tension.  It  tends  to  lessen  inllammaiion 
and  is  especially  us<'ful  in  nuuiy  forms  of  sore  throat. 
All  forms  of  throbbing  pain,  such  as  earache.  l(M)thaehe. 
and  headache,  are  likely  to  be  relieved,  as  are  ]>ainful  dis- 
orders of  the  respiratory  organs,  such  as  pleuri.sy.     Great 


relief  is  often  experienced  from  its  use  in  inflammatory 
rheumatism.  Scarlet  fever  and  the  fever  of  measles  and 
similar  diseases  are  often  markedly  benefited  by  aconite, 
but  care  sliould  be  taken  to  avoid  excessive  depression. 
Neuralgic  pains  are  often  benefited  by  local  applications, 
preferably  by  inunction.  It  must  never  be  overlooked, 
however,  that  fatal  absorption  may  thus  take  place. 

The  official  preparations  and  their  doses  arc  as  follows: 
Extract,  0.01  to  0.6  gm.  (one-half  to  one  grain) ;  fluid 
extract,  1  to  2 minims;  tincture  (of  35-per-cent.  strength), 
1  to  5  minims.  The  strength  of  an  ointment  of  aconitine 
should  not  be  greater  than  2  per  cent.,  and  it  is  best 
made  still  weaker.     (See  also  Aconitine.) 

Other  species  of  aconitum  having  similar  properties  in 
marked  degree  are  A.  ferox  Wall,  of  India,  containing 
pseudaconitine,  and  A.  JafHmicum  Thunb.  of  Japan, 
containing  apparently  aconitine,  but  which  has  been 
called  japaconitine.  H.  H.  Busbp. 

ACONITE,  TOXICOLOGY  OF.— A  preparation  of  some 
of  the  species  of  the  genus  Aconitum  (natural  order,  Jia- 
nunrulacea;)  was  first  suggested  as  a  medicine  by  Stoerck 
in  1762,  although  its  poisonous  qualities  were  known 
long  before  that  date. 

The  species  at  present  in  use,  Aconitum  Kapellns,  is 
popxdarly  known  as  Monkshood,  all  parts  of  which  con- 
tain aconitine,  but  the  root  most  abundantly.  The  ex- 
tract or  tincture  of  the  root  contains  besides  aconitine 
several  other  alkaloids.     These  are: 

AcoNiNE  (CaJI^NOiiCV]),  which  does  not  produce  tin- 
gHng  of  the  tongue,  and  does  not  appear  to  be  poisonous 
in  small  doses. 

Benzoyl  ACONixE  (C2flH4o(CflH6CO)NOii)is  the  napel- 
line  of  Dunstan — a  substance  readily  hydrolyzed  by  alka- 
lies or  superheated  steam,  j'ielding  aconine  and  benzoic 
acid.  Although  poisonous,  its  toxic  power,  when  adminis- 
tered to  animals,  is  about  one-thirtieth  tliat  of  aconitine. 

PsErD.\coNiTiNE— nepalin-veratroyl  aconine,  CseH^^- 
NOi, — occurs  sparingly  if  at  all  in  A.  Napellus,  but 
repliK'es  aconitine  in  A.  ferox.     It  is  highl}'  poisonous. 

At  least  five  additional  highly  p<:)isonous  alkaloids  have 
been  prepared  from  various  species  of  aconitum  other 
than  A.  Aa  pell  us. 

The  comm(»rcial  aconitines  vary  greatly  in  composition 
and  in  therapeutic  and  toxic  activity,  containing  varying 
(plant it ies  of  aconitine  from  a  mere  trace  to  nearly  the 
pure  article. 

The  name  aconitine  pro])erly  applies  only  to  the  crystal- 
line alkaloid.  A(  ETVL-UENZOYL-ACONrNE,  Ca(jHs»(CHjCO)- 

(CoHu('O)NO,,,  a  faintlv  yellow  solid,  crvstallizing  in 
transparent  prisms,  which  fuse  at  188.5^^  C.  {^LS"^  F.), 
readily  soluble  in  chlorofonn  and  benzene,  sparingly  sol- 
uble in  alcohol  and  ether,  and  almost  in.soluble  in  water 
and  pelroleum  ether.  It  forms  crystalline  salts.  The 
alcoholic  solutirm  of  the  alkaloid  is  dextrogyrous;  aque- 
ous solutions  of  its  sjilts  are  lan'osrvrous.  It  is  readilv 
hydrolyzed,  yielding  aconine.  benzoic  and  acetic  acids. 
The  toxic  power  of  a  solution  of  aconitine  chloride  admin- 
istered subcutaneouslv  to  guinea-pigs  is  A'erv  high, 
().(MH)(KU  gm.  (O.OUl  gi\)  per  kilogram  of  body  weight 
being  the  lethal  dose. 

Sfftfi.xfir.s. — ;Most  of  the  aconitic  poisonings  reported  in 
medical  literature  arc  aeeldeuttil.  Out  of  193  cases,  157 
were  accidental.  20  suicides,  several  unknown,  and  6 
homicides.  In  18  cases  the  root  itself  or  a  decoction  of 
it  was  taken  by  mistake  for  some  other  root,  usually  for 
horseradish  {C'trhlmria  oriuonieiii ;  natural  order,  Cruci- 
fmr).  The  points  of  dilTercHce  in  the  two  roots  will  be 
evident  from  the  cut.  Fig.  20(Bentley).  Poisonings  have 
occurred  from  the  external  application  of  liniments  and 
ointments  containinc:  aconite. 

h thill  Dost. — On  account  of  the  variations  in  strength 
in  the  difTerent  preparations  of  aconite,  it  is  im|>ossible  to 
fix  with  any  accuracy  the  hthal  dos(\  Probably  less 
than  0.004  gm.  of  crystallized  aconitine  would  be  fatal. 

S}/in]fti>ins. — rsually  the  first  elTeets  of  aconite  or  aconi- 
tine. when  taken  by  the  mouth.  an»  manifested  immedi- 
ately or  within  a  few  minutes,  and  consist  of  a  peculiar 
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tiogliDg  or  prickllDg  spnsatton  of  the  lips,  tongue,  and 
moulb,  Bccompanied  bj'  a  feeling  of  numbness,  both  sen- 
sations extending  until  tlie  entire  surface,  particularly 
that  of  the  extremities,  is  alTecied.  There  is  a  horrible 
strangling  or  clutching  sensation  in  the  throat,  degluti- 
tion is  dimciilt,  and.  laler,  attempts  to  swallow  provoke 
spa-sms  which  may  be  hydrophobic  iu  character.  The  t^eth 
feel  as  if  loose,  the  throat  Icels  dry,  there  aro  sensations 
of  swelling  of  the  face  and  forehead,  and  twitching  of  the 
facial  muscles.  Nausea  is  felt  early,  is  accompanied  by 
salivation,  and  quickly  followed  by  the  most  violent  and 
ncrsistent  retching  and  vomiting.     The  act  of  vomiting 


nor  is  tLcre  any  special  chemical  test  by  which  it  may  be 
identified. 

The  most  sensitive  reagents  for  acouitine  are  the  human 
tongue  and  the  frog.  Minute  quantities  placed  upon  the 
tongue  produce  a  peculiar  tingling  or  prickling  sensa- 
tion, or  if  injected  hypodermically  they  cause  the  death 
of  a  frog.  (Compiled  from  Prof.  R,  A.  Witthaus'  Toxi- 
cology.) Louia  Warner  Bigg*. 


ivuMve  spasm  of  the  altdom- 
inal  muscles  and  diaphrugm  by  which 
the  stomach  contents  are  as  it  were 
"jerked  out."  After  a  very  brief  pe- 
riod of  cardiac  stimulation  the  pulse 
becomes  slower,  more  feeble,  irreg- 
ular, and  dichrotic,  then  flickering. 
and  finally  imperceplible;  respiration 
^shallow  and  hurried;  there  are  chills 
and  subnormal  temperature.  There 
is  great  weakness  and  prostration; 
sli^t  exertion  provokes  syncope  and 
sometimes  cardiac  pain.  The  patient 
is  in  fear  of  death,  restless;  the  face 
is  pale,  the  lips  are  blue,  and  the  sur- 
face is  covered  with  cold  perspiration. 
The  extremities  are  cold,  sometimes 
paralyzed,  and  sometimes  affected 
with  pains  in  the  joints.  The  eyes 
are  staring,  glistening,  and  the  pupils 
usually  dilated,  with  more  or  less 
complete  loss  of  sight  or  diplopia.  In 
some  instances  the  patient  becomes 
delirious,  though  generally  perfectly 
conscious  to  the  last ;  sometimes  he 
is  attacked  with  cramps  and  convul- 
sions, and  sometimes  be  is  comatose. 
The  urine  is  generally  retained. 

Many  unusual  symptoms  are  re- 
ported in  the  cases  referred  to  in 
medical  literature. 

l}uration. — ^The  usual  duration  of 
a  fatal  case  of  aconitic  poisoning  Is 
from  one  to  five  hours,  whether  the 
substance  be  taken  in  the  form  of 
aconite,  acouitine,  or  tlie  root  itaelf. 
In  two  cases  of  fatal  poisoning  by 
the  leaves  the  duration  was  twenty 
and  twenty-four  hours. 

Treatmtnl. — The  stomach  is  to  be 
washed  out  as  soon  as  possible,  pref- 
erably with  water  containing  a  solu- 
tion of  iodine  in  potassium  iodide, 
which  forms  a  cryslalliae,  insoluble 
compound  with  acouitine.  In  theab- 
aence  of  the  necessary  instruments  an 
emetic  of  zinc  sulphate  or  of  apomor-   Fio.  3).— Roots  of  HonkabDod  and  Honendliti. 

phine  may  be   given,  notwlthsland-  ~hi-k  ,,■„ 

ing  the  tendency  to  emesis  caused 
by  aconite.  Bcspiratlon  is  to  be  maintainwi  artificially 
if  necessary.  DitTusiblc  stimulants,  ether,  ammonia, 
brandy,  etc.,  should  be  given  by  liypodermic  or  intra- 
venous injection  or  by  enemata.  Digitalis,  strychnine, 
and  atropine  liave  been  given  hypodermically  to  counter- 
act the  cardiac  effects  of  aconiline,  and  amy!  nitrite  by 
inhalation  to  control  the  spasms.  The  diminution  of 
temperature  ia  opposed  by  wannth  cxlemally  applied. 

Pimt  Mortem. — The  post-mortem  appearances  are  in  no 
way  characteristic.  When  death  is  due  to  failure  of  res- 
piration the  post-mortem  appearances  resemble  those 
after  death  by  asphyxia. 

Dfttction. — In  the  exceptional  cases  in  which  portions 
of  the  plant  have  been  taken,  these  may  be  recognizc-d  in 
the  stomach  contents. 

Under  favorable  conditions  the  alkaloid  will  crystallize 
from  its  solutions  in  benzene ;  it  gives  no  color  reaction, 


ACONITIC  ACID,  C,H,0,,c 

combination  with  calcium  in  aconite,  also  in  adonis  and 
other  plants  of  the  liamineulacea  and  elsewhere.     Either 


water  or  alcohol  will  dissolve  it.  It  deposits  in  thin 
plates.  This  acid  is  also  yiel<led  upon  heating  citric  acid. 
It  has  no  special  medicinal  properties.  B.  U.  it, 

ACONITINE. — "An  alkaloid  obtained  from  aconite 
root,  and  having  (lie  formuk  C„H,iNO,,"  (B.  P.). 
(Not  official  in  U.  S.  P.}  As  the  Britiiii  Phamiacopofia 
defines  aconite  mot  aa  proceeding  from  A.  Napellut  L.. 
the  above  definition  is  equivalent  to  a  requirement  that 
the  alkaloid  be  obtained  from  that  species.  It  is,  how- 
ever, not  confined  to  that  species,  as  wiiat  Is  believed  to 
be  the  same  is  obtained  from  Japanese  aconite.  Its  per- 
centage in  aconite  must  be  very  small,  as  the  total  alka- 
l<)ids  represent  but  about  .07  o'f  one  per  cent.  The  per- 
centage is,  moreover,  very  variable,  ami  should  be  staled 
with  everj'  lot  uuU  [jrepuration  of  the  drug. 


Acouitine  o 


I  white,  flat  crystals  and  is  soluble  in 


Acormna. 
Acromegaly* 
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alcohol,  but  not  in  water.  It  is  a  compound  of  acetic 
acid  with  the  alkaloid  benzoyl-aconine,  the  latter  l)eing 
a  compound  of  benzoic  acid  with  the  alkaloid  aconine. 
Both  of  the  two  last-named  occur  to  a  greater  or  less  ex- 
tent in  aconite,  as  derivatives  of  the  first.  Neither  pos- 
sesses the  properties  of  aconitine.  nor  are  they  poisonous. 
To  the  incompatibilities  of  alkaloids  in  general,  aconitine 
adds  that  of  being  decomposed  by  alkalies,  owing  to  its 
peculiar  composition,  as  above  descril)ed. 

T\\e  properties  and  uses  of  the  alkaloid  are  fully  stated 
under  the  title  Aconite.  Its  activity  is,  however,  so  in- 
tense that  it  has  to  l)e  used  and  hahdliHl  with  the  most 
extreme  caution,  as  will  be  appreciated  when  it  is  con- 
sidered that  there  is  but  a  half  pound  of  it  in  a  ton  of 
aconite,  yet  the  safe  dose  of  aconite  is  limited  to  about 
five  grains. 

Its  external  use  is  for  the  relief  of  rheumatic  and  neu- 
ralgic pain.  The  ordinary  commercial  alkaloid  has  lK»en 
used  in  ointment  up  to  two-percent,  strength,  but  that 
of  the  pure  crystalline  alkaloid  should  be  limited  to  .3 
of  one  per  cent.  There  is  great  danger  of  absorption, 
and  it  should  be  applied  only  to  the  unbroken  skin.  In- 
ternally, it  may  ha  used  in  pill  form  or  in  fre-shly  made 
solution,  in  doses  of  gm.  0.0001  to  0.0(H)3  {j^U  to  -^U 
grain),  and  not  more  than  ten  times  these  amounts  i>er  day. 

Jajtaconitiue,  from  Japanese  aconite  {A.  Jajttjnica 
Thunb.),  is  apparently  identical. 

PaeudaconitiHe,  froni  NejMul  or  Indian  aconite  {A.  fcrox 
"Wall.),  is  equally  poisonous.  Its  properties  are  under  in- 
vestigation, and  it  is  not  unlikely  that  it  may  be  found 
worthy  of  iutrcKluction.  //.  fl.  Rusby. 

ACORMUS.     See  TimtolAxjy. 

ACROCHORDON.     Src  Fibroma  of  the  Skin. 

ACRODYNIA,  or  Eimdemic  Krytiikma. — A  w)mewhat 
obscure  di.seasr.  said  to  bear  considcniblc  analogy  to 
pellagm.  It  was  tirst  observed  at  Paris  in  1H*2S,  occur- 
ring there  as  an  outbreak  in  one  of  the  intirinaries  for  old 
men.  The  epidemic  subsided  during  the  winter  months 
to  break  out  again  in  the  spring,  but  was  considered  to 
have  been  extinguislu'd  during  the  severe  winter  of 
1829-80.  A  few  cases,  however,  were  noted  from  time 
to  time  during  the  years  1880  and  \K\\.  since  when  the 
affection  has  not  again  been  observed  in  Paris.  In  Mex- 
ico, in  1H()6,  during  March  and  April,  an  epidemic  said  to 
be  acrodynia  broke  out  among  the  ^lexican  and  Algerian 
sc^ldiers  at  Zitocuaro. 

On  the  Continent  it  had  been  observetl  on  a  small  scale 
since  1H81,  cliietly  among  Helgian  and  French  soldiers 
and  prisoners,  tlu;  last  occasion  being  in  a  French  regi- 
ment stationed  at  Satorv.  near  Versiiilles.  in  1874.  Tliis 
epidemic  was  not  very  elearly  denionstnite<l,  however, 
to  have  been  one  of  aerodvnia.  and  of  late  the  existence 
of  such  a  disease  has  even  been  ([uestioned.  The  genend 
symptoms  are  sjiid  to  be  in  some  respects  similar  to  those 
of  chronic  arsenical  poisoning.  Commencing  with  gas- 
tro-intestinal  irritation,  rediu'ss  of  the  conjunctiva. 
oedema  of  the  face  or  limbs,  there  are  soon  added  formi- 
catitm,  pains  in  the  lingers  and  toes,  a  burning  s<.'nsation, 
and  pricking  or  shooting  ])ains  in  the  palms  and  .soles, 
and  a  feeling  of  weight  in  the  extremities,  especially  the 
lower,  llypenesthesia  of  thiM'  parts,  especially  the 
soles  of  the  feet,  and  .sometimes  anasthesia.  are  present. 
Cramps,  spa.sms,  and  tetanic  contractures  are  almost 
always  constant  symptoms.  There  is  no  fever,  and  the 
disea.se  is  rarely  fatal.  cxee])t  in  the  old  and  feeble  or 
from  the  diarrhopa  which  is  present  in  all  cases,  recovery 
taking  place  in  a  few  weeks  or  months. 

The  chief  cutaneous  manifestations  of  the  dis<*asc  are 
erythematous  and  pigmentary. 

The  erythema  makes  its  appeanmee  early  in  the  course 
of  the  disease  and  mav  be  verv  genend.  allectinir.  how- 
ever,  chiefiy  the  extremities,  more  particularly  the  hands 
and  feet,  and  here  especially  their  ])almar  and  plantar 
surfaces.  It  may  be  preceded  or  nceompanie<l  by  th<» 
formation,  chiefly  on  the  hands  an<l  feet,  of  vesicles  or 


bulhe  filled  with  a  clear  or  at  times  more  or  less  sanguino- 
lent  effusion,  and  is  followed  by  desquamation  or  exfoli- 
ation of  the  epidermis,  while  a  dark  brown  or  blackish 
pigmentation  spreads  itself  over  the  abdomen,  chest, 
axillse,  and  other  parts,  being  more  pronounced  in  the 
warm  region  of  the  body.  Alibert,  m  his  description, 
the  only  one  coming  from  a  dermatologist,  says  (^  Mono- 
graphic des  dermatoses,^  Paris,  1883,  p.  12)  that  what 
particularly  attracted  his  attention  in  most  of  those 
aftlicted  with  the  disease  was  this  black  color  which 
affected  the  integument,  nearly  all  who  presented  them- 
selves for  treatment  having  the  tint  of  a  chimney  sweep. 
The  pathology  of  the  disease  is  obscure:  there  are  no 
special  post-mortem  changes,  but  in  several  cases  inflam- 
mation of  the  pia  mater  and  spinal  arachnoid  was  found. 
Though  the  disease  bears  a  close  resemblance  to  pellagra, 
the  general  and  cutaneous  symptoms  are  more  varied  in 
acrodynia  tlian  in  pellagra;  and  while  in  the  latter  the 
backs  of  the  hands  and  feet  are  attacked,  it  is  the  palms 
and  soles  that  are  affected  in  the  fomier.  The  disea.se 
was  regarded  (Chomel,  Recamier,  etc.)  in  Paris  as  being^ 
due  to  spoiled  cereals,  but  nothing  pMOsitive  on  the  score 
has  l>een  proven.  The  most  efficient  treatment  was 
claimed  to  consist  in  counter-irritation  of  the  spine. 

CtutrUs  TownjgJttnd  Dade. 

ACROMEGALY,  or  Akromegaly  (aic/wv,  extremity; 
fu)iiq,  great). —  (Synonyms:  Acromegalic;  Akromegalie; 
acromegalia;  pachyacrie;  Marie's  disease.) 

Definition. — Acromegaly  is  a  chnmic  disease,  cliar- 
acterizeil  by  an  abnormal  increase  in  the  size  of  the  ex- 
tremities of  the  btxiy,  viz.,  hands,  feet,  and  generally 
head,  due  to  a  hypertrophy  of  the  bones  and  soft  parfs 
of  these  regi(ms. 

llisTouY. — The  first  to  recognize  this  disease  as  a  sep- 
arate entitv  was  P.  Marie,  who  wrote  upon  this  subject 
in  1886.  1" his  first  article  of  3Iarie's  describes  two  cases 
which  he  had  discovered  while  first  assistant  to  Pro- 
fessor Charcot.  He  named  this  disease  "Acromegalic** 
becau.se  he  found  all  the  extremities  of  the  Inxly  enlarged, 
viz.,  hands,  feet,  and  cephalic  extremity,  while  von  Reck- 
linghausen suggests  the  name  of  "Pachyacrie."  Since 
the  publicaticm  of  Marie's  first  paper,  in  1886,  a  number 
of  c-ases.  reported  in  literature  under  various  titles,  have 
been  discovered,  which  in  all  probability  were  cases  of 
acromegaly. 

On  the  other  hand,  since  1886,  a  nuinl)er  of  cases  have 
l)e(*n  reported  as  acromegaly  which  I  do  not  believe  to  l)e 
cases  of  that  disease.  The  first  castas  discovered  and  re- 
ported as  acromegjily  (in  1885  VVadsworth  reported  a  case 
as  myxiedema  which  was  undoubtedly  acromegaly)  in 
AnKTica  were  those  of  Drs.  O'Connor  and  Adler,  both  of 
which  were  published  in  1888. 

A  complete  study  of  this  disease  can  be  made  by  refer- 
ence to  the  New  Sydenham  Society  Reports.  London, 
1891:  to  Dr.  Joseph  Collins'  articles  in  the  Journal  of 
yerrouH  tind  }feutiil  Dimun/^rs,  I)eceml>er,  1892,  and  Jan- 
uary, 1898:  to  the  alphalx^tical  bibliography  in  the 
writer's  article*  in  tlu'  YitU'  ^fedir^ll  Journal,  December, 
1897;  to  Dr.  Guy  Hinsdale's  monograph  in  Afedieine, 
1H98:  juid  to  the  chronologieal  bibliography  of  Dr.  Har- 
low Brooks  in  the  ArchtreH  of  Xeuroloff^y  and  Paycho- 
PiithohHfi/,  vol.  i..  No.  4.  1898. 

8vMrT()MATOL(M;Y. — (uiterul  (Condition. — The  acromeg- 
alic patient  conies  to  the  physician  ccmiplaining  of  head- 
ache, disturbances  of  vision,  severe  joint  pains,  and  some- 
times ringing  in  the  ears:  or  the  condition  is  discovered 
while  the  patient  is  un<l<T treatment  for  an  entirely  differ- 
ent disease.  This  pain  in  the  head  is  the  most  frequent 
subjective  symptom,  and  is  often  severe  and  even  terrific. 
There  may  be.  and  frecpiently  are,  pains  referred  to  vari- 
ous parts  of  the  Ixnly,  often  to  the  joints,  which  are  more 
I  or  less  persistent  but  neuralgic  in  character.  Frequently 
there  is  tingling  of  the  hands,  feet,  or  ears,  often  with 
niimbncss  of  the  fingers,  but  with  no  great  loss  of  sensi- 
bilitv.  There  is  generallv  increased  and  often  ravenous 
ai)petite.  increased  thirst,  and  often  dy.spepsia  and  poly- 
uria, and  generally  constipation.     Menstruation  is  gen- 
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erally  absent  in  the  female,  and  tlie  sexual  appetite  is 
generally  diminished  in  the  male.  The  pulse  and  tem- 
perature are  almost  invariably  noimal. 

Previous  Hutory. — In  women  the  cessation  of  the  men- 
struation is  generally  the  first  symptom  of  the  disease. 
In  several  cases  there  has  been  a  history,  in  the  early 
stages,  of  profuse  and  recurring  epistaxis. 

From  the  patient  or  his  family  proof  of  the  continuous 
growth  of  the  head,  hands,  feet,  and  body  can  generally 
be  elicited,  and  commonly  an  approximate  date  for  the 
beginning  of  the  disease  can  be  estimated.  The  weight 
during  this  developing  period  of  the  disease  always  in- 
creases, and  so  does  the  height  to  a  certain  extent,  at  least 
till  the  period  when  kyphosis  develops.  When  this 
kyphosis  is  well  developed  more  or  less  loss  of  height 
takes  place,  even  to  as  much  as  six  inches  in  Paget's 
case. 

The  gradual  increase  in  the  size  of  the  hats,  shirts, 
gloves,  and  shoes  worn  can  always  be  ascertained,  and 
furnishes  positive  evidence  of  growth. 

In  women  the  increase  in  the  size  of  the  fingers,  as 
shown  by  the  inability  to  longer  wear  the  wedding  ring, 
which  in  many  cases  has  been  sawed  off,  is  a  positive 
evidence  of  growth  frequently  mentioned  in  the  histories 
of  the  cases.  In  most  cases  earlier  photographs  of  the 
patient  can  be  obtained  and  comjmred  with  the  present 
condition. 

These  signs  and  facts  show  a  positive  and  continuous 
growth,  and  careful  examination  of  the  parts  affected 
shows  that  this  growth  is  largely  of  the  bones. 

ClinieM  Inspection. — In  acromegaly  all  of  the  project- 
ing portions  of  the  body  are  greatly  enlarged — hands, 
feet,  chin,  lips,  nose,  tongue,  ears,  and  often  the  genitalia. 
Of  these  parts  the  bones,  cartilages,  and  soft  tissues  are 
all  hypertrophied.  The  face  is  oval,  the  cheeks  are  flat- 
tened, the  forehead  is  retreating  and  low,  the  nose  en- 
larged and  often  massive,  and  exophtlialmos  may  be  pres- 
ent. The  ears  are  generally  enlarged  and  the  hair  of  the 
head  is  strong  and  thick. 

The  intellectual  faculties  may  or  may  not  be  impaired, 
and  somnolency  is  sometimes  present.  Taste  and  smell 
are  rarely  affected,  while  hearing  is  occasionally  dis- 
turbed and  sight  is  frequently  impaired.  The  voice  is 
loud  and  deep.  The  reflexes  are  generally  normal,  at 
least  not  markedly  impaired,  and  the  electrical  reactions 
are  normal. 

The  skin  may  be  dry  and  harsh  and  is  generally  greatly 
thickened,  especially  on  the  affected  parts,  while  the  sub- 
cutaneous cellular  tissue  may  l>e  either  hypertrophied  or 
atrophied.  The  skin  is  often  yellow  ish,  especially  marke<l 
on  the  face,  and  there  is  often  increased  perspiration, 
either  local  or  general.  There  is  frequently  an  increased 
growth  of  hair,  especially  on  the  arms  and  legs,  and  mol 
hiscous  growths  often  appear  on  the  face,  neck,  or  body. 

The  superficial  veins  of  the  body  are  often  dilated,  giv- 
ing rise  to  hemorrhoids  and  varicose  veins  of  the  legs. 

There  may  be  muscular  hypertrophy,  local  or  general, 
but  later  there  is  atrophy  of  many  of  the  muscles.  The 
heart,  lungs,  spleen,  and  liver  may  be  normal,  although 
the  heart  may  be  slightly  hypertrophied.  The  liidneys  are 
generally  normal,  although  there  is  frequently  polyuria, 
and  occasionally  glycosuria  or  albuminuria  is  present. 

The  cartilages  of  the  nose  are  enlarged  and  thickened, 
as  are  generally  the  cartilages  of  the  ears  and  eyelids. 
The  lower  jaw  is  almost  invariably  enlarged,  and  gen- 
erally to  such  an  extent  that  prognathism  is  present. 
The  superior  maxillary  and  malar  bones  are  generally 
enlarged,  elongating  the  face  and  giving  prominence  to 
the  cheek  bones.  The  supra-orbital  ridges  are  generally 
very  prominent,  causing  the  rest  of  the  forehead  to 
apparently  retreat,  while  tlie  skin  of  the  forehead  is 
enormously  hypertrophied  and  thrown  into  folds  and 
corrugations.  The  cranial  bones,  except  as  to  crests  and 
protuberances,  are  rarely  affected. 

The  bones  of  the  thorax  are  always  enlarged,  notably 
the  extremities  of  the  clavicle  and  the  costal  cartilages, 
especially  at  the  junction  of  the  ribs  and  the  sternum,  and 
Still  more  markedly  at  the  xiphoid  appendix.    The  ribs 


are  generally  widened,  while  the  scapulae  may  or  may  not 
be  enlarged,  and  sooner  or  later  the  vertebrae  and  the  verte- 
bral cartilages  become  affected,  the  latter  thickening  and 
ossifying,  causing  kyphosis  and  other  deformities  of  the 
spinal  colunm.  On  account  of  this  kyphosis  and  the 
shortening  of  the  neck  the  long,  projecting  chin  often 
almost  rests  upon  the  sternum. 

Tlie  bones  of  the  arm  are  generally  not  enlarged  except 
the  lower  part  of  the  radius  and  ulna,  thus  causing  an 
enlarged  wrist,  while  the  bones  of  the  liand,  the  meta- 
carpal bones  and  phalanges  especially,  are  all  widened 
and  thickened. 

The  soft  parts  of  the  hand  are  especially  hypertrophied, 
giving  the  large  and  often  enormous  acromegalic  hand. 

The  pelvic  bones  are  generally  enlarged,  this  bemg  par- 
ticularly noticeable  at  the  symphysis  pubis  and  the  ci'ests 
of  the  ilia.  The  thigh  bones  are  generally  not  affected  ex- 
cept at  the  condyles,  which  are  enlarged  and,  together 
with  the  almost  constantly  enlarged  patellae,  produce 
large  knee  joints.  The  tibia?  and  fibulae  may  or  may  not 
be  enlarged,  though  frequently  there  is  some  hypertrophy 
of  the  extremities  of  these  bones.  The  ankle  joints  are 
generally  enlarged,  and  the  feet  bones  and  soft  parts  are 
affected  similarly  to  the  hands  and,  like  the  latter,  are 
enormous. 

Critical  Exaxh^ation. — Ilead. — We  find  the  fore- 
head low  and  retreating,  due  to  the  growth  forward  of 
the  superciliary  ridges,  which,  with  the  elongation  and 
forward  projection  of  the  lower  jaw,  gives  the  oval  or 
elliptical  face  so  cliaracteristic  of  this  disease.  The  hair 
is  thick  and  strong,  and  the  eyebrows  are  often  heavy. 
We  next  notice  that  the  face  is  entirely  too  large ;  that  it 
is  out  of  all  proportion  to  the  cranium  proper.  The  skin 
of  the  face  is  thickened  and  of  a  yellowish-brown  color, 
most  marked  on  the  eyelids,  with  perhaps  here  and  there 
a  molluscous  growth. 

The  skin  of  the  forehead  is  often  redundant  and  thrown 
into  many  transverse  wrinkles  and  folds.  The  cheeks  are 
generally  flattened,  and  often  appear  sunken,  largely  due 
to  the  prominence  and  projection  of  the  malar  bones. 
The  circumferences  of  the  orbits  are  prominent,  and  the 
eyelids  are  large,  due  to  the  thickening  and  widening  of 
the  tarsal  cartilages,  with  more  or  less  liypertrophy  of 
the  skin,  especially  of  the  lower  lid,  where  it  may  fall  in 
folds,  with  occasionally  the  appearance  of  opdema.  The 
eyeballs  are  large  and  generally  more  or  less  prominent, 
even  to  the  condition  of  exophthalmos. 

The  nose,  even  for  the  size  of  the  face,  is  too  large, 
often  immense,  due  to  the  thickening  and  enlarging  of 
the  nasal  cartilages  and  to  the  great  Iiypertrophy  of  the 
soft  parts.     It  is  wide,  thick,  and  may  be  pugged. 

The  superior  maxillarv  bones  may  or  may  not  be  en- 
larged, but  are  frequently  lengthened  from  above  down- 
ward ;  nevertheless  they  are  never  enlarged  to  the  same 
extent  as  is  the  lower  jaw. 

The  upper  lip  is  generally  thick  and  projecting,  but 
never  attains  the  size  of  the  lower  lip.  The  lower  lip  is 
almost  invariably  thick,  everted,  and  projecting,  and  is 
a  characteristic  feature. 

The  enlargement  of  the  lower  jaw  is  one  of  the  land- 
marks of  this  disease,  although  acromegaly  can  unques- 
tionably occur  without  the  enlargement  of  this  bone. 
The  angle  of  junction  between  the  rami  and  the  body 
becomes  obtuse,  and,  wliile  the  rami  may  grow  to  a  con- 
siderable extent,  the  chief  growth  is  in  the  body.  The 
body  of  this  bone  widens  and  thickens  all  over,  but 
especially  on  its  alveolar  border  and  at  the  symphysis, 
where  the  mental  process  becomes  very  prominent.  The 
rami,  however,  may  be  so  enlarged  and  widened  as  to 
force  outward  the  lower  part  of  the  external  ear.  The 
teeth  rarely  partake  of  this  growth  (in  the  congenital  case 
described  by  Ct^nas  the  teeth  were  all  enlarged);  hence 
the  growth  of  the  alveolar  process  soon  tends  to  separate 
the  teeth  from  one  another  by  continually  increasing  in- 
tervals, though  th(;  teeth  may  fall  out  spontaneously. 
Sooner  or  later  prognathism  generally  occurs ;  it  is  due  not 
only  to  the  growth  of  the  body  of  the  lower  jaw,  but 
also  to  the  widening  of  the  angle  and  the  changes  in  the 
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gluniiul  fi>S9a.     This  progiiullibuii  is  of  nil  ilfgri'i'R,  cvcu 
to  15  11)1)1. 

The  L'XternHl  car  ii  gi>n<-ru]ly  iiirn-awMl  In  sl/ir,  ttotni-- 
1iD)C9(-vennpiHiiri)ig  very  liirKi-.  The  (i)rrjlitgi's  uimI  llio 
tiort  gjarls  1h>I]i  tnkc  iMirt'  in  lliv  gnuvMi.  nii'l  tile  f(irint-r 
)iiny  beixiine  in  iilnres  us  haul  iis  binii.-.  wlitle  llii.-  oxleriml 


■r  so  atropliied  that  It  c 


liypertropUied.  cyslic,  t 

The  neck  In  short  anil  thick,  and  the  head  leans  for- 
wnr<l,  whirl)  with  the  eervieo-dorsul  kvpliosis  causes  the 
Irmg  projecting  chiu  In  ahi)o.st  rest  on  the  steniutn. 

It'll//. — S<ioiier  or  later,  but  ulmost  invariably  if  the 
case  ia  fur  enough  advanced,  the  irregular  gront  h  of  bone 
ill  theHpiualmluniDeanseadefonniili'softhespiue.  This 
liefoniilty  is  almost  ronstautly  n  eervii-o-dorsal  kyphn^, 
giving  11  liitntpliack  appearance  which  is  very  cliaVactcrla- 
tii-  [if  this  disiiige.  Occasionally  Bcollosis  is  also  present, 
iitiil  Hoinetimefl  tl)erc  la  a  rumpenaitory  lumbar  or  dorsi- 
tiniiliur  lordosis.  The  ii|iiiioiiK  processea  of  the  vertebra 
lire  fre(|iicatlv  found  abnomialtv  pron)inent,  especlallj 
tlieliiivcrivrvical. 

Theni/eof  IheeheMlsg 
the  l.-vel  of  the  (mwfon  ^  .     .  _ 

gri-atest  cin-iiniferenrp,     Jjiterally  the  rhi^l  ap]x>»rsflat- 
ti'iicil,  while  Iho  anteroposterior  dia)n<-lcr  is  often 
iiirius,  due  to  llie  forward  projcctiuii  of  the  lower  end  of 

The  slemum  Is  genenilly  widened  and  thickened,  wltb 
prominent  lniiisverseridgi.'s,uud  there  nitiy  lie  triHiigiilar- 
shiipnl  fiideniatious  ut  the  sides.  There  ntay  be  a  hol- 
lowing of  thu  Blcnium  in  thu  region  of  tlic  roauubrium 
<hie  to  an  irregulur  growth  of  the  seirmeDts.  while  the 
upper  cud  of  the  steniDi))  may  be  so  thick  as  to  give  a 
(liittie<i3  ou  percussion.  The  xijihuid  cartilage  is  geoer- 
atlv  hunl.  wide,  and  projecting. 

"fhc  ekvieles  arc  most  enlarged  at  the  slemal  extremi- 
ties, but  the  ucr<i)nial  ends  are  also  generally  tliickcned. 

The  ribs  are  wide  aud  very  obliijiie,  and  at  their  Jtinc- 
tion  with  tlie  more  or  less  enlarged  and  ossiHed  costal 
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tli<-  ilvirux  (liiriti;;  ri'Vpinitiim,  iiml  Mil'  ulxlcjiiiimii  ri*s|iirii-  i 
tkni  It  imrcHMil 

TIm' iilxloiiK'ii  is  iri'in'ruUv  Hiitti'tiiil  ftii'l  i-M-ri  iLp|Hiir4   , 
nlrii-toil  f n.m  tl...  f..r»:inl'pn.jiTliim  ..f  ibr siiTniim mvX 
i:<.-^Ui\   iiinilui.'>'s.   thoiiv'li   mri-lv   il    m:iv   Ix.'   Iiir)fi-  uiiii   ' 
|.rnii,.i». 

Tin*  i«lvis   ii   ^Tm-mllv  oiiliiri;''.!.   Hi.-  iVui   iiiv   wi-li 
ikiuirl.   111.'  cn-sIs  br.fli.1  iiiid  pn.miix'Mr.  ai«1   ili<'  pulnc   I   i 
Um,* nrL-  .-spwiiillv  liV|ji'rn'<.i.li[,H|  ut  i\„-  sm.i|iIivms,  |   . 

TW  .-xT.Timl  p^iiilJils  iiiiiv  i.r  m»y  Loi'  I,,-  i-'iilarir.'.i.  '  i 
Tin- cliloi'is  rimv  In-  liv-i»-rrr..plii,i].  am)  II..'  nigiiw  iimv  [  I 
I,,'    iH.jrilJ.i.i'.l,'    hut    'lli.- 

iin-nis  iH  p-iici-iilly   siniill  

uiiil  iilnitiliii-ii.  *"'  " 

(■,./.'■  AV,'„..  <■/,,. -Tl..' 
sliiiuklcr  Jiiint  imiv  >>.-.  Iiiii 
ntn'lv  is.  n.ii.'li  I'liL-iririil; 
ili.',''llv.w  j.iini  iimylu'Ui- 


|>[-l'lni|>liv  <>f  tile  jmli'llii'  I'liiisi'S  il  iiiiirktil 
lit.'  ki..'.-;.  Til.'  iiiiixT  i'ii.ls  .>f  111.'  libi.i.  ,1 
i.r  niiiv  ni.r  li.-  .'iilnri.'.'il.  l.ul  ili.-  l-wrrc 
lioii<'>.  uri'  ).^'M.-nillv  l.xiii.1  livi>i'rtr<>[>lii<'<l. 
ii.'in  iiii>lli'.>li  iitKl  'Ur^v  mik'l.-  j..ims.  Til. 
Is  lri'(|(ii<iitly  |iri>iiilm'ii1  iiiiil  luinli'iiiil.  vlijlc 


Tl... 


.-i'ii>.-.i  II 


"ColltHmil.  "    HIIll    ' 


lilt'  r.Hi 


is  of  1.1 


1l.ir.l, 


'iiljirK'-il 


iullv 


wrist;  till-  wrist  jiiiiit  i« 
ulnitnt  Hlwiiyti  lurjii'.  Tin- 
Imul.  wiiU'iiiil.  iliirkcui-.!, 
HD(1  often  icii^tliciiiil.  is 
iiiasidvc  uiul  (■Diiniiinis, 
iiiul  ti|i|N>arM  jii-avy  Htul 
<-iiioIk.tniiiiii^  fi>r  tlii'  ri'lu 
tJTi'iv  siiml)  arm  lo  carrv, 
Tli<:  i-nilsiif  III)'  mi-tui-ur' 

)Mll   boUCM    lllJll    IlillllUII^r.'K 

iiiv  fulunii'J,  K'^'iiiB  f>r"iii- 
iucDt  lidtitK.  The  stkiti  of 
llic  liunil  an'I  ihn  suIk-u 
tancoiis  lIxNiics  an;  Kf<-ail,v 
liyp('rlr(>piiii.-<].  MO  ihal  tli.- 
iiorniul  liiii'g  iif  tbr  piiliii 
arc  );rvaily  ilc<>|i«'iu-(l.  cvcii 
til  lUc  ap'iM-iiniiu'v  of  lis 
SQKH  in  tlie  tli-sli.  At  Hi.- 
iipiH.T  {lart  of  tlH-  luiDcl, 
Hnii  "vtT  tlu?  mctaoirpiil 
Ihiiu-  (if  llio  tliunilj.  Htiil 
<>n  tliL-  ulnar  lionli-r.  Ilii' 
liyiM-nnipliy  (if  ilu'  soft 
imrlit  ia  I'Xccwiivt.-. 

Tlic  liDgi-rH.  Iiy  111.' 
grnwtli  i>f  phalaugtii  atid 
MOft  pan*.  I»c<fimc  iif  tlic 
MiniL-  wiiltli  and  tliicka<.-)M 
ttt  tbi- tipHannt  till-  )iaH.-H, 
(fivJDit  tliL-  aiiiK-anitioi' 

mDeil    "Baui«iigi--sliH)iiil."  pm.  •(..  TyjiU'ut  Ituud  111 

U'liicU  iK  a  I'luinu-iiTiKiic 
fnitiin>  (if  thin  ilin'tiM'. 

The aiNivc-siuipiil  tiugirs,  nilli  tli.-  .L'r>iii  lliiikiirss  nf 
tlH-  Mifl  iMirls  over  llic  iiiclacariiiil  Ihuic  <i(  iIk'  lliiiinli  iiii.l 
on  tin-  ulnar  biitiicr  of  tin-  luiinl.  with  tli.-  <-\iiKt!i'nii<'il 
palniar  liiicH.  ami  with  llic  Hliii'iniml  pniiiorii'iii  of  ilic 
linml  til  the  iM/i' of  tin-  fiiriimii.  otKirr  Ihv  Hcriuiii'pilir 
liunil  11  l;iii(liniirk  ikiI  oisily  furpitli'ii. 

Till-  thifccni iiuiv  a|i|H>tir  Miiiii'wliul  Mii11iii.il,  mul.  lu'- 
mnliTii;  i.i  .Uirii-.  Ilii'r<-  is  i>ri.-ii  >i  swlliii;:  iii  11...-  iirii..'iihL- 
limi  of  till'  tirst  hjkI  wiimil  pluiliniLi's. 

Til.-  nuils  an-  tiatl.'n.-l.  sliort.  nii.l  s,.m.'tiiii,'.i  wi.i.ii.'.l, 
II  xiiuill  flit'  till'  I'liliLi':: 


iif  the  fii-1  an-  all  i-iilarKi'd.  ami  i'S|N'i'iuliy  the 
ili'is.  whii'h  ]iniJi-«-trt  iHU-kwnnl.  fiivinit  a  riuirkiil 
liiH-iii'i-  to  Iliv  liiil.  The  f.Hil  in  thii-k  iinil  tiriiail, 
I.  |ir.)iiiiiii'ii1  (-iisliiiiii  111  lliicki'iii-d  skin  aiul  HiitH-iila- 
i  US'*!!.'  •Ill  111.-  .'Mirriiil  li'ii'.lcr,  a  (lutracti-rUiic  Ii-a- 
i.f  111.-  t.Hil  ill  iiir..iii.-caly,  'Ilu-  tiH'ii  an-  all  larfri-. 
liiil  niori'  (it|ii'i'!Hll}-  tin; 
_  tiij;  tiK'.  which  in  iiiitiu'nMe. 

,  ..  >  .  uii,l  ,T„wiiii  IliciHhcrliM-ii 
lotci'tlHT.  TIh'  skin  of  tlw 
root  In  n-(liiniUiii.  liyiHT- 
tmiihicd.   Hiul  ihit-ki'iu-d. 


iully 


I  hi' 


iiisiii«    ihi'iii   III  upiH-ar 

llslicl    buck    IIIkI    tUHKll 

p.  thnmiii:;  tlic  skin  into 
ri'iil  folils  .111  ili<-  iippi'r 
irrHiT  of  1 


of  the  t 


i  pr. 


cut 


llmsi-  lit  tlic  lillKiTK. 

Till'  pnijci-iiii):  118  ciikis 
covi-nil  with  a  riisliioii  of 
liypi'riro]iliiiil  skin  ami 
fill,  the  pn'M'UCti  nfapail 
.•riiypi'rtri.pliinllisMUi-on 
ill.-  .-sti-rnul  idinli-r  <if  the 
rout,  the  iniiiu-iis<- liig  tixs 
pii^liiti);  uf>aiiiKi  thcotlivr 
IiN's,  ami  the  n-diicidaDt 
skin,  ninkc  tin-  Hcniini-g&- 
lic  f.iot  ii»  proiiiiueut  a 
liLiiilniiirk  HH  the  IuiihI. 

Ani/ininilri/.—Ai-Tfimes- 
■ily  is  priiiitirily  a  nym- 
inctrical  (IImiin'.  one  part 
ciiliirpnj^corn-KiHiiidiniflv 
wiih  ilH  fellow  (in  the 
■tiller  side:  l>iil  Id  iiiany 
iiiM's  OIK-  side  of  tl«.-  IhkIj.' 
is  liir^ciT  than  the  otiwr, 
iiiiil  the  ri|;li1  liulf  (if  the 
limty   is  iifit-n  llie  kirger. 

[liilii  arc  friveu  slKiwin^ 
IhcKf.iwlli  to  liavv  iK'frnii 
in  on.-  t.Hii  or  laie  hiiiul, 
ur  ill  Uith  feet  or  liolh 
luiniis,  I  Iff  on-  iiiiy  oilier 
piirtH   .if   llie   lnKiy    were 


111  fiiet,  tile  jrniwlh  prohalily  freiicrullv  starls  in 
till-  liiiiiilH  uiLiI  fi'f't.  nliili'  Inter  the  t'tiec  iinil  lower  jaw 
iin-  iiltiK-ke.l:  IIk-u,  Ihe  lower  i-iids  of  ilu-  urni  and 
li-t;  lioties;  iie\t.  llie  en-slN,  liilK-reliit.  rulftcs,  ami  ein- 
iiieiici'M  hhow  ffniwili.  ami  alxiul  thin  lime  kvpbiMla 
ilcvel'ips;  «liil.'  Iii>llv  eiirtilafCi'N  UJld  leiidoiiH  all  liver 
n<<si(lcs  tin-  sli^ilit 


S    luLV. 


.if  Hie 


the    Ihi. 


Ahich   . 


v.-nil  i.ii' 


IwayK  amxtir  tiHi  xiiuill  for  >lic  I'l 
'  n-iluniluiit  fli-sli  laps  over  Ihi-ii 
Then-uri.'Hln>ii);ly  iiuirkiil  hiii^iitiiditiat  .slriall 
tiMH'-i  even  with  rlil)n'-(,  uiul  then-  miiv  1h-  Ir.ui! 
aitiiisonilieiMils,  Tliey  an' ofl.'ii  lirilll.-.  In 
or  i-ntekiti);  iiii^ly.  aiul  in  Ceiiu^'  ciis,-  lii,-  n 
t)n»i'r  fell  olT  A|iiaitaiui>ii)tlv  hihI  n  in'^^  <'ii.  .1'-' 
J^imr  &/«■«..■/#.— The  Ihijrlis  :iic  -cii.  i;.l 
cri'uiiil  in  >dj:e,  alllKiUfih  the  iini.Iyl.'S  ••(  ilu-  i 
gpneriilly  primiiai-nl  uiul  cnlHr;;i.'.l,  nliirli  »li 
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of  muscular  power,  to  be  followed  by  periods  of  im- 
proved strength. 

The  muscles  of  the  arms  and  legs  may  l)ecome  flaccid 
and  shrunken,  and  some  of  the  kyphosis  and  scoliosis  may 
be  due  to  muscular  debility.  Some  of  the  muscles  may 
be  atrophied  while  others  are  hypertrophied,  even  to 
the  extent  of  forming  muscle  tumors  and  causing  de- 
formity. 

iStf*/i. — Tlie  subcutaneous  fat  may  l>e  increastni  or  di- 
minished, but  later  it  is  generally  foimd  diminislied,  ex- 
cept perhaps  on  the  disi»a.sed  portions  of  the  body.  The 
skin  on  the  affecte<l  parts  is  hypertrophied,  and  gener- 
ally, espec-ially  where  exposed,  is  olive  brown  or  yellowish 
in  color.  This  yellow  color  is  most  markt^d  on  the  face, 
and  here  most  noticeably  on  the  eyelids.  The  face  may, 
however,  be  pale,  or  the  nose  may  be  red.  and  the  skin 
may  be  dry  and  harsh  from  diminished  sebaceous  sccr*- 
tion.  There  is  fre(|ucntly  increased  perspinUion,  coming 
on  with  slight  exercise,  or  even  without  excR-ise,  either 
general  or  loail  on  the  dis(»asc*d  portion  of  the  body,  and 
especially  frequent  on  the  legs.  This  perspiration  may 
have  a  disagreeable  (nlor.  The  growth  of  the  hair  all 
over  the  bocly  is  generally  incRased,  especially  on  the 
legs,  and  on  the  head  it  is  thick,  strong,  and  co*irsi\ 
There  may  be  pigmentations  on  the  skin,  and  growths  of 
molluscum  fibrosum  friniuently  oicur  on  the  face,  espe- 
cially on  the  eyelids,  aiKl  on  the  chest  or  buck,  and  they 
arc  generally  pendulous  in  character.  Multiple  fibromata 
of  the  skin 'may  occur,  of  the  size  of  a  millet-seed,  and 
fatty  nodules  may  be  found  beneath  the  skin. 

BlfMxl-  VcHxtls. — Tlierc  are  always  vasomotor  disturb- 
ances  of  the  affected  portions  of  the  Ixxly,  as  shown  by 
the  tingling,  flushing,  and  loctil  sweating.  The  flushing 
is  often  accompanie<l  by  a  "  buniing  pain. "  Besides 
these  signs,  which  denote  the  dilatation  of  the  small 
blcKxl- vessels,  there  is  a  marked  tendency  to  a  dilated  and 
varicose  condition  of  the  sujierflcial  veins,  which  is  fre- 
quently found  on  the  legs.  llemoiThoids  are  often  pres- 
ent, varicocele  may  be.  and  i>r(>fuse  epistaxis  may  occur, 
while  the  arteries  may  show  signs  of  beginning  atheroma. 

The  blooil  shows  no  marked  or  constant  changes;  the 
red  corpuscles  or  the  ha*nioglobin  may  be  decreas(.»d. 

Tiiternnl  Onium*. — The  lungs  are  normal,  although 
there  may  Ix^  some  dyspncea,  especially  on  exertion:  it  is 
due  to  the  impaired  res])iratory  movements  of  the  chest. 

The  heart  .sounds  are  generally  normal,  but  more  or 
less  hyi)ertropliy  is  always  present.  Ljite  in  the  di.seast? 
dilatation  occui*s  with  its  usual  symptoms,  dyspnani, 
(edema  of  the  lower  extremities,  palpitation,  and  piThaps 
systolic  nuirmurs,  and  aeromegjilie  ea.ses  die  most  fre 
quently  from  sudden  cardiac  failure. 

Physical  examination  does  not  discover  much  change 
in  the  size  of  the  liver  and  spleen,  though  they  may  be 
found  enlarged. 

The  kidneys,  as  interpreted  by  tli<'  exaniinaliou  of  the 
urine,  are  generally  nonnal,  although  albuminuria  or 
peptonuria  may  be  pres<*nt.  while  polyuria  is  a  frecpient 
symptom.  Glycosuria  has  been  so  uiaiiv  times  present 
as  to  suggest  some  metabolic  connection  between  pitui- 
tary disease  and  the  disturbances  of  the  sugar  mechanism, 
and  Si^veral  cases  of  acromegaly  have  <lie(i  of  diabetes. 

Sif/hi. — The  eyes  may  be  normal,  but  are  fre(|uently 
affected,  in  all  degrees  from  occasional  Hashes  of  light  (^r 
eye  blurs  to  narrowing  of  thelields  of  vision  and  atrophy 
of  the  optic  nerves,  even  to  absolute  blindness.  Exo|)li- 
thalmos  is  often  ])res<'nt,  due  both  to  actual  enlarg<'ment 
of  the  eyeballs  and  to  bone  growth  in  the  orbital  cavities. 
or  perhaps  to  as.s(.K'iated  thyroid  disea.'^e.  The  ])upils  are 
generally  normal  in  size,  but  may  be  dilated,  and  the  re 
action  is  generally  as  usual,  tliouirh  it  may  be  slow  to 
light  but  normal  to  acconnncnlation.  Xystagnius.  both 
rotary  and  vertical,  has  been  present,  and  divergent 
strabismus  has  been  noted  in  at  least  two  cases.  Xar 
rowing  of  the  visual  lields  has  been  found  in  all  degrees, 
even  to  bitemporal  hemianopsia,  and  signs  of  optic  neu- 
ritis due  to  pres.sure  may  be  found  even  Ixfore  the  vision 
is  much  impaired.  Optic  atrophy,  partial  or  complete. 
of  one  or  both  eyes,  is  of  fretiuenl  tK;curren(!e.     The  ret 


in«  may  show  venous  congestion,  and  the  arteries  may 
be  small  or  they  may  appear  pale,  or  a  coDgestion  as  of 
a  neurorctinitis  may  be  present. 

Ilea  n  fig. — The  hearing  is  not  generally  affected,  but 
occasionally  there  has  b^n  decidS  deafness,  and  in  sev- 
eral cases  there  has  been  continuous  and  unceasing  tin- 
nitus auriuni,  variously  described  as  singing,  ringing, 
rumbling,  or  swashing  sounds.  This  ringing  is  often 
increased  on  lying  down,  so  that  the  patient  cannot  sleep 
except  in  the  sitting  i>o8ition,  and  anything  that  increases 
the  blood  pressure  even  momentanly  wul  increase  the 
tinnitus,  and  often  give  it  a  pulsating  character.  The 
dnim  membrane  may  be  hardened  and  thickened,  and  so 
stiffenwl  as  to  be  immovable. 

Smrll  and  TaMe. — These  arc  but  rarely  affected. 

NervouH  Phtnomena. — A  most  constant  symptom  is 
pain  in  the  head,  which  may  be  referred  to  any  region, 
but  is  generally  frontal  or  vertical,  and  in  one  of  the 
writer's  ca.ses  was  located  in  a  small  circumscribed  spot, 
tender  to  pressure,  over  the  region  of  the  anterior  fonta- 
nelle.  This  pain  may  be  so  ndld  that  it  is  hardly  com- 
plained of,  or  so  severe,  violent,  and  excruciating  as  to 
almost  render  the  patient  insane.  The  headache  is  often, 
like  the  tinnitus  aurium,  increased  on  lying  down  or  by 
anything  that  increases  the  cerebral  blood  pressure. 
Pain  is  often  present  in  the  joints,  especially  the  knees, 
and  is  often  severe  in  the  fingers.  Pain  is  frequently 
complained  of  in  the  chest  or  abdomen,  shooting  around 
the  IhxI}'  or  confined  to  one  side,  or  it  may  be  lumbar  or 
sacral.  Almost  every  case  of  acromegaly  has  pain,  more 
or  less  constant  and'  st»vere,  in  some  part  of  the  body, 
often  with(mt  any  h)cal  cause.  Crepitations  may  be 
foun(i  in  some  of  the  joints,  which,  of  course,  would  ac- 
count for  the  pain  there,  though  there  is  no  swelling 
or  any  evidence  of  acute  inflammation.  Pain  sometimes 
seems  to  centre  at  one  of  the  small  fibromata  which  oc- 
casionally develop  in  the  skin. 

Sometimes  a  peculiar  nervous  sensation  is  complained 
of,  a  sensati(m  as  of  a  nervous  discharge,  or  electric 
shower,  starting  from  the  top  of  the  head  and  passing 
quickly  over  the  Ixxly  to  the  feet.  This  is  sometimes 
described  as  giving  the  sensation  of  the  rolling  of  sliot; 
hence  it  has  been  termed  the  **  shot  feel.  ** 

There  are  no  marked  or  constant  panesthesiae  in  acro- 
megaly, though  slight  numbness  or  prickling  of  the 
affe(!ted  parts  is  often  complained  of,  most  frequently  in 
the  fingers.  The  tactile  sense  of  the  fingers  may  beim- 
paired,  so  that  small  objects  cannot  be  readily  handled, 
and  sewing,  knitting,  or  even  dressing  becomes  difficult. 
When  this  eonditi(m  is  pn'sent  it  may  become  much  im- 
proved, though  the  growth  of  the  body  and  the  advance 
of  the  disease*  may  continue;  but  of  course  there  is 
always  clumsiness  in  the  u.se  of  the  fingers  from  the  size 
alone.  Sometim<*s  an  intennittent  vasomotor  spasm  in 
tin*  fingers  has  been  noted,  oiusing  localized  anaemia  with 
severe  pain,  while  fonnication  or  hypenesthesia  of  the 
hypertrophied  parts  may  oceiir.  >Iore  or  less  general 
numbness,  ana'sthesia,  analgesia,  or  impaired  perception 
of  heat  or  cold,  are  rare  con<litions  in  this  di.seasc. 

The  ele(*trical  resi)onses  of  the  muscles  and  nerves  are 
rarely  found  abnonnal.  and  the  reflexes,  lK)th  deep  and 
superficial,  are  generally  unimpaired.  Occjisionally  the 
patellar  reflex  is  diminished,  and  rarely  it  is  absent  oa 
one  or  both  sides. 

The  mental  facidtiesin  the  majority  of  castas  are  not 
affected,  but  the  loss  (►f  memory,  dulness  or  .sluggishness 
of  the  mind,  apathy  or  (lepre.s.si(m  have  all  been  recorded. 
Marie  .sjiyslhat  there  may  l)ea  state  of  great  good  humor, 
but.  on  the  contrary,  melancholia  is  more  fn'quent. 

There  may  Im-  irreat  irritability,  while  there  may  be  de- 
lusions.  and  the  patient  may  be  refractory  and  suspicious; 
he  mav  develop  decided  insjmitv,  and  may  even  show 
suici<lal  and  homicidal  tendencies.  This  condition  mav 
be  persistent  or  intennittent,  or  may  last  for  a  short  time 
and  not  recur. 

Another  interesting  conditicm  which  seems  quite  fre- 
(piently  to  occur  in  acronieiraly  is  a  persistent  drowsiness 
even  to  somnolency.     This  sonmolcncv  may  Ixrome  a 
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proround  stupor  tliat  laslji  for  BrvetuI  wrekH.  ilix-s  not 
seem  to  end  !□  deiitli.  nnil  niay  rceur. 

Vprtigo  may  nceasionally  occur  auA  be  severe  cnuugli 
to  cause  tbe  patieat  to  gm»p  eunietluag  for  aupport.  At- 
tacks o(  syncope  arc  someliinps  a  frequtnl  symptom. 

Pilnitai-y  Eiilargejnent.-^\  ImMcvu  timt  Iht  pituilAry 
gluu)  is  euluged  in  every  case  uf  true  acromegaly,  but 


it  may  not  show  evident  signs  of  its  growlli.  A  posilive 
sign  of  tlie  enlargement  of  tills  tHMly  w  llie  impairment 
of  vision  Bssorjiitcil  with  a  liypertropliy  of  Ilie  bones. 

More  ttian  half  of  all  east's  of  aeromcguly  show  de- 
ranged vision  or  optic  sijrns  during  some  stage  of  the  dis- 
eA9c.  The  physical  caiisv  of  Ilii;  ocular  dlsorrlcr  is  larn'ty 
ihe  pressure  of  the  growth  on  tlie  optic  chinsmu.  When- 
tinnitus aurium  \a  consinnlly  present  there  Is  either  prc's- 
surc  on  the  caremoua  sinuses  by  the  enlarged  piluilary 
or  an  actual  growth  into  tbem  of  the  jiitiutary  tumor. 
It  also  seems  prolnble  thitt  tlio  conditions  sliowing  sud- 
den and  serious  brain  trouble,  all  of  which  point  to  cere- 
bral tumor,  are  due  to  the  flmt  sliarp  pressure  which  the 
enlarged  pituitary  body  exerta  n\V)n  the  brain,  liuviug 
perhaps  anddenly  burst  from  its  Ixmv  mnoringn. 

That  in  some  cases  one  eye,  in  ntri.'r-s  U.di,  .ni.l  in  siill 
others  the  ears  alone  arc  alfeci'-il  ■  .m  I..  i-\r.i.i-ii.l  by 
the  condition   of  the  bony   enir  '  --i  lltt 

turcica  In  the  Individual  skull,  !|<<  miihv 

body  tending  to  escapii  in  thedircMi. .11  !■!  iii.  ;.;i-^  ii-.i.j- 
ance.  It  the  middle  clinoid  pnicvusiv*  iiri'  snmll,  the 
pressure  will  ho  exerted  correspondingly  earlier  on  Ihi; 
opttu  eommissurei  or  if  one  of  these  processes  Is  smaller 
than  the  otiier.  the  pressure  will  tlrst  be  exerted  on  Iluit 
Bide,  and  but  one  eye  may  be  afli-clcd. 

Patbolooical  Anatosiv. — Piiiiilnrn  Bo/In. — In  au- 
topsies on  cases  of  acromegaly  the  pituitary  body  lias 
been  found  normal  so  few  times  that  I  question  the  dia^- 
Dosis  in  those  coses.  I  believe  tliat  an  cnkrg«<l  or  dis- 
eased pituitary  body  is  always  present  in  cases  of  true 
Bcromeguly-  The  enlarged  hyiHipliysia  may  l)e  a  nor- 
mal liypertropliy.  an  adenoma,  a  glioma,  or  a  small-ecHid 
growth  resembling  sarcoma,  and  there  may  In:  cystic,  col- 
loid, or  granular  degeneration.  Frequently  thisenlarge 
ment  or  tumor  growth  Ims  been  confined  '     "  " 


.1  In  acromegaly-     ft  may  be  hypertrophltil  and 

give  a  hypersecretion  and  all  of  the  symptoms  of  e.\o]ilL- 
thalmic  goitre,  or  it  may  be  atrophied  and  cause  some 
myxtedematoiis  symptoms,  or.  which  is  probiit)ly  ranst 
frequently  Iheaisc,  the  gland  isHr«t  hypertrophied  and 
then  connect ive-t  issue  growth  dUplaces  the  glundtdar 
parenehvma,  and  though  tlie  gland  U  urtually  enlarged. 
It  isprotlueingaditniniflhetl  secrr-iion.  and  a  partial  myx- 
icdema  occurs.  This  accords  with  the  svmptomM  of  a 
long. continued  acmnu-galic  ctt-ie.  and  wild  (he  frriiucnt 
autopsicul  rinding  of  an  enlarired  and  hi'avy  tbvroid 
gUud  which,  iu  my  case  at  Imsi,  contained  a  greully  dt 


minjslied  amount  of  iodine.  This  gland  may  also  show 
cystic  degeneration.  In  the  writer's  t^ase  a  large  siiper- 
numerarj-  thyroid  gland  was  found  in  the  upper  part  of 
the  thorucic  cavity,  which  contained  a  large  amount  of 

Thymiit. — The  thymus  gland  lias  not  been  often  men- 
tioned, but  several  times  it  lias  been  found  enlarged,  and 
ill  one  instance  a  fally  growth  in  the  region  of  the 
lliymUB  has  been  reported.  In  these  eases  instead  of 
ItivMiiis  glands  they  may  have  been  supernumerary 
itiyroids.     A  thymus  gland  contains  no  iodine  <Mendel). 

Another  interesting  disturbance  of  the  metabolism  of 
ilio  body  in  this  disease  is  shown  by  the  number  of  times 
iliiit  >>ugar  has  been  discovered  in  the  urine. 

ISmiii. — Tlie  brain  lias  frequently  been  found  enlarged, 
bill  may  not  be,  even  in  cases  which  allow  almost  every 
iiiliiT  organ  of  llie  body  to  be  enlarged.  Tills  en  large- 
iiiiiit  of  llie  brain  seema  to  be  due  to  a  general  growth. 
A II  increase  of  the  neuroglia  cells  has  been  founds  but  in 
iitic't  proportion  to  the  general  enlargement  of  the  brain 

llie  growth  of  the  pituitary  body  not  only  causes  cn- 
■  iiriment  of  the  sella  turcica,  but  may  cause  syniploms 
'  [ii'-aure  with  referred  pains,  iiaralyKis,  cerebral  irrita- 
II.  tnwnity,  or  even  coma.  If  the  bony  formation  of 
sella  turcica  allows  the  enlarged  pituitary  body  to 
,r<-.:juptm  the  optie  comniissurc.  we  find  pressure  atro- 
phy of  the  optic  nen'e ;  or  a  tumor  growine  in  the  sella 
turcica  may  press  laterally  and  interfere  with  the  blood 
flow  in  the  cavcmnua  alnusca,  or  even  in  the  internal 
canitidH.  or  may  even  grow  Into  the  walls  of  the  sinuses, 
causing  impaired  blood  flow  in  them  and  a  constant  tin- 
nitus in  the  ears. 

The  pineal  gland  has  la-en  found  double  its  ordinary 
size,  and  little  tumor  growths  have  been  ftiund  attached 
to  the  base  cit  the  brain. 

Ciilcitled  and  even  nssifled  plates  have  latn  found  in 
the  ilura  mater,  and  Its  atlachmcnla  to  the  skull  have 
licen  found  ossilled.  The  arteries  at  the  base  of  tbe  bmln 
have  l)eeu  found  enlarged  and  Ihii^kened,  often  espedallr 
marked  in  some  one  artery  in  the  circle  of  Willis,  while 
another  artery  or  another  jmrt  of  the  same  artery  may  lie 
distinctly  narrowed.  The  arteries  may  bettime  distorted 
and  lortiioiiB.  and  the  posterior  cerebral  has  iM-en  foun<l 
kiiolliil  mid  impi-rforate.  The  cranial  uervea  liave  been 
fuund  iKith  niimiul  and  enlargi-d.  The  nerve  changes  in. 
the  brain  and  cord,  if  tliere  are  any,  arc  proliably  sec- 
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a>Kiw HtatMl.  al1ni-rv<-<l<-^-iii'nitliinKiif  ilicliKJu  orsi^nul 
curd  axv  due  to  fnivfrolng  vaiiciilur  PbnJiKi'"- 

Tlie  uiTvcs  nf  tlw  l)od,v.  hiuI  MpvriHlly  of  tlio  i-xtrcinl- 
tk-s,  may  he  rnlargi-tl  ^'iK-mlly,  lliis  c-huii^  hoin^  due: 
to  lui  IntTiiisi-  fn  llii-  inttrstftlnl  oiinni'f'tiri'  lissuc.  Tlic-y 
niiiy  sli"w  wli'niiiiM  in  stmiii  jiliitrs  iinil  tally  I'lmnf^s  iii 
otlii'ts.  ami  ilw  vcsticlii  i)f  tlit  ntTVfs  and  spiual  uoiil 


may  stinu'  tiyiilinc  [Icgcncralioii.  Tin'  guii^'lia  of  tlie 
posl(!Tiur  nK'is  ore  ofli'n  ciiiargnl  fiviii  uii  inortaso  iu 
llio  ci>nnivlivi'-llssiiu  elcniCHts. 

Till-  gnnfrlirt  ami  ni-rvi.'s  of  llio  sympatlirlic  Bystem 
filiniv  till  sih'I'IhI  rlmii;;<-a,  tlioiiKli  llicy  iiitiy  Ix;  pnlurfrril. 
anil  fTuin  tlur  sainu  ciiu^e  ait  in  tlii'  nisc  of  tlio  spiiiul 
iicm'H.  viz..  fnim  ooniu-oiivc-tissiie  (piiwtli. 

Jhaii. — Tlie  lu'art  is  pmlKilily  ulwayR  cnlarfntl  in  acro- 
megaly, byrrason  of  an  aitual  byptrlRn>liy,  esjitilaily 
of  tiiulcft  Tcntriclc;  this  tH-lnf^duv  1o  the  mc'TuiS(-<l  woric 
ivliicli  it  miiMt  |M'rfonn  iu  ovi'ivomiiijj  tlic  ri'sistuiitu 
ofTind  liy  lilt-  l1]ick<'Tii-<t  liliMHl-votsi'lx.  Tlit-  honn  fnny 
bt-cmnt!  (.■iionnou.'i.  nnd  iu  inv  raw:  it  w<>igliinl  furty-ouV 
ounces.  Also  llii'  iicrioinlium  and  (•mlocanliuin  uiay 
tx-  iucniMed  iu  tlilckursn.  and  tlicK  nuiv  Ix.-  an  iucrraw 
of  flbmi:a  «iun(«1ivt- lissnc  hclwii?n  tiie  diuk-Io  Jibres. 
IjWcr  lilt  lifun,  tlHingli  liyiK-nropliiit).  l)c«inics  wi«k- 
cntti  by  tlic  impnin-d  aciiou  of  i(K  niiiHclu  tibri'S  duu  tu 
tliiH(-onm'c1ivi'-1isKiii-r(irinii1iiin(ir|ii'rliansliiIbi:pn.-si'n('c 
of  fat  {''■■''■'li'"'  ■>''  <''^'  <o  ilii-  lni)iiiinil  Iilood  iiii|i|ily  of 
its  walls,  wliiHi  in  liun  ^^^  due  In  thicki-iiing  of  tbi;  in- 
UinaofllHowii  tm(ri.'ntlil.i.»l-v<.sscl», 

Uhnah  IVmi'ii. — I  iK'lii'vi-  (lie-  vasciilur  clmngc-a  to  Ih"  h 
constant  fiiiiiiri'  of  urriinu'galv,  ilic  inti'tiitity  of  tlicxt- 
diaiifn-s  or  Ilii-  lixiiliKuiion  of  \\w  most  niarlirii  dungcK 
In  the  blixHi-vi'!(si'ls  i-ausiu^  the  many  \uTiiitiomi  of 
Hymploniit  or  cundiiious  mvu  iu  (illTcn-nt  cu-ivd  of  a('n>' 

Moii-'or  U'SH  jn-nrrallv  all  ovir  t  lie  IkhIv  llic  coals  of  ilic 
arti-riolcN  urt'  tliUk.Wil.  niul  ;;ciii-ra1lv'il  is  tli.-  inliina 
which  Ir Ibi- most  atTiclcd.     This  miiy  )i1si>  be  Irtic  of  llic 


Tljis 


hypertrophic 

.      _     ._.      _ _.. „   __       .  congestion  or  fatty 

dcfn-nemtion  of  ilu'  liver. 

The  ttplct'ii  may  be  cutargcd  by  passive  congestion  and 
an  increase  in  iu' connective  tissue. 

Oriiiiii-Ci-iHiirs  f^dim, — The  kidneys  arc  often  found 
iliscasnl  (chrunic  nephritis),  or  tbey  may  Ite  cystic.  Tlw 
kidneys  anil  suprarenal  capsules  are  often  found  in- 
cniised  in  size. 

MicriiHcopieal  examination  of  the  genitals  shows  an 
incn-iisc  in  connect  I  ve- tissue  growth  and  even  at  tlmea 
tli(<  fomialion  of  nbrouH  tissue;  thpnc  changes  bcinv  ac- 
ci>in]iiiiiitil  liy  a  gnulual  diminution  of  all  ^nction^  ac- 

Miii, — Tlic  skin  ishypertmphied  over  the  affected  por- 
tiitns  of  the  boily,  sonu'timcs  in  a  marked  degree.  This 
is  esix'ciiilly  true  of  llic  scalp,  hands,  and  feet,  all  of  the 
layi-nt  of  titc  fikln  taking  part  in  this  thickening.  The 
swcul  glaniU  ntay  have  a  double  layer  of  epitnelium. 
Flhroniutii.  neuromata,  and  elephauliasis  of  the  ikln 
have  been  observed,  and  molluscous  growths  arc  of  fre- 
q  11  cut  otirurrcnce. 

Tlie  HubiiutancouR  fat  may  lie  increased  or  decreased  In 
Ibiekmns.  but  in  the  later  stages  it  is  probably  nearly 
always  decreased. 

,V«w/r*.— Slaiiy  of  the  muscles  at  the  time  of  death, 
unless  the  patient  dies  early  in  the  disease  from  some 
inli-reiirn-nt  alTection,  an:  found  atrophied,  and  yet 
tlierc  may  Ix-  many  local  hypertrophies.  Certain  mus- 
cleR,  es|>ei'ia11y  the  deltoid  or  the  supiasplnatus,  may  be- 
come greatly  hypertnphied,  fomiing  veritable  muscle 
tumors. 
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devi-lop  from  a  wi-ak  hiiirt  ai'ilmi  in  ibi- 
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M-rlcton, — A  couwdcrable  number  of  acromegalic  akel- 
etons  liave  now  been  carefullv  studied,  and  It  la  fotmd 
that  in  well-marked  caws  nearly  all  of  the  bones  of  the 
iKxly  arc  enlarged,  although  a  few  individual  bcatcs  nuLjr 
not  take  jmrt  in  this  increased  growth.  Of  course  the 
bones  ut  (he  extremities  are  the  ones  most  evidently  en- 
larged. Klitl  I  cannot  believe  tliat  them  are  more  apt  to 
be  enlargcil  in  true  acromegaly  than  ore  the  bones  of  the 
body.  The  long  bones  undoubtedly  show  the  great- 
est enlargement  and  growth  at  their  extremities  which 
fact  Rii-ms  to  me  to  be  due  to  the  tendency  of  articular 
cartilages  lo  oNsify  and  to  become  co-oe^fled  with  the 
articular  surfaces  of  IlieboncM;  still  in  many  InBtancea 
ilie  sliafts  of  till'  IxHies  are  also  decl<Ied]y  enlarged.  The 
R{Hingy  Ihiucs  ot  the  skeleton  are  all  more  or  Icm 
Ihickeneil.  and  all  articular  surAtees.  wlielbcr  of  long 
or  s|Hiugy  iMines,  i^how  a  tendency  to  spread  out,  widen, 
ami  grow  more  iirouiinciit.  The  flat,  thin  bones,  wUlc 
increnHing  in  extent  kIiuw  a  tendency  lo  become  Ihioner 
in  their  )ilate&  This  is  not  tnie  of  the  cmnial  txHiea, 
iM'cauMe  the  spmgy  listaie  in  the  diploC  Increases  in 
lliii-kiiess.  We  xometimes  find  at  thn  ends  of  the  long 
iMims,  juHt  Iniek  of  the  articular  surfaces.  athlnning<^ 
itic  liiine.  wliile  lliev  are  ai<  the  same  time  extending 
lliiir  nniciiliir  siirfn'ivs.  This  growlb  of  bone  is  a 
hj  iH.'rlr<i]iliy,  llie  new  Imiie  gn)wing  fnmi  the  periosteum 
mill  iilvi  witliin  ilii-  inedulliiry  spungy  tissue  at  the 
i-iLils  (if  llie  Iciii;:  Iiiinc-!:.  In  the  iiirlv  part  of  the  disease 
litis  iriviwlh  .ii'eriis  1"  tic  more  esjH-e'iHlly  ei>nline<l  to  the 
;  liilirlhe  iiiHijiliyscs  iitid  epiphyses  become 

;ls.  tiibiTii-ilii's,  (itid  eminences  are  enlaiTred 

II  llie  ilircciii'ii  ot  llie  muscular  action.    This 

tie  li>  lie  due  lo  the  faci  llidt  u  portion  of  the 
llie  iiiu'-i'lis  iM'i'iiittc  iissitietl  nnd  co-csiufled 
K.iie.  'I'iii*  ciiniliiiiiii  is  so  prominent  at  the 
iiriaeis  iliai  1  iliiiik  the  Ninu'  thing  must  Ik' 
rldtfi'S  and  Itiliertisitii-s  to  whk-h  Ilii>  miistdeii 
il.  'I'ltc'l<'iiili>ns  of  IbeiuiiHeki!  are  often  found 
nii-vi'i  cr  liMiiy  ciinals,  and  lliu  foramina  for 

III  Miii'i'ii"^.  nnd  espei-ially  for  tlio  articular 
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Ofitt^'phytrn  niny  Ih-  fninul  tii  (Ik-  Joints.  es|HTiu!ly 
over  the  wrist  and  aiikk'  jojnia.  or  pioces  of  mlniivoiis 
imitcriul  luny  !»■  fiiiiml  Iikim'  ii)  a  Joint.  Tlie  spongy  i'IuIk 
of  tlie  liinjr  h[ini')t  may  Im.-ciiiuo  miitv  mmpact,  throujch 
plnimalioii  niid  u  cbanfn-  in  ihi^  areliitt'i-liiTc  (if  the 
part.  Tliu  cntU  «f  tUc  hctnc:)  In  ecinu-  cttsvR  bitvo  Khown 
ccndpnAing<isloilLi.  Tliis  laying  on  nf  bunx  at  t>ic  vx- 
tn:initu-9,  't)iu  arlit^iilur  Mirfut^-x.  niuv  Icngtlu-'n  a  long 
boni'  \i'itlKmt  tlHt  iduift  Iiolug  at  all  altL>rie<i. 

Bofnre  crllloilly  Miirvuyiiig  thr  imlirhliial  hones  in  any 
partiriiUir  )ullf<-nt  dying  witit  IIUr  (llHcaRf.  tlic>  diiniliou  nf 
ihcrnM'  niuiM'  bcLiinMicicml. nRtluiltingi-riiic  imtk'iit  lian 
livml  will)  liiifl  diM-Owr  tlio  mntv:  dcoiddl  uill  be  tin- 
grnwtb  of  aboDC  and  tin-  iiregiilaritinR  whicli  ll  manl- 
fmts. 

/fr.frf.— Tlie  lM>nt-*<if  Mm  imniiim  nn;  always  nwn:  or 
iestitliickencil.  tlii-d'liungclH'lng'diU'lHr^ri'ly  tuan  itiiTcaw 
of  lliodlploe.  wliilc  till'  ('\t('niut  anil  liiti'mal  plates  niiiy  bi.' 
thickt-r  tlion  noniuil.  or  cvi-n  tliinncr  ami  siifiiT  llinii 
UMial.  The  ride's  and  ciVMtd  for  tlio  nltnchinent  of  rliit 
mwwiwtand  tast'UP  ant  more  prominent, while  tin- mriiiiuil 
protiilicrance  has  lKi-n  found  n.s  a  spieula-likc  ciit- 
growtluan  c-xoHtuKU.  Tl)c  imrielal  I'ininem-esaiv  ninie- 
times  abniintially  prominent,  as  ant  always  lliit  RnjiiT- 
ciliary  ridges.  Ilie  lalter  mmlltion  iH'ing  dne  not  nnly  to 
dllatiilion  nf  tin- frontal  iginun-i.  hut  also  tnlbetlilekeiiiiig 
of  the  plates  of  Ilie  frontal  lK>ne  in  Ibis  ngton.  The 
splienoldsl  sinnses  niiiv  Ix-  enlarjircfl  tind  puKbed  forwiinl 

by  tli»^  growth  nf  otluV  imrts  nf'tbe  sph< id.  and   Ihe 

Btitnin)  of  ITiglinion;  ix  pn>liahlr  alwuys  enlnrged. 
Thompson  fonnil  tlii>  margin  of  ll'ie  foniiiien  nui;;iiiini 
surrounilifl  by  irregiilar  )iroIiiU'r)in<'<'N  of  spongy  bone. 
Tlic  iK'lla  turek-u  lit  alwikys  cnhirt.iil  and  cleepcued, 
piuhtibly  Ikphiwc  tbo  t-ulargcnK'nt  of  tlH'  piiuiiary  Imdy 
('iiiiM>4  tlic  snrninnding  tHHie  1o  undergo  nlworplion 

Tho  li-ngllipning  of  the  f net' is  largi-lv  dm-  lo  the  iii- 
cn-aso  in  the  veniral  diunietent  nf  tin-  siiiH'rior  siid  infe- 
rior maxilltr.  Thu  maxillary  Imnes  niid  llii-  s])li>.-nnLd 
bom-s  eonlrihnlo  the  prlnt-iiiid  purt  o[  Ilie  total  enlurgi'- 
nient  of  Ibe  bonc«  nf  the  skidl. 

Many  of  tlip  sulun-M  of  Ibe  cmnbim  ninl  nf  tlH'  fnee  lire 
(iblili-ml<-<i  by  (.-uinpletv  efnisjullcalinn.  Iti':  enlnrging 
nialiir  priN'esKes,  orbital  )iT<H-esKe4.  niid  nasal  jiriKn-ssi-s  of 
Ibe  stiiwrior  maxillary  Ixiiies  muse  tlie  pnsbing  nutniird 
of  Ibe  innlar  bones.  Ibe  liilend  widi'iiing  nf  llic  orliiiiil 
ravilies.  and  Ilu.-  pnsliing  upwanl  of  ibe  iuishI  Imnes  rr- 
spectively;  Ibnti  raiixing  tbe  pnimiiK'iiKi  of  iliit  Tiiiilar 
bonva.  tlic  qiiadrilnttiml  npiMiirami'  nf  tbe  nrbiinl  iiivi- 
ties,  and  tlui  wide  naiul  oix-nings  hk-ii  in  skiills  of  ai^ro. 


""Ke 


ily. 


Tilt)  txtemiil  auditory  ranals  may  be  Iii<;reasi'd  in 
Ipngth,  and  are  often  eiicroai:lied  ii]Min  by  Ixiny  growlbs 
wliieh  spring  from  llieir  walls.  Tbi'  styloid  prot-essi-s  niay 
begn-atiyelougaleil  byosiull<;atiiinof  ili(>iri<-ndons,  Tbe 
glenoid  eaviiios  arc  inritiuied  in  sizi'.  pmlNibly  <liiit  to  ibe 
I'lrge  siKG  of  Ihn  nmdrbii  of  tbe  biwer  jaw. 

llic  lower  Jaw  la  massive,  tlx^  cliief  gmwtb  Ix-ing  in 
the  body,  wliieJi  in  found  Icngtiii'ued  and  widened,  espe- 
cially at  Ibe  in'mpbyitlii.  while  the  nuiital  pmcess  Kluiuts 
out  with  undiii?  pfoiiiiueiice.  Tlu:  ah'enlar  jinxi'ss  is 
widened  and  tlilrk<iDe<l.  niiil  the  mmi  alsi>  may  luke  [Hirt 
in  the  growth,  while  the  angle  fomu-d  by  the  jiiiu'tion  nf 
tlie  bmiy  and  the  mmi  liertimts  more  obliisc.  often  to  a 
marked  degree.  Themronoid  processes  arc  often  irreiilly 
enlarged.  The  growth  of  tbe  alveolar  process  isrnn-l'v 
]Mrti('i|ialed  in  by  Ibe  teeth,  Iticy  remuining  nonniil  in 
Bi7.e.  so  Uiat  while  the  alveolar  envilics  nndergo  eiiliirge- 
nient  we  freiiuentlv  bavu  spnntuiicniis  falliuir  niii  of  ilie 
teeth. 

The  Iiyoid  Ixme  nuiy  Itc  cidiirged  with  nil  nf  sis  ridges 
very  pnimineul.  and  llielurynyi'id  fun tl;i;ri'>i  niiiy  iilso  Is.' 

Thongb  Ihe  pn.jeeling  lower  jiiw  ipn.giiii1lii,-.mi  luiiv 
ii»t  liavi!  been  oliwrved  in  a  lew  iiiiitniilit.'d  eiiyi-s  •,(  iK-n'i- 
mesaly.  slill  thr  presem-.-  of  this  r-ljiimeir'nsiir'  I'r'niiiri'. 
in  eombinalion  with  acliuil  iHinr'  eiiliirL-enienr  of  tlie 
hands  and  f(.irt,  is  eiiuieiilly,  1  iH'li.'Ve.  piitlini.'iioirir<iii<' 
of  iliis  disease. 


Sin'iir. — Marked  <;hangesnre  Hlwavsfoiinil  in  the  spine. 
tbe  ilegrw  being  due  to  Ihe  aw-  of  tlw  discasi'.  TJie  bod- 
ies of  the  verlebnt-  arc  enMrge<l.  especially  from  Ibi! 
Uiyinif  on  ri(  bone  on  Ihe  aiiter)r)r  jmrt  In  the  cervinil  and 
dorsal  regions.  Tlic  [nercase  of  Imiie  U  ofico  rcslrlcled 
to  llic  upper  purl  nf  the  iiiternrlicnliir  cnrtilnges.  while 
In  the  lumbar  ngion  ihe  in<rnis<!  of  Ihe  bone  is  more 
general. 

The  irregidar  Ihiekening  of  the  Intcrverlebral  lurli- 
Inges.  wilh  Ibe  irn-giilar  growth  of  tlH' biHiies  nf  the 
verlcbrii;,  wHiner  or  Inler  causes  deformities  of  tbe  spine, 
namely,  kyphosis.  lordoNls,  or  seiiliosis.  or  more  llitin  one 
deformity.  An  al)snr]itinu  of  Ihe  Inlervertebnd  discs, 
esjieeinlly  on  Ihe  iinterinr  Imnlci's,  with  co-ossilie.alion  nf 
parts  (if  the  txKlies.  and  ossilienlion  of  the 


nsversc  priK'essi'S  pnilKihly  alwuys; 

K-clini:  ligtimenls.  'Tbi^os'iilii-iilinn  nuiy  liiki-  pinet' 
a  Ibeiiileri-pinousligiinii'nls.  nr  wi'  iniiv  tlnd  nssiliea- 
'  nf  Ilie  tsMlcrlor  InterveHebnd  li:.i'niienl-'.  The 
Imr  vi-rli-bne  iiri'  sinni'lhiies  of  gniit  si/i'.  nitd  IIh' 
inn  niiiv  have  ils  Intend  masses  much  eiilnr-.'ecL 
/,.„„.r.— Till-  slenmui  ii  enlarged  mid  iliii-k.mil.  iind 
c'lisiforiii  (".irliluge  is  luwlileii  and  generally  prnjii'ie 
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outwanl.  Larce  transverse  ridges  are  often  found  on 
the  sternum :  also  a  hollow  or  depression  may  be  seen  at 
the  upper  part,  due  to  the  manubrium  not  enlarging  rela- 
tive?!)' as  much  as  the  body  of  the  sternum. 

The  costal  cartilages  are  large  and  more  or  less  ossified, 
and  often  show  prominent  cartilaginous  or  bony  nodes  at 
their  points  of  junction  with  the  ribs,  thus  simulating 
the  rachitic  rosary.  The  ribs  are  wide  and  thick,  and  by 
the  faster  growth  of  the  costal  cartilages  they  become 
abnormally  oblitjue,  while  the  sternum  itself  is  pushed 
forward,  giving  an  enormous  antero-posterior  diameter 
to  the  chest. 

Ujfjier  Extrcuiity. — The  clavicles  are  always  found 
enlarged,  often  enonnously  so,  most  marked  at  their 
extremities,  and  especially  at  their  sternal  ends.  Their 
ridges  and  tubercles  are  very  prominent. 

The  scapuhe  are  generally  found  enlarged,  especially 
in  their  transverse  diameters,  and  the  spines  ma}'  be  enor- 
mous in  size.  The  glenoid  articular  surfaces  an^  often  en- 
larged, through  the  ossification  of  the  glenoid  ligaments. 

The  articular  surfaces  of  all  of  the  long  bones  are  en- 
larged, due  to  os.sitication  of  the  articular  cartilages  or 
ligaments,  and  they  are  often  roughened.  There  may 
iHf  exostoses,  spongy  growths,  osteophytes,  or  calcareous 
depr)sits  in  and  around  the  joints. 

The  humerus  is  freepiently  not  enlarged,  though  its 
extremities,  especially  the  head,  may  be. 

The  radius  and  ulna,  if  the  case  is  of  long  standing, 
are  found  enlarged,  especially  at  their  articular  surfaces, 
and  more  especially  at  their  lower  extremities.  As  i)re- 
viously  stated,  the  ridges  and  protuberances  of  all  the 
lH>nc*s  are  enlarged  and  prominent. 

The  carpal  bones  are  probably  always  more  or  less 
enlarged,  and  may  all  be  very  markedly  so.  The  meta- 
carpal bones  and  phalanges  are  widened  and  thickened ; 
the  fonner  especially  at  their  head.s,  and  the  latter  at  each 
extremity,  thus  rendering  the  joints  prominent.  The 
distal  phalanges  are  generally  the  most  affected,  and  may 
show  an  increa.se  of  spongy  tissue  at  their  ungual  ends. 

PelrtH. — The  pelvis  is  always  enlargetl.  with  the  sym- 
physis of  the  pubic  bones  often  wide  and  deep,  wliile'the 
crests  of  the  ilia  are  wide  apart,  by  rea^son  of  a  spreading 
out  of  the  ilia.  Though  the  pubic  bones  and  the  iliac  bon<'s 
may  be  enlargeel,  with  their  ridges  and  eminences  in- 
en»as<'d  in  si/e.  and  with  the  obturator  foramina  (.'nlarged, 
the  substance  of  tlie  bones  themselves  may  be  consider- 
ably thinner  than  normal.  The  acetabular  cavities  arc 
often  rnlargetl  and  roughened  by  partial  o.ssitication  (»f 
\\\v  cotyloid  ligaments. 

Loinv  Kit  n- in  it  I/. — The  femurs  mav  be.  enlarged  at 
both  extremities,  as  may  also  be  the  heads  of  the  tibiie 
and  fibula*. 

The  patelhe  are  often  enlarged  and  may  present  ab- 
normal sjiinous  processes. 

The  malleoli  are  fre(|uently  found  enlarged.  All  of 
tin*  Uirsjil  hones  may  be  enlarged ;  especially  is  the  os  cal- 
cis  often  enormous  in  si/e,  on  account  of  the  hiying  on 
of  bone  at  the  attachment  of  the  tendo  Acliillis. 

The  metatarsjil  bon<'S  and  W\v  phalanges  of  the  toes  are 
all  enlarged  similarly  to  the;  hands.  Thomp.son  found 
wv<'nil  of  the  phalanges  of  the  toes  ossified  together. 
The  tlistal  phalaiig<s  may  show  spongy  enlargements  at 
b<»th  ext remit i<s.  and  there  may  be  spongy  spicuhe  of 
bone  which  reach  around  fr<»m  one  extremity  to  the  other, 
forming  r<>ramina  or  in('oni])lete  notches  on  the  sides  of 
\\\v  iMjnes. 

Eti<)I.o(;v. — The  (piestion  as  to  the  caust^  of  this  disease 
is  a  very  important  and  interesting  one.  and  various  the- 
ories have  been  advanced. 

Freund  snggest<(l  the  probability  that  acromegaly  was 
a  <lis<»as<'  of  pulxTty.  /.<•.,  a  disease  of  development,  a 
pos.sibh'  returning  io  tyi)e.  th<'  large  hands  and  feet. 
])n>jecting  jaw.  and  retreating  forehead  being  certainly 
very  suggestive,  lb*  sjiid  tluit  this  anomaly  (»f  develoj)- 
ment  had  .some  relation  to  the  condition  of  the  de- 
veh)pmental  organs,  to  se.xual  develo])ment,  and  that 
the  early  ces.siition  of  men.struation  or  early  loss  of  sexual 
power  caused  acrromegaly. 


This  theory  is  not  supported  by  facts.  In  the  first 
place,  two-thirds  of  all  cases  develop  after  the  age  of 
twenty;  and  while  the  cessation  of  menstruation  is  un- 
questionably an  early  and  a  very  frequent  symptom,  it  is 
not  constant,  and  is  only  a  symptom,  and  the  loss  of  sex- 
ual power  in  the  male  is  a  gradual  loss,  diminishing  with 
the  progress  of  tlie  disease.  I  believe  these  phenomena 
arc  only  symptoms,  and  I  cannot  attribute  to  them,  as 
does  Freund,  a  causative  relation  to  this  disease. 

Sex  does  not  seem  to  bear  any  special  relatiim  to  the 
disease,  though  the  records  show  a  few  more  men  to  have 
been  attacked  t han  women.  Nativity  plays  no  important 
part  in  the  causation  of  acromegaly,  and  probably  no 
race  is  exempt.  Heredity  does  not  seem  to  be  a  tangible 
factor,  and  no  foregoing  disease*  or  condition  is  known  to 
predispose  or  to  cause  acromegaly. 

The  Klebs  theory  that  the  disease  is  due  to  angioma- 
tosis, and  that  its  seat  is  in  the  vascular  system,  though 
liaving  its  supporters,  I  believe  not  to  be  founded  on 
fact.  That  there  is  thickening  of  the  walls  of  most  of 
the  blood-vessels  and  tliat  there  is  a  thinning  of  the  walls 
of  some  blo<^d-ves.sels,  giving  rise  to  hemorrhages  and 
varicose  veins,  there  is  no  question.  Also  that  there  is  a 
vasomotor  ataxia  is  unquestionable.  It  is  a  fact,  further- 
more, tliat  we  have  enlargement  of  some  of  the  blood- 
vessels supplying  hypertrophied  tissue;  but  that  there 
is  an  actual  ne  .v  growth  of  blood-vessels  in  this  disease 
is,  I  believe,  not  true. 

The  theory  of  Von  Recklinghausen,  that  this  disease  is 
of  neurotic  origin,  is,  I  believe,  incorrect.  Lanceroaux 
believes  it  to  be  a  trophoneurosis.  That  we  have  nearly 
all  kinds  of  neuros(>s  and  vasomotor  and  trophic  dis- 
turbances is  true,  but  that  the  origin  is  not  in  the  ner- 
vous system  but  in  the  ductless  gland  system,  I  am  firmly 
convinced. 

The  thyroid  and  thymus  glands  have  come  in  for  their 
share  of  interest  as  being  the  supposed  cause  of  •  this  dis- 
ease. 

While  I  do  not  believe  that  puberty  or  disturbed  con- 
ditions of  the  genital  system  have  anything  to  do  with 
causing  this  disease,  still  I  believe  tliat  Freund  struck 
the  keynote  when  he  claimed  that  acromegaly  was  a  dis- 
ease of  development.  The  majority  of  cases  can  be 
traced  as  beginning  in  the  decade  of  life  between  twenty 
and  thirty  years. 

In  the  begiimiug  this  disease  is  closely  allied  to  gigant- 
ism, and  I  believe  a  disturbed  condition  of  the  pituitary 
body  to  be  the  cause  of  both  conditions.  I  believe  that 
gigantism  in  its  ])erfect  development  to  be  due  to  a  normal 
hypertrophy  of  the  ])ituitary  gland,  i.e.,  a  hypersecretion 
occurring  at  the  age  of  puberty  or  age  of  general  and 
symmetrical  body  growth  and  development.  I  believe 
that  in  its  incipiency  the  disease  of  acromegaly  is  pri- 
marily a  hypertrophy  of  the  i)ituitary  body,  causing  a 
conditi(m  of  beginning  gigantism.  Rarlier  in  some  cases, 
later  in  others,  this  normal  hypertrophy  of  this  gland 
becomes  a  pathological  condition — either  a  new-growth 
formation,  or  a  cyst  formation,  or  both.  At  this  time  the 
sym])toms  of  aeromeiraly  due  to  disordered  secretion  from 
liie  pituitary  will  begin  to  appear  and  will  grow  more 
typical  the  longer  the  patient  lives. 

I  believe  that  gigantism  will  remain  such  as  long  as  the 
pituitary  body  is  in  normal  hypertrophy,  but  that  these 
cases  of  gigantism  will  assume  later  an  acromegalic  type. 
if,  as  is  often  the  case,  the  pituitary  b(Mly  begins  to  take  on 
l)athologieal  conditions.  In  other  words.  I  believe  that 
an  excess  of  normal  secretion  from  the  pituitary  gland  is 
the  cause  of  gigantism,  while  perverted  secretion  from  it 
is  the  cause  of  a(  romegaly. 

When  the  ])ituitary  body  becomes  disea.S(^d  in  these  acro- 
megalic cases  it  seems  that  very  frequently,  perhaps  almost 
invariably,  the  thyroid  gland  becomes  enlarged  and  at- 
temj)ts  to  «lo  some  of  the  work  which  the  pituitary  is  now 
unable  to  do.  If  the  thyroid  is  much  enlarged  we  liave 
added  to  the  con(liti(»n  of  true  acromegaly  the  conditions 
I)resent  in  exophthalmic  goitre,  namely,  exophthalmos. 
irregular  nervous  heart,  profu.s^'  sweating,  etc.  If  the 
thyroid — and  it  is  this  gland  which  most  frequently  at- 
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tempts  to  assist  the  pituitary  body  in  its  lost  function — 
becomes  atrophied  or  degenerated  and  does  not  furnish 
its  normal  secretion,  we  £ave  a  greater  amount  of  hy- 
pertrophy of  the  soft  tissues,  that  is  a  myxoedematous 
condition  added  to  the  condition  of  true  acromegaly. 
Just  what  relation  a  persistent  thymus  gland  (if  the  cases 
of  reported  persistent  thymus  glands  be  thymus  glands 
and  not  thoracic  thyroids)  bears  to  the  thyroid  gland  we 
are  not  yet  able  to  state. 

My  own  case  proves  tliat  an  auxiliary  thoracic  thyroid 
containing  a  large  amount  of  physiological  iodine  can 
develop  sufficiently  to  assist  an  incompetent  thyi*oid 
gland. 

To  sum  up  my  interpretation  of  the  causes  of  the  con- 
ditions present  in  acromegaly : 

1.  I  believe  the  primary  cause  of  acromegaly  to  be 
due  entirely  and  alone  to  a  disoixiered  secretion  of  the 
l)ituitttry,  this  disordered  secretion  either  allowing  or 
pwmoting  a  general  connective -tissue  increase  all  over 
the  body,  and  an  irregular  normal  hypertrophy  and  body 
growth ;  in  other  words,  this  gland  normally  has  a  secre- 
tion or  elaboration  whicli  has  something  to  do  with  the 
growth  of  the  body. 

2.  Next,  we  find  the  thyroid  attempting  to  furnish 
some  new  secretion,  and  at  the  same  time  a  large  amount 
of  its  own,  to  assist  the  pituitary  body.  lis  hypertrophy, 
however,  soon  becomes  pathological  by  connective-tissue 
formation,  and  the  gland  does  not  furnish  proper  thyroid 
secretion.  We  now  have  symptoms  of  partial  myxcrdema 
with  enormous  hypertrophy  of  the  soft  parts,  especially 
over  certain  portions  of  the  extremities,  and  from  an 
enlarged  thyroid  we  may  have  pressure  symptoms  and 
exophthalmos. 

3.  All  of  the  other  symptoms  of  acromegaly  are  due  to 
the  pressure  of  the  enlarged  pituitary,  or  to  connective- 
tissue  growths  in  the  organs  of  the  body,  or  to  growth 
of  the  Ixmes. 

Diagnosis. — This  disease  must  be  diagnosed  from  myx- 
o?dema,  gigantism,  erythromelalgia.  elephantiasis,  leon- 
tiasis  ossea,  chronic  rheumatism,  syringomyelia,  rachitis, 
osteitis  deformans,  arthritis  deformans,  pulmonary  hy- 
pertrophic osteoarthropathy,  local  hypertrophies,  and 
adiposis  dolorosa. 

More  than  one  case  of  acromegaly  has  been  described 
under  the  name  of  myxatdemn.  Myxo'dema  is  an  atTec- 
tion  a.ssociated  with  an  increase  of  the  subcutaneous  fat 
and  connective  tissue,  and, is  characterized  by  a  mucoid 
deposit  in  the  skin.  There  is  swelling  of  all  parts  of  the 
face,  tongue,  throat,  and  larynx,  but  generally  there  is 
no  pitting.  The  hands  become  large  and  clumsy,  and 
there  may  be  pain  in  the  joints  and  head.  There  may  be 
loss  of  hearing,  choked  disc,  and  impaired  mental  facul- 
ties, even  to  dementia  in  the  last  stages. 

The  princiiMil  clinical  differences  between  these  two 
diseases  are  as  follows : 


ytltxiedcma. 

1.  About  eighty  per  cent,  of  all 
cases  are  women. 

3.  Occurs  most  frequently  be- 
tween tbe  ages  of  forty  and  fifty. 

3.  Bones  are  never  enlarged. 

4.  Face  is  round  and  full. 

5.  The  ends  of  tbe  fingers  are 
swollen  and  clubbed. 


6.  Tbe    skin    is    pale, 
pulfy,  t>oggy,  and  shiny. 


waxy. 


Acromcgalu- 

1.  Both  sexes  are  about  eriually 
alTected. 

2.  Begins  most  frequently  be- 
tween the  ages  of  twenty  and 
forty. 

3.  Bones  are  always  enlarged. 

4.  Face  is  oval  or  elliptical. 

5.  The  ends  of  the  lingers  are 
of  the  same  size  as  the  b^ies,  i.e., 
they  are  "sausage-shaped." 

6.  The  skin  Ls  yellowish, 
wrinkled,  and  bair>'. 


Oigantinm,  or  giant  growth,  is  distinguished  from 
acromegaly  by  the  fact  that  in  the  former  there  is  sym- 
metrical and  general  growth  all  over  the  body ;  the  cra- 
nium grows  as  much  as  the  facial  bones,  and  the  face 
does  not  look  too  lar^e  for  the  head,  nor  the  head  too 
large  for  the  body,  as  is  the  case  in  acromegaly. 

In  gigantism  the  ends  of  the  bones  are  not  enlarged  out 
of  projiortion  to  the  size  of  the  sliaft,  and  the  hands  and 
feet  are  not  enlarged  out  of  proportion  to  the  arms  and 
legs.     The  bones  increase  in  length  as  well  as  in  width 


and  thickness,  and  that  symmetrically,  and  the  whole 
growth  of  the  body  is  in  proportion,  as  in  a  normal  indi- 
vidual, all  of  which  is  quite  the  contrary  of  what  is  ob- 
served in  acromegaly. 

In  gigantism  there  is  no  projection  of  the  lower  jaw, 
there  are  no  nervous  phenomena,  there  arc  no  eye  and 
ear  symptoms.  The  nose,  ears,  lips,  and  tongue  are  not 
increased  in  size  out  of  proportion  to  the  size  of  the  head, 
face,  and  mouth. 

In  et^thromelalgia,  a  vasomotor  neurosis  of  the  extrem- 
ities, there  may  be  some  increase  in  the  size  of  the  hands 
and  feet  with  severe  pain,  and  there  is  always  an  im- 
paired blood  flow,  giving  burning  sensations,  local  red- 
ness, and  even  cyanosis,  often  in  patches  or  spots. 
Cenas'  case,  with  its  peculiar  pigmentation,  is  the  only 
case  of  acromegaly  that  has  markedly  simulated  erythro- 
melalgia. In  the  latter  disease,  however,  there  is  no 
enlargement  of  the  bones  or  soft  parts  of  the  face,  no  eye 
symptoms,  no  marked  change  in  the  speech,  and  the  hand 
itself  is  unlike  the  acromegalic  hand;  the  fingers  are 
not  sausage-shaped,  but  smaller  at  the  tip  than  at  the 
base. 

Elephanticms  Arabum  is  a  hypertrophic  disease  of  the 
skin  and  subcutaneous  tissue,  located  generally  in  one, 
occa.sionally  in  two  extremities  of  the  body.  There  is 
generally  a  history  of  several  attacks  of  load  inflamma- 
tion of  tiie  part  affected,  followed  by  a  continuous  growth 
and  hj'pertrophy  of  the  skin,  until  an  enormous  size  is 
reached.  The  hypertrophied  skin  falls  in  great  folds, 
fissures  form,  and  the  part  becomes  one  immense,  homo- 
geneous mass,  without  form  or  shape,  and  sections  show 
a  fibrous  tissue  without  nerves  or  blood-vessels. 

IIow  different  is  this  picture  from  that  of  acromegaly, 
where  all  of  the  extremities  are  enlarged,  or  at  least  one 
after  the  other,  and  the  parts  never  lose  the  normal 
curves,  prominences,  and  hollows,  and,  though  large, 
preserve  their  normal  contours. 

Again,  in  elephantiasis  the  bones  are  not  enlarged,  the 
skeleton  is  not  affected,  and  the  nervous,  facial,  and  cere- 
bral phenomena  of  acromegaly  are  not  present. 

JjontidHiH  oaaea  is  the  name  given  by  Virchow  to  the 
condition  in  which  osteophytes,  or  bony  tumors,  are 
formed  on  the  face  and  cranium.  These  bony  tumors  are 
of  irregular  distribution,  and  produce  great  deformity 
and  asymmetry.  There  is  no  hypertropliy  of  the  limbs. 
Though  this  dis<»a.se  has  been  several  times  men- 
tioned in  the  diagnosis  of  acromegaly,  I  fail  to  see 
how  it  could  be  confounded  with  the  general  con- 
stitutional dis(*ase  of  acromegaly  with  its  manifold  signs 
and  symptoms. 

During  the  first  stages  of  acromegaly  one  of  the  fre- 
(luent  symptoms,  and  often  a  prominent  one,  is  joint 
pain,  wiiich  at  this  stage  might  lead  one  to  mistake  the 
disease  for  chrtmic  rheuimttiiiin.  The  joints  at  this  time 
are  tender  to  the  touch,  but  are  not  reddened  or  swollen. 
The  imin  is  not  permanent  in  any  one  or  two  joints,  and 
ankylosis  does  not  take  i)lace.  although  later  ci*epitations 
are  often  present,  and  some  contractures  of  the  fingers 
may  be  found,  as  in  C^nas'  cas<\  due  to  the  flexor  ten- 
dons not  growing  as  rapidly  as  the  bones.  As  soon  as 
the  hands,  feet,  or  face  begin  to  enlarge,  the  diagnosis 
from  chronic  rheumatism  becomes  plain. 

i^yriiif/ouiift'liti  is  a  disease  of  the  nervous  system  which 
generally  begins  before  twenty,  or  in  early  adult  life, 
and  in  its  slow  development  and  long  duration  simulates 
acromegaly.  After  the  complete  development  of  either 
disea.sc?,  however.  "  the  amyotrophic  paralysis,  with  reten- 
tion of  tactile  and  loss  of  thermic  and  painful  sensation" 
(Osier)  in  the  ca.se  of  the  syringomyelia,  and  the  en- 
larged extremities,  the  formation  of  the  face  and  chest, 
to  say  nothing  of  the  signs  of  pituitary'  enlargement,  in 
the  case  of  the  acromegaly,  render  the  diagnosis  easy. 
Several  ca,ses  of  acromegaly  have  shown  coincident  symp- 
toms of  syringomyelia,  and  autopsical  examinationsliave 
revealed  gliomata  in  the  spinal  cord. 

RarhitiH  is  a  disea.se  of  childhood,  or  rather  babyhood, 
occurring  most  frequently  in  children  under  three  years 
of  age.     This  alone  would  exclude  the  possibility  of  con- 
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fusion  with  acromegaly,  except  in  congenital  cases. 
Rickets  is  pre-eminently*  a  disease  of  impaired  bone  for- 
mation, as  manifested  by  the  slow  enii>tion  or  entire  ab- 
sence of  the  teeth  and  by  the  impairetl  growth  or  soften- 
ing of  the  l»ones ;  while  acromegaly,  on  the  other  hand,  is 
pre-eminently  a  disease  of  increa.sed  lM)ne  fonnation. 

Tlie  ends  of  the  bones,  especially  the  epiphyses  of  the 
wrist,  unquestionably  are  enlarged  in  rickets,  while  the 
hands  and  feet  may  be  flattened  and  apparently  widened, 
but  there  is  no  increase  in  the  thickness  of  the  hands  or 
feet.  The  bones  of  the  head  show  no  malformation,  ex- 
cept flattening  and  lengthening  of  the  cranium  with  pro- 
jection of  the  occiput  and  the  softencfd  spots.  This 
causes  the  cranium  in  rickets  to  appear  too  large  for  the 
face,  while  in  acromegaly  the  face  appears  too  large  for 
the  cranium. 

Also  in  rickets  we  find  deformities  of  the  pelvis,  and  if 
the  child  creeps,  defonnities  of  the  arm  bont^s,  and  if  he 
walks,  bending  of  the  leg  bones.  This  is  quite  different 
from  acromegaly,  in  which  we  have  widening,  hanleuing, 
and  general  growth  of  the  lM)nes.  Softening  of  the  ribs 
causes  a  sinking  in  just  before  the  junction  with  tlie 
cartilages,  giving  the  formation  of  the  rachitic  rosary, 
which  from  another  cause  we  also  find  in  acromegaly.  Ky- 
phosis, when  it  o<'curs  in  rachitis,  is  in  the  dorsal  region, 
while  in  acromegaly  it  is  almost  invariably  in  the  cervico- 
dorsal  region.  It  is  thus  st^en  that  it  is  hardly  possible  to 
confound  the  one  disease  with  the  other. 

The  diagnosis  between  the  ottftififi  lUfonnans  of  Paget 
and  acromegaly  is  generally  not  difficult. 

The  following  schedule  shows  some  of  the  marked 
differences : 


OBltitii  Deformans. 

1.  Rarely  occurs  before  fifty, 
never  before  forty  years  of  age. 

2.  The  long  bones  are  the  ones 

Erimarlly  affected ;  rarely  are  the 
ands  or  feet  affected. 

3.  The  long  bones  are  often 
ciir\'ed,  giving  great  deformity. 

4.  Often  one  limb  or  one  bon«» 
Is  affe<'ted  long  before  another 
limb  or  bone. 

5.  The  cranial  bones  are  af- 
fected, rarely  the  facial. 

6.  The  lower  part  of  the  face  is 
narrow,  giving  it  a  triangular 
appearance. 


Acromegaly. 

1.  Very  generally  begins  before 
forty  ywirs  of  age,  almost  never 
afu*r  fifty. 

2.  The  hands  and  feet  are 
enormous ;  long  bones  are  gener- 
ally not  much  affected. 

3.  The  h)ng  Iwnes  are  normal  tn 
shai>o,  iHissibly  thickened  at  the 
extremities,  but  are  never  <'urved. 

4.  The  hands,  feet,  arms,  and 
legs  are  generally  nearly  syra- 
metri<'al. 

6.  The  fa<-ial  bones  are  affected, 
rarely  the  cranial. 

«.  The  lower  part  of  the  lace  is 
broad,  giving  it  an  ellipUcal  ap- 
pearance. 


The  above  gross  differences,  to  sjiy  nothing  of  the  more 
minute  ones,  will  generally  render  easy  the  diagnosis  of 
osteitis  deformans  from  acromegjily. 

Avthi-i(ii<  fhi'i'i'iiKUix,  perliai)s,  ai)proaches  more  nearly 
than  any  other  bone  disease  to  the  external  conditions 
found  in  acromegaly.  In  arthritis  deformans  decided 
changes  take  place  in  the  articular  tissues,  and  are  accom- 
panied by  pain,  with  sooner  or  later  great  deformity  and 
ankylosis  of  the  joints.  Tender  noduh-s  may  ai)pear*in  the 
muscles,  while  the  mus<'les  themselves  become  atro]>hied. 
The  disease  is  apt  to  attack  the  same  joints  on  both  sides 
of  the  body  symmetrically,  but  soon  spreads  to  all  of  the 
joints.  The  hands  are  thin  from  the  wasting  of  the  fat 
and  muscles,  but  the  <*n(ls  of  the  phalanges  and  meta- 
carpal bones  may  be  enlarged  and  nodular.  The  fingers 
are  more  or  less  Hexed  an<l  turned  toward  the  \ilnar  side 
(»f  the  arm,  while  the  joints  ijf  the  hand  are  all  stitT  and 
more  or  less  com pletelv  ankvlosed.  How  dilTerent  is  this 
condition  from  the  aeromeiralic  hand! 

"Within  the  joints  bony  or  eartilairinons  pn»tuberanccs 
are  found  on  the  outersurfaee<>fi]ie  epiphyses  in  arthritis 
defonnans,  while  in  acromegaly  we  may  tind  osteophytes 
at  the  ends  of  the  bon<*s.  {)V  bonv  i:ro\Nths  in  the  joints. 
A.side  fnmi  this  similaritv  in  the  inint  le^^ions  these  two 
disease's  show  no  agreement  of  symptoms  or  ai)i)<'arances. 
The  hypertroj)hy  of  the  soft  parts  of  ihr  hands  and  face, 
with  the  enlargement  of  the  bones  of  tlw  face,  with  the 
cervico-dorsal  kyphosis,  enlarged  tnngue.  changcil  voire. 
and  signs  of  pituitary  enlari:eni<ni.  will  all  or  any  of 
them  render  the  diagnosis  from  arthritis  deformans  easy. 


Schulz  has  reported  a  case  of  acromegaly  associated  with 
arthritis  deformans. 

The  condition  known  as  pulmonary  hypertropide  otito- 
arthropathy  must  be  carefully  separated  from  acromegaly, 
as  it  simulates  the  latUfr  disease  by  causing  an  enlarge- 
ment of  the  hands  and  feet.  This  osteo-arthropathy  is 
subsequent  to,  or  consequent  on,  some  affection  of  the 
lungs,  which  may  be  a  bronchitis,  an  empyema,  or  per- 
haps most  frequently  some  new  growth  located  primarily 
or  secondarily  somewhere  in  the  respirator}'  tract. 

The  hands'  are  enlargcni,  but  principally  in  the  joints 
and  the  ends  of  the  fingers,  the  middle  of  the  hand  not 
being  attackc*d.  The  elbow,  shoulder,  and  knee  joints 
are  all  affectcnl,  and  there  is  always  more  or  less  impaired 
motion.  The  wrist  joint  is  large,  the  hand  proper  not 
much  enlargc*d.  while  the  fingers  are  increased  in  size, 
especially  the  last  phalanx,  but  the  soft  parts  are  not 
hypertroi)hied.  The  appearance  of  the  finger  nails  is 
also  quite  characteristic  of  this  disease.  Tliey  appear  too 
large  for  the  fingers,  spreading  out  at  the  sides,  and  even 
curving  over  the  ends  of  the  fingers,  often  giving  the 
appearance  of  the  beak  of  a  bird,  while  the  enlarged  ends 
of  the  fingci-s  have  caused  them  to  be  likened  to  "drum- 
sticks. "  Turning  to  the  acromegalic  hand,  with  its 
inun(>ns(*  thickening  of  the  hand  proper,  hypertrophy 
of  the  soft  parts,  equally  enlarged  phalanges,  sausage- 
shapeil  fingers,  small  nails,  much  too  small  for  the  fin- 
gers, one  might  make  the  diagnosis  by  the  hand  alone. 
The  bones  in  pulmcmary  liyi>ertrophic  osteo-arthropa- 
thy are  enlarged,  but  not  the  soft  parts,  while  in  acro- 
megaly both  are  enlarged.  In  the  former  disease  dorso- 
lumbar  kyphosis  may  Ik?  present,  while  in  acromegaly 
the  kyphosis  is  cervico-dorsal. 

The  feet  and  t<H»s  in  this  disc*ase  arc  affected  similarly 
to  the  hands.  The  face  pn»sents  a  different  appearance 
fnmi  that  of  acromegaly ;  it  is  more  rounded,  the  lower 
jaw  is  very  nirely  enlarged,  prognathism  does  not  occur, 
the  face  ap])ears  small,  the  soft  jmrts  are  not  hypertro- 
I)hied,  and  the  lips  and  tongue  are  normal  in  size. 

lAH'al  hiiiurtrophiin  are  not  instances  of  partial  acro- 
megaly. These  IcKal  enlargements  of  one  extremity,  or 
one  linger,  or  one  t(K»  are  generally  congenital,  thougli 
they  may  in(  reasi'  in  size  at  the  time  of  puberty.  One 
side  of  the  face  may  Ik*  affected,  involving  the  bones  and 
soft  parts,  including  the  tongue,  tonsil,  and  palate  on 
that  si<le.  but  whatever  the  enlargement  there  is  no  sym- 
metry. 

One  more  disease  n*mains  to  ho  diagnosed  from  acro- 
megaly, viz.,  <t(fijionit<  (lohniMui.  This  disease  is  charac- 
terized by  an  enonnous  deposit  of  fat,  first  in  the  fonn 
of  nodules,  either  in  one  l(K*ation  or  in  corresponding 
places  on  the  upjuT  or  lower  extremities.  These  de- 
l)Osits  soon  caus<»  pain.  diniinislie<l  sensibility,  and  mus- 
cular weakness,  and  the  nuiscles  may  show  the  reaction 
of  degi'nenition.  The  abs<'nce  of  any  marked  enlarge- 
ment of  the  hands.  f<'et.  and  face,  as  well  as  the  absenct* 
of  increased  bone  growth,  excludes  confusion  with  acro- 
megaly. 

Pkoc.xosis. — The  duration  of  acromegaly  is  variously 
estimated  from  ten  to  twenty  years.  The*  patient  may 
die  of  some  intercurrent  <lisease.  or  may  live  for  years 
with  but  a  slow  progression  of  the  disease,  but  no  case 
of  complete  recovery  has  yet  been  reported. 

This  dis<'ase  is  one  of  continuous  progression,  especially 
in  the  growth  of  the  bones.  TnthT  treatment,  or  with- 
out treatment,  penods  of  aj)parent  (piiescence  or  i.>eriods 
of  ees.sation  of  symptoms  occur,  and  the  soft  part«  of  the 
hyi)ertrophi«Hl  portions  of  the  body  not  only  may  not 
enlarge,  but  may  actually  aj^pear  t(»  Ik*  diminished  in 
size.  Yet  even  in  s\uh  eases  the  l)ones  apparently  con- 
tinue to  grow. 

These  periods,  when  the  patient  may  say  that  he 
feels  w«*ll.  an'  sooner  or  later  f»»llowed  by  marked  ex- 
a<crbations  of  all  the  symptoms,  often  coming  on  sud- 
denly. These  svnii>toins.  all  of  which  mav  be  amelio- 
rate<l  ]>y  treatment,  are  sev<'re  hea<lache.  often  dizziness, 
ol>stinate  constipation,  troublesrune  dyspepsia,  aggravat- 
ed eye  or  ear  symi)toms.  great  temporary  loss  of  strength, 
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and  melancholia,  with  more  or  less  pain  referred  to  vari- 
ous parts  of  the  bod^.  At  this  time  the  soft  parts  on  the 
hypertrophied  portions  of  the  body  appear  larger,  al- 
though oedema  may  not  be  found. 

A  more  or  less  complete  recovery  from  these  exacerba- 
tions, or  severe  symptoms,  generally  occurs,  but  the 
patient  is  not  quite  as  well  in  all  respects  as  he  was  be- 
fore. Thus  the  disease  proceeds,  with  some  symptoms 
more  or  less  constant,  until  there  is  hardly  a  tissue  or 
organ  of  the  body  that  is  not  affected  in  gn^iiter  or  less 
degree. 

Finally,  little  by  little  the  patient  falls  into  a  condition 
of  progressive  cachexia,  with  partial  or  nearly  complete 
loss  of  muscular  power,  due  to  atrophy  of  the  muscles, 
so  that  he  may  be  compelled  to  remain  in  bed.  This  con- 
dition may  last  for  several  years,  and  then  death  occurs 
unexpectedly  and  suddenly  from  syncope. 

It  is  possible  that  an  enlarged  pituitary  Ixxiy  may  cause 
coma  and  death.  Most  cases  of  acromegaly,  however, 
die  of  some  intercurrent  aflfection,  the  most  frequent  of 
which  are  cardiac  disease,  nephritis,  or  diabetes,  all  of 
which  are  the  results  of  the  connective-tissue  hyperplasia 
of  the  involved  organs,  viz.,  heart,  kidney,  and  pancreas 
respectively. 

The  headache  and  cerebral  disturbances  may  become 
so  severe  as  to  cause  suicidal  tendencies,  and  temporary 
insanity  may  occur,  probably  caused  by  pressure  from 
an  enlarged  pituitary  body. 

Treatment. — This  disease  is  incurable,  but  in  any 
given  case  w^e  can  safely  expect  to  ameliorate  many  of 
the  nervous  symptoms.  When  there  is  an  exacerbation 
of  symptoms,  of  all  treatment  rest  is  the  most  important, 
under  which  all  the  phenomena,  except  those  produced 
by  actual  lesions,  will  improve.  Pain,  the  most  frequent 
cause  of  complaint,  has  been  variously  treated  by  all  of 
the  analgesics,  but  with  only  tempomry  and  varied  suc- 
cess. The  bromides  are  often  of  service  in  relieving  the 
headache  and  the  feeling  of  pressure  in  the  head. 

Tlie  constipation  should  be  treated,  while  dyspepsia, 
when  present,  can  be  best  helped  by  a  diet  that  requires 
but  little  mastication,  as  prognathism,  which  is  so  fre- 
quently present,  is  one  constant  cause  of  the  dyspepsia. 

Positive  impairment  of  sight  or  hearing  cannot  be  im- 
proved, and  if  the  sight  is  affected  at  all  the  loss  of  vi- 
sion will  probably  increase.  Tinnitus  aurium,  if  due  to 
this  disease,  can  prolmbly  l>e  but  little,  if  at  all,  helped. 

Any  tonic  or  bracing  treatment,  combined  witli  rest, 
will  often  cause  a  cessation  of  the  acute  symptoms  and 
an  apparent  pause  in  the  disease,  except  in  the  last  stages. 

If  there  is  atrophy  of  the  muscles  and  great  loss  of 
muscular  power,  strychnine,  given  by  the  mouth  or  hypo- 
dermically,  is  of  value,  especially  when  combined  with 
faradism. 

Cardiac  insufficiency  and  renal  insufficiency  should  be 
treated  as  though  they  were  primary  diseases,  without 
rerard  to  the  acromegalic  condition. 

The  treatment  of  glycosuria  should  be  cautious,  i.e., 
the  true  diabetic  diet  should  be  assumed  with  care,  if 
at  all.  If  diabetes  is  present,  the  patient  might  be  fed 
on  pancreas,  as  in  acromegaly  diabetes  seems  to  be 
generally,  if  not  always,  of  pancreatic  origin. 

Tlie  specific  treatment  of  acromegaly  undoubtedly  must 
bear  some  relation  to  the  secretion  of  the  pituitarj'  gland. 
I  believe  that,  like  exophthalmic  goitre,  we  may  have  an 
incr^tsed  pituitary  secretion,  or  a  diminished  secretion, 
or  a  perverted  secretion.  In  some  cases,  or  at  certain 
stages,  of  exophthalmic  goitre  we  have  a  set  of  symp- 
toms, such  as  great  nervousness  and  cerebral  irritation, 
exophthalmos,  palpitation,  and  loss  of  weight.  In  these 
cases  or  at  these  times  thyroid  feeding  will  aggravate 
every  symptom.  In  other  cases  we  have  dulling  of  the 
intellect,  mild  exophthalmos,  cardiac  weakness  without 
much  palpitation,  muscular  debility,  and  a  putting  on  of 
weight — ^in  other  words,  some  of  the  symptoms  of  myx- 
oedema,  due  to  a  diminished  thyroid  secretion,  all  of 
which  symptoms  ameliorate  with  thyroid  feeding:. 

During  the  stage  of  almost  imperceptible,  gradual,  and 
perhaps  symmetrical  growth  of  the  bones,  pituitary  ifeed- 
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ing  would  probably  be  of  no  benefit,  and  might  even 
aggravate  or  precipitate  unpleasant  symptoms,  such  as 
headache.  But  when  a  case  of  acromegaly  comes  into 
our  hands  for  treatment  the  hypophysis  disease  has  pro- 
gressed far  enough  to  give  nervous  symptoms  and  selec- 
tive enlargements  so  typical  of  the  disease.  At  this  time 
we  are  probably  having  a  diminished  amount  of  normal 
secretion  or  a  wholly  or  partially  perverted  secretion  from 
the  hypophysis,  causing  terrible  headaches,  irregular 
nerve  and  muscle  pains,  vasomotor  disturbances,  mus- 
cular weakness,  cardiac  weakness,  and  perhaps  severe 
cerebral  irritation.  For  this  condition  and  at  this  tune 
pituitary  substance  will,  I  believe,  often,  if  not  always, 
be  found  of  marked  benefit. 

In  a  case  of  acromegaly  that  I  am  now  treating  I  have 
obtained  good  results  from  pituitary  tablets,  the  dose  vary- 
ing from  six  to  twelve  grains  a  day.  In  this  case  the  head- 
ache, which  had  been  continuous  for  two  years,  is  now  but 
rarely  present.  While  under  the  treatment  the  appetite 
improves,  the  muscular  weakness  disappears,  the  nervous 
restlessness  is  gone,  and  the  patient  is  able  to  do  her  usual 
work,  which  she  was  not  able  to  do  before  the  use  of  the 
pituitary  substance.  Also,  the  hypertrophy  of  the  soft 
parts  of  the  face,  hands,  and  feet  greatly  diminishes.  On 
stopping  the  treatment,  the  headaches  and  muscular 
weakness  again  develop,  and  the  face  and  hands  very 
noticeably  again  increase  in  size. 

It  is  probable  tliat  in  the  cases  in  which  the  thyroid 
gland  is  pathologically  so  changed  that  it  cannot  furnish 
its  normal  secretion,  as  denoted  by  mild  myxoedematous 
symptoms,  the  feeding  of  thyroid  extract  might  be  of 
some  benefit. 

I  do  not  believe  that  any  treatment  other  than  the  above, 
and  general  tonic  and  hygienic  treatment,  is  of  any  avail 
in  this  disease.  Oliter  T.  Odxirne. 

ACTINOMYCOSIS.— This  disease  is  a  combination  of 
abscess  formation  and  new  growth  of  connective  tissue. 
In  most  cases  the  disease  lias  the  character  of  a  subacute 
or  chronic  suppurative  process,  but  in  some  cases  the 
new  growth  of  connective  tissue  may  be  so  marked  a  fea- 
ture of  the  process  that  it  may  present  the  cliaracter  of  a 
tumor  or  neoplasm.  The  disease  affects  man  and  certain 
domestic  animals,  particularly  cattle,  in  which  it  is  prob- 
ably best  known.  It  has  a  wide  geographical  distribu- 
tion. 

In  cattle  it  most  commonly  affects  the  jaw  bones,  where 
it  may  take  origin  in  tlie  medulla  or  the  periosteum,  and 
may  lead  to  the  tumor  like  conditions  which  have  been 
long  known  as  medullary  sarcoma  or  osteosarcoma  of 
the  jaw,  or  as  "  lump  jaw,  "  etc.  The  external  soft  parts 
about  the  jaws  and  face,  the  tongue,  the  peripharyngeal 
tissue,  the  stomach,  the  skin,  and  the  subcutaneous  tis- 
sues in  various  places,  may  also  be  the  seat  of  the  disease. 
Anatomically,  the  lesions  consist  in  general  of  an  over- 
growth of  granulation  and  connective  tissues,  throughout 
which  are  distributed,  more  or  less  numerously,  small, 
yellowish,  soft  suppurative  areas  or  abscesses.  If  the 
seat  of  the  lesions  be  the  jaw,  there  is  usually  more  or  less 
new  growth  of  bone  as  well. 

In  swine  the  mamnue,  the  peripharyngeal  tissues,  the 
vertebra*,  and  the  spleen  have  been  observed  to  be  the 
seat  of  the  disease.  In  horses  the  disease  may  occur  in 
the  spermatic  cord  after  castration,  as  well  as  in  the  jaw 
bones  and  in  the  bones  of  the  extremities.  A  few  cases 
of  the  disease  have  been  observed  in  dogs. 

In  man  the  disease  is  probably  more  common  than  is 
generally  supposed.  It  most  frequently  affects  the  tis- 
sues in  and  about  the  oral  cavity,  the  pharynx,  and  the 
neck.  It  also  frequently  affects  the  lungs,  the  bones  of 
the  thorax,  and  the  intestinal  tract.  Almost  any  organ 
or  part  of  the  body  may  become  the  seat  of  the  disease. 
Anatomically,  the  disease  in  man  is  essentially  a  destruc- 
tive suppurative  process  accompanied  by  a  new  growth 
of  connective  tissue  which  in  general  is  not  as  abundantly 
developed  as  in  the  disease  in  cattle,  so  that  in  man  the 
tumor-like  lesions  are  less  frequent. 

The  disease  is  due  to  the  action  of  a  vegetable  parasite 

or 
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niliiiii<-s.  iif  viirLilili-  fi/c.  wliii'li  in  iiiiMt 
to  the  nitkiil  I'V  u»  ;:nivisli  nr  villim-iiiii  ar 
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utliiT  niiMHiit  iirp  nrjronlcd  as  moillllCAii'ms  of  tlio  inar- 
ginrtl  fllutiii'iits(Fig.  iU).  ]ii  fact,  il  gecmfl  vcrj- jimluble 
thut  thisi-  Ixxfii-s  UK  notliJDj;  imirc  tliuu  tin.-  rt-sulls  of 
(Icgciicruticia  of  tlu!  uuirpiuit  lllnmciits,  aa  luis  bccti 
IHiJQtiil  out  liy  BoHtram  ("  Beit- 
rflge  Kiir  paiti.  An&t.  u.  all- 
Kt-ni.  Path.."  ZiPBliT.  Ixl.  ix.. 
lyOU) .  Tbo  "liiiliR  "  nrc  much 
more  fmiiuunlly  fouii<l  In  the 
gmiiii1t.'S  fmni  IivIoiih  la  ani- 
duIh  iliaii  ill  tliiiM:  rroin  nian. 
If  oni'  (if  IIh^  gnuHikii  be 
liroki-u  u]>  on  a  (iiri-r  k'u** 
and  Knitubly  stiilmti  tltin'  will 
Ik  MH'n  on  mlcnMtnii)!^!  ex- 
amination, lM«i(lea  Itinjc  Itla- 
inciitK  vbk'li  braiH-h.  '  abort 
ni(I-1ik(r  or  InicIHiir  lifci'  or  rac- 
I'lis-llkv  fiimiK  (Fill.  ail).  At 
till' l>ri-s('iii  tiiiivil  isroiti4il(Ti'«i 
that  the  iKirilliiN'  and  riNiiia- 
likf  forats  an-  the  n-siilt  of  ile- 
jniK-nitiiiii  anil  <if  lircaklnfE  up 
of  till'  iilnni<-nis.  Some  wrtii'ra 
wi^ii  to  ttiink  Dial  tlw  im-vcnfe 
of  tin-  ~olutw"  or  "rajs"fi<  a 
cnnstaiii  uihI  niti-xHarv  fiiiturc 
of  (III-  irninnlt-H  of  jn-iiuliH-  uc- 

■  n  .■•iv.T  ola«  im  It  nrk-  tilllMliy<-osi«.  allll  Ko  Ihl-y  <1lll 
]B-arani'<«i^tiiie"i-iui>>"  liioiiu  caw-s  psi'iiilo  ai'tlunniv- 
i'iirIm  III  wliii'li  inuniilit  are 
fiiiitiil  wlik-li  linvi'  little  inorp 
ilistiiii.'iiiKii  thi'tn  from  iniciu-iiiuiinyoiMii  tlinn  ilK>at)- 
Li'i'  of  Ihi'sclmdicN.  ill  vIl-w  of  till- fuH  tluklinoni'aiMl 
'  KiiiK-  (ii-u-  ;.rninnUi<.  Imlh  with  atul  nithiitit  "I'liitxi. " 
.V  Ih' fimiiil.  llwi'TiiMiiniliulili' that  tlH'tNi(iilliil]H<cii(lo- 
iB-is  In  ri'iiily  not  (liMlliict  frtnii  thi'  tnit-  <liHM)M>. 


w,.{j:iii„ftii..lu 
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b^''^iW 


r  the  "clubs' 


hyalioe  material  and  sbowing  at  the  matgia 

radially  arraugedHlBineats,  (irHii."(.liihii''iir 

viouBly  described  (Figs. 

29 and 33)     The  hyaline 

material    seiiiiB    to    be 

composed  in  many  in 

Btances  of  uon  atainiiig 

degenerated     lilameDts 

In    other    tnstaneea  the 

nature  of   lliis  fi}ahne 

matenal  is  not  clear  but 


that  has  clung  to  it  ever  since.  The  dis- 
eaBe  in  nmn  was  llrst  recognized  and  identi- 
fied as  due  to  the  same  cause  as  that  found  in 
tJie  diseaae  in  cattle  by  Pocflclt  a  short  time 
after  Bollinger's  publication,  Tiie  gran- 
'\  ulea,  however,  had  been  seen  in  a  Buppur 

^  ative  process  in   the   neighborhood  of  the 

tfff  vertebrs   in   man   by  I^ngenbeck  in  1845, 

fA  and  liad  been  described  and  figured  by  Le- 
bert  in  his  "Atlas  of  Pathological  Anat- 
omy, "  published  in  1836. 

Many  untrustworthy  observations    have 
'      been  published  concerning  the  cultural  pe- 
culiarities of  "Actinomyces    bovis, "    It  is 
commonly  stated  in  text-books  that  culture 
methods  have   sliown  thut   various  patho- 
genic species  of  this  parasite  are  known,  but 
the  writer  considers  that  the  observations 
upon  which  these  statements  are  tiascd  are 
open  to  serious  question. 
According  to  Wolff  and  Israel  {Arehivf. 
'     jMth.  .^Hii(.,  Vircliow,  1881,  Bd.  128),  the 
■^ »         organism  grows  on  agar   practically   only 
in  the  absence  of  oxygen.     Cultures  made 
by  breaking  up  the  granules  and  spreading 
I      the  fragments  over  the  surface  of  the  agar 
I      begin  to  show  tlic  growth  of  colonies  after 
,      about  three  days.     Some  days  later  the  col- 
I      ouiea  may  have  attained  the  diameter  of  2 
^^  or  3  mm.    They  are  grayish  white  in  color, 

^B  roun<led  in  outline,  with  wavy  margins  in 

-^^r some  instances,  and  often  have  an  elevated 

nodule  in  the  centre. 
anil  bra wjiiog  Jq  bouillon,  growth  may  be  obtained 
without  the  csclusion  of  oxygen.  Gran- 
ules planted  in  this  medium  become  larger 
in  size  and  break  up  into  small,  wbile,  irregular  masses 
I  In  the  course  of  a  few  days.  The  growUi  then  appears  as 
a  sediment  at  the  bottom  of  the  culture  tube,  compraed 


see  bacillus  like  fiag 
meuta  of  the  organism 
in  or  among  Che  puscclla 
surrounding  the  colony 
The  pathological  sig 
nificance  of  the  granules 
in  the  lesions  of  the  dis- 
ease wras  Hret  clearly 
shown  by  Bollinger  in 
1877,  although  their 
presence  tiad  been  noted 
previously  by  several 
otMcrvers  whose  wortc 
was  incomplete  and  did 
not  receive  general  rec- 
ognition. Bollinger  re- 
garded the  granules  as 
growths  of  a  fungus  and 
BS  the  essential  cause  of 
the  disease.  Harz.  a 
botanist,  confirmed  Bol- 
Ihiger's  ideas  of  their 
fungous   nature   and 


called    the   ( 


nisi 


"actiDomycea  bo  vis," 


no.  8l.-8e<llonofL_  .  .. 
Flu-  Z»,    Tbe  Bbac«tBt.  conUlniHK 

eit«ncHng  Into  tlie  llTer  buIh" 

upper  quadrant  of  ttie  Sgure. 
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1  mm.  in  diameter.  The  gmnules  BW  often  cODgloiner- 
at«d  into  irregular  magscs.  TbebouilloD  is  never  clouded 
if  the  growth  is  not  contaminated. 

Microscopical  examination  of  the  growth  in  the  culture 
ahowa  longer  and  sliorter  rods  and  tlircada.  tlie  last  men- 
tioned gometimca  branching.  The  organism  staina  irreg- 
ularly, and  often  showa  rounded  or  ctub-sbapcd  swelling 
or  other  irregnlaritiefl  fn  shape,  especially  at  its  extremi- 
ticH.  It  does  not  altogellier  preserve  its  lilanientouscliar- 
actcr  in  lliB  oover-gloss  preparations  from  liie  cultures. 
This  is  probably  due  lo  the  fact  that  the  filaments  are 
broken  up  in  the  manipulation.  Anailditiunal  pccullaritj 
of  tills  organism  is  the  presence  of  di'cply  staining  rounded 
or  oval  bodies  in  llio  rods  and  Ihrcuils.  These  are  of 
about  tlie  same  dianii^ter  as  llic  rod.  aud  are  frequently 


dlstrilmlol  along  the  length  of  the  nid  or  filament  at 
variable  Inlervals.  Their  nutiiro  mid  fimelion  are  not 
undersliiixl. 

Animal  inoculaliims  with  ndiniimyci'X  at  the  hands  of 
various  in  vest  igntors  havu  not  led  lo  conilusive  re-iultH. 
Klax  Woltt  and  James  iHniel  ('"c.  eil.}  in  1H1I1  piililiatxil 
the  most  iiiieri'Htiug  work  that  lius  ever  tieeii  done  on  Utia 
subject,  but  their  n^sulls  lack  <!(inlinnatliin. 

The  i-\a<'t  position  of  thu  orgmiisiii  iti  the  Ixilnnicnl 
world  la  still  a  matter  of  diM-UKxion.  u<«  is  aW)  the  name 
of  thegroupof  micro-orpiiiisinslowhicli  it  Iwlongs.  On 
accountof  its  branching  it  in  to  bir  ri'gardird  as  bcloDging 
to  a  more  highly  devdoiH-d  group  than  the  bactetia, 
while  it  is  not  so  highly  develotNil  as  to  U-  classed  with 
tliu  moulds  or  liypliomyn'tes.  Tlio  l^riuleney  at  the  pres- 
ent lime  is  to  call  it  and  similar  brnuching  organisms 
"Btrcptothrices."  Of  such  organisms  a  siiiull  niimlN'r 
have  been  more  or  li'sa  sulisfactorily  deacriU-d.  »m»i!  of 
which  have  been  met  with  in  inHtimnmtory  proecsse 

The  precise  relationship  of  thi-si' to     -'-- -  -  •  - -■- 

not  very  clear  at  the  present  "' 


Primary  actinomycosis  of  the  outer  skin,  exclusive  of  the 
skin  of  the  face  and  neck,  is  less  frequent.  RubrSh  {An- 
tiaii  of  Surgery,  October,  November,  December,  1899,  voL 
XXX.,  No«.  4.  5,  6).  who  has  collected  all  the  reported 
cases  tliat  be  could  Had  In  the  literature,  gives  the  fol- 
lowing figures:  Total  number  of  cases,  1,064,  including 
certain  cases  probably  counted  more  than  once.  In  these 
the  disease  alTected  the  head  and  neck  In  00  per  cent., 
the  digestive  tract  in  20  per  cent.,  the  lungs  in  15  per 
cent.,  and  the  skin  In  3  per  cent;  6  percent,  areclastdned 
as  doubtful.  Various  cases  have  also  been  recorded  of 
actinomycosis  of  various  organs,  including  the  hrain, 
wilhoutanydcmonstisblc  primary  lesion  in  tbedtuatioDs 
above  mentioned. 

BUtism  ia  probabl;  _._, „  

I  tissues  along  with 
foreign  bodies,  especially 
such  as  occur  in  food  ma- 
terial in  the  case  of  cattle. 
The  not  Infrequent  finding 
of  such  foreign  bodies  in  or 
near  the  lesions  of  the  dis- 
ease, and  the  observations 
of  thcincreascof  the  disease 
in  herds  of  cattle  when  a 
cliange  has  been  made  in 
their  food,  as  also  the  very 
frequent  localization  in  the 
neighborhood  of  the  mouth, 
pharj-nx,  etc.,  support  this 
idea.  Noonc,  however,  has 
satisfactorily  demonstrated 
the  parasite  outside  of  tUc 
lesions,  and  we  know  noth- 
ing dctlnito  concerning  its 
habitat  in  the  outer  world. 
There  Is  evidence  that  the 
infeciloii  may  be  transmit- 
ted from  animals  to  man  or 
from  one  Individual  to  an- 

Actinomycosis  In  man  is 
distinguished  from  the  dis- 
ease in  cattle  not  onlv  by  a 
less  extensive  Dew  forma- 
lin t  also  by  its  greater  ten- 
di'ncy  to  the  formation  of 
fistulie  and  sinuses,  by 
which  tlio  disease  may  ex- 
tend widely  from  one  or- 
gan to  another.  Such  si- 
nuses may  extend  from  the  tissues  about  the  mouth  or 
pliiirvjigcal  cavities  dei'jily  into  the  thoras  and  along  the 
s]iiniil  column  (prevertebral  phlegmon).  In  actinomy- 
cosis of  Itic  lungs  tistulic  may  perforate  the  chest  wall  or 
go  through  thu  diaphmgni  into  the  abdominal  cavity. 
In  aclinomycnsis  of  tho  iutestini'S  fistula;  may  form  which 
usually  perforate  the  nnteriuralKlominal  wail;  thcvmay, 
liowever,  extend  through  the  lumbar  region  or  into  the 
rectum  or  bladder.  Tlic  disease  may  also  extend  nicta- 
stalically  through  invasion  of  tlie  blood  slream  by  the 
orpinisni,  aud  in  this  way  various  organs  at  a  distance, 
such  as  the  h<iirt,  brain,  kidnevs,  etc..  may  become  tho 
sent  of  the  disease.  Only  ran'ly  does  it  spn-ad  by  the 
way  <if  tlie  lynipliatics.  Secondary  infections  wiUi  pyo- 
geiielic  fix^-i  may  occur. 

The  clinical  course  ami  prognosis  of  thcdiseascdcpcnd 
Hp<)n  its  extent  ami  loealiuilion,  aud  upon  the  occurrence 
of  secondary  infc-clions  with  the  pyogenic  cocci.  The 
laKt  nicntioniil  is  an  iinfavomlile  complication,  ' 
.  __!..    i__.  ■_ -ofiiitcmal 


..  ._  may  be  fever 

.  .   .  ...-  •»  ..-^  I--'"' >'  I  "nd  marked  disturliunce  of  uiilrilicm.     In  local i stations 

The  most  frequent  scut  of  primary  actinomycosis  in  '  a Imut  the  buccal  cavity  and  neck  there  is  good  evidence 

man  is  the  tissues  about  the  buccal  cavity  and  tlut  neck,  t  that  many  of  lheS(t  casi.'s  will  h(«l  hy  the  simplest  surgi- 

Prlmaryactinomycosisof thesepartsfomismori'llianlialf  |  rul  treatment  or  even  spontaneously.     Prolfflbty  many 

of  all  the  reconled  cases.     Next  in  frc(|ueucy  is  primary  sucti  cases  go  iinrecogniKeil.     The  bones  of  the  jaw  are 

actinomycosis  of  the  digestive  tract  and  of  thu  lungs.  |  rarely  aJIected  in  man.    The  occurrence,  in  the  soft  parts 

100 
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of  the  neck  ^r  cheek  near  the  jaw,  of  liard  swellings  which 
have  arisen  painlessly  and  present  a  fluctuating  or  sup- 
purating focus,  should  excite  suspicion  of  actinomycosis. 

Actinomycosis  of  the  lungs  in  general  resembles 
chronic  pulmonary  tuberculosis.  The  affection  may  last 
for  months  or  years.  It  is'  characterized  by  cough,  by 
much  Sputum,  which  is  often  fetid  or  bloody,  and  by 
niarke4  pains  in  the  breast  and  back.  There  are  also  irreg- 
u*ar  fever  and  progressive  emaciation.  Fistulae  perforat- 
ing the  chest  wall  and  involving  the  sternum  or  ribs  are 
nut  infrequent.  In  this  the  disease  dififcrs  radically  from 
tuberculosis  of  the  lungs.  The  prognosis  is  generally 
bad.  Remissions  with  appearances  of  healing  occur. 
The  process  may  be  localized  in  any  part  of  the  lungs. 
It  usually  appears  as  small  abscesses  or  broncho-pneu- 
monic patches,  from  which  cavities  may  be  formed 
accompanied  by  new  growth  of  connective  tissue. 

Actinomycosis  of  the  intestines  is  characterized  by  ex- 
tensive induration  due  to  a  marked  development  of  peri- 
toneal adhesions  and  to  the  extension  of  the  process  to 
the  abdominal  wall  and  neighboring  organs.  As  before 
mentioned,  the  tendency  to  the  formation  of  the  tistulse 
is  marked.  Metastatic  involvement  of  the  liver  is  not 
unusual.  The  prognosis  must  be  regarded  as  unfavor- 
able in  general. 

Actinomycosis  of  the  skin,  according  to  Leser  (Archiv 
f.  klin.  Chir.,  1899,  xxxix.),  may  appear  as  a  circum- 
scribed ulcerated  lesion  or  as  a  nodular  formation  with 
central  cicatrizations.  The  subcutaneous  tissue  may  also 
be  affected  and  a  chronic  phlegmonous  condition  be  pro- 
duced. 

One  of  the  forms  of  the  disease  known  as  "  Madura 
foot "  is  very  probably  actinomycosis  of  the  part.  This 
is  the  so-call^  **  white  "  or  "  ochroid  "  variety,  in  which 
the  characteristic  granules  in  the  lesions  are  of  this  color. 
The  "  black  **  or  **  melanoid  "  variety  of  "  Madura  foot "  is 
due  to  an  altogether  different  vegetable  parasite,  which 
is  a  hyphomycete  (Wright:  Transactions  of  the  Associa- 
tion of  American  Physicians,  1898,  Journal  of  Experi- 
mental Medicine,  vol.  iii.,  1898). 

The  diagnosis  of  actinomycosis  is  made  by  finding  the 
characteristic  granules  or  colonies  of  the  organism  in  the 
lesions  or  in  the  discharges  from  the  same.  These  in 
some  instances  may  be  so  obscure  as  to  escape  observa- 
tion with  the  naked  eye.  Microscopic  examination  is 
necessary  to  distinguish  the  colonies  or  granules  from 
small  pieces  of  necrotic  tissue  and  masses  of  pus  colls. 
Tlie  pus  or  suspected  material  should  be  spread  on  a 
piece  6i  glass.  In  this  way  the  granules  will  be  more 
easily  seen.  In  actinomycosis  of  the  lunes  the  organism 
may  be  found  in  the  sputa  and  in  the  discharges  from 
tistulse  in  the  wall  of  the  thorax.  In  the  sputum  the  para- 
site is  to  be  distinguished  from  the  common  leptothrix  of 
the  mouth  by  the  fact  that  the  filaments  of  the  latter  are 
larger,  straighter,  and  thicker  and  do  not  branch  as  do 
the  filaments  of  actinomycosis.  The  leptotlirix  filaments 
are  also  frequently  adherent  to  epithelial  cells. 

The  treatment  of  actinomycosis  should  be  operative  if 
the  extent  of  the  disease  admits  of  it. 

In  internal  treatment  good  results  are  said  to  have  been 
obtained  from  the  use  of  potassium  iodide. 

Tbe  photographs  which  accomiiany  this  article  werp  made  by  Mr. 
L.  8.  Browo  and  the  writer,  in  the  Ciiiilco-Patbologlcal  Laboratory  of 
the  MasaacbuaettB  General  Hoapital. 

Jatnea  II.  Wright. 

ACTIVE  CONSTITUENTS  OF  PLANTS,  Cr  apsifi 
C-\TioN  OF. — If  this  term  were  strictly  interpreted,  we 
should  omit  from  consideration  all  but  those  constitiients 
which  produce  positive  physiological  etfects.  other  than 
nutritive,  upon  the  animal  system.  As  this  treatment 
would  exclude  some  substances  having  important  med- 
ical and  pharmaceutical  relations,  especially  the  latter,  it 
is  deemed  better  to  consider  briefly  all  plant  constituents 
which  affect  the  properties  or  uses  of  drugs  or  medicines. 

Of  the  nutrients  proper,  the  albuminoids  may  be  dis- 
missed as  of  neither  medicinal  nor  pharmaceutical  impor- 
tance in  tbe  department  of  materia  medica.     The  sugars, 


inulin,  starch,  and  cellulose,  as  well  as  the  more  important 
plant  acids,  are  considered  in  their  respective  alphabetical 
order.  The  other  principles  of  interest  to  us  may  be  con- 
veniently divided  into  the  inorganic  and  the  organic. 
The  inorganics  from  this  source  are  not  treated  as  of 
importance  in  the  modem  materia  medica.  The  vege- 
table c*ompounds  of  iron,  being  readily  assimilated,  are 
probably  worthy  of  much  more  study  and  rational  em- 
ployment than  has  been  the  case  heretofore.  Sea  weiMls 
have  long  been  a  well-known  source  of  iodine,  and  some 
vegetable  drugs  apparently  owe  their  properties  largely 
to  this  element.  For  the  rest,  the  value  of  the  inorganics 
in  drugs  depends  chiefly  upon  the  presence,  especially 
in  such  fruits  as  prunes  and  tamarinds,  of  the  well-known 
laxative  salts,  the  properties  of  which  do  not  differ  from 
those  of  inorganic  origin.  It  is  possible  to  obtain  impor- 
tant cutaneous  stimulant  effects  from  the  use  of  many 
vegetable  substances  rich  in  needles  of  calcium  oxalate, 
although  the  fact  has  never  been  duly  appreciated. 

The  organic  constituents  which  here  require  attention 
are  the  vegetable  acids,  gums,  fixed  oils,  resins,  volatile 
oils,  amaroids,  glucosides,  alkaloids,  and  enzymes,  to- 
gether with  such  mixtures  as  oleoresins,  gunwresins,  and 
balsams. 

Vegetable  Acids. — The  number  of  vegetable  acids 
which  have  been  extracted  from  plants  is  very  great, 
though  only  a  few  are  found  widely  distributed  among 
different  plants.  In  the  plant  they  serve  a  variety  of 
useful  purposes.  Some  of  them,  at  least,  act  as  reserve 
foods,  being  manufactured  during  darkness  and  consumed 
in  the  light,  while  the  reverse  is  true  of  starch.  They 
combine  with  organic  and  inorganic  bases,  which  are 
thus  rendered  soluble  and  transportable.  They  render 
many  fruits  more  palatable,  thus  infiuencing  dissemina- 
tion, and,  on  the  other  hand  and  in  other  cases,  by  their 
irritating  or  antiseptic  properties  they  protect  the  plant 
against  its  enemies.  Those  which  are  of  a  resinous  na- 
ture are  thus  particularly  useful  in  preventing  fermen- 
tation and  decay  (see  Resins) .  Another  class  form  an 
essential  element  in  the  composition  of  fats  and  are  known 
as  fatty  acids  (see  Fixed  Oils) .  Some  of  the  vegetable 
acids,  as  tannic,  citric,  benzoic,  and  hydrocyanic,  are  of 
direct  use  as  medicinal  agents,  while  others  are  of  pliar- 
nmceutical  interest,  as  infiuencing  the  extraction  of  the 
associated  substances.  It  has  been  claimed  in  numerous 
instances  that  a  basic  organic  substance  is  more  efiicient 
when  administered  in  combination  with  its  natural  acid. 
Many  of  the  natural  compounds  of  these  acids  are  with 
the  inorganic  constituents,  and  it  is  these  salts  winch 
chiefiy  render  some  fruits  and  vegetables  laxative.  The 
antiseptic  properties  which  render  many  acids  of  value 
to  the  plant  are  made  to  render  a  similar  service  to  man. 

The  acid  properties  of  the  vegetable  acids  are  much 
weaker  than  those  of  the  inorganic  acids,  so  that  they 
yield  up  their  bases  to  the  latter.  They  are  also  less  cor- 
rosive and  irritating  than  the  latter,  and  they  cannot  per- 
form the  same  service  in  digestion.  Taken  continuously 
or  in  excess,  they  can  impair  digestion  or  cause  gastritis, 
and  they  are  supposed  to  favor  a  rheumatic  diathesis. 
Their  salts  are  commonly  more  soluble  than  those  of  the 
inorganic  acids.  Tln'ir  incompatibilities  are  in  general 
the  same  as  those  of  tiie  latter. 

Gutn^i  are  supjiost^HJ  to  exist  as  waste  substances  in  the 
plant.  Tiicy  usually  form  in  succes.sive  layers  upon  the 
inside  of  the  cell  wall — the  process  known  tol)otanists  as 
** mucilaginous  degeneration."  While  these  statements 
are  true  of  those  gums  which  are  collected  as  such  for 
medical  and  phannaceutical  uses,  another  class,  occurring 
in  such  drugs  as  althaea,  apparently  act  as  res*»rve  foods. 
These  are  of  interest  as  affecting  pharmaceutically  the 
preparations  of  dnigs.  The  gums  are  insipid,  insoluble 
in  alcohol  or  ether,  but  soluble  in  water  to  form  a  muci- 
lage or  an  adhesive  jelly.  They  differ  in  their  precipi- 
tation tests,  but  are  mostly  precipitated  by  lead  acetate 
and  by  alcohol.  Their  presence  in  an  alkaloidal  solution 
will  very  often  prevent  the  i)recipitation  of  the  latter  by 
tannin  and  by  weak  solutions  of  metallic  salts.  Chemi- 
cally, the   gums  are  compounds  of  special  acids  with 
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potassium,  calcium,  and  magnesium.  Medicinally  the 
gums  are  inert,  but  they  serve  to  form  a  protective  cov- 
ering in  many  cases,  thus  guarding  against  irritation,  as 
in  corrosive  poisoning.     When  used  externally  for  this 

Surpose.  some  antiseptic  8ub.stance  should  be  added, 
[ucilaginous  substances  are  highly  prized  in  tl^e  making 
of  poultices,  Iwcause  of  their  marked  power  to  retain  heat 
and  moisture.  Here,  also,  it  is  desirable  to  add  an  anti- 
septic. 

Pectose,  the  mucilage-like  or  gelatinous  constituent  of 
such  fruits  as  apples  and  pears,  and  of  such  vegetables 
as  turnips  and  beets,  acts  phannaceutically  like  mucilage, 
being  soluble  in  aqueous  extracts,  but  precipitated  upon 
the  addition  of  alcohol. 

The  gelatinous  i)rinciple  of  sea  weeds  shares  the  prop- 
erties of  gum  and  pectose,  and  exists  in  very  large  per- 
centage. 

Fixed  oils,  or  fats,  as  those  oils  are  called  which  are  solid 
at  ordinary  temperatures,  are  compounds  of  special  acids, 
known  as  fatty  acids,  with  glycerin.  From  the  names 
of  these  compounds  those  of  the  ac^ids  are  derived,  as 
oleic  acid  from  **olein."  stearic  acid  from  **  stearin, "  pal- 
mitic acid  from  "palmitin."  Many  fats  are  mixtures  of 
such  compounds.  In  the  plant,  fats  are  stored  in  paren- 
chymatic  tissue  in  the  cell  cavity.  As  they  are  reserve 
fo<xls.  of  special  use  in  the  developing  embryo,  we  find 
them  specially  characteristic  of  seeds,  stored  in  both  endo 
sperm  and  embryo.  They  liave  a  characteristically 
smooth  feeling  to  the  touch,  aix»  not  volatile  or  inflamma 
ble,  but  combustible,  insoluble  in  water,  rarely  soluble  in 
alcohol,  and  then  but  partly  so  (see  Cantor  and  Croton 
Oils)^  but  are  soluble  in  volatile  oils,  ether,  and  chloro- 
form. Heated  with  or  kept  mixed  witli  alkalies,  they 
are  decomposed  into  their  glycerin,  which  is  left  free,  and 
their  acid,  which  unites  with  the  alkali  to  fonn  soap,  the 
process  being  known  as '•saponification."  On  exposure 
to  the  atmosphere,  they  undergo  a  peculiar  decomposi- 
tion known  as  rancidity,  giving  them  a  very  di.sagreeable 
odor  and  taste.  Physiologically,  they  are  important 
nutrients,  of  exceptional  value  lx?cause  of  their  ready 
absorbability  through  the  skin,  especially  when  rubbed 
upon  it.  Th(\v  are  not  dialyzable,  but  by  the  aid  of  an 
albuminous  substance  and  of  gum  they  are  rrsolved  into 
an  extremely  finely  divided  state  of  suspen.siou  known  as 
an  ** emulsion,"  ami.  more  or  less  of  this  change  taking 
place  in  the  intestine,  they  can  then  become  absorbed. 
They  act  as  i)rotectives.  and,  by  their  lubricating  and 
softening  power,  as  la.xativcs,  whether  taken  internally 
or  per  rectum.  It  has  been  suggested  that  if  taken  in 
large  quantities,  the  glycerin  set  free  by  their  sai)onitica- 
tion  in  the  duodenum  acts  as  a  laxative  also. 

They  readily  (lis.sf)lve  a  great  numl)er  of  substances, 
and  become  thus  of  the  greatest  use  pharmaceuticidly,  as 
vehicles.  This  use  is  the  more  important  lH*eause  of  their 
great  absorbability,  which  favors  the  absorption  of  many 
dissolved  medicinal  substances  use<l  externally  and  int<T- 
nally.  This  property  has  to  be  considered  in  poisoning,  as 
some  poisonous  substances  not  naturally  absorbable  from 
the  intestine  may  be  so  under  their  influence.  Fats  are  nat  - 
urally  destructive  to  insect  life,  apparently  by  clogging 
up  their  breathing  apparatus.  They  therefore  exert  an 
important  action  as  pamsiticides  and  increase  the  activity 
of  other  agents  of  this  class.  For  similar  reasons,  they 
arc  efficacious  in  destroyinir  ascaridcs.  The  medicinal 
effect  proper  of  fix<Hl  oils  is  very  slight,  if  we  except  a 
few  like  castor  arid  croton  oils,  which  are  apparently 
complex  substances  and  contain  an  irritating  el(?niciit. 
The  same  is  prolwbly  true  of  toxiccKlendrol.  tlie  poisc^n- 
ous  fat  of  poison  ivy  and  its  relatives. 

liesiriM. — These  are  in  some  respects  like  the  fats,  in 
others  like  the  volatile  oils.  Thev  are  solid,  non- volatile 
and  non-inflammable,  but  fusible  and  combust  ible.  Thev 
are  in.soluble in  water,  but  most  readilv  soluble  in  volatile 
oils:  frequently  also  in  alcohol.  lixed  oils,  ether,  and 
chlorofonn.  They  are  acid  in  nature  an«l  are  saponitieil 
by  alkalies,  giving  us  a  series  of  resin  soajKs.  Nitric  acid 
converts  them  into  a  pt^culiar  substance  resembling  tan- 
nin.    They  are  apparently,  at  least  for  the  most  part, 


waste  substances  in  the  plant,  which  transports  them 
through  its  tissues  dissolved  in  volatile  oils,*  as  liquid  oleo- 
rtsins,  in  which  form  they  are  stored  in  special  lacunae, 
ducts,  or  tubes.  They  are  of  use  to  the  plant  by  render- 
ing its  food  storage  partB  antiseptic  and  disa^eeable, 
or  even  dangerous,  to  animals  eating  them.  Fharma- 
ceutically,  the  resins  are  very  troublesome,  as  they  are 
dissolved  in  the  alcohol  in  the  extraction  of  many  drugs, 
and  are  then  most  easilv  precipitated  upon  the  addition 
of  water,  and  often  of  acid  substances.  As  to  their 
medicinal  properties  and  uses,  the  resins,  by  warming, 
become  adhesive  and  have  numerous  and  important  uses 
depending  upon  this  property.  Those  which  are  little 
irritating  can  be  used  as  protectives,  upon  the  evapora- 
tion of  their  solutions  painted  upon  the  surface.  They 
are  more  or  less  antiseptic ;  less  so  tlian  volatile  oils.  They 
are  usually  more  or  less  irritant,  many  being  thus  avail- 
able as  counter-irritants.  One  class  of  them  exhibit  this 
irritating  property  especially  in  the  intestine,  and  become 
purgative,  some  very  powerfully  so.  Among  these  may 
l>e  mentioned  those  of  jalap,  scammony,  pc^opbyllum, 
leptandra,  iris,  and  euonymus.  Preparations  of  such 
drugs  should  be  thoroughly  subdivided  through  an  ex- 
cipient,  so  that  no  large  particle  shall  lodge  in  a  pocket 
of  intestine  and  produce  undue  h'ritation. 

Gum  resins  are  merely  mixtures  of  gum  with  resin, 
which  adapts  them  very  well  to  being  used  in  the  form 
of  emulsions.  Not  only  do  the  relative  percentages  of 
gum  and  resin  vary  widely  in  different  gum-resins,  but 
the  percentage  is  quite  variable  in  different  lots  of  the 
same.  The  activity  is,  of  course,  proportional  to  the 
percentage  of  resin.  Important  gum-resins  are  myrrh. 
a.saf(etida,  anunoniac,  elemi,  galbanum,  and  gamboge. 
They  occur  also  in  many  drugs,  such  as  sumbul,  angelica, 
parsley,  and  lovage.  Volatile  oil  is  a  very  common  con- 
stituent of  gum-resins. 

Volatik  Oils. — For  the  sake  of  long  custom  and  con- 
venience, these  are  treated  as  a  class  of  active  constituents, 
although  the  idea  is  not  a  scientific  one.  They  are  in 
reality  mixtures  which  are  very  indefinite  in  kind,  as 
well  as  in  degree.  The  name  may  without  impropriety 
be  extended  to  all  volatile  and  aromatic  constituents  of 
plants.  The}'  consist  mostly  of  one  or  more  oxygenated 
compounds  uuxed  with  one  or  more  hydrocarbons,  usu- 
ally terpenes.  Of  these,  the  fonner  is  commonly  the 
active  one.  Since  volatile  oils  are  rather  irregular  in 
the  relative  amounts  of  the  active  and  the  inactive  por- 
tions, and  also  highly  subject  to  adulteration,  which  is 
very  difllcult  of  detection,  the  use  of  the  active  constitu- 
ents, the  purity  of  which  is  readily  ascertained,  is  much 
preferable  to  that  of  the  oil.  Doubtless  such  use  will 
extend  as  these  facts  l>ecome  more  generally  appreciated, 
and  this  result  will  be  hasteneKi  by  a  more  common  cus- 
tom of  regarding  and  speaking  of  these  oils  as  indefinite 
and  irregular  mixtures,  a  custom  which  is  carefully  fol- 
lowed in  this  work.  Their  chief  use  to  the  plant  is  per- 
haps as  solvents  of  other  constituents.  Their  nutritive  rela- 
tions are  not  well  known,  and  if  they  were,  they  could  not 
be  easily  defined,  owing  to  their  variable  chemical  nature. 
Their  fragrant  properties  are  undoubtedly  of  value  in 
indirect  ways,  such  as  attracting  insects.  Their  antisep- 
tic properties  and  the  obnoxious  (character  of  many  of 
them  to  some  animals  undoubtedly  serve  a  protective 
l)urpose.  They  may  be  found  in  anv  part  of  the  plant, 
perhaps  most  frecpiently  in  tlie  seeri.  They  may  often 
be  seen  in  the  leaf,  in  the  fonn  of  pellucid  dots,  when 
viewed  against  the  light.  Owing  to  their  volatile  nature. 
drugs  which  depend  upon  their  presence  are  very  liable 
to  (ieterioratc  on  being  kept,  and  unusual  care  has  to  be 
exenri.sed  in  their  j^repamtion  and  preservation.  On 
this  account  thev  are  usually  dried  in  the  shade. 

These  sul)stan('es  leave  no  greasy  stain  on  paper.  They 
are  light,  volatile,  aromatic,  and  intlanunable.  •  They  dis- 
solve in  water  sufliciently  to  render  the  latter  aromatic 
and  somewhat  nu'dicinal.  They  are  readily  soluble  in 
alcohol,  tixed  oils,  and  glycerin,  and  act  as  solvents  of 
resins,  fats,  and  many  medicinal  substances.  Aside  from 
their  medicinal  properties,  they  have  a  wide  use  within 
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as  well  as  outside  the  boundaries  of  pharmacy,  in  odoriz- 
ing  and  flavoring.  In  their  physiological  and  medicinal 
properties,  volatile  oils  agree  in  some  characters  and  vary 
greatly  in  others,  so  thatthey  fall  naturally  into  different 
therapeutical  classes.  Their  local  stimulant  properties  are 
very  general.  This  makes  them  counter-irritant;  some 
of  them,  like  oil  of  turpentine,  very  powerfully  so.  espe 
cially  when  confined  under  an  air-tight  covering.  Others 
which  are  strongly  counter-irritant  are  those  of  mus- 
tard, amber,  erigeron.  cinnamon,  cloves,  and  camphor. 
The  irritating  effect  of  some  volatile  oils  is  followed  by 
a  local  anaesthesia,  occasionally  quite  strong,  as  in  the  case 
of  menthol  and  oil  of  cloves.  In  line  with  their  counter- 
irritant  action  may  be  considered  their  stomachic  and 
carminative  properties,  which  are  perhaps  more  general 
than  any  others.  Here  again  certain  oils,  especially  those 
of  the  families  Umbellifene  (anise,  fennel,  caraway,  etc.) 
and  Labiatie  (mint,  thyme,  pennyroyal,  etc.),  excel 
others.  As  to  their  gastric  effects,  it  is  to  be  noted  tliat 
their  presence  with  the  digesting  f(xxi  mass  tends  to 
inhibit  the  process.  This  action  also  is  greater  in  the  case 
of  certain  oils,  and  is  said  to  be  quite  wanting  in  that  of 
oil  of  peppennint.  which  is  thus  an  e.xceptionallv  valu- 
able carminative.  Aside  from  their  intestinal  effects  in 
stimulating  secretion  and  peristalsis,  they  exert  a  strong 
action  in  stimulating  the  sympathetic  nerves,  thus  over- 
coming the  excessive  relaxation  upon  which  various 
forms  of  serous  diaiThcpa  depend  in  whole  or  in  part. 
This  action  effects  a  final  result  similar  to  that  of  the  true 
astringents,  and  makes  a  combination  of  volatile  oils  and 
astringents  highly  effective.  Their  carminative  proper- 
ties render  them  of  great  use  in  combining  with  griping 
purgatives.  Their  antiseptic  properties  are  quite  general 
and  strong,  though  they  vary  greatly  in  degree  in  the 
different  oils.  They  act  not  only  as  direct  gennicides, 
but  they  stimulate  the  cells  themselves  in  their  fight 
against  the  foreign  organisms.  In  general,  the  oils  of 
the  family  Myrtacea?  and  many  of  those  of  the  Ijauraceae 
are  thus  antiseptic,  as  are  those  of  birch,  wiutergreen, 
sandal,  copaiba,  and  thyme.  Oil  of  cinnamon  is  probably 
the  most  powerfully  antiseptic  of  any.  eucalyptol,  if 
pure,  perhaps  standing  next.  Volatile  oils  agree  in  tiieir 
strongly  diffusive  properties,  on  account  of  which  their 
systemic  effects  come  on  quickly.  If  the  vapor  is  con- 
fined, they  are  quickly  absorbed,  even  through  the  skin, 
as  they  are  by  inhalation.  They  then  become  systemic 
stimulants,  though  overdoses  may  act  as  depressing 
poisons.  This  stimulation  makes  them  antispasmodic  in 
many  cases.  Elimination  begins  as  promptly  as  absorp- 
tion, and  their  local  effects  are  again  seen  at  the  point  of 
excretion.  They  vary  in  their  selection  of  the  channel 
of  excretion.  Some,  like  eucalyptu.s,  copaiba,  and  cu- 
beba,  have  a  tendency  toward  the  respiratory  mucous 
membrane  and  become  important  stimulating  and  anti- 
septic expectorants.  Others,  like  sandal,  copaiba,  cu- 
beba.  birch,  wintergreen,  turpentine,  juniper,  savin, 
tansy,  and  buchu,  have  an  affinity  for  the  kidney,  and 
become  stimulating  (to  irritating)  and  antiseptic  diuret- 
ics, some  important  antiblennorrhagics.  A  few,  like  oil 
of  chenopodium,  are  powerfully  anthelmintic.  Those 
especially  adapted  to  perfuming  and  flavoring  may  be 
named  as  orange,  lemon,  bergamot,  rose,  bay,  bitter 
almond,  citronella,  lavender,  nutmeg,  and  cinnamon. 

Oieorenns,  being  resins  dissolved  in  volatile  oils,  natu- 
rally combine  their  properties.  They  very  often,  however, 
contain  a  third  substance  in  addition,  and  this  may  give 
to  them  specific  properties  distinct  from  thosi*  of  cither 
the  oil  or  the  resin,  and  in  some  cases  exceedingly  pow- 
erful. The  most  important  oleoresins  in  use  are  those  of 
the  male  fern,  capsicum,  ginger,  copaiba,  black  pepper, 
cubeb.  turpentine,  and  hops.  Other  important  oleoresins 
contained  in  drugs  but  not  commonly  i.solated  for  use  arc 
those  of  calamus,  iris,  inula,  prickly  ash,  mezereum,  and 
stillingia. 

Bn/!wzm4  are  liquid  or  solid  oleoresins  depending  in  part 
for  their  properties  upon  the  contained  benzoic  or  cin- 
namic  acid,  or  both.  Their  properties  are  readily  deduced 
from  this  composition.    The  principal  ones  are  benzoin , 


dragons' -blood,  tolu,  and  peru.     Copaiba,  though  com- 
monly so  called,  is  in  no  sense  a  balsam. 

Amaroids  (their  Latin  names  ending  in  ^inum,^  their 
English  in  **  tw") . — This  term  has  been  proposed  for  those 
bitter  extractives  of  plants  which,  having  a  definite 
chemical  composition,  do  not  belong  to  any  of  the  recog- 
nized classes  of  proximate  principles.  While  not  highly 
scientific,  the  term  is  often  very  convenient. 

OlucosideH  (their  I^tin  names  ending  in  "inum," 
their  English  in  **i/i") . — These  are  compounds  of  glucose 
with  some  other  substance,  the  latter  class  covering  a 
wide  range  and  occasionally  containing  nitrogen.  They 
are  especially  numerous  in  the  Liliaceae,  the  Apocynacea*, 
and  some  other  families,  but  are  very  widely  distributed 
elsewhere.  They  act  as  reserve  fooas  to  the  plant,  and 
are  therefore  more  abundant  in  those  parts  which  act  as 
storage  reservoirs,  and  at  the  close  of  the  growing  period. 
The  bodies  as.sociated  with  the  glucose  are  very  fre- 
quently poisonous  or  obnoxious,  subserving  thus  a  pro- 
tective function,  while  the  glucoside  in  this  way  also  acts 
as  a  protective  of  other  parts  or  constituents.  Owing 
to  the  readiness  with  which  they  are  decomposed  (in 
the  plant  by  special  enzymes),  their  nutritious  portion 
is  very  reaaily  available  and  at  once  assimilable.  For 
the  same  reason  they  constitute  very  unstable  medicinal 
agents  and.  like  drugs  containing  them,  require  to  be 
treated  with  very  great  care  in  pharmaceutical  operations. 
They  are  mostly  soluble  in  both  w^ater  and  alcohol. 
Some,  like  amygdalin,  are  inactive  until  such  decompo- 
sition occurs,  while  others  may  be  thus  rendered  inactive. 
Such  decomposition  is  effected  by  the  action  of  dilute 
acids,  especially  if  heated,  by  hot  water,  and  by  the  pro- 
longed action  of  alkalies.  They  are  mostly  precipitated 
by  tannin  and  lead  acetate,  and  very  frequently  by  mer- 
curic chloride.  They  are  usually  very  energetic  physio- 
logical agents,  but  their  actions  are  too  diverse  for  gene- 
ralization. It  may  be  said,  however,  that  they  are  as  a 
class  more  disposed  to  act  upon  the  circulation  than  in 
any  other  one  direction.  Several  of  the  glucosides  are 
widely  distributed  among  different  plants,  and,  exhibit- 
ing variations  among  themselves,  may  be  regarded  as 
forming  sub-classes.  Tannin  or  tannic  acid  (elsewhere 
considered)  is  technically  a  glucoside,  but  differs  so  much 
from  the  others  that  it  is  diflficult  to  regard  it  as  such. 
The  mponin  group  (see  Saponin)  have  also  distinct  and 
important  properties.  The  chief  interest  in  glucosides  as 
a  group  centres  in  their  incompatibilities,  as  indicated 
above.     The  principal  glucosidal  drugs  are  as  follows: 

1 


'  Amygrdalin. 


Emodin 
or  relatives. 


Saponin  or  a  similar  body. 


Bitter  almonds. 

I*eacb  seeds. 

Wild  cherry. 

Cherry  laurel. 

Peach,  plum,  and  cherry  leaves,  etc.. 

Buckthorn,  cascard  sagrada,  and  other  species 

of  Rhamnus, 
Aloes, 
Rhu))arb, 
Senna, 

Apocynum— apocynin  and  apocynein. 
Convallaria— convallamarin  and  convallarin. 
Di^talis— dl^talin  and  others. 
Dulcamara— dulcamarln. 
Phytolacca— phytolaccln. 
Piper— plperln. 
Soap  bartc. 
Soap  root, 
Euonymu.«i, 
Senega, 

Caulopbyllum  and  others. 
Squill— sclllln  and  others. 
Black  mustard— slnlgrin. 
White  mustard- slnalliin. 
Stropbanthus-strophanthin  and  strophanthidin. 

Alkaloi(h  (their  English  names  ending  in  ine,  their  Latin 
in  ina,  although  it  is  now  proposed  to  abolish  this  most 
convenient  distinction  and  to  spell  them  with  a  linal  in, 
a  practice  actually  now  in  use  to  a  great  extent  in  Ger- 
many) . — These  are  nitrogenized  organic  bases,  (X'curring 
in  plants  (also  in  animals)  usually,  if  not  ahvf^vs.  as  waste 
products,  and  in  combination  with  acids.  Although  com- 
monly waste  products  from  a  nutritive  stjuidpoint,  they 
perform  the  mo.st  useful  purposes  in  the  plant  economy. 
Usually  poisonous  and  intensely  bitter,  they  often  serve  to 
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protect  those  paita  of  the  plant  which  arc  used  for  food 
Storage  from  cousmnption  by  wiimala.  Tbey  may  occur 
in  any  part  of  Ihe  plant,  but  are  moat  often  found  in  tlie 
seeds,  leaves,  and  bark  of  bolh  stem  and  root.  Tliey  are 
characti^rist  jcally  conimon  in  some  families,  like  the  Itubia- 
cea,  while  from  oiliers.  like  tbe  ComposiM',  tlie  largest  of 
all  families,  tliey  are  nearly  orquile  sbsent.  Alkaloidsare 
usually  cn'stallizuble.  Many  tvere  formerly  known  only 
JD  a  liquid  or  amorpbous  state,  but  many  uf  these,  wlien 
tboroughly  purlfii'd.  have  since  been  found  erystsllizable. 
Those  winch  are  not  so.  yet  usually  yield  salts  wliicli  are. 
Borne  alkaloids  are  volatile.    Many  alkaloids,  wliile  ael- 


lory  treatment,  iutootiier  alkaloids  and  some  associaied 
substance,  so  tliat  series  of  lliem  are  fornuil.  Tliese  arc 
necessarily  of  unstable  chemical  comiMi^tiun,  In  some 
cases,  on  alkaloid  (vill  result  from  tlic  decomposition  of 
a  glucoside,  as  sulauidine  from  solanin.  Alkaloids  differ 
gre&tly  in  solubility,  but  the  strong  tendency  is  toward 
solubility  in  alcohol  and  iusolubllity  in  water,  while  of 
their  salts  the  leverseislrue.  A  few  which  vary  inarkedly 
from  this  rule  are  enumerated  below.  Tliese  bodies  sliow 
their  basic  nature  by  turning  red  litmus  paper  blue,  but 
more  especially  by  uniting  w*ith  acids  to  fortii  salts.  Tliey 
do  this  without  displacing  the  hydrogen  of  llie  acid,  iis 
metals  do.  Tlicy  vary  greatly  in  tile  Intensity  of  this 
affinity  for  acids,  soine,  like  caffeine,  being  very  fcchly 
l>asic.  In  some  cast-s  we  arc  even  uncertain  whether  tliey 
can  properly  tic  classed  as  alkaloids.  Alkaloids  are  as  a 
class  pnilmblv  the  most  active  pli^vslological  constituents 
of  plants.  Thcit  actions  are  so  dissimilar  tliat  tliey  can- 
not be  at  all  generalized,  except  to  say  that  by  tlieir 
almost  invariably  bitter  taste  they  act,  in  the  absence  of 
other  antagonistic  properties,  as  bitter  stomachics  and 
tonics.  In  many  cases  two  alkaloids,  the  one  a  derivative 
of  tho  otiier,  occur  in  the  same  plant,  witli  antagonistic 
properties.  AlltaloklB  converted  into  melhul  compounds 
are  thus  usually  antagonistic  to  those  so  yielding  tliem. 

it  is  of  the  utmost  im|iortance  lliat  tlie  prescrilHT 
should  keep  in  mind  the  incompatibilities  of  alkaloids. 
Some  of  these  incompatibilities  are  innocent,  or  can  even 
be  utiil/ed  in  iinporlant  ways.  Tims  the  addition  of 
acids  converts  a!kaioi<ls  into  salts,  whicli  may  then  lie 
dissolved  in  water,  the  pliysiological  propeilies  being 
usuallv  unalteritl,  Tlicse  salts  differ  pn-allv  in  soliildl- 
ity.  In  niost  cases  acetates  arc  tile  most  soluble,  hydro- 
chlorides next,  and  siilpliates  llie  least.  In  oilier  cases,  a 
physical  iii»im|uitiliilily  exists,  so  that  the  alkaloid  is 
precipitated.  Owing  to  their  energetic  action  such  a 
result  Is  exceedingly  ilangc'mus,  the  llrst  portions  of  tbi' 
■ne<licine  being  ineffective,  the  lust  portions  {loisonous. 
In  this  connection  it  may  lie  stuteil  tliat  all  salts  which 
will  turn  red  litmus  paper  blue  will  pri'djiitaie  hi|iii>ous 
or  weak  alcoholic  solutions  nf  iilkaloldiil  salts.  Such 
suluiioiis  an-  almiist  always  precipitated  by  alkali  hy- 
drates. solul>l|i  salicvlntfs.  benznates.  imlkles.  and  hrii- 
mides.lamucacid.clil(irIdesor  mercury  and  of  gold.  The 
presence  of  mucilage  or  liydmted  starch  will  Boniitiitii-s 
prevent  this  preci|iltiith>n.  es|H'ciully  timi  bv  tannic  acid. 
In  otlier  ca.w8  incompatibility  involvi-s  ilic  (iestniction  of 
tlic  alkaloid.  Oxidizing  aucnts  will  usually  ac<:oni pi isli 
this  result,  except  wheii  ttiey  enter  into  a  saline  comlii- 
nation.  This  fact  is  utilizeit  in  some  cases  of  antidotui 
treatment,  as  of  murphtne  by  polas-simii  pentunganiile. 
CiiioriLl  hydrate  Is  iucoiniiBtible  with  many  alkaloids, 
forming a'sofi  or  lii^iiid  mass.  Tliewilunaii'iiusHlkaloids. 
of  whicli  atropine  is  the  ly|ie,  as  well  »s  acoiiitine  am) 
conline.  are  decomjKWed  by  alkalii's.  Tlie  sln-ngth  of 
many  drugs  can  be  readily  stanilnrdixed  by  determining 
the  avcra^  percentage  of  alkiiloiil  emilaini-il. 

The  principal  drugs  which  depenii  lijioii  alktilnids  for 
their  activity  arc  the  following  ■ 

Aconite  (hconitine) . 

Aspidospenna  (aspidospermbie.  a  mixtun>  r)f  six). 

Belladonna  (atropine) . 

Berberis  (bcrbcrine). 

Coffee  (caffeine). 
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Cannabis  indica  (!), 

Cbelidouium  (chelerythrine  and  dielidonine) , 

('inchona    (quinine,    cioctaonine,    and    ciuchonidiiiB, 

chietly) . 
C'oca  (cocaine) . 
Colchlcum  (colchk'ine) . 
(couiine). 


Ergo 


(.n. 


(gelsemine  and  gelsetninlne) . 

Oranatum  (peltctierine) . 

Guarana  (caffiJnc). 

Humulus  (triinetliylamjne.  partly). 

Hydrastis  (ijerberiiie,  hydrastine,  and  [artificial]  hy- 
drastinine) . 

Hyoscyamus  (liyoscyamine  and  hyoacine). 

I|)ecac  (emetine and  ccphaeline). 

liotielia  (lobetine). 

Menispermum  (lierljerine  and  menispine), 

Nux  vomica  (stn'chnine  and  brucine) . 

Opium  (many,  the  principal  being  morphine,  codeine, 
narcotine,  narccine.  and  the  artillclal  derivatives  apo- 
morpliine.  aiHK^ixleine,  and  heroine). 

Physostigina  (pbyaostigmiue  or  escrine) , 

Pilocarpus  (t)ilocarpincand  pilocarpidine). 

Piper  (piperidire.  partly). 

Sanguiuaria  (sanguinarfne.  chiefly). 

Scoparius  (sparteine,  partly). 

tSpigeiia  (spigcline). 

Staphisagria  (four  alkaloids,  the  properties  not  well 
differentiated) . 

Stramonium  (daturiuc,  a  mixture). 

Tobacco  (nicotine). 

Veratrum  (veratrine,  a  mixture). 

Important  alkaloids  whlcii  are  soluble  in  water  are 
conilne,  codeine,  caffeine,  nicotine,  atropine  (nearly  four 
grains  to  tlie  ounce),  pelleticrinc,  lobeline  (considembly) . 

Alkaloids  wliicli,  with  their  salts,  are  little  soluble  In 
ordinary  alluioldal  solvents  ere  strj-chnine  and  sparteine. 

b'lUj/inet. — These  are  vegetable  ferments,  acting  like 
the  animal  fennents,  pepsin,  trypsin,  etc.,  in  decompos- 
ing or  digesting  nutrients  for  the  use  of  the  plant.  There 
are  different  clas-scs  of  them,  each  acting  upon  a  certain 
<r1ass  of  nutrients.  The  diastases  acting  on  starch  have 
lN'c<inie  extensively  utilized  in  medicine,  but  most  en- 
zymes have  not.  One  class  has  for  its  function  the 
decoinjKisitlon  nf  glucosidcs.  another  the  digestion  of 
amamids.  another  acts  u|)on  certain  gunis.  Unlike  pep- 
sin and  otlicrs  of  its  class,  tlie  vegetable  enzymes  can  be 
extracted  iti  a  pure  condition  and  their  composition 
d.urmiimi  //,  //.  lliitbg. 


ACUPRESSURE.-A  procM 
Sinipsoii.  of  Ediulnirgli,   in   I 


lure  devised  by  Sir  J.  Y. 

!<ii*,   for  arresting  hemor- 

IS  of  pressure  made  by  a 

iieiglilKiring  tissues.    Tlie 

flow  of  blood  fbrougb 

an  artery  may  be  nrrcst- 

tii   in   any  one  of  thre«> 

ways.    The  vessel  may 

!»■    siniply    compressed 

lietneen  the  needle  and 

some  tirm    tissue,  as  a 

bone  or  the  integument, 

US  represented   in   P^gs. 

3;!  and  M.  ■  Wlieii  the 

artery  lies  enibetiilcd  in 

I,  diviilHl  muscle,  its  oc- 

clusion may  Ih-  nicom- 
Tliis  is  done  by  introdiieing  the  nee<IIe 
'  of  1  he  vesM'l.  and.  when  it  has  passed  througli 
.r  Ilie  tissue,  twisting  it  around  the  artery,  and 
|ioinl  in  the  tissue  in  a  direction  opposite  to 
hicli  it   WHS  first  enlercd;  or  the  artery  need 
■ludeci  in  the  biglit  of  the  needle,  but  the  lat- 
c  tiiriicil  iM'frire  intcliing  tlie  vessel,  the  latte-r 
lieing  conipres.siil  Ity  the  elastic  force  of  the  twisted 
■s  acting  upon  tlie  iieedle.     A  third  method,  appli- 
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cable  also  in  cases  in  which  the  vessel  lies  in  a  yielding 
tissue,  consists  in  pressure  between  the  needle  and  a  slip- 
knot. The  needle  is  passed  beneath  the  artery,  and  a 
loop  of  fine  wire  is  slipped  over  its  point,  the  ends  of 

the  loop  passing  over  the 
artery,  and  being  fastened 
by  two  or  thnte  turns  over 
the  shaft  of  the  needle  (see 
Fig.  85).  In  the  case  of 
small  vessels,  the  needles 
may  be  withdrawn  at  the 
expiration  of  twenty-four 
hours;  but  when  large  ar- 
*"**•  ^*  terial  trunks  are  occludwl, 

the  pressure  should  be  main- 
tained for  forty -eight  hours  at  least. 

The  advantages  claimed  for  this  method  are :  the  ease 
and  rapidity  with  which  the  needles  may  be  applied,  no 
delay  being  caused  in  the  operation;  the  ateence  of 
danger  from  suppuration  of  the  ends  of  the  divided 
vessels;  and 
non-interference 

with  rapid  clos-    

ure  of  the  "^~"^'" 
wound,  no  in- 
flammation be- 
ing excited  by 
the  presence  of 
the  needles  in  the  tissues  for  so  short  a  period  of  time. 
These  advantages,  however,  are  less  manifest  at  the 
present  time,  since  the  introduction  and  general  employ- 
ment of  antiseptic  ligatures,  and  it  is  not  likely  that  the 
proceilure  will  ever  again  enjoy  the  popuhirity  which  it 
at  one  time  possessed. 

ACUPUNCTURE. — An  operation  which  consists  in  the 
introduction  of  needles  into  the  body,  either  as  a  means 
of  giving  exit  to  the  fluid  in  oedematous  tissues  or  for 
the  reliefof  pain  in  neuralgia  and  muscular  rheumatism. 
It  is  a  method  in  great  vogue  in  China,  and  is  used  by 
the  physicians  of  that  country  not  only  to  assuage  pain, 
but  to  promote  reparative  action  in  ulcers  and  in  the 
treatment  of  various  othef  affections.  It  is  said  to  have 
been  introduced  into  Europe  from  China  by  the  mission- 
aries in  the  seventeenth  century.  The  instrument  em- 
ployed is  a  round  polished  necNille,  having  a  cylindrical 
handle  of  sufl^cient  size  to  permit  of  its  being  readily 
manipulated  by  the  fingers.  It  is  introduced  into  the 
tissues  by  a  quick  rotatory  movement,  and  is  then  loft 
in  situ  for  a  number  of  minutes,  or  even  for  an  hour. 
Sometimes  the  insertion  of  a  single  needle  is  sufficient  to 
relieve  the  pain,  but  ordinarily  half  a  dozen  or  more  are 
employed.  This  little  procedure  may  be  practiscnl  almost 
painlessly,  and  is  sometimes  wonderfully  effective  in 
controlling  neuralgic  and  rheumatic  muscular  pains.  It 
often  fails,  indtH»d,  and  it  seems  impossible  to  determine 
beforeliand  in  what  ca.ses  it  will  prove  sorviccnible.  but 
certainly  no  case  of  lumbago  or  sciatica  should  be  aban- 
doned until  acupuncture,  as  well  as  the  more  ordinary 
remedies,  lias  l)eentrietl.  In  anasarca,  when  the  scrotum 
and  lower  extn^nities  are  distended  with  fluid,  the  ])a 
tient  may  experience  comfort  from  a  few  punctuies  with 
a  three-cbrnere<l  surgical  netnlle.  The  operation  should 
be  practised  with  caution,  however,  as  it  is  apt  to  excite 
an  erysiiK?latous  inflammation  of  tlie  integument.  In  the 
treatment  of  paralysis  insulated  needles  are  sometimes 
ufled  as  a  means  of  introducing  the  electric  current  into 
the  dei'per  tissues.  This  procedure  has  received  the 
name  of  t'lfrtropunrture. 

There  is  another  form  of  acupuncture,  called  liiniu- 
$rhiifittMnitts,  which  at  one  time  enjoy e<l  a  great  popular 
reputation,  and  which  even  now  is  not  very  infrecjuently 
employed.  It  was  devised  by  a  German  named  liauii- 
scheidt,  who  is  said  to  have  conceived  the  idea  from  ob- 
serving that  the  irritation  cause<l  by  the  bites  of  insects 
afforded  him  considerable  relief  from  the  pain  of  an 
articular  affection  from  which  he  was  suffering.  Tlie 
instrument  employed  consists  of  a  cylinder  enclosing  a 


button  into  which  are  inserted  from  twenty  to  thirty 
siiort  needles.  The  open  end  of  the  cylinder  is  placed  on 
the  integument,  and  then  by  means  of  a  handle  the  but- 
ton with  needles  attached  is  drawn  up  into  the  cylinder 
compressing  a  spiral  spring:  when  the  liandle  is  released 
the  force  of  the  spring  impels  the  needles  suddenly  and 
sharply  into  the  skin.  The  operation  may  rest  here,  or 
an  irritating  fluid,  such  as  mustard  water  or  caieput  oil, 
may  be  applied  to  the  punctures.  This  is  employed  for 
the  relief  of  neuralgia  and  muscular  pains,  ana  often 
proves  of  very  great  service. 

There  is  still  another  form  of  acupuncture,  if  such  it 
can  be  called,  though  it  is  more  nearly  related  to  hypo- 
dermic medication.  It  consists  in  the  hypodermic  injec- 
tion of  pure  water,  and  has  received  the  name  of  a^ua- 
puncture.  Many  superflcial  pains,  even  though  quite 
severe,  may  be  relieved  by  this  simple  procedure.  That 
the  relief  thus  obtained  is  not  merely  the  effect  of  im- 
agination, is  evidenced  by  the  fact  tliat  neuralgias  of 
distant  parts  are  not  benefited  by  aqueous  injections,  but 
in  order  to  be  effectual  the  operation  must  be  practised 
at  a  point  as  near  as  possible  to  the  seat  of  pain.  Aqua- 
puncture  is  employed  in  various  forms  of  neuralgia,  in 
lumbago,  and  in  painful  functional  affections  of  tlie  ab- 
dominal viscera.  Bartholow  states  that  he  has  obtained 
excellent  results  from  the  injection  of  water  into  the 
substance  of  paralyzed  and  atrophied  muscles.  From 
2  to  4  gm.  (one-half  to  one  drachm)  of  fluid  may  be 
used  for  each  injection,  and  the  operation  may  be 
repeated  if  no  relief  is  experienced  at  the  expiration  of 
two  or  three  minutes. 

ADAMS    COUNTY    MINERAL    SPRINGS.  — Adams 

County,  Ohio. 

Post-Office. — Mineral  Springs. 

Access. — Via  Cincinnati,  Portsmouth  and  Virginia 
Railroad  to  Mineral  Springs  station,  thence  four  miles 
by  carriage  to  Spring  hotel  and  cottages. 

These  springs  are  two  in  number  and  flow  about  sixty 
gallons  of  water  hourly,  having  a  temperature  of  56"  F. 
They  issue  from  the  base  of  a  high  hill  and  are  sur- 
rounded by  picturesque  and  charming  scenery.  Accord- 
ing to  a  partial  analysis  by  Prof.  E.  S.  AVayne,  the  water 
is  highly  charged  with  gas  and  contains  205.35  grains  of 
solid  matter  per  United  States  gallon,  composed  as  fol- 
lows :  Magnesium  chloride,  calcium  chloride,  calcium  sul- 
phate, calcium  carbonate,  sodium  chloride,  iron  oxide,  and 
iodine.  The  water  may  be  classifieil  as  a  saline  calcic 
with  ferruginous  properties.  The  accommodations  for 
visitors  are  now  quite  satisfactory,  the  hotel  having  been 
enlarged  and  a  numlK*r  of  cottages  added.  The  location 
atTonls  a  pleasant  retreat  for  those  who  s<'ek  respite  from 
the  cares  of  business  or  need  the  refreshing  influences  of 
runil  scenery  and  air.  The  water  has  long  been  resorted 
to  by  i)ers<*)n.s  suffering  from  affections  involving  the 
stomach,  bowels,  and  liver.  JnimH  K.  Crook. 

ADAMS  SPRINGS.— T^ike  County,  California. 

Lo(  ATioN. — Ei<rhi  miles  south  of  Clear  Creek  and  two 
miles  from  Cook's  Valley. 

AccKss. — From  San  Francisco  by  rail  via  Oakland  Pier, 
Vallejo.  and  (^ilistoga.  thence  by  stage.  CommcHlious 
quarters  have  been  preparcnl  for  guest.s. 

This  resort  lies  among  rolling  hills  which  are  thickly 

shroudetl  with  verdant  loveliness  most  of  the  year.     The 

staire    drive   from   Calistoga    lies    along  a   picturescjue 

mountain  road  hedged  in  on  either  si(le  by  manzanita 

copses,   .scrub  oaks.  and.  hi<rher  up.    fragrant  redwcxxl 

trees.     The  elevation  is  IlIJiM)  feet  alK)ve  the  sea  level. 

The  following  analy.sis  by  Dr.  Winslow  Andei^son  was 

made  in  lHSt*S.     One  United  States  galUm  contains: 

Solids.  (iralns. 

Sodium  <'hl<>r1de ^M 

Sodium  bicarbonate H.crr 

Sodium  cartK»nate .'in.TO 

Potawlum  saltfl Tnurs. 

Majfneslum  carl)onate OT.W) 

Mafmefdum  sulphate Trar«*!<. 

ralciuin  («rbonate —    27.»'> 

Calcium  sulphate l.W 
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Solids.  GndDS. 

Ferrous  carbonate (*.55 

Silica 7.42 

Alumina. Tnwes. 

Organic  matter 2.60 

Total 31)1 .19 

Free  carbonic  acid  gas :^.76 

In  the  writer's  treatise  on  the  "  Mineral  Waters  of  the 
United  States"  (1899)  this  water  is  classified  as  an  alka- 
line carbonate.  It  is  cool  and  sparkling  and  very  grate- 
ful to  the  palate.  The  resort  offers  numerous  advantages 
to  the  seeker  after  health  and  recreation.  Fogs  are  rare 
in  Lake  County,  and  the  air  is  uniformly  dry  and  pure, 
resembling  that  of  Nice  in  the  south  of  France.  The 
water  is  stated  to  be  highly  recuperative  to  persons  suf- 
fering from  portal  congestion  and  chronic  dyst>ntei*y.  It 
is  further  recommended  in  rheumatism,  chronic  Bright's 
disease,  and  chronic  inflammatory  states  of  the  female 
generative  organs.  Facilities  for  bathing  have  been 
provided.  Jamen  K,  Crook. 

ADDISON  MINERAL  SPRINGS.— Washington  County, 

Maine. 

Post-Office.  — Addison. 

Access. — Via  steamer  from  Portland.  Hotel  and  pri- 
vate families  accommodate  visitors. 

This  spring  is  located  in  a  charming  hilly  section 
within  one-quarter  of  a  mile  from  an  inlet  of  the  Atlantic 
and  about  one  hundred  feet  above  the  ocean  level.  It 
is  about  five  feet  in  diameter  and  four  feet  in  depth,  and 
has  a  steady  and  rapid  flow.  The  following  analysis 
furnished  to  the  writer  bv  Mr.  W.  II.  Nash,  one  of  the 
owners,  was  made  by  Professor  Hayes.  TIk;  figures  pre 
sumably  have  reference  to  grains  per  United  States  gallon : 

Solids.  Grains. 

Potassium  sulphaU» , [J  J9 

Sodium  sulphate Y**^ 

Iron  bicarlionate >-ro 

Calcium  sulphate ^C_ 

Silica  and  alumina ^^^* 

Calcium  bicarbonate ^-^ 

Matfnesium  bicarbonate 1-J* 

Sodium  chloride [J-JY 

Sodium  bicarbonate W** 

Total 8. 1 4 

According  to  the  clas.sification  adopted  by  the  author, 
this  water  is  properly  termed  a  light  alkaline  chalybeate. 
It  lias  been  used  wil*hap])arent  benefit  in  acid  dyspepsia, 
renal  congestion,  and  oHkt  conditions  in  which  a  mild 
antacid  diuretic  is  re(iuire(l.  James  K.  Crook. 

ADDISON  SULPHUR  SPRINGS.— Webster  County, 
West  Virginia. 

Post-Office. — Addison. 

Access.— Via  West  Virginia  and  Pittsburg  I^ilroad  to 
Cowen ;  thence  by  stage  twelve  or  fifteen  miles  to  springs. 
A  railroad  now  being  constructed  from  a  point  on  the 
fonner  line  will  soon  extend  directly  to  the  springs. 
Hotels  and  boarding-houses. 

The  springs  here  include  two  natural  fountains  and 
one  bored  well.  Dr.  (Jeorge  B.  Simpson,  of  the  Webster 
Springs  SaniUirium.  in  the  neighborhcKxl,  supplies  us 
with  the  following  partial  analysis.  One  United  States 
gallon  contains : 

Solids.  Ci  rains. 

Calcium  carbonate       '.  j^  jy 

Magnesium  carbonate  \ 

Calcium  sulphate  '.  jp  ^^ 

Magnesium  sulphate    \ ' 

Sodium  chloride 3T7.:t> 

Ir(m  oxide Tnnes. 

Volatile  and  organic  matter 57. 45 

Total 4«:.3l) 

We  have cla.ssified  thiswatcras  a  niuriatcd  siilinc  calcic 
(ride  '*  Mineml  Waters  of  the  United  States").  Mr.  H. 
11.  Towns<m(l,  of  Addi.son,  informs  us  that  it  is  also 
heavily  impregnated  with  sulphuretted  hydrogen.  It 
has  a  temperature  of  57'  F.  It  has  a  strong  s;ilty  fiavor, 
but  most  persons  find  it  (juite  palatable. 


The  town  of  Addison  is  picturesijuely  located  on  the 
banks  of  the  Elk  River.  The  situation  is  about  fourteen 
hundred  feet  above  the  sea  level,  and  the  surrounding 
country  is  of  a  mountainous  character  with  a  variety  or 
pleasing  scenery.  The  place  has  nine  small  hotels,  but 
the  accommodations  are  not  sufficient  to  provide  for  the 
increasing  tide  of  summer  visitors.  Statements  appear 
to  agree  that  the  waters  here  i)Ossess  value  in  disoi^ers 
of  the  alimentary  tract  and  liver.  They  are  of  undoubted 
benefit  in  cases  of  chronic  constipation  and  abdominal 
venosity.  James  K.  Crook. 

ADDISON'S  DISEASE  (Bronzed  Skin  Disease;  Me- 
lasma Suprarenale). — Of  the  above  terms  the  first  is 
to  be  preferred,  for  while  the  peculiar  discoloration  of 
the  skin  is  not  an  invariable  characteristioof  the  affection, 
the  credit  of  Addison  to  the  discovery  of  the  disease  called 
by  his  name  has  never  been  called  in  question. 

Definition. — A  disease  characterized  by  progressive 
asthenia,  digestive  disorders,  pain  and  tenderness  chiefly 
seated  in  the  epigastric,  hypochondriac,  and  lumbiur 
regions ;  and  an  abnormal  pigmentation  of  the  skin  and 
mucous  membranes. 

Historical  Notice. — The  first  case  of  Addison's  dis- 
ease on  record  is  to  be  found  in  Lobstein's  treatise,  **  De 
nervi  sympathici  humani  fabrica  et  morbis,"  Paris,  1823, 
from  the  English  translation  of  which,  by  the  late  Prof. 
Joseph  Pancoast,  I  take  the  following  extract:  **I  have 
myself  observed  the  nerves  forming  the  suprarenal  plexus 
much  thicker  in  disease,  where  the  capsulfe  renales, 
which  were  more  than  twice  as  large  as  usual,  had  de- 
generated into  tuberculous  substance."  The  patient  was 
an  unmarried  woman,  twenty-five  years  of  a^,  who  died 
in  "convulsive  spasms  analogous  to  the  epileptic.  .  .  . 
Nothing  unusual  was  discovered  in  the  body  of  this 
woman  but  the  aforesaid  change  in  the  suprarenal  glands, 
and  the  enlargement  of  the  nerves." 

Notwithstanding  the  fact  that  there  is  no  record  of  any 
darkening  of  the  complexion,  the  above  was  undoubtedly 
a  typical  case  of  Addison's  disease,  in  which,  moreover, 
death  by  convulsions  is  not  uncommon.  The  observa- 
tion reganling  the  thickening  of  the  nerves  in  this,  the 
first  recorded  instance  of  the  disease,  is  of  remarkable  in- 
terest. The  second  case  was  recorded  in  the  "Halle 
Hospital  Reports  "  by  Dr.  Schotte.  in  October,  1828,  and 
is  published  in  vol."  vii.  of  the  Deutsches  Archiv  fur 
kh'n.  }fe(f.,  by  Risel,  in  the  course  of  his  article  **Zur 
Pathologic  des  Morbus  Addisonii."  The  third  case  came 
under  the  observation  of  Dr.  Richanl  Bright,  at  Guy's 
Hospital,  in  July,  1829.  It  is  contained  in  Dr.  Bright's 
classical  **  Reports  of  Medieval  Cases."  and  also  figures  as 
Case  V.  in  Addison's  original  memoir.  The  lesions  of  the 
capsules  were  ehanicteristic;  there  was  no  other  affection 
of  any  cons<»(|Uence.  and  for  the  first  time  in  the  history 
of  this  disease  it  was  noted  that  the  **  complexion  was 
very  dark."  A  few  other  cases  were  reportcSd  before  the 
year  18o5.  when  Addis<^)n  published  his  work  "On  the 
Constitutional  and  Local  Effects  of  Disease  of  the  Supra- 
renal Ca])suh's."  but  it  was  reserved  for  his  sagacity  to 
detect  the  relation  between  the  well-marked  constitutional 
symptoms  of  the  affection,  the  peculiar  pigmentation  of 
the  skin,  and  the  structural  changes  in  the  suprarenal 
capsules. 

It  is  no  disi)aragement  to  the  memory  of  Addison  to 
siiy  that  the  general  aeknowlcMlgment  of  his  discovery 
was  retarded  by  his  including  in  his  treatise  cases  which, 
at  the  present  day,  would  be  rejected  from  the  cate- 
gory of  Addison's  disease.  Of  his  11  cases  there  are  but 
4  uneompli('at(Ml  with  other  alTeetions.  2  complicated; 
while  of  the  remaining  .").  1  was  a  case  of  softening 
of  thr  brain  with  advanced  kidney  disease  and  tuber- 
culous deposits  in  various  organs,  among  othera  in  one 
suprarenal  eai>sule.  and  the  other  4  were  cases  of  wide- 
spread eareinoniatoiis  dei^osit.  the  suprarenal  capsules 
being  more  or  less  involved  in  each.  Addison  was  evi- 
dently under  the  inipression  that  the  symptoms  of  the 
disea.se  were  due  to  the  su])pression  of  the  unknown 
function  of  the  adrenals,  and  that,  therefore,  any  destruc- 
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tive  lesion  of  these  bodies  was  capable  of  causing  them. 
This  view  of  the  pathogenesis  of  the  ulTectiou  has  been 
called  in  question  by  distinguished  pathologists,  who 
have  insisted  on  restricting  the  term  Addison's  disease  to 
a  tuberculous  inflanmmtion  of  the  adrenals.  The  original 
view  of  Addison,  however,  is  resuming  its  sway  and  bids 
fair  ere  long  to  be  generally  adopted.  As  will  be  f^'vn 
later  on,  the  mo.st  reasonable  theory  of  the  pathogenesis 
of  the  disease  is  that  of  adrenal  inade<|uacy. 

Etiology. — Age,  se.v.  and  occupation  are  prominent 
factors  in  the  etiology  of  this  disease.  The  lesion  of  the 
adrenals  being,  in  thegreat  majority  of  casc-s,  tul>erculous, 
it  follows  that  the  affection  is  most  common  during  those 
deaides  in  which  tuberculous  pnK'esses  prevail — i.e.,  be- 
tween twenty  and  forty  years  of  age.  Exceptionally. 
the  disease  may  manifest  itself  both  in  adolescence  and 
in  old  age,  and  it  may  even  be  congenital.  For  exam])le, 
Belyayeff  has  reported  the  aise  of  an  infant  born  with  a 
dingy  yellowish -gray  skin  who  died  at  the  age  of  eight 
weeks.  At  the  auto])sy  both  adrenals  were  found  in  a  state 
of  cystic  degeneration.  The  disease  is  nuich  more  prevalent 
in  males  than  in  females,  and  especially  so  among  the  labor- 
ing classes.  Of  188  undoubted  cases  tabulated  by  Green- 
how,  119  were  males  and  64  females,  and  more  than  nine- 
tenths  of  the  whole  number  were  engaged  in  laborious 
manual  work.  8<'veral  cases  have  been  as.sociated  with 
psoas  or  lumbar  abscess,  the  adrenals  becoming  involved 
by  extension  of  the  inflammatory  process.  In  others  de- 
void of  such  spinal  complication,  the  origin  of  the  diseu.sc 
has  been  attributed  by  the  patient  to  overexertion  of  the 
spinal  muscles.  8uch  was  the  fact  in  one  of  my  own 
cases,  the  patient's  first  symptoms  having  been  weakness 
and  pain  in. the  Imck  immediately  following  the  occupa- 
tion of  weeding  her  garden.  In  ca.ses  like  those  last  re- 
ferred to,  it  is  probable  that  the  lesion  was  well  advancc*d 
at  the  time  of  the  overexertion  or  traumatism,  the  latter 
merely  serving  to  awaken  dormant  symptoms. 

Symptomatology. — To  quote  the  words  of  Addison: 
*•  The  leading  and  characteristic  features  of  the  morbid 
bUlXc  to  which  I  would  direct  attention  are — anaemia, 
general  languor  and  debility,  remarkable  feebleness  of  the 
heart  8  action,  irritability  of  the  stomach,  and  a  peculiar 
change  of  color  in  the  skin,  occuning  in  connection  w  ith 
a  diseased  condition  of  the  suprarenal  capsules." 

Taking  these  in  order,  theana?mia  first  claims  attention. 
As  is  well  known,  it  was  while  studying  the  disease  which 
he  termed  idiopathic  anajmia,  now  more  generally  known 
as  pernicious  ana'mm,  that  Addison,  as  he  expressetl  it, 
•* stumbled  upon"  the  discovery  of  the  disease  which 
bears  his  name.  With  his  mind  intent  upon  the  disease 
which  pn*sent8  the  profoundest  grade  of  anirmia.  it  was 
natural  that  Addison  should  attribute  the  languor  and 
debility  of  the  bronzed  skin  disease*  to  a  similar  state  of 
the  blood.  The  aniemia  of  that  affection  is,  however. 
more  apparent  than  reid.  In  one  of  the  most  typical 
cases  on  record,  described  and  pictured  by  Byrom 
Bramwell  in  his  atlas  of  clinical  meilicine.  the  red 
corpuscles  numbered  8,250,000,  while  the  hfemoglobin 
was  present  "  in  at  least  the  nonnal  amount. "  In  another 
case  of  the  same  distinguished  clinician  the  red  corpuscles 
numbered  3,500,000  per  cubic  millimetre,  i.f.,  70  per 
cent,  of  the  normal.  These  figures  certainly  do  not  rep- 
resent a  high  grade  of  anaemia.  Acconling  to  Dr. 
Wilkes,  to  whose  vigorous  and  loyal  efforts  the  geneml 
recognition  of  Addison's  disease  is  perha])s  chiefiy  due 
(Rolleston) ,  amemia  is  not  a  feature  of  the  dis**as<\  I'nder 
the  microscope  the  red  corpuscles  are  seen  to  be  of  normal 
size  and  shape,  and  to  form  rouleaux  as  in  health,  wiiilc 
the  white  cells  may  or  may  not  be  slightly  in  excess. 
In  one  or  two  cases  free  pigment  granules  are  sjiid  to 
have  been  present,  but  the  observation  stands  in  urgent 
nee<l  of  confirmation.  Ana?mia  not  being  present  In  suf- 
ficient degree  to  accoimt  for  the  profound  asthenia  of  Ad- 
dison's disease,  to  what  then  is  it  due?  As  will  be  seen 
under  the  head  of  pathogenesis,  it  is  most  reasonably  to 
be  attributed  to  an  irregular  distribution  of  the  blood,  to 
its  accumulation  in  the  enormous  district  of  the  abdominal 
Teasels. 


The  languor  and  debility  or,  in  one  word,  the  asthenia 
which,  according  to  Addison  and  all  subsequent  observ- 
ers, is  a  cardinal  symptom  of  the  disease,  is  also  one  of 
the  earliest.  In  all  histories  of  the  disea.se  the  patient  has 
been  compelled  to  abandon  his  usual  occupation  by  reason 
of  muscular  weakness,  and  when  there  is  no  complication 
with  other  wasting  disease  this  prostration  is  unattended, 
at  least  in  the  early  stage,  with  any  marked  dinunution 
in  the  volume  of  the  musf^ular  and  adipose  ti.ssue.s.  The 
power  of  resistance  to  depressing  agents  is  greatly  re- 
duced. Mental  and  botlily  exertion  which  would  be  re- 
garded by  the  healthy  as  trivial,  is  followed  by  exhaus- 
tion, and  the  use  of  purgatives  is  positively  dangerous. 
As  remarked  by  Bmmwell.  in  more  than  one  of  the  re- 
corded cases  death  has  resulted  from  an  ordinary  dose 
of  a  i)urgative  drug. 

With  this  asthenia  there  is  en feeble<l  action  of  the  heart, 
of  which  the  apex  beat  is  faint  or  imperceptible  and  the 
sounds  weak  and  distant.  The  pulse  prttstfuts  varying 
features,  but  is  always  weak  and  compressible.  It  may 
be  frequent  or  infrequent,  full  or  small.  Patients  are 
liable  to  attacks  of  collapse  inducc»d  by  vomiting,  pur- 
gation, or  other  depressing  cause*,  or  without  apparent 
cause,  which  may  be  so  severe  as  to  resemble  the  collapse 
of  cholera.  Coutra^rv  to  the  usual  fn-cpiency  of  the  i^ulse 
in  collapse,  a  remarkable  diminution  in  the  number  of 
the  heart  beats  has  iK^en  observed  in  several  cases  (Kisel 
mentions  seven) ,  and  this  without  any  disease  of  the  bmin 
or  important  cardiac  dist^ase.  In  a  case*  reported  hy  Chol- 
meley  {Medical  TiimH  and  Gazdle,  1809,  vol.  ii.,  p.  219) 
in  which  death  was  preceded  by  profound  collap.se,  dysp- 
mra,  and  convulsions,  the  pulse  fell  to  86  per  minute. 

Symptoms  referable  to  disordered  digestion  are  always 
more  or  less  prominent  and  are  of  early  appearance. 
Among  them  are  marked  anorexia,  nauseii  and  vomiting, 
constipation  alternating  with  diarrho'a,  and  epigastric 
tenderness.  Sometimes  the  nausea  and  vomiting  o<*ciir 
in  paroxysms  without  any  apparent  exciting  cau.sc*,  and 
(m  this  account,  as  well  as  because  of  their  severity,  they 
have  Ix'cn  compared  to  the  ga.stric  crises  of  locomotor 
ataxia.  Epigastric  tenderness  was  a  prominent  feature 
of  two  cases  that  vnnw  under  my  care  at  the  Episcopal 
Hospital  of  Plnla(lel])hia.  In  the  n-port  of  the  first  I 
noted  that  *'at  times  there  was  great  tendernt^ss  about  the 
umbilical  region,  and  on  oneocca.sion.  after  palpating  the 
abdomen,  the  patient  uttered  loud  cries  for  ten  or  fifteen 
minutes  and  st^'emed  in  great  agony  "  (Trans.  Path.  8oc. 
Phila.,  vol.  v.).  In  the  other cjise,  "the  pain  was  latterly 
most  severely  felt  in  the  left  lumljar  region,  in  which 
situation  there  was  also  a  gn^at  degree  of  tenderness  on 
pressure"  (Trans.  Path.  Soc.  Phila.,  vol.  x.).  In  the 
first  of  thes(?  cases  nothing  was  found  at  the  necropsy  to 
account  for  this  remarkable  tenderness;  in  the  secrond,  it 
might  have  been  due  to  the  great  tumefaction  of  the 
lumbar  glands. 

The  date  of  the  appearance  of  the  pathognomonic  dis- 
coloration of  the  skin  from  which  the  disease  derives  one 
of  its  names  is  very  variable.  It  may  either  precede  or 
follow  the  con.stitutional  symptom.s,  or  the  di.seast»  may 
terminate  fatally  without  its  manifestation.  Greenhow 
has  collected  a  numl)er  of  cases  illustrating  the  erratic 
appearance  of  this,  the  only  pathognomonic  feature  of 
Addison's  dis<»a.se.  In  one  of  his  ca.s<»s  the  pigmentation 
of  the  skin  is  said  to  have  been  the  sole  symptom  for 
eight  years,  at  the  end  of  which  pericKl  the  pigmentation 
deepened  and  the  other  well-known  symptoms  of  Addi- 
son's disease  wen*  superadded.  This  case  is  the  mo.st 
remarkable  on  reconl  in  so  far  as  the  early  appeanince  of 
bron/.inir  is  concerned,  but  it  has  been  criticised  bv  Bnini- 
well,  wlio  has  shown  that  the  original  pigmentation, 
limited  to  the  forehead  and  parts  adjacent,  was  probably 
tine  to  a  chronic  ]>eritonitis,  of  wliich  the  signs  were 
found  at  the  autopsy,  and  that  the*  genuine  melasma 
supnirenale  dated  from  the  period  when  the  piii:nientation 
was  obs<'rved  to  deepen  and  become  more  geneml.  and 
the  con.stitutional  symptoms  to  develoj). 

In  connection  with  the  statement  above  made,  that 
the  dis(*ase  may  terminate  without  cutaneous  cliange,  it 
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is  important  to  observe  that  the  pigmentation  mav  be 
very  limited  in  area,  and  so  situated  as  to  escape  obser- 
vation unless  the  entire  surface  of  the  body  is  minutely 
inspected.  The  most  remarkable  illustration  of  this 
important  point  is  furnislied  by  Bramwell.  He  liad  ex- 
hibited at  his  clinique  in  the  Edinburgh  Roval  Infirmary, 
a  patient  whose  chief  symptoms  were  moderate  aneemia 
(3,500,000  rod  corpuscles  per  cubic  millimetre),  emacm- 
tion  and  extreme  prostration,  and  had  confessed  his  in- 
ability to  make  a  positive  diagnosis.  As  the  patient  was 
walking  away  to  put  on  his  clothes,  **and  when  a  good 
light  fell  full  on  his  back,  I  noticed,"  says  Bramwell, 
"two  or  three  brown  discolorations  over  the  spines  of 
some  of  the  dorsal  vertebra*.  It  immediately  flashed 
across  my  mind  that  the  case  was  one  of  Addison's  disease. 
I  at  once  called  the  patient  back  and  carefully  examined 
the  mucous  membrane  of  the  mouth.  A  small  brown 
discoloration  was  seen  to  be  present  on  the  inner  side  of 
the  left  cheek,  j  ust  opposite  the  angle  of  the  mouth.  The 
discoloration  was  quite  characteristic,  and  I  immediately 
committed  myself  to  a  positive  opinion  that  the  case  was 
one  of  Addison's  disease." 

The  abnormal  surface  pigmentation  has  its  seat  in  the 
skin  and  in  the  mucous  membrane  of  the  buccal  cavity,  in- 
cluding that  of  the  tongue ;  it  has  been  said  also  to  occur 
in  the  vagina  and  the  conjunctiva.  The  pigment  is  de- 
posited in  the  youngest  layers  of  the  rele  >Ialpighii.  in 
contact  with  the  papilla*.  It  appears  both  as  a  diffuse 
coloration  of  the  cells  and  also  in  the  form  of  distinct  gran- 
ules in  the  cells,  or  free ;  in  the  latter  case  it  is  supposed 
to  be  left  after  the  dissolution  of  the  cells.  It  rarely 
appears  in  the  corium.  although  sometimes  branched 
pigmented  connective-tissue  cells  are  found.  The  parts 
of  the  external  surface  most  deeply  pigmented  are  those 
which,  under  normal  circumstances,  are  the  seat  of  oft- 
recurring  hypeneniia,  either  from  atmospheric  influences 
or  friction,  such  as  the  cheeks,  neck,  and  backs  of  the 
hands.  There  is  also  a  special  tendency  to  the  deposit 
of  pigment  in  those  parts  where  it  is  found  normally 
in  greater  amount  than  elsewhere,  such  as  the  nipples, 
genital  organs,  and  axilUe.  In  well-marked  cases,  it  per- 
vades the  entire  cutaneous  surface,  being  deeper  in  the 
parts  above  mentioned,  and  may  be  deposited  in  the 
lunuUe  of  the  nails  and  even  in  the  teeth.  The  hair  and 
the  iris  have  been  observed  to  grow  darker  with  the  prog- 
ress of  the  disease.  The  tint  of  the  discoloration  varies 
in  dilTerent  easels,  depending  to  some  extent  upon  the 
normal  complexion  of  the  patient.  It  is  most  striking, 
because  of  its  incongruity,  when  the  ])atient  is  uatunOly 
fair,  with  light  hair  and  blue  eyes.  The  color  of  the  most 
typical  cases  of  the  (lisea.se  may  l)e  best  imitated  by  stain- 
ing the  healthy  skin  with  walnut  juice.  In  chronic  cases, 
the  complexion  may  come  to  resemble  that  of  a  mulatto, 
as  in  the  portrait  illustrating  Hram well's  clas.sical  mono- 
graph ("Atlas  of  Clinical  Medicine."  vol.  i.)  which 
has  been  copied  far  and  wide.  AVhen  the  pigmentation 
is  partial,  as  it  is  a])t  to  be  in  its  early  stage,  its  outline  is 
not  sharply  circumscribed,  as  in  other  ])igmentary  aflec- 
tions,  but  gnidually  fades  into  the  surrounding  integu- 
ment. Upon  the  darker  patches  also  are  frecjuently  seen 
black  specks  resembling  moles  or  freckles.  As  above 
stated,  the  pigmentation  is  most  ]>ronouneed  in  parts  that 
have  been  subjected  to  any  sjx'cies  of  irritation,  such  as 
that  of  a  blister,  or  that  ])rodueed  by  the  ]>ressur<*  of 
gartera,  waist-bands,  or  suspenders.  A  well-kn()\vn  illus- 
tration of  this  effect  of  cutaneous  irritation  is  alTorded  bv 

« 

the  ca.se  of  a  baker's  hoy  whost^*  shouMers  were  marked 
with  dark  stripes  corresponding  to  the  lines  of  pressure 
of  straps  from  which  his  basket  was  susjH'nded. 

Pigmentation  of  the  mucous  membranes  is  at  lea.st 
equal  in  diagnbstic  value  to  that  of  the  skin,  although  it 
is  believed  by  most  authorities  to  be  rarer  and  to  occur 
at  a  more  advanced  stage  of  the  disease.  It  is  most  fre- 
quently observed  in  the  line  of  closure  of  the  lij).  and 
upon  the  tongue,  cheeks,  and  gums,  and  is  accented  by 
any  cause  of  irritation,  such  as  that  of  a  carious,  jagged 
tooth.  When  seated  in  the  gums  the  discoloration  has 
been  mistaken  for  that  of  lead  poisoning.     It  may  be  of 


a  dingy  brown  hue  or  darker,  as  if  caused  by  ink  stains. 
It  has  also  been  compared  to  the  stains  produced  by 
whortleberries  and  blackberries.  In  one  of  Bramwell's 
cases  the  pigment  was  accumulated  in  round,  Ml -like 
masses  on  the  under  surface  of  the  tongue  parallel  with 
and  apparently  adherent  to  the  lingual  artenes. 

The  urine  presents  no  characteristic  changes.  The 
most  careful  study  of  the  urine  in  any  single  case  was 
made  by  Dr.  Thudicum,  for  sixty -five  consecutive  days, 
in  a  patient  of  Dr.  Burdon  Sanderson.  Without  compli- 
cating fever  or  diarrhoea,  there  was  a  great  diminution  in 
the  dail  V  amount  of  urine,  it  being  reduced  more  than 
one-half;  the  specific  gravity  was  1.020  and  upward,  and 
the  reaction  acid.  The  most  important  result  of  these 
researches  was  the  determination  of  the  fact  that  the 
urinary  pigments  were  much  diminished.  Thudicum 's 
analyses,  so  far  as  the  estimate  of  the  urinary  pigments  is 
concerned,  have  been  since  confirmed  by  Drs.  A.  E.  Gar- 
rod  and  Dixon  Mann.  Thudicum  was  apparently  of  the 
opinion  that  the  diminution  in  the  amount  of  the  urinary 
pigments  might  bear  a  relation  to  the  excess  of  pigment 
in  the  skin ;  but  it  is  more  reasonable  to  suppose  that  if 
disease  of  the  adrenals  caused  an  accumulation  of  soluble 
pigments  in  the  blood,  the  coloring  mattera  of  the  urine, 
supposing  the  kidneys  to  be  healthy,  would  be  present 
in  excess. 

The  remaining  symptoms  of  Addison's  disease  are 
either  inconstant  or  negative,  and,  therefore,  of  secondary 
importance.  Most  of  them  are  referable  to  the  nervous 
system  and  are  dependent  upon  a  defective  or  irregular 
supply  of  blood.  Among  them  may  be  mentioned  in- 
somnia and  somnolence,  headache,  vertigo,  tinnitus 
aurium,  neuralgic  pains  which  may  be  seated  in  the 
joints,  muscular  twitchings,  and  epileptiform  convul- 
sions. The  latter,  associated  with  delirium  and  coma, 
may  be  the  immediate  precursore  of  death. 

The  temperature  throughout  the  disease  presents 
nothing  characteristic,  being,  in  the  absence  of  complica- 
tions, normal  or  subnormal.  The  nutrition  in  the  earlier 
stages  may  be  well  maintained,  and  in  uncomplicated  cases 
there  may  be  little  loss  of  fat  throughout  the  entire  course 
of  the  disease.  When  associated  with  phthisis,  however, 
or  other  wasting  disease,  and  even  sometimes  without 
such  association,  emaciation  may  become  extreme. 

Pathogenesis. — There  are  two  principal  theories  of  the 
pathogenesis  or  **  pathological  physiology  "  of  Addison's 
disease:  1,  The  nervous  theory;  2,  the  theory  of  adrenal 
inadequacy. 

1.  NerrouH  Thton/. — According  to  this  theory,  "the 
symptoms  of  Addison's  disease  are  not  directly  due 
to  the  destruction  of  the  suprarenal  bodies,  but  re- 
sult from  the  derangements  in  the  abdominal  sym- 
pathetic* (and  perhaps  other  nervous  structures)  which 
the  lesi(m  of  the  suprarenal  capsides  produces.**  This 
theory  has.  to  sup]>ort  it,  facts  derived  both  from  anat- 
omy and  from  physiology.  In  the  great  majority  of  cases 
the  nerves  and  ganglia  of  the  abdominal  sympathetic  are 
exten.sively  involved  in  the  tuberculous  inflammation 
which  destroys  the  adrenals,  and  it  is  only  reasonable  to 
suppose  that  such  involvement  must  give  rise  to  serious 
symptoms.  In  addition,  it  has  been  demonstrated  by 
Alezais  and  A  maud  that  upon,  and  in  the  substance  ot, 
the  capsule  of  the  adrenals  there  are  numerous  sympa 
thetic  ganglia.  These  they  term  the  j)encaps(ilar  ner- 
ronx  fjdiKjHn.  and  they  hold  that  the  peculiar  and  special 
lesion  of  Addison 's  di.sease  "  is  their  degeneration. "  They 
explain  the  well  known  absence  of  symptoms  of  Addi- 
son's disi'ase  in  many  vwm^^  of  cancerous  disease  of  the 
adrenals  by  the  fact  that  the  malignant  growth  advances 
from  within  outward  and  is  limited  by  the  fibrous  cov- 
ering of  the  glands,  whereas  tubercles  invade  both  gland 
and  fibrous  covering  alike.  Semmola,  of  Naples,  pushes 
the  nervous  theory  to  the  extreme  of  holding  that  the 
abdominal  nerves  and  ganglia  are  primarily  involved,  and 
that  the  lesion  of  the  adrenals  is  a  trophic  result  of  their 
functional  disturbance. 

Granting,  as  every  one  does,  the  common  involvement 
of  the  abdominal  nerves  and  ganglia,  and  especially  that 
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of  the  pericaptular  ffanglia,  it  remains  to  be  considered 
whether  the  results  of  experiments  upon  the  abdominal 
sympathetic  throw  any  light  upon  the  pathogenesis  of 
Addison's  disease. 

Irritation  of  a  sensory  nerve  produces  vasomotor 
paralysis  in  the  irritated  region,  and  the  well-known  ex- 
periments of  Goltz  {**  Klopftersuch^'')  have  shown  that 
irritation  of  the  intestines  produces  complete  vasomotor 
paralysis  of  their  blood-vessels,  causine  thereby  so  great 
an  accumulation  of  blood  that  the  animal  shows  symptoms 
of  syncope,  the  same  as  if  it  had  been  bled  copiously. 

The  irritation  of  the  numerous  nerves  and  ganglia  of 
the  adrenals  produced  by  inflammation  with  new  forma- 
tion of  tissue  and  subsequent  softening,'  such  as  exists  in 
Addison's  disease,  is  transmitted  to  the  semilunar  gau- 
glion  and  solar  plexus  from  the  beginning  of  the  deposit 
in  the  adrenals,  and,  later,  by  extension  of  the  inflamma- 
tory process  to  these  nerve  centres.  By  this  means  a 
vasomotor  paralysis  of  the  intestinal  vessels  is  produced, 
as  in  the  experiments  of  Goltz,  except  that,  unlike  in  the 
latter  case,  it  is  constant.  This  continual  hypenemia  of 
the  intestinal  vessels  leads  to  enlargement  of  the  solitary 

f  lands  and  Peyer's  patches,  so  constantly  found  in  Ad- 
ison's  disease,  and  occasionally  to  catarrh  and  ulceration 
of  the  stomach  and  intestinal  mucous  membrane.  It  ac- 
counts for  the  dark  color  of  the  liver,  spleen,  pancreas, 
and  kidneys  so  often  observed,  as  well  as  for  the  brown- 
ish hue  of  the  peritoneum  noticed  in  a  few  instances. 
Indirectly,  it  explains  the  aneemic  and  dry  condition  of 
other  parts  of  the  body,  and  directly  accounts  for  the 
great  muscular  weakness,  syncope,  gastrointestinal  dis- 
turbance, dyspnoea  on  slight  exertion,  and  small  radial 
pulse.  These  symptoms  have  l)een  attributed  to  a  high 
grade  of  aniemia,  such  as  exists  in  pernicious  anaemia; 
and  this  is  due  to  the  fact  that  many  of  the  symptoms  in 
the  two  affections  are  identical.  Repeated  examinations 
of  the  blood  have,  however,  demonstrated  that  the  re- 
duction in  the  number  of  the  red  corpuscles  in  Addison's 
disease  is  trivial  compared  with  that  found  in  pernicious 
ansemia.  The  symptoms  resembling  those  of  pernicious 
ansemia — such  as  dyspnoea  on  slight  exertion,  syncope  on 
assuming  the  upright  posture,  rapid,  small,  and  feeble 
pulse — are  attributable  to  an  insufficient  supply  of  blootl, 
albeit  of  fair  quality,  to  the  supradiaphragmatic  portion 
of  the  trunk. 

From  the  foregoing,  it  is  manifest  that  there  are  well 
established  facts,  both  anatomical  and  physiological,  in 
support  of  the  nervous  theory  of  Addison's  disease. 
This  is  the  theory  adopted  by  Bramwell,  although  he 
qualifles  his  adherence  to  it  by  the  statement  that  it  is 
"  perhaps  possible  that  some  of  the  symptoms  of  Addi- 
flon's  disease  may  be  the  direct  result  of  abolition  of  the 
[glandular]  function  of  the  suprarenal  capsules." 

Rolleston  (BritUh  Medical  Journal,  April  6.  189/))  dis- 
cards the  nervous  theory  rather  summarily,  and  chietiy,  as 
it  seems  to  the  writer,  on  the  ground  that  the  **  sympa- 
thetic in  the  neighborhood  of  the  suprarenal  bodies  is  not 
constantly  altered."  It  must  be  recalled,  however,  that 
Alezais  and  Amaud  discuss  this  contingency,  and  claim 
that  Addison's  disease  is  **  accompanied  with  alterations 
in  the  pericapsular  sympathetic  nervous  system  and  with 
complete  integrity  of  the  rest  of  the  solar  plexus  and  its 
ganglia." 

2.  Theory  of  Adrenal  Inadequacy. — The  arguments  in 
support  of  this  theory  are  derived  from  analogy,  anatomy, 
therapeutics,  and  experimental  pathology. 

The  stnicture  of  the  adrenals  is  distinctly  glandular. 
In  the  vast  majority  of  cases,  the  symptoms  of  Addison's 
disease  are  associated  with  dest motion  of  those  glands. 
In  the  rare  cases  in  which  they  are  destroyed  by  disease 
without  concomitant  symptoms  of  morbus  Addi-^nii,  the 
absence  of  tlie  latter  may  be  due  to  accessory  siipmronal 
bodies  or  to  suprarenal  "rests."  The  former,  according 
to  Rolleston,  are  "very  commonly  present  in  the  oouuoc- 
tive  tissue  in  the  immediate  neighborhood .  of  the  two 
organs";  the  latter,  the  so-called  "suprarenal  rests,"  are 
found  "embedded  in  the  kidney  or  liver."  The  analogy 
with  myxoedema  is  thus  seen  to  be  ver^^  close,  and,  to 


make  it  complete,  it  need  only  be  added  that  the  life  of 
an  animal  whose  adrenals  have  been  removed  may  be 
prolonged  by  embedding  beneath  its  skin  a  healthy  ad- 
renal or  administering  subcutaneousl^  an  adrenal  extract. 
The  experiments  upon  the  function  of  the  adrenals 
which  seem  to  the  writer  to  be  the  most  free  from  criti- 
cism are  those  of  Abelous  and  Langlois  {Archives  de 
phytfiologie,  tome  iv.,  1892).  These  observers  found:  (1) 
that  the  total  destruction  of  both  adrenals  in  frogs  was 
invariably  followed,  sooner  or  later,  by  death,  the  time 
of  which  depended  upon  various  factors.  Frogs  in  a 
state  of  hibernation  survived  the  operation  for  twelve  or 
thirteen  days,  while  in  the  summer  the  animals  never 
lived  longer  than  forty -eight  hours.  If  the  animal  was 
irritated  so  as  to  excite  active  muscular  movements,  it 
perished  sooner  than  if  it  were  allowed  to  remain  quies- 
cent. In  other  words,  the  more  active  the  nutritive 
clianges,  the  sooner  the  animal  died — a  fact  in  accordance 
with  the  longer  survival  of  hibernating  animals  as  com- 
pared with  those  operated  on  during  the  summer. 

(2)  The  destruction  of  one  adrenal  did  not  cause  death 
or  any  abnormal  manifestation  (six  animals  operated  on) . 

(3)  If  one  adrenal  is  destn)yed  and  a  large  portion  of 
the  other,  the  animal  may  or  may  not  die.  A  consider- 
able portion  {un  fragment  notable)  of  one  adrenal  must 
be  left  in  order  to  insure  the  survival  of  the  animal. 

(4)  The  insertion  beneath  the  skin  (in  the  dorsal  lymph 
sac)  of  the  adrenals  taken  from  a  sound  frog  prolongs  the 
life  of  a  frog  from  which  both  adrenals  have  been  re- 
moved. 

(5)  The  injection  (subcutaneous)  of  adrenal  extract 
into  frogs  from  which  the  adrenals  have  been  removed 
prolongs  their  lives  but  a  short  time — not  more  than 
twenty-four  hours. 

(6)  The  injection  (intravenous  or  subcutaneous)  of 
blood  from  a  frog  about  to  die  from  the  effects  of  loss  of 
adrenals  into  a  frog  from  which  the  adrenals  have  just 
been  removed,  causes  rapid  paralysis  and  death.  The 
same  injection  into  a  normal  frog  produces  very  slight 
and  transitory  disturbances. 

In  none  of  their  experiments  did  Abelous  and  Langlois 
observe  any  anomalous  pigmentation. 

They  conclude  from  their  experiments,  of  which  the 
above  is  but  an  abstract :  {a)  that  the  death  of  frogs  after 
removal  of  their  adrenals  is  due  to  the  accumulation  in 
the  blood  of  one  or  more  toxic  substances;  {b)  that  this 
substance,  or  these  substances,  produces  an  effect  re- 
sembling that  of  curare,  acting  chiefly  upon  the  termina- 
tions of  the  motor  nerves  and  slightly  also  upon  the 
muscles.  The  role  of  the  adrenals,  in  their  opinion,  is  to 
destroy  this  poison  by  an  internal  secretion  which  they 
elaborate. 

So  much  for  the  theory  of  adrenal  inadequacy,  which  is 
the  one  adopted  b\'  Rolleston,  who  concludes  his  elaborate 
and  masterly  discussion  of  the  pathogenesis  of  Addison's 
disea.se  (Goulstonian  lectures,  Britinh  Medical  Journal, 
189.*))  with  the  statement  that  the  affection  "is  due  to  an 
inadequate  supply  of  suprarenal  secretion.  Whether  the 
detieienov  in  this  internal  secretion  leads  to  a  toxic  con- 
dition  of  the  blood,  or  to  a  general  atony  and  apathy,  is 
a  question  which  must  remain  open." 

More  careful  observation  is  needed  to  determine 
whether  the  symptoms  of  those  cases  of  Addis<m's  dis- 
ease* in  which  the  sympathetic  nerves  and  ganglia  are 
implicated,  are  different  from  those  in  which  they  are 
not.  Judging  from  the  well-known  results  of  physio- 
logical experiment,  it  would  seem  reasonable  to  expect  a 
greater  degree  of  asthenia  and  a  greater  tendency  to  syn- 
cope in  cases  of  sympathetic  involvement,  and,  on  the 
other  hand,  to  expect  a  predominance  of  more  purely 
toxic  symptoms  in  those  cases  (the  type  of  which  is 
simple  atrophy  of  the  adrenals)  in  which  the  lesion  is 
limited  to  the  capsules.  The  supreme  judge  of  this 
question,  as  of  all  questions  of  pathogenesis,  is  the  clin- 
ician, and  with  greater  opportunities  for  o]>s(^rvation,  the 
expectation  of  its  solution  is  not  unreasonable. 

i)iAGN0si8. — When  the  disease  is  primary,  the  consti- 
tutional symptoms  well  marked,  and  the  discoloration  of 
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fkkiD  mod  mwsfMM  nMembrmoM  fmateni,  the  dkkgBtm^  pre- 
Mmf«  Kttkr  ^/r  no  dUlkjtliy  to  r^ne  «bi>  bu  preTioasIr 
•tivlMirJ  a  siiig^kr  tmv^  of  tbcr  diMMe,  Od  the  cAber  iMuid, 
whiio  tiM  crAffthtitirjml  sfmirtoDHi  are  well  prr.MiriiiiM.-ed  id 
a  primary  rajfe,  auirl  tbe  hrrmzmfi;  of  fkin  h  dth  jet  devel- 
ffpn\,  the  i\mfi^m»  M  to  be  mwie  f^\y,  if  »t  all.  bj  tbe 
exrtluAJrxn  r/f  r^ber  wiwtio^  rJiMsfeiies,  expiMrialljr  cancer  of 
aUlrmtioal  r>rgaiM  anri  prrpf^namre  pemkrirHis  aiunDBL 
Many  vri^n^  a^o  tbere  came  uoder  my  care  at  tbe  £pi»- 
crj>|j«i  Ufm\*iMof  Pbifanlelpbia  a  ca«r;  of  lumbar  abscess 
m  ith  several  ofien  mdiiv^  lemrUnf^  to  carirniA  Tertebre, 
Tbe  g^^fierai  Mirface  of  tbe  firjrl  r  wan  r>f  a  rJark  diog}'  bue, 
anrl  tlie  orifirre  of  '-arrb  frinuft  waA  Miirr/uiKlerl  b%'  a  broad, 
di^eply  pifrmenterj  ring,  Tlie  patient  barl  Ijeen  previously 
at  ^r*r^tlMrr  in<»titutir/n.  where  «v<t/Drhir>'  dMcafie  of  the 
arlr^nal.^  ba/1  Ijr^rn  MJAii^^jtcrl.  The  autr>p«(y  f»bowed  tbe^ 
XtfAUs  to  Jie  firrffwrtly  br^lthv  aorl  tlie  kidoey<»  to  be 
jnvoIv*r#J  in  extensive  amylr>irl  degeneratiriD,  A  dingy 
rliv-olr^rjiition  of  tbe  ftkin  ia  mit  uncrimmon  in  anivloid 
divr^LV;  of  the  k'ulney,  aft  firnt  pr/interl  out  by  Grainger 
Stewart, 

Tlie  rltHe^iloration  r^f  skin,  althriugh  nr»t  the  mr>«rt  e*flen- 
tial  r-tiJinirrt^'ri.Htir;  of  the  duca^ie,  w  juiftly  reganle^l  afl  it.4 
rnrM  ini|»ryrtMnt  rljagnri^tic  U^Vit*:,  It  is  to  lie  dlntin- 
guiiHlK-fl  from  melaiima  gravirlanjm,  pityriasin  versicolor, 
liehf-n,  and  pigmentary'  Mphilidc^,  and  this  in  readily 
done  by  any  one  familiar  with  ihfrwr  affcrlions.  The 
m^lanrirh-mia  of  phthi.^ir:al  fiatientA  pre<tentH  monr  Hr-rious 
diflicultv.  AlthoMirh  the  latter  is  often  contine<i  to  the 
fa/re  anrl  rh^rs  not  inva^le  the  nun  ous  membrane  of  the 
buc/'al  cavity,  the  rlifficulty  i.Ha  real  one,  and  is augmentc-d 
by  the  far-t  that  pulmonar\'  tuU-rculrisift  is  the  OKjst  fre- 
oiii'nt  coniplirtHtion  of  Adtlwm'H  (Un^'mv:.  The  seat  of 
tiu'  melasma  Hiiprarenale,  r^r  \in  greater  intensity,  upon 
iIk'  fa/'c  and  luri-.k,  the  dornum  of  the  hands,  arr^rila  of  the 
nipple  and  aU>ut  the  umbilicus,  in  the  axilla,  groin,  and 
n[)on  the  genitals,  is  cliarEurteristic.  Other  diagnrmtic 
fiiituri-sof  the  pitrmentation  liave  lierm  dfrsr-rlU-d  alx)ve 
uiuUt  the  hr-jwl  of  Symptoms.  A  disrroloration  of  the 
skin  liable  to  U*  confoundefl  by  the  inexfH-riencerj  with 
that  of  A'hlison's  diseasi;  is  sr^metimrrs  seen  in  liadlv 
notirishrnl  |rfiiijM;rs  of  dirty  habits,  whowf  skin  is  the 
alKxle  of  veniiin.  This  pigmentation  shows  it.self  in  the 
fr»nn  of  (mtch^'S wrf>aratird  by  hr^ilthy  skin;  the  epidermis 
is  oft<'n  roughenwl,  ami  the  dis<rolonition  mon;  marke<l 
ui>on  the  trunk  than  on  the  fare  anrl  hanrls.  The  skin  is 
alw>  riftr-n  markerl  with  srrmtches,  the  result  of  the  intimse 
itrhing.  I'nrlr'r  the  mirTr>sr-r>f)e,  the  fmrticles  of  pigment 
in  this  afTr'Ctinn  are  friunrl  in  all  the  layr-rs  of  thrr  eiiirler- 
mis,  instriirl  rd  In-ing  limitr'rl,  as  in  Arldisrm's  rlis4'asr*.  to 
iIh'  rlr-r-pr-r  layers  rif  the  rete  Malpighii.  The  pignu'nta- 
tir»n  i>f  elirriiiie  malarial  pr>isr)ning  is  distingiiishr-rl  from 
that  of  Arldison's  rlisriisr;  not  rndy  by  its  riistribntirni, 
but  by  the  histr)ry  rif  tlir*  r-asr*  anrl  tlirr  frerjuent  prr'sr-nce 
of  sph-nir*  r-nlargr-nient;  r'lirr)nie  ir-tr-nis.  with  whirrh  Arl- 
rlison'srlisr'asr*  was  formrrly  eonfounrlerl.  is  rlistinguislir'rl 
by  tlir-  prr-sr-nr-e  of  pigment  in  the  rxjular  crinjunclivaand 
in  the  urinr*. 

Othrrr  dlsr'r)lr»rationH  r)f  the  skin  simulating  r-losr-ly  the 
pignu'ntation  of  Adrlison's  rliwasri  are  mr?ntir)ned  by 
systematirr  writr-rs,  but  are  so  rare  as  to  br*  in  theinwlvr'S 
patlir)logir'al  ruririsitir-H.  Anir)ngtlieni  may  be  mentioned 
a  dilTuHT'  pigmr'ntatifin  assorriatr'd  with  rrhronic  .sriirvy 
(Hnunwr-ll),  anrl  a  fr-w  rithr-r  r-asT'S  r>f  melasma  ru'eurriiig 
withrmt  r»!)vi<»ns  cansr*.  Ar-r-ording  tr)  the  author  just 
r'itr-d.  tlwrr*  are  r-ertain  fonns  nf  pigmentation  r)f  the  skin 
assTM'iatr'd  with  (•lirr)nir!  pr-ritonitiH.  r)r  malignant  rlisrase 
of  the  abrlomr'n  or  pelvis,  which  it  is  impr)s.sible  tr)  dis- 
tinguish frrim  Adrlisr)n's  rlisr'asr*.  This  fact,  though  riis- 
emnflting  to  theelinir-ian,  is  of  grr*at  interr-st  to  tlir-  path- 
r)lr»gist.  as  trending  fr)  ])rr)vc  that  the  most  ehanir't eristic 
symptr)m  of  the  alTer-tion,  the  melasma  suprarenale,  is  tr) 
be  attributc'rl  mtlier  tr)  thr*  implir'ation  r)f  the  al)dr)minal 
sympathr'tic  than  to  that  of  the  adrenals. 

PlirKiNosis. — Tin*  prognosis  is  in  the  highest  degree 
unfavomble.  althr)ugh  rer'r)veries  of  r-ases  i)rr'sr'nting 
every  sign  and  symptr)m  r)f  the  alTer'tion  havr?  lM*en  re- 
ported by  the  mr)st  compet^'iit  observers.     Among  th(?se 
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makiDf  predictions  as  to  tbe  dontios  of  life*  tbeVonit- 
tent  cbanctcr  of  tbe  diaemat  sbooid  be  borae  m  mind.  A 
case  seeo  during  a  period  of  exacerlat>M  wmj  lead  to  the 
progWMii  of  a  speedily  fatal  lemh,  boi  tbe  wont  sraip- 
toms  may  disappear  and  be  foDwcd  by  a  pioloiigcd 
period  of  remisBOD.  Tbe  arciage  dmatioii  of  tbe  Kf e  of 
hospital  patients  vbo.  as  a  rale,  do  not  apply  for  treat- 
ment  untU  forced  to  acknowledge  tbe  €act  of  tbeir  iHnesB, 
bas  been  estimated  at  two  yean.  Sodden  deatb  witboat 
preceding  ezacerfaatioo  is  aofnetimes  obserred.  tbe  fatal 
result  being  apparently  due  to  syncope. . 

TR£.%TX£3rr. — At  tbe  present  time,  tbere  may  be  said 
to  be  a  specific  treatment  of  Addison's  disease — tbat  witb 
arlrenal  extract.  This  fmct,  bowever,  in  no  way  dimin- 
isbcs  tbe  impr>rtance  of  general  tbeimpeuiie  measures^  of 
which  tbe  most  important  are  tbe  following:  Tbe  cessa- 
tion of  work  is  the  first  thing  to  be  insisted  upon  in  tbe 
way  of  treatment,  and  during  tbe  exacerlMCiocs  strict 
COD  ti  Dement  to  bed.  An  immediate  mitigation  of  tbe 
symptr^ms  has  often  followed  tbe  admission  to  hospital 
of  a  patient  who.  up  to  tbat  time,  bad  been  endeavoring 
to  resi^  the  gradually  increasing  asthenia.  A  moderate 
amount  of  stimulants  is  generally  well  borne,  but  cod- 
liver  oit  which  might  seem  appropriate  on  account  of  tbe 
tuljerculous  nature  of  most  cases  of  the  disease,  is.  as  a 
rule,  not  tolerated.  Remedies  to  allay  irritability  of  the 
stomach  are  frequently  indicated,  such  as  ice.  lime  water, 
carlKmic  acid  water  with  brandy,  bismuth,  creosote, 
hydrocyanic  acid,  and  small  doses  of  opium.  Majisage 
and  faradization  are  well  worthy  of  a  trial  in  order  to 
derive  the  blr»od  from  the  abdominal  vessels^  Iron  and 
arsenic  should  be  employed  tentatively  and  will  be  gen- 
erally found  useful,  and  the  same  is  true  of  nux  vomica 
and  its  derivatives.  Cathartics  are  to  be  avoided,  as  pro- 
founrl  depression  has  often  followed  their  employment  in 
this  disease.  When  constipation  is  troublesome  h  should 
lie  rflie  ve'd  by  enemata  and  suppositories.  The  diet  should 
Ik*  simple  but  nouri-shing.  consisting  of  soups,  milk,  egg% 
meat  jellies,  koumyss,  and  the  like. 

Trf4ttnuHt  It  ith  A  f1  renal  Extract. — The  success  that  has 
attended  the  use  of  adrenal  extract  is  such  as  to  make  it 
imperative  in  all  cases  of  Addison's  disease.  This  is  not 
a  mere  obiter  dictum,  but  is  the  result  of  a  careful  study 
of  many  of  the  reports  upon  the  subject.  A  few  ex- 
amplr-s  will  suffice  to  show  the  kind  of  evidence  on  which 
the  arlministration  of  the  arlrenal  extract  is  based. 

Osier  (Intf-rmitioual  yfedical  Magazine,  February,  1896) 
reports  a  casr*  in  which  there  was  marked  improvement 
under  the  usr*  of  the  extract,  attended  with  considerable 
gain  in  wr-ight  and  restoration  of  general  vigor.  The 
pigmr*ntation.  however,  which  was  of  advanced  grade, 
liarl  nr)l  rliminished  except  on  the  ]>alate.  A  case  is  re- 
pr)rtr*rl  by  Suckling  {BritinJi  Medical  Jmirnal,  >biy  28, 
1H9H)  in  which  the  symptoms  and  signs  were  well  pro- 
nounced exc<*pt  pigmentation  of  mucous  membranes,  of 
which  there  is  no  mentir)n.  Tablets  of  suprarenal  ex- 
tract (iia  gr.  v.)  were  given  to  the  extent  of  from  twenty 
to  thirty-tiverlaily.  In  the  course  of  a  yearrecovery  was 
cr>mi)lete  with  rlisappearance  of  melanndermic  and  leuco- 
rlennic  patr'hes.  Kiiinicutt  has  tabulated  48  cases 
{AiiuririUL  Jour  mil  of  the  Medical  Sciences,  July,  1897) 
tn-atr'd  with  adrenal  preparations.  "Six  patients  are  re- 
])ortr'rl  as  cured  r)r  practically  well,  22  improved,  18  un- 
improved, and  in  2  instances  an  aggravation  of  the 
symptoms  is  Stat r'd  to  have  occurrr»d  during  treatment." 
In  thr'  sT'cond  class  of  cases,  those  in  which  improvement 
tor)k  i>lar'e,  the  iniprr)venient  was  but  temporary;  but  this 
was  as  murh  as  could  be  expectr'rl.  since  in  many  the 
disr-asT'  of  the  adrenals  was  assoeiaterl  with  grave  tuber- 
rujons  lesions  in  r)ther  ])arts  of  the  br)dy. 

On  the  tlH*r)ry  that  Addison's  disease  is  chiefly  due  to 
suppressT'd  function  of  the  adrenals,  the  use  of  adrenal 
extract  would  find  its  most  successful  employment  in 
thr)se  r^ases  in  wliirh  the  lesion  consists r)f  simple  atrophy 
r)r  tihroid  degeneration.  t^'edcrick  P.  Uenry. 

ADENITIS.     See  Lymphatic  Glandn,  Disea^sof. 
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Fig.  1. — Shows  the  Discoloration  of  the  Tongue  in  a  Case  of  Addison's  Disease,  a.  Dark  ink- 
like stains  near  the  free  border  of  the  tongue;  A,  fungiform  papillee  on  the  dorsum  of  the 
tongue,  discolored  by  deposit  of  pigment;  the  papillae  circunivallatjc  remaining  uncolored. 

Fig.  2. — Section  of  Pigmented  Patch  on  the  Tongue.  Viewed  with  a  One-Inch  Objective.  The 
lower,  plumper  cells  clothing  the  papilla;  are  seen  loaded  with  pigment;  the  subepithelial 
connective  tissue  remaining  quite  uncolored. 

Fig.  3. — Section  of  Bronzed  Skin,  a.  Rough  scarf  skin  free  from  pigment ;  6,  plumper  cells  of 
the  rete  mucosum,  the  deepest  layer  loaded  with  pigment ;  c,  subepithelial  connective  tis- 
sue free  from  pigment. 

Fig.  4. — Section  of  Discolored  Patch  of  Skin,  Site  of  a  Recent  Blister,     a.  Brown  pigment  de- 
posited in  the  deeper  layers  of  the  epidermis;  //,  scattered  masses  of  pigment  situated  in 
!  the  cutis  vera. 
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ADENO-CARCINOMA.    See  Careinania. 

ADENO-CYSTOMA.    See  Cystoma, 

ADENOID  VEGETATIONS.    See  Tonnl/f,  PharyngtiU. 

ADENOMA. — Adenoma  is  the  term  applitKl  to  a  new 
growth  originating  in  glandular  epithelium  and  corre- 
8|>onding  in  histological  structure  with  the  general  type 
of  gland  tissue. 

Ever>'  new  formation  of  glandular  tissue,  every  glandu- 
lar hyperplasia,  cannot  be  reganled  as  an  adenoma,  and 
sometimes  it  is  impossible  to  say  whether  an  apparent 
growth  is  a  simple  hyperplasia  or  a  tumor.  A  gland 
which  is  incn-a-sed  in  size  in  consequence  of  excessive 
nutrition  and  function  cannot  be  called  an  adenoma,  but 
must  be  considered  a  hyiHTplasia. 

In  the  same  way  must  be  considered  those  formations 
in  mucous  membnmes  which  frequently  develop  in  con- 
secpiencc  of  chronic  intianmiation  and  take  the  form  of 
tumors.  These  are  Imral  new  formations  which  pn)ject 
above  the  surface  in  the  form  of  polypi  or  papillary 
inas.ses.  The  new  growth  commences  in  the  connective 
tissue,  and  the  epithelium  also  takes  part  in  that,  by  the 
increase  of  the  surface,  the  covering  epithelium  also  must 
increase.  If  there  are  glands  present  their  ducts  are 
usually  obstructed,  and  cysts  are  fonned  with  papillary 
projections  within  them.  This  must  Ihj  considered  sim- 
ply as  a  growth  due  to  chronic  irritation,  and  as  entirely 
distinct  from  the  true  glandular  polyp  of  the  mucous 
membnuufs  in  which  a  formation  of  new  glands  actually 
occurs.  Clinically,  these  can  usually  Ik;  distinguished, 
for  the  simple  polyp  disappears  when  its  cause,  chronic 
irritation,  disappears. 

Etioloov. — The  causation  of  adenomata  is  obscure, 
though  probably  no  more  so  than  that  of  new  growths  in 
general. 

In  some  forms  congenital  misplacement  of  tissue  ele- 
ments appears  to  play  an  important  part.  Thus  in  the 
kidney,  adenomata  sometimes  are  found  which  correspond 
in  structure  to  the  adrenal.  These,  as  pointed  out  by 
Grawitz,  develop  fn)m  alx^rrant  remnants  of  the  adrenal 
embedded  in  the  kidney  substance.  This  is  also  true  of 
adenomata  corresponding  to  the  structure  of  the  mamma 
occasionally  seen  in  the  axilla,  and  of  the  rather  unusual 
substernal  tumors  in  wliich  a  tissue  similar  to  that  of  the 
thyroid  body  is  found.  Here  it  is  probable  that  the  the- 
or)'  of  embrj'onic  remains  of  Cohnheim  gives  the  tine 
explanation :  the  tumor  in  each  of  these  in.stances  devel- 
ops from  embryonic  fragments  which  become  separated 
from  the  gland  m  itJS  development.  Although  in  certain 
locations,  as  the  stomach  and  rectum,  the  adenomata 
ap]>ear  to  bear  out  Virchow's  irritation  theory,  in  other 
locations  they  offer  it  no  support  at  all. 

Tlie  parasitic  theory  receives  absolutely  no  support 
from  the  adenomata,  for  it  is  imi)os.sible  to  conceive  of  a 
vegetable  or  an  animal  parasite  causing  the  re])r(Kluction 
of  dellnite  gland  tubules. 

Varieti?:8  and  STRUcrrRE. — The  appearance  of 
adenomata  varies  greatly  with  thc'ir  IcK-ation.  Naturally, 
any  particular  cell  or  arrangement  of  cells  cjinnot  l)e 
descrilx^l  as  peculiar  to  this  tumor,  any  more  than  anv 
tyiK*  of  cell  can  Ije  n»garded  as  characteristic  of  all 
physiological  glandular  structures.  The  adenomata  dif- 
fer from  one  another  in  stnicturt^  as  much  as  the  structure 
<»f  the  liver  ditTers  from  tliat  of  the  lachrymal  gland. 

In  the  stomach,  intestine,  and  uterus,  in  a  general  way. 
the  epithelial  cells  are  arranged  as  tubular  acini  with  a 
central  lumen,  the  cells  generally  m-curriiig  in  one  layer, 
though  there  may  1m»  more.  The  acini  arc  si*parate<l  from 
one  another  by  connective  tissue  in  which  the  bhwHl-ves- 
»ds  and  lymphatics  are  lK>rne.  Why  the  cells  in  their 
growth  should  grow  as  tubules  in.stead  of  bn*aking 
through  the  Imw^ment  membrane  and  fonning  atypical 
groups  of  epithelial  cells,  as  is  seen  in  the  fonn  knf»wn  as 
aitteno-carcinoma,  isdiftlcult  of  explanation.  It  i.M  probable 
that  the  inherent  tendency  thus  to  develo])  is  not  early 
influeDced  by  their  altered  environment.     That  they  do 


not  break  through  and  grow  as  carcinoma  is  frequently 
seen  in  some  large  and  rapidly  growing  adenomata.  The 
cells  lining  the  tubules  may  be  columnar  or  cuboidal, 
according  to  the  gland  from  which  the  tumor  develops. 

In  addition  to  the  tubular  form  there  is  an  uncommon 
variety,  the  racemose  adenomata,  in  which  the  appear- 
ance is  that  of  a  complicated  gland  structure  with  closely 
aggregated  acini  of  circular  outline  containing  columnar, 
cul)oidal,  or  polyhedral  cells. 

Then,  again,  in  the  liver,  kidney,  and  adrenal  occur 
adenomata  resembling  more  or  less  closely  the  normal 
structure  of  those  organs. 

As  in  anv  other  epithelial  tumor,  the  relation  between 
the  epithelial  cells  and  the  connwtive  tissue  varies. 
When  the  development  of  the  connective  tissue  is  ex- 
ces.sive,  far  l>eyond  that  of  the  normal  gland,  it  must 
receive  some  recognition  in  naming  the  tumor,  for  it  is  as 
truly  new  formed  as  is  the  epithelial  portion:  in  such 
cases  it  is  called  an  adenotibroma.  When  this  connective 
tissue  is  especially  abundant  in  cells  and  represents  an 
embryonic  tissue,  the  term  adeno-sarcoma  is  used.  In 
the  oVary  o<'Curs  an  adenoma  in  which  the  acini  line  cyst 
cavities.'  This  is  termed  an  adeno-cvstoma. 

Adenomatjt.  as  far  as  known,  do  not  contribute  to  the 
iKxly  metabolism.  That  there  is  a  partial  pn-servation  of 
function  is  occasionally  seen.  In  the  adenoma  of  the  liver 
sometimes  a  biliary  pigmentation  m^urs;  in  the  adenoma 
of  the  brf^ist  there  may  be  a  secretion  of  milk-like  fluid; 
in  the  adenoma  of  the  intestine  the  tubules  may  contain 
mucus;  in  the  adenoma  of  the  thyroid  colloid  material 
may  collect.  But  these  substances  H'main  in  the  tubules 
in  which  they  are  formed,  and  take  no  part  in  the  general 
metabolism. 

Secondary  Changes. — All  forms  of  degeneration  are 
common  in  adenomata.  Hyaline  transformation  may 
give  the  tumor  an  appearance  justifying  the  term  "cylin- 
droma.'' This,  however,  is  rare.  Myxomatous  ami  cal- 
careous degenerations  occasionally  occur.  Cystic  change 
may  result  from  gradual  dilatation  of  the  glandular  acini. 
Hemorrhages  an»  conunon,  and  on  frt»e  surfaces  ul(x.*ra- 
tion  is  fRMjuent. 

The  most  important  change,  however,  is  a  carcino- 
matous transfonnation.  This  is  especially  conmion  in 
the  stomach,  intestine,  and  uterus.  The  pn)lifcration  of 
the  epithelial  cells  becomes  excessive;  the  acini  become 
more  abundant  and  irregular;  the  cells  depart  from  their 
tubular  arrangement  and  grow  as  solid  epithelial  ina.sses 
outside  the  acini,  forming  an  adeno-can-inoma,  or,  asZieg- 
ler  named  it,  ath noma di'nt rue uk  The  growth  may  event- 
ually iK^come  purt»ly  carcinomatous,  but  it  usually  retains 
more  or  less  its  adenomatous  type. 

General  Character. — The  rapidity  of  growth  of  an 
adenoma  differs  in  various  parts  of  the  iKxly  in  which  it 
lias  its  seat,  and  the  same  holds  true  for  itsnialignancy. 
There  are  few  which  can  be  considered  as  strictly  benign 
tumors.  The  pure  adenoma  seen  in  the  liver  may  form 
metastases  in  the  spleen  and  less  frequently  elsewhere. 
Fatal  metastases  from  adenomata  of  the  thyroid  liave 
lK*en  reiH)rted.  In  the  sweat,  sebaceous,  and  lachrymal 
glands  tlie  tumor  usually  grows  slowly,  remains  local,  and 
may  be  considere<l  l)enign.  In  some  locations,  although 
adenomata  never  pnKluce  mctasta.ses,  they  may  endanger 
life*  by  their  size,  as  in  the  ovary ;  or  niay  obstruct  im- 
portant canals,  as  in  the  intestine:  or  maV  caiise  great 
disfigurement,  as  displacement  of  the  eye  in  adenoma  of 
the  lachrymal  gland.  The  general  health  may  also  l>e 
influenced  by  int<'rference  with  the  normal  function  of 
the  orgjin  in  which  they  are  l(K"nted.  or  in  consecpience 
of  ulceration  and  hemorrhage.  There  arc*  f(*w  tumors 
more  malignant  than  the  adenomata  of  the  Intestinal  tract. 
They  extend  rapidly,  infiltrating  all  coats  of  the  intestine, 
and  frecjuently  pnKluce  metastases  in  the  liver.  Their 
malignancy  does  not  always  depend  on  ciircinomatous 
transfonnation,  for  some  of  the  most  deslru<'tive  tumors 
of  this  canal  are  pure  adenomata. 

As  regiirds  the  terms  Malignant  Adenoma  and  Adeno 
carcinoma,  it  seems  best  to  use  the  fornwr  in  designating 
those  growths  in  which,  although  there  is  extensive  intil- 
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tratton  of  surrounding  lissiio  anil  even  tfa<.-  rnmiatinn  of 
metastaHea.  ilic  tumor  slill  rctniDs  iig  ^landulurtypo:  anil 
to  use  till!  tiTm  Atli'iiD-ran'inoma  for  lhi>gc  forrnsiu  whkli   | 


i  ili']i)irl  fn>m  ilu-  iiibiilar  nrmii|;<' 
oniiiiiii'ii  of  ilHliiii't  ruiircniiut  nniiM, 
Till'  [>riiin|iiil  IfH^iliniis  In  u-|)it'U  iiilcDiininta  ti)»y  ni'i'ur  • 
nil  lirii-f  licscrlptiuiH  i>f  Ihi-irHinnu-liTlntli'-tdi'iHiuli-iit   I 

111  liK'attou  mid  i>i'ij:iu  an;  iiivt-n 
lulow : 


OUR   |HirlH  of   till'   IiihIv 

0l)>i<llv   iiu   the   fine.   ■ 
an:  iif  a  liiri y  jrnivWi 


sps  jfivM  rise  to  macnx'lioilitt.    Adenomata  of  the  sail- 
in'  jiliindM  liavu  bwo  reportpd, 

Lttryu-r  and  lirowhi. — A  ft-w  rawrs  hare  been  reported 
of  bt'nifni  uili'uoniala  arising  frnm  the  iiiuoous 
f^lanilH of  thuMO  organs.  Ebi'r(18S(i)  liaii  n-porteil 
several  caRcs  in  the  hntnclif  of  sliocp.  They 
oei-ur  B-i  irrt'giiUiT  nodular  f.'ron-lhg, 

iMuiHiieh  iiud  Inltttiae. — Small,  apparently  be- 
nign adi-nomuta  &n  sonietimes  wen.  The  nia- 
li^mant  ailenoiiiala  anil  Iheaileno-earcinoniataare 
tile  most  important  fomui.  Tliey  start  as  soft 
nixtular  grriwihs  which  bn«k  down  readily  and 
ulcenilc.  Thvv  intlltratc  all  coats  anil  may  cause 
piTfomliou.  lletastatKit  in  the  liver  may  occur, 
anil  there  is  sometimes  a  direct  extenKioa  to  ad- 
jacent orgnnn.  as  froni  sloniaeli  to  pancreas.  In 
llio  large  intestine,  of  all  forms  of  new  growth, 
this  tumor  is  the  most  common  caiiw:  of  chronic 
intestinal  obstruction.     Histologieally.  they  may 


c|iitlieliiim — in  the  slomaeli  ojiginating  from  the 
giistric  tubuleN.  ill  tlie  intestine  fitim  the  glands 
of  Liel>erklthn ;  or  in  addition  to  this  stnieture 
there  may  l>e  inrgular  solid  masses  of  epithe- 
lium, the  result  of  grrat  proliferation  of  epithelial 
cells  and  deslruelion  of  llie  tuAcment  membrane. 
In  the  large  intestine  the  loetttions,  in  order  of 
fri'ijueney,  arc  llie  rectum,  tlie  sigmoid,  splenic 
and  hepatic  llexnreii  of  the  r^loii.  and  the  cici^uin. 
In  the  nnall  intestine  adenoma  Is  occasionally 
foiiiul  in  the  duoilenum  at  the  papilla  markiog 
llie  orillce  of  the  bile  duct. 

Vulvii. — Benign  adenomata  arising  from  the 
gUinils  of  IJartlioIini  have  been  repori<<d.    Kelly 
denrrilies  nu  adeno-careinoma.  as  largo  as  an 
vmniri'.  of  liie  viilvo. vaginal  glands. 
I'riMrn  ISlmMrt. — Adeunmatu  of  tills  organ  ore  rare. 
Tliey  may  lie  mwIIu  ur  jHiluiiriilaleil.  smnoih  or  lobular. 
lH-nii;ii  (irinullgnnlit.    It  is  uol  easy  to  cxpluin  tiieir  origin. 
i'iini*. — Adeuiiiim  originates  geiiernity  In  the  bmiy  of 


tumors.     Arl.-mini.ilii  ■■rsrl.il.. 'ni 
glands  apis-ar  prini'iniiliv  I'll  H 
faee    iin.l    an-    u^millv    i.f    ■'■■ 
geniliil   oriirin.     Th.v   iii.|i.':ir  t 

■    ■ 

bright i'«h>r.iiii.l  in  ..hi  li.'.fl.' :i 

often assix-iiiii-ii  villi  ijlji.iiii:ii:i. 

Whhlievlms  .i.-inhi.i  ,„i  i„l 

f 

nonut   of  setKii-eoMH'gtaii.l    '.ml- 
whirh  WHS  the  si/.e  ot  an  imiliL 
and  eontainiii  Isriri'  civiiii-^  rill'' 
hllng  Imller  in  its  eol.ir.  nmiisi.' 
ann:.      (Consult  also  ilii;  s]"i'i;il 

Willi 

itii:!.!' 

MriMi--^  Ml  Mi: 

IANK-*. 

,1/;,,,;;,. —Adenoma  of  lli,-  nun- 

Il-i  U'lil 

ihr     iilcrm.    luH     <■(■■■ 
nipiillv    iiillllnile   tlic 

IlLilull-    .III     th'<    IHTil 

sioiiiillv  in  the  cervix.     It  nmv 
tiiyonii'iriiini  tinil   nmy   prodiiiv 

ni'.'il  siirfuci'.     li   has  the   usual 
II  smiill  amount  of  tlbrons  slrouia. 

(hills 

bill  i1  Is 
j.lastir 

inallv  a  In-iiign  polvpoiil  aili 
>r dillii-ull  to  dislfiiguish 

liin.liiliir  I'liiLmic'Irilis. 

thiTf'Cn 

1h-  seen, 
a  liyi)er- 
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poitiOD  of  the  adrenal  Tlie  cells  are 
filled  with  fat  granules.  Active  pro 
liferatloa  may  occur  with  tendency 
to  maligiianr>  The  observatioDs  of 
Askanazy  and  Lubarsh  indicate  that 
malignant  tumors  resemblmg  <»rcl 
□omata  may  develop  from  tiieae 
growths 

Adenomata  ansing  from  renal  tu 
bulefi  are  mre  They  oneumtc  m  the 
convoluted  tubules  aoil  appear  as 
very  small  nodular  masses  though 
they  sometiniLB  may  reach  a  diameter 
of  8  to  4  cm     Thiy  are  distinctly 


encapsulated      The  cells  mav  be 
■"  ""'  '  ""  Tiavbecomecjlindrfcal  i 

airangea  in  the  form   of  aingli 


lo  Ituw   buscter 


tubules    the  glomeruli  and  different 

Spes  of  tubules  are  ne*er  repro 
iced 

A  papiUiferont  ey*tie  adenoma  a 
small  tumor  wiih  fibrous  capsule  in 
nhich  the  lining  epithelium  is  ele 
^uted  in  a  paplllomalouB  manner  is 
occasionally  seen 

Adrti  d  — A<Uni>ma  of  adrenal  or 
itrumalipmnaloia  mprarrnahi  of  \tr 
c/ijw  gcnerallj  de\el3p8tromthecor 
tei  as  an  irrpgular  nodular  growth 
jellomah  or  pale  brown  in  color  It 
mav  nmam  small  or  ma>  (.omplelel) 
destroy  the  organ  sonietimLs  attain 
ing  a  very  large  size  The  cells  re 
sembk  those  of  the  normal  gland  In 
structure  but  are  large  pale  and 
iiular  as  though  tilled  with  line 


gran 


comb 
I  ha      been  descnbed 
I    u  b  cases    he    uno 


th    brcas 


Adenoma  is  Solid  Vibcer 

/,itfr. — Adenomata  of  this      gan 
are  rare.     They  may  occur  in    h 
normal  or  in  the  cirrhotic  live    a  d 
appear  ss  small,  grayisb-white   red 
did),  or'  brown  niiliary  solitary 
multiple  areas.     They  arc  made    p 
tortuous,   branching,    gland-lik      u 
bules  of  newly  formed  trabeci  (c 
liver  cells,  not   arrangeiJ  as  tip  ca 
liver  lobules.    The  cells  are  la  t; 
pate,    and    finely    granular.     T 
arise  from    proliferation    eith 
liver  cells  or  of  the  cells  of  Ih    b 
capillaries.     The   larger  ones  lia      a 
distinct  capsule.     &onic  writers  be 
lieve  that  they  may  become  care 
matous. 

Another  and  rare  form  is  the  ad 
cystoma,  which  is  made  up  of 
containing  a  colorless  fluid,  the 
of  the  cysts  beingcovered  by  g      d 
ular  epithelium.    This  form  probab  y 
originates  from  the  bile  ducts. 

Kidney. — Congenital  adenimui 
ma  aberrata  »itj>rarenali». — As  b  n 
byOrawitz.  this  tumor  develops  from 
fragments  of  the  adrenal  bodv  which 
in  the  development  of  the  kidney  be- 
come incorporated  in  its  su1)»itance. 
The  tumor  is  small,  grayish,  and 
eenerolty  just  beneath  the  capsule. 
Histologically,  it  consists  of  large 
pkle  epithelial  cells  arranged  in  tu- 
bules umilar  to  those  of  the  cortical 
Vol,  I.— 8 
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form  ot  bn-ast  tiinior,  Hal- 
Bttii  (IIWH),  liowovcT.  re- 
ports five  occurring  in  a 
strics  nt  one  liuudred  and 
fifty  hrtiist  oinrcrs.  Ai-ooni- 
itig  1()  IlalsUtl's  obecn'u- 
liiiiiH.  those  gruwihs  differ 
fnnii  onliuaiy  man-r  of  tlw 
hrpust  ii)  (lint  tlii-y  urc  softer, 
mon.'  imliinculated.  aud  dis- 
.  clinrjCt.' apcfMiliarscmiisfltiid 
wlicii  iilccrutcd.  Ilivtnlo^i- 
cttlly.  tlify  arc  composud  of 
vcrv  large  tiilics  liiu^l  by  cpl- 

I I  111  ill  in  miuiy  luyi-ra  deep. 

III  tlirec  of  Itulfitiil's  ni^il 
ilic  prowtli  was  pure  udt-uo- 
iiin  (ninli^'iuiiit  atlciinnial  :  In 
the  others  cjrriiKinialoMii 
OTMis  wen-  presi'nt.  3Ieta- 
Musfs  ill  ilii-  axillary  lymph 
noik'it  were  ftiiiuil  in' none. 

Ifnirii.  — 'j'lie    in ii l( i  1> uu lar 
eysluih'iioTiia  in  llie  conimnn- 
i-sl  tumor  of  the  uvarj-.  ami 
UKiuilly  uttatiiliig  llic 


greni 


It    1 


Jri     4n-Papl[larT 

coma    anil   hiis  i^rown  int  >  tli 
jMipillun   pni]iii))tis      TIkm  ar 
epillii  liiim    uliiili   thn   \\i-\\  nli 
growth  anil  \\liicli  imrtasi^  m 
IS    oiiK   M-onilan     niu)   tli  ^ 
tumors  i4ioti]il   \»    (mmdMi  1 
aji    eomiPCliM     lis^iH      l>  niiti 

AdHTiiiH  <  nlar^dtK  III  «r  till 
lireast  iliK  to  uiiironu  iiun"i'M 
ill  tilt  gbiiidular  1 1(111(1111  lui" 
oeea-loiialU  li<  <  ti  <l<  m  rilii  d 
tiudirthi  11  mil  ot  ■lilTii-.i  ml. 
TliHixiKlilioiiUinhl 


lliiinj;       riK  111 
111   IlKir       iiiis.4an  liii  il 
'    I      iiliiiilii(ii)(-<li 


small  or  H  iiia\  ndfik  a  him- 
dreil  piiiindH  or  ninn  It  fs 
a  Uuijni  tumor  and  iiivir 
prodiiees  imtustaM-^  Tlw 
Hiirfiice  niA\  Imie  no  eplthe- 
ii\  liaicasin^rli.  lutirof  llat  rpiihillal  nlU 
~  >-l4  of  varMnj;  si/c  vrhlih  niakp  uptlic 
fiiirfiiic  lij  usinglL  la\<rof 
1      1. .  .  ...     -aig^j 


enil 


iilh   I 


aloi 


time  of  pnfiirn    an  I   -.niiil 
:<t>(iikiTi^   f-  11  111  |ii  rpLi^ii 


and  -Ivliih 

lll^llllo    ' 


ilU 


of    I 

liniii  \n  ivliiil 
iiiii  I'lii  Mr  i: 
and  I arie^  ^u  ill 

iilliilar  111 


normal 
lh(  rhanii  li 

m  fibmnui 
adeiio 


consiiUrwl   I 


ivanim     Iii  tlmi  lu 
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Adenoma  of  Skin. 


placed  near  the  basement  membrane.  Some  of  the  cells 
may  be  swollen  and  filled  with  clear  contents,  ffivin^ 
them  the  appearance  of  goblet  cells.  The  containea  fluid 
is  thick,  viscid,  sometimes  jelly-like,  and  may  be  color- 
less, or,  if  there  has  been  hemorrhage,  yellowish  or  red- 
d^  brown.  This  fluid  is  formed  by  secretion  from  the 
epithelial  cells,  by  the  transudation  of  serum  from  the 
blood-vessels,  ana  by  the  degeneration  of  the  epithelial 
cells.  The  most  important  chemical  substance  in  the 
fluid  is  pseudomucin,  a  true  secretion  of  the  newly  formed 
epithelial  cells.  It  does  not  occur  in  the  normal  ovary, 
in  dropsical  Graafian  follicles,  or  in  the  parovarium. 

Calcification  or  necrosis  of  the  cyst  wall  may  occur  as 
secondary  changes.     Both  are  unusual. 

The  papuliferous  adeno-cystoma  is  characterized  b5^  an 
ingrowth  into  the  cyst  of  a  papuliferous  connective  tissue 
covered  with  epithelium.  On  cross  section  the  appear- 
ance is  tliat  of  gland  tubules.  The  papillary  growths 
may  be  prominent,  or  they  may  appear  simply  as  flat 
excrescences  on  the  surface  of  the  cysts.  The  epithelium 
is  similar  in  character  to  that  in  the  nmltilocular  adeno- 
cystomata.  This  tumor  is  not  malignant  in  the  ordinary 
sense;  but  after  rupture  of  the  cysts  a  local  growth  on 
the  neighboring  peritoneum  may  occur. 

These  growths  are  supposed  to  originate  from  the 
epithelium  of  mature  or  residual  embryonic  follicles  or 
from  the  germinal  epithelium  of  the  ovary.  PflUger  has 
pointed  out  the  glandular  structure  of  the  ovary,  and 
Spiegelberg  and  Langhans  have  shown  in  the  ovary, 
even  after  birth,  residues  of  its  embryonic  glandular 
structure.  Doran,  as  a  result  of  his  investigations,  be- 
lieved that  the  tumor  might  originate  in  childhood  or 
even  in  the  intrauterine  period.  Williams  states  that 
the  papillary  adeno-cystomata  originate  from  the  epithe- 
lium on  the  surface  of  the  ovaiy  or  from  that  of  the 
Graafian  follicles,  or  from  both. 

Adeno-carcinoma  of  the  ovary  may  originate  in  the 
ovary,  may  develop  in  a  papuliferous  adeno-cystoma,  or 
may  be  secondary  to  a  similar  growth  in  the  uterus. 

Thyroid. — Aside  from  the  hyperplastic  changes  asso- 
ciated with  the  condition  known  as  goitre,  circumscribed 
adenomatous  tumors  of  the  thyroid  occur.  These  appear 
as  soft  nodular  growths  composed  of  glandular  tubules 
lined  by  tall  cylindrical  epithelium.  Within  these  tubules 
papillary  growths  sometimes  appear  (adenoma  papillif- 
erum) .  Within  the  tubules  is  seen  the  colloid  material 
characteristic  of  the  normal  thyroid.  Although  this 
tumor  is  one  of  the  purest  types  of  adenoma,  it  may  pro- 
duce metastases.  It  may  also  by  direct  extension  invade 
the  structure  of  the  larynx. 

Testicle. — The  form  of  tumor  as  it  occurs  in  the  testicle 
is  generally  known  as  cystadenoma.  It  may  occur  in 
the  child  or  in  the  adult.  It  is  attributed  by  some  writers 
to  error  in  development.  Two  forms  are  recognized.  In 
one  the  tubules  are  lined  by  cylindrical  cells  which  some- 
times have  cilia,  their  contents  being  a  clear  or  bloo<l- 
tineed  slimy  fluid ;  in  the  other  the  epithelium  is  strati- 
fiaiand  the  contents  a  greasy  substance  with  many  fatty 
epithelial  cells.  The  growth  usually  starts  in  the  testi- 
cle and  may  attain  a  Targe  size. .  Instances  of  carcino- 
matous changes  have  been  reported. 

I^rosiate.—^The  tumor  usually  occurs  in  this  organ  as 
an  adeno-carcinoma  and  is  rare.  It  appears  as  soft,  nodu- 
lar masses  which  project  into  the  urethra  or  neck  of  the 
bladder  and  invade  surrounding  tissues.  Ulceration  is 
frequent,  and  when  it  occurs  is  accompanied  by  copious 
hemorrhage. 

Pituitary  Body. — Adenomata  of  this  structure  are  rare. 
but  are  occasionally  reported  in  connection  with  cases  of 
acromegaly.  They  may  be  as  large  as  a  pigeon  *s  or  hen 's 
egg;  may  protrude  from  the  sella  turcica,  press  on  the 
brain,  and  extend  even  into  the  ventricles.  Histologi- 
cally, they  arc  made  up  of  lar^e,  tortuous,  sometimes 
branching  tubes  lined  by  epithelial  cells. 

Pancreas. — Adenomata  of  this  gland  are  not  common. 
They  are  generally  of  the  racemose  type.  Cesaris-Deniel 
(1B05)  reports  a  distinctly  encapsulated  adenoma  the  size 
of  a  dove's  egg  in  an  atrophied  pancreas.    The  cells  were 


irregular  and  primitive,  occurring  in  one  and  sometimes 
in  several  layers,  generally  arranged  in  alveoli. 

Lachrymal  Oland. — Adenomata  of  this  gland  are  not 
very  common.  They  generally  occur  in  persons  of  ad- 
vanced age.  By  pressure  they  may  interfere  seriously 
with  the  movements  of  the  eye.  They  do  not  tend  to 
become  malignant  and  are  only  troublesome  on  account 
of  their  size.  Adenocarcinoma  has  been  reported,  but  is 
very  rare. 

Pineal  Gin  fid. — The  occurrence  of  adenomata  of  this 
body  is  occasionally  referred  to  in  the  literature. 

Bichard  Mills  Pearee. 

ADENOMA  OF  THE  SKIN.  — Adenomatous  prolif- 
eration of  the  cutaneous  glands  is  an  extremely  rare 
occurrence,  and  it  is  only  within  a  comparatively  recent 
period  that  the  condition  lias  been  recognized.  Hyper- 
trophy of  the  skin  glands,  on  the  other  hand,  is  a  con- 
comitant of  many  chronic  local  disturbances  of  nutrition, 
and  doubtless  in  some  of  the  cases  recorded  as  adenoma 
there  has  been  confusion  between  this  condition  and  hy- 
pertrophy. The  considerations  involved  in  the  diflferen- 
tiation  of  hypertrophy  and  adenoma  have  been  discussed 
in  the  preceding  article. 

Adenomata  of  the  skin  naturally  fall  into  two  classes: 
adenoma  of  the  sebaceous  glan()s  (adenoma  sebaceum), 
and  adenoma  of  the  sudoriparous  glands  (adenoma  stido- 
riparum). 

Adenoma  Sebaceum. — (Synonyms:  Vegetation  rascu- 
laire  [Rayer] ;  Nctci  rasculaires  et  pajriUaires  [Vidal] ;  Ade- 
noma of  the  sebaceous  glands ;  Steatadenoma ;  German, 
TalgdrUsenadenom ;  French,  Adename  sebace.) 

The  earliest  recorded  cases  of  the  disease  are  found  in 
the  writings  of  Rayer  and  of  Addison  and  Gull,  who, 
however,  failed  to  interpret  correctly  the  anatomical  con- 
dition, which  Balzer  was  the  first  to  recognize,  though 
Balzer's  case,  curiously  enough,  has  been  shown  by  later 
investigators  to  be  one  of  acanthoma  adenoides  cysticum. 
Cases  ^ve  since  been  described  by  Hallopeau  and  Vidal 
in  France,  Mackenzie,  Pringle,  Jamieson,  and  Crocker  in 
England,  and  Caspary  and  Boeck  in  Germany.  The  only 
case  recorded  in  America  has  been  described  by  the  pres- 
ent writer. 

The  disease  manifests  itself  in  the  form  of  small  mul- 
tiple benign  tumors,  which  may  be  distributed  generally 
on  the  face,  but  occur  most  frequently  at  the  sides  of  the 
nose.  Their  distribution  is  usually  fairly  symmetrical, 
but  in  Jamieson 's  and  one  of  Crocker's  cases  they  were 
limited  to  one  side  of  the  face,  and  in  my  own  case  tiie 
lesion  was  in  the  fonn  of  a  linear  patch  on  the  forehead. 
The  lesions  in  some  cases  were  present  at  birth  or  ap- 
peared in  infancy ;  but  a  more  active  growth,  as  to  num- 
ber and  size  of  the  tumors,  has  been  noted  at  the  time  of 
puberty.  In  Caspary 's  case  and  in  my  own  they  did  not 
appear* until  the  seventeenth  and  the  nineteenth  year  re- 
spectively. The  individual  growths  seldom  undergo 
any  change  after  they  have  attained  their  development, 
though  involution  of  a  few  of  the  nodules  with  resulting 
faint  cicatrices  has  been  noted. 

The  little  tumors  vaiy  in  size  from  1  to  5  mm., 
are  usually  round  and  convex  in  shape,  and  the 
epidermis  over  them  may  be  smooth  or  have  a  rough  and 
somewhat  warty  appearance.  Their  color  may  be  that 
of  the  normal  skin,  or  they  may  have  a  brownish  or  even 
bright  red  hue.  The  color  depends  greatly  on  the  pres- 
ence or  absence  of  telangiectases,  which  often  appear  as 
fine  lines  ramifying  over  their  surface,  and  in  some  cases 
may  form  so  striking  a  part-  of  the  tumor  as  to  give  the 
whole  the  appearance  of  a  vascular  njevus.  In  Vidal's 
case  and  in  mine  there  was  cystic  degeneration  of  a  part 
of  the  tumors,  giving  the  appearance  of  small  yellow 
nodules  from  which  on  incision  a  drop  of  in.spissated 
sebaceous  matter  could  be  squeezed.  Some  importance 
has  been  attached  to  the  fact  that  in  many  of  the  casi»s 
there  were  other  striking  abnormalities  of  the  skin: 
warts,  pigmented  and  hair\'  njevi,  and  small  pendulous 
fibromata  indicating  a  congenital  tendency  to  malforma- 
tions of  the  skin.     It  is  probably  only  a  coincidence  that 
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many  of  the  eases  have  occurwl  in  persons  of  deficient 
intelligence,  some  of  them  epileptics. 

Aiwtomy. — Under  the  microscope  the  entire  tumor  is 
seen  to  be  composed  of  larger  and  smaller  masses,  which 
bear  the  closest  resemblance  to  the  acini  of  normal  selja- 
ceous  glands.  It  is  indeed  only  in  the  great  number,  ex- 
tent, and  complex  arrangement  of  the  lobules  that  an  ab- 
normal condition  becomes  apparent.  In  some  cases  solid 
epithelial  buds  are  given  off  from  existing  sebaceous 
gland  acini,  and  the  cells  of  these  buds  later  undergo  the 
peculiar  fatty  clianges  indicative  of  the  glands  from 
which  they  take  their  origin.  Unna,  who  draws  a  very 
sharp  distinction  between  hypertn)phy  and  adenoma 
of  the  sebaceous  glands,  regards  all  the  published  cases 
with  one  exception  as  examples  of  hypertrophy. 

The  treatment  of  the  condition  is  indicated  only  for 
cosmetic  purposes.  When  the  lesions  are  few  in  number 
they  may  be  removed  by  excision,  by  scarification,  or  by 
electrolysis.  When  they  are  ver>'  numerous,  any  form  of 
operative  interference  is  inadvisable. 

Adeno.\[.\  Sudoriparum. — (Synonyms:  Adenoma  of 
the  sweat  glands;  Spiradenoma;  Synngadenoma ;  Ger- 
man, SchiceissdruaerMdenom ;  French,  Adenome  sudori- 
pare.) 

The  disease  which  has  been  described  under  the  various 
names  of  hydradenomes  eruptifs,  syringocystadenoma, 
epithelioma  or  acanthoma  adenoides  cysticum,  etc.,  and 
which  was  fonnerly  regarded  as  an  adenoma  of  the  sweat 
glands,  is  now  known  to  have  no  counecrtion  with  these 
structures.  The  reader  is  referred  to  the  article  on 
Epithelioma  of  the  Skin  for  an  account  of  this  con- 
dition. 

In  view  of  the  fact  that  tlic  sweat  gland  is  an  approxi- 
matelv  uniform  cvlindricul  tube,  the  distinction  between 
hypertrophy  and  adenoma  of  these?  glands  can  readily  be 
made.  Any  deviation  from  the  typical  structure  in  the 
form  of  lateral  budding  or  outgrowth  .suffices  to  consti- 
tute adenoma,  providing,  of  C()ur.s(.*,  that  the  new  forma- 
tion does  not  break  through  the  membnina  propria  of  the 
gland.  From  this  point  of  view  adenoma  of  the  sweat 
glands  is  by  no  means  a  rare  (K'currence.  It  is  frequently 
found  in  connection  with  other  diseavSes  of  the  .skiii. 
especially  in  as-sociation  with  tumors  and  nuilformations 
of  the  l)l(K)d- vessels  of  the  cutis  and  hyp(Klenn,  and 
with  cancers  of  the  skin.  Under  these  cireunistanres, 
however,  the  adenoma  eontitutes  merely  an  interest- 
ing microscopical  condition  without  giving  rise  to  any 
clinical  symptoms.  In  these  ca.ses  tlie  a(l<Mionmtous 
formation  attects  only  the  coiled  portion  of  the  gland, 
and  it  is  a  noteworthy  fact  that  in  all  Ihe  o])servations 
hitherto  recorded  there  has  been  a  sharp  di.stinet ion  be- 
tween adenoma  of  the  coil  and  adenoma  of  the  rhut. 
This  distinction  has  given  ri.s<'  to  tin*  terms  spiraih'nonia 
and  syringadenoma.  Adenomata  of  th(^  sweat  glands 
occurring  independently  are  of  extremely  nir(»  oecurrcnce. 

Unna  in  his  "  llistopathology  "  was  able  to  cull  only  six 
cases  of  s/firafh non/it  from  the  literature,  to  whieli  he 
added  a  seventh.  The  tumors  varied  in  size  in  the  dif- 
ferent cas<'s  from  a  smtill  chestnut  to  a  hen's  egg;  were 
found  on  the  head.  neck,  or  extrenu'ties  in  niid<lle  aged 
or  elderly  jn'oplc  (one  case  in  a  ehihl)  ;  an<l  presented  no 
chamcteristic  clinical  features.  The  diagnosis  can  be 
made  only  with  the  microscope.  The  ])rolifenition 
occurs  in  the  form  of  .solid  (']>ithelial  buds,  whieh  usually 
show  a  tendencv  to  irrow  in  curved  lines  as  thev  increase 
in  length.  an<l  to  become canalled  like  the  structures  from 
which  thev  took  their  oriirin. 

Of  XhQxyvinfuuh  Hnnmtii  there  is  but  a  single  undoubted 
case  on  record,  that  of  Petersi'u.  It  was  in  the  form  of 
a  papillary  naruH  }inin}<  liittris  on  the  neck,  trunk,  and 
thigh  of  a  girl  of  twenty.  The  adenomatous  ])rolifera 
tion  was  contined  strictly  Uy  the  duets  (»f  the  glands. 
which  appeared  consi(lenil)ly  widened  shortly  above  the 
coil,  the  cubical  e])ithelium  beeame  I'vlindrieal.  and  out- 
growths developed  whieh  were  sonwtinies  solid  and 
sometimes  canalled.  These  outgrowths  divided  repeat- 
edly like  the  branches  of  a  tree,  and  produced  thus  the 
semispherical  or  mushroom  form  of  the  tumors.     The 


new -formed  tubes  were  lined  with  a  distinct  membrane 
and  showed  no  signs  of  colloid  degeneration. 

Sigmund  PdUiUer, 

ADIPOCERE.— (ild^/w,  fat,  and  eera,  wax.  French, 
adipoeere,  gras  de^  cadattrett;  Gkrman,  FeUwadis,  Adi- 
podre.)  As  the  name  suggests,  adipocere  is  a  material 
resembling  in  its  gross  appearances  fat  and  wax.  It  is  a 
semitranslucent,  white,  or  slightly  yellowish  substance 
of  about  the  consistency  of  cheese  at  ordinary  tempera- 
tures; lias  a  greasy  feel,  and  yields  slightly  when  pressed 
between  the  fingers.  If  a  piece  be  rolled  between  the 
fingers  for  a  few  minutes  it  becomes  much  softer.  When 
rubbed  with  water  it  forms  a  lather.  Its  composition  is 
that  of  a  soap,  being  made  up  of  the  calcium  soaps  of 
palmitic  and  stearic  acids  and  also  of  acid  ammonium 
soaps.  Examined  under  the  microscope  it  shows,  occa- 
sionally, very  numerous  scales  having  a  crystalline  form; 
more  commonly  nothing  but  fat  globules  are  to  be  seen. 
If  it  be  melted  and  again  allowed  to  cool,  it  is  found, 
often,  to  have  crystallized  in  round  masses  made  up  of 
needle-shaped  cr}'stals,  radially  arrangMi;  hence  like 
stearin. 

Most  of  the  specimens  of  adipocere  with  which  one  is 
familiar  come  from  the  macerating  troughs  of  anatomical 
departments  and  from  museum  iars  which  have  long 
contained  specimens  immersed  in  dilute  alcohol.  It  thus 
represents  the  results  of  a  metamorphosis  of  dead  animal 
tissues  placed  under  peculiar  ciroumstancc*s. 

The  only  special  point  of  interest  in  connection  with 
adipocere  lies  in  the  fact  that  it  is  occasionally  found  in 
dead  bixlies  which  have  been  buried  a  considerable  time. 
In  fact,  nearly  all  the  structures  of  the  body,  except  the 
l>ones,  have  been  found  converted  into  this  material. 
For  centuries  its  presence  had  bei*n  noted  in  disinterred 
corpses,  but  no  opportunity  was  afforded  for  studying  it 
on  a  large  scale  until  1876,  when,  upon  the  removal  of 
the  bodies  from  one  of  the  cemeteries  in  Paris,  a  consid- 
enible  proportion  of  those  buried  in  the  common  grave 
were  found  by  Foucroy  to  have  been  converted,  to  a 
greater  or  less  degree,  into  this  peculiar,  fatty,  wax-like 
material,  and  to  it  he  gave  the  name  by  which  it  has 
since  been  known. 

The  conditions  favoring  its  formation  in  buried  corpses 
are  still  unknown.  Doubtless  moisture  is  always  neces- 
sary :  but  why.  of  six  or  eight  bo<lies  buried  in  close 
l>roximity.  and  hence  presumably  imder  like  conditions 
of  soil  and  moisture.  cm(»  should  undergo  almost  complete 
chang<'  into  adipocere.  while  the  oth(*rsimdergo  ordinary 
putrefaction,  as  has  been  observed,  is  at  present  inex- 
plicable. 

At  one  time  it  was  thought  that  adipocere  might  be 
of  medico  legal  importance  in  helping  to  detem)ine  the 
length  of  time  a  corj>se  had  been  burieii.  Foucroy  be- 
li(n-ed  that  thirty  years  was  re<[uii*ed  for  its  formation. 
Later,  this  was  reduced  to  one  year:  and  Caspar  mentions 
tinding  adipocere  in  the  Ixxly  of  a  new-bom  child  which 
had  lain  for  three  months  in  a  house  cesspool.  It  is 
therefore  impossible  to  establish  an  idea,  from  the  pres- 
ence of  adipocere  in  a  corpse,  as  to  the  length  of  time 
it  has  been  buried. 

Artitieially.  adipocere  can  readily  be  produced,  either 
]>v  soaking  mus<le  in  dilute  nitric  acid  for  two  or  three 
days  an<l  then  wa<^hinir  it  thoroughly  in  warm  water,  or 
by  allowing  the  musele  to  soak  for  months  in  a  trough 
supi)lie(l  with  running  water. 

Adipocere  is  probablv  (;los(.'lv  allied  to  cholesterin. 

W.  ir.  Gannett. 

ADIPOSIS  DOLOROSA.— At  a  meeting  of  the  Ameri- 
can Neurological  Ass<H'iation.  held  in  New  York  in  June, 
ls<)*2,  the  writer  presented  tiie  histories  and  photographs 
of  three  cases  of  an  atfeeticHi  which  up  to  that  time  had 
not  been  recoirni/ed.  The  first  of  these  cases  had  been 
under  the  writers  care  sinci'  IHST.  and  recently  she  has 
died.  The  second  and  third  were  discovered  in  the  wards 
of  the  Philadelphia  llo.spital  in  1S91.  Thest*  cases  also 
died,  and,  including  the  lirst.  came  to  autopsy. 
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The  histories  of  these  cases  Are  briclly  as  follows; 

Cabb  I.— M.  O .  aged  flfijfoue,  female,  widow,  a 

native  of  Ireland,  and  a  domestic.  Her  fatlier  had  died 
at  forty-flvo  of  erysipelas.     Her  motlier,  wiio  had  had 


J.  4S.— Author*!  Flnt(<ue.ebowlncLarite  Mbwps< 


eighteen  children,  died  at  forty  of  somealTecIioD  iocidt'Dt 
lo  tlie  nienopause.  Of  her  bmthcrs  and  sisters,  seven 
died  in  childhood,  one  in  adult  lifu  of  pleurisy,  one  sister 
in  childbirth,  a  brother  and  two  sisters  of  phthisis,  while 
the  remaining  five  are  living  and  apparently  in  good 
health.  None  of  the  patient  s  re  a  a  lia  ver  suf- 
fered, so  far  as  she  knew,  from  symp  oros  s  m  ar  to  her 
own.  nor  had  any  of  them  c  er  lad  an  n  vous  or 
mental  aiTection. 

Asa  child  she  had  had  mens  s  w  oop  nj;  o  gh,  and 
scarlet  fever.  Menstruation  tngan  n  a  a  Ilfteen, 
At  eighteen  she  married,  Som  a  a  a  s  liad  an 
attack  of  pneumonia,  but  made  a  got  y.     She 


nothing  worthy  of  mention  could  be  elicited.  Syphilis 
was  denied,  as  was  also  alcoholic  exceaa.  However,  tie 
condition  of  the  patient  on  several  occa^ns.  upon  her 
return  to  the  hospital  afterfurtough,  was  such  as  to  throw 
more  than  doubt  upon  her  denial  of  alcoholic 
abuse. 

When  forty -eight  or  forty -nine  years  of  age 
she  noticed  that  her  arms  were  becoming  very 
large.  The  upper  arms  and  shoulders  ap- 
peared swollen.  The  swelling  continued 
steadily  to  increase,  and  was  for  about  a  year 
unattended  by  any  other  symptom. 

In  November,  1886,  she  was  admitted  to 
the  surgical  wards  of  the  Philadelphia  Hos- 
pital for  the  rupture  of  a  varicose  vein  of 
the  leg.  In  (lie  following  February  she  was 
transferred  to  the  medical  wards  for  a  severe 
attack  of  bronchitis.  Later  shcht^  an  attack 
of  severe  pain  and  swelling  In  the  right  knee, 
attended  by  chill  and  fever.  She  was  treated 
for  rheumatism  and  obtained  prompt  relief. 
Two  weeks  after  this  she  complained  of  a 
sharp  darting  pain  in  tlie  right  arm.  It  be- 
gan on  the  outer  aspect  above  the  elbow  and 
gradually  increased  in  severity  and  extent, 
jpp^r  Arm.  spreading  Upward  to  the  shoulder  and  neck, 
and  downward  to  the  forearm  and  band.  It 
was  shooting  and  burning  in  character.  She  felt  at 
limes  as  though  hot  water  were  being  poured  upon  the 
arni,  and  again  as  though  the  hands  and  Bngers  were 
being  toru  apari.  No  rise  in  temperature  was  noted. 
The  pain  was  often  paroxysmal,  but  it  was  never  ab- 
sent. On  June  4,  1887,  she  was  transferred  to  the  ner^ 
vous  wards  of  the  hospital  and  came  under  the  care  oi 
the  writer. 

Her  appearance  at  this  time  was  striking.  She  was  a 
tall,  lar^e-framed  woman  wiio  looked  as  though  she  had 
at  one  time  presented  a  flue  physical  development,  but 
she  seemed  unnaturally  brc»d  across  the  back  and 
shoulders.     On  removing  the  clothing  ^n  e 


hod  in  all  seven  cliildren  and  one  miscarriage.  Five 
children  died  in  early  childhix>d:  one  from  cholera  in- 
fantum, two  from  measles,  one  from  "congestion  of  the 
brain,"  and  the  fifth  from  spasms.  The  menopause  set 
in  abruptly  at  thirty-flve.  From  this  lime  up  to  witliin 
two  or  three  years  her  health  had  continued  gtKid.  She 
had  undergone  some  Increase  in  weight,  but  beyond  this 


largement  of  these  paris  was  tliscloscd.  The  enlarge- 
ment affected  iKitli  shoulders,  tlic  arms,  the  hack,  and  Oie 
sides  of  the  chest.  It  was  most  marked  in  the  upper 
arms  and  bock,  forming  here  huge  and  somewhat  pendu- 
lous masses.  It  IV ss  clastic  and  vet  comparatively  firm 
lo  the  touch,  and  it  was  impossible  lo  pro<lu('e  pitting. 
In  some  situations  it  felt  as  though  finely  lobulated,  and 
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in  others,  especially  on  the  insides  of  the  arms,  as  though 
the  flesh  were  tilled  with  bundles  of  worms.  The  sWn 
was  not  thickcne<i ;  it  did  not  take  part  in  the  swelling, 
and  it  was  not  adherent  to  the  subjacent  tissues. 

In  addition  the  swelling  was  very  painful  to  pressure. 
Pronounced  pressure  appeared  to  be  absolutely  unbear- 
able. The  nerve  tnmks  also  were  exquisitely  sensitive, 
but  this  painful  condition  was  not  by  any  means  limited 
to  them,  but  permeated  the  swollen  tissue  as  a  whole. 

The  muscles  were  not  involved  in  the  swelling.  The 
affected  parts  w^re,  Jiowever,  quite  weak.  Examined 
electrically  the  muscles  of  the  shoulders  and  arms  yielded 
a  negative  result,  partly  because  of  the  great  resistance 
caused  by  the  intervening  tissue.  Slight  qualitative  and 
quantitative  clianges  were  nottni  in  the  muscles  of  the 
forearms,  while  in  the  hands  distinct  reaction  of  degen- 
eration was  noted  in  the  thenar  and  hypothenar  groups, 
more  evident  on  the  right  side. 

Cutaneous  sensibility  was  much  diminished.  On  the 
right  arm  various  areas  existed  in  which  no  respon.se 
whatever  was  given  to  the  ajsthesiometer.  They  were 
large  and  irregular  in  shape,  and  very  sharply  defined, 
and  were  pres(.»nt  on  both  the  inner  and  outer  aspects. 
In  the  finger  tips  the  points  could  not  be  at  all  s(»parated. 
In  the  left  arm,  some  impairment  of  sensation  was  de- 
tectecl  on  the  outer  aspect  of  the  foR'anu.  and  in  the 
finger  tips  sensation  was  decidedly  below  normal.  Sen- 
sibility to  heat  and  cold  appeared  also  to  liave  been  les- 
sened. 

An  examination  of  the  legs  showed  that  cutaneous  sen- 
sibility was  distinctly  lessc*ned  on  the  right,  while  little 
or  no  impairment  was  discoverable  on  the  left.  There 
^was  no  alteration  of  the  gait,  but  both  knee-jerks  were 
lost.  She  complained  of  a  **  velvety  feel "  in  the  soles  of 
both  feet  and  also  in  the  tips  of  the  fingers. 

No  enhirgement  was  noted  at  this  time  in  any  part  of 
the  body  save  in  the  arms  and  shouldei-s.  The  face  was 
pale,  as  were  also  the  mucous  membranes.  There  was, 
however,  a  little  color  in  the  cheeks,  more  noticeable  at 
times.  Her  features  were  well  formed  and  intelligent. 
Her  hair  was  dark  and  fine.  Her  mind  was  imimpaired, 
except  that  at  times  she  was  much  abstracted.  Some- 
times she  gave  conflicting  answers  to  questions,  so  that 
the  latter  had  often  to  be  repeated. 

Ten  days  after  her  admission  to  the  nervous  wards  she 
had  a  chill,  followed  by  fever  and  a  painful  herpetic 
eruption  over  the  upper"  portion  of  the  left  arm  and  an- 
terior portion  of  the  left  side  of  the  chest.  Some  five  or 
six  days  later  another  crop  of  vesicles  nmde  its  appear- 
ance on  the  back  and  on  the  front  of  the  chest. 

Nothing  further  worthy  of  note  occurred  until  October 
13th.  when  the  patient  had  anolher8<'Vcre  attack  of  bron- 
chitis, which  was  at.romj^anitMl  by  much  dys]>na'a. 

In  the  latter  part  of  the  followin«r  December  it  was 
noted  that  durini^  one  of  her  paroxysms  of  pain  the 
swelling  of  the  right  arm  became  more  deci<h*dly  lobu- 
lateti.  The  arm  iK'came  more  .sensitive  tlu.n  ever,  and  on 
cxaminati<m  hanl.  cake  like  masses  were  felt,  resemblinir, 
as  the  resident  physician  expressed  it.  the  cakinir  of  milk 
in  a  breast.  This  caking  or  nior(»  pronounced  l()bulation 
was  afterwanl  repeatedly  noticed  during  paroxysms  of 
pain.  At  this  time  also  she  suffered  from  an  attack  of 
pain  in  the  right  knee,  and  in  the  popliteal  space  a  <lif  ■ 
fuse  swelling  was  felt  which  exhibited  the  siuiie  nodu- 
lated feel  as  did  the  swelling  elsewhere.  It  was  also 
very  painful. 

At  various  times  subseciuenily  j>aroxysnis  recurred, 
during  one  of  which  sw<'llingwas  noticed  in  the  ])osterior 
triangles  of  the  neck.  The  latter  seemed  later  to  be  ixr- 
manently  fuller  than  normal.  IJronehitis  also  recurred. 
accomi)anied  by  dys]Min'a,  and  at  om-  time  by  free  expec- 
toration of  blo<Klv  mucus. 

In  the  following  April  she  experienced  an  attack  of 
pain  of  unusual  severity.  Tiie  latter,  which  involved 
the  right  arm  and  slumlder,  riirht  side  of  trunk  and  back 
of  neck,  now  for  the  first  tiin(»  spread  to  the  face  and 
head.  The  right  side  of  the  faci-  became  distiintly 
swollen,  and  presented  to  the  touch  the  stmie  ntMlulated 


feel  so  characteristic  of  the  swelling  in  other  portiona. 
At  the  same  time  the  tongue  and  pharyngeal  tiasues 
appeared  to  become  swollen.  Her  tongue,  she  said,  felt 
much  too  large  for  her  mouth.  In  addition  her  voice 
was  very  hoarse,  and  she  spoke  with  great  difficulty. 
This  condition  persisted  for  upward  of  a  week,  and  Uien 
slowly  subsided.  For  some  time  sut»equently,  she  spat 
blood,  the  source  of  which  was  not  determined,  thourii 
it  appeared  to  come  from  the  throat.  The  reddish  couxr 
in  the  cheeks  also  became  more  pronounced,  until  it 
covered  the  entire  forehead  like  an  mtense  blush.  This 
blush  was  afterward  observed  to  occur  with  other  par- 
oxysms of  pain. 

During  the  summer  of  1888  the  patient's  condition  un- 
derwent some  change.  The  paroxysms  beoune  less  fre- 
quent and  less  severe.  Hand-in-hand  with  this  improve- 
ment, sweating  became  much  more  marked.  However, 
paroxysms  occurred  from  time  to  time,  and  upon  one 
occasion  a  thick  welt  like  swelling,  exquis3tely  painful, 
was  observed  extending  from  the  upper  and  inner  angle 
of  the  scapula,  perpendicularly  down  the  back  to  veir 
nearly  the  lumbar  region.  Upon  another  ocoudon  swell- 
ing again  made  its  appearance  in  tlie  right  popUteal 
space,  as  well  as  on  the  inner  aspect  of  the  Knee.  In  the 
latter  locality  the  swelling*  became  permanent,  and  the 
tissues  presented  the  same  peculiarities  as  noted  else- 
where. Pain  also  occasionally  appeared  in  the  left  arm. 
Prolonged  attacks  of  cardiac  dyspnoea  occurred  every 
week  or  two.  and  apparently  independently  of  bronchitis 

An  examination  of  the  eyes  by  Dr.  de  Schweinitz  re- 
vealed contraction  of  the  fields  of  vision  for  form  and 
colors,  most  marked  in  the  left  eye.  The  other  special 
senses,  hearing,  taste,  and  smell,  appeared  to  be  some- 
what obtunded.  An  analysis  of  the  urine  yielded  a 
negative  result.  A  blood  count  failed  to  reveal  an  in- 
crease of  white  blood  corpuscles. 

Upon  a  number  of  occasions  the  patient  during  par- 
oxysms of  pain  vomited  blood;  upon  several  occasions 
this  was  observed  by  the  writer  himself.  The  quantity 
could  not  be  accurately  estimated,  but  while  it  was  never 
large  at  a  single  emesis  it  was  constantly  brought  up  in 
repeated  vomiting  during  an  entire  night  or  day. 

Measurements  were  made  of  this  patient  at  various 
times,  and  these  have  shown  a  steady  increase  in  the 
bulk  of  the  enlargeil  parts. 

Of  late  the  patient  has  not  suffered  as  intense  pain  as 
fomierlv.  Cardiac  dyspnoea,  however,  is  a  frequent  and 
distn.'ssing  symptom.  The  face  is  still  flushed.  Re- 
cently, shooting  pains  have  appeared  in  the  abdominal 
r(>gion,  and  examination  discloses  in  this  region  an  exten- 
sive deposit  of  tissue  to  which  the  pain  is  referred.  A 
large  longitudinal  wheal,  especially  sensitive,  is  found 
in  the  left  lumbar  region. 

Swelling  has  also  made  its  appearance  over  the  left 
hip,  and  to  some  extent  over  the  right.  The  thighs  and 
buttocks  do  not  seem  enlarged  in  proportion,  but  soft 
mas.ses  are  now  found  on  the  inner  sides  of  both  knees, 
the  right  Ix'ing  larger  than  the  left  and  more  painful  to 
pressure.  A  snmll  nodule  to  the  right  of  the  scrobiculus 
is  especially  painful.* 

Cask  II.— E.  W ,  female,  aged  sixty-four,  married, 

a  native  of  England.  Her  father  had  died  of  alcoholism 
at  middle  life;  her  mother  of  o'demaof  the  brain  (verified 
post  mortem).  An  elder  brother  and  sister  and  one 
younger  brotlier  are  still  living.  The  younger  brother, 
wlien  a  child,  was  ju'cuiiar;  he  would  fun  to  p(^ple  in  a 
fright  and  say  that  he  was  drowning,  and  the  like.  He  is 
now  in  av<'niire  health.  l>ut  drinks  heavilv.  He  has  a  eon- 
tmetuH'  of  the  ring  finger;  has  nine  children,  all  of  whom 

*  WhiU*  this  jirtlole  was  juissliiir  thn>upli  the  pn>sj*.  Caw  I.  came  to 
auto|isy  and  a  nii<'nw<'npirah'xaniir)atiorn»f  thetissws  wa«  made.  Thf 
H'suU'^  ('an  t»e  brjcth  siittimarl/Mi  as  fullows :  MnrktHl  degeneratiun  of 
th»*  n»>si«M<>-nn*«llan  ('«»luinn>  iif  ih«'  runi,  ilevrem'ration  wtth  prolifera- 
tinii  of  thf  <'iinrie<-ti\ I' tissue  i>f  th«'  iM'rlplnT.il  nenes,  ami  also  strikinflf 
almonnalltii's  in  th**  th>Toi<i  ^'laiul.  Th<'  irlaml,  which  was  sioniewtaat 
iK'lnw  normal  in  sizr.  prt-siMitiii  a«"ini  very  Jrrt»guhir  In  8hape,  many 
of  ihcni  pn-atly  <lisi4'n«l»*<l  with  rt'laiiHtl  colloid  material.  In  other 
situations  tluTc  wcn'  niiiiifnais  small  acini  with  inarktHl  prx)IiferaUoD 
of  (t'lLs,  the  api»earancH  U^iutt  that  of  a  hyi>cnn>phy  of  glandular  tis- 
sue.   The  n«ultj)  will  sbuitly  t)e  publlslKHl  In  detail. 
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Fid.  U.-AuUior'a  SerondCUF. 

appear  to  be  well,  TlieoMer  lirotlier  sufTers  iieriixlically 
from  violent  lieadacliP:  also,  Btiice  n  yixing  iiinti.  lie  has 
suffered  from  couBtaotly  colli  feci.  Iliis  being  so  severe  as 
to  disturb  sleep  and  cause  great  distress.  He  Itas  bail  the 
sons  and  two  anuglilers.  One  sou  dic<l  of  letaniis  (trau- 
matic) :  tbe  otiiers  are  well.  Cue  daii^liler  lins  a  con- 
tracted middle  finger  of  tlie  right  hand;  has  never 
suffered  pain  in  the  finger.  Patient's  sister  is  living, 
aisty-Bve  years  old ;  alio  hiis  no  eliildrcn, 

Tiie  patient  herself  dues  not  rc'inenilwr  having  had  tin; 
ordinary  diseases  of  chil' 
hoo<l.  la  curly  infiuH 
slic  hnd  con  v  iilsiiin 
which  recurretl  with  gre 
rr«|iienoy  tora  lime.  < 
Iter  being  n-lieve<l  of  lui 
brlcnid  worms,  howcve 
the  coDTtilsioas  ceased. 

At  seventeen  she  w; 
married.  Slic  tiail  iv 
sons,  the  older  of  whom  i: 


sIjc  was  nn    immoderate  drintier.     For  weeks  nt  a 
time  slie  was  intoxicated  every  night. 

Afenstrualiou  iH'gan  at  eleven  and  ceased  abruptly 
at  iliirty-live.  Slie  lost  habitually  an  unusual  quan- 
tity of  hhxxl,  but  never  suffered  any  discomfort. 

ller  presi-nt  malady  licgan  about  ftfleen  years  ago, 
when  she  was  forty -nine  years  old.  At  tliat  time  ebe 
was  living  in  California,  The  first  thing  noticed  waa 
a  constant  feeling  of  coldness  alnrnt  tbe  knees,  fol- 
lowed by  swelling,  which  gradually  increased.  At 
lirst  she  tliouglit  that  the  swelling  was  due  to  her 
growing  fiLt,  but  Inter  she  was  astouished  to  see  that 
llierc  was  a  ioeali/eii  mass  on  the  inner  aspect  of  each 
knee.  At  the  time  there  was  dull  aching  pain  in  tlie 
iiffeeted  ixtrts.  Luler,  the  right  arm  became  involved, 
iL  nuiss  making  its  appearance  on  the  outer  aspect, 
ller  body,  as  she  then  observed,  liad  also  1)ecome 
larger,  as  her  stays  were  too  small  for  tier.  During 
this  time,  while  still  In  California,  inability  to  perspire 
free ly.  except  at  llie  Turkjsli  tjatli,  was  nuirked.  and 
WHS  part  of  her  reason  for  coming  East.  Binec  slie 
liiis  heen  in  PhiUidelphia  tbe  lack  of  pi'rspiratiun  has 
not  iH'en  ss  marked  as  before.  Various  plana  of 
irentuient  were  tried,  but  did  not  luHuenee  the  prog' 
ivsa  (if  the  disease,  i',^..  the  growth  of  tlie  swelling, 
rive  or  sis  years  ago.  injections  of  clilor()forni  were 
made  into  the  swellings  on  the  inner  sides  of  the 
knees,  but  no  good  was  accomplished.  Painful  ulcer- 
aiioiis  «-<'re  llie  result,  and  scars  of  considerable  size 
mark  Iheir  location. 

About  live  yeara  ago  a  slight  swelling  appeared  In 
the  epigastrium.  Tills  gradually  increased  in  size 
until  it  resembled  tlie  breasts  in  shape,  and  aflerwunli 
spread  so  as  to  involve  nearly  the  whole  abdomen. 

From  the  knii's  ttio  process  extended  to  the  thighs, 
and  gave  rise  to  large  masses  on  their  outer  side  and 
about  the  hips. 

At  various  times  she  had  suffered  with  pains  ap- 
parently sitiialed  in  the  enlarged  tissues,  or  running 
down  the  limlw,     Sonielimes  these  attacks  were  fairly 
»  ell  localized  in  one  limb,  in  one  side,  or  about  a  Joint. 
Five  years  ago  her  attention  was  calleil  to  a  iH'Cuiiar 
ciindilion  of  tlie  right  hand.     The  last  plialanx  of  the 
second  linger  iH-gati   to   lie  fixed   in  a  flexed   position, 
while  tlie  end  of  the  finger  appeared   to  be  growing 
scimcwhat  smaller.     l..aler,  the  remaining  fingers  of  this 
hand  became  involved,  and  all  the  phalanges  deformed, 
Tlie  deformity,  as  seen  now.  consists  of  Hexion  of  the  fits! 
phalanx,  of  ifiarked  overcxteusion  of  the  second,  and  of 
kilf-llexlon  of  the  thinl.     Tlic  thumb  is  also  stiff,  but 
:ill  of  its  joints  are  flivrii.     For  some  time  past  she  has 


r«of  a 


■,  of  li 


orrliagic  diarrliiei 
patient  had  no  misiiir- 
riages  and  no  still-hirths. 
She  left  her  husliand  Im" 
cause  of  venereal  disease 
which  he  had  contnicti'd. 
She  was  told  by  u  doctor 
that  she  bail  escaped  in- 
fection. A  year  later, 
boweyer.  she  had  snti; 
throat,  with  white 
patches.    For  many  years 


AdliH>i»ls  DoloroHi. 
AdlpoNls  DoloroHi« 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


uoticed  that  the  thumb  of  the  left  hand  was  growing  to 
be  like  that  of  the  right. 

A  year  ago  the  patient  hatl  a  (juasi- rheumatic  attack 
affecting  the  deformed  hand  and  the  arm.  The  pains 
seemed  to  run  up  and  down  in  the  arm  rather  than  about 
the  joints.  Some  months  ago  she  had  pneumonia  of  the 
right  lung,  and  made  a  gocnl  recovery. 

For  several  months  past  she  has  had  slight  uterine 
hemorrhages  at  timers.  ass^M-iatcd  with  which  were  dull, 
aching  pains,  resembling  those  formerly  felt  before  men- 
struation. 

In  addition,  .she  stated  that  the  swelling  had  spread  up 
from  the  knees  over  the  thighs  unequally;  that  the  left 
thigh  and  bullock  had  been  earlier  and  more  conspicu- 
ously (^nlarsreil  than  the  corresponding  parts  on  the  right 
side.  Gradual  I V,  however,  the  latter  became  enlarged  to 
an  almost  equal  degn*e.  Lat«*r,  swelling  appeared  over 
the  left  ann,  and  later  still  on  the  back  and  sides  of  the 
trunk,  and.  wherever  appearing,  it  gradually  became 
diffuse  and  finally  reached  very  great  proportions  The 
patient  further  volunle('ivd  the  statement  that  she  had 
lormerly  bt*en  very  slight  in  build. 

To  oniinary  observation  she  merely  presented  the  aj>- 
pcarance  of  an  excessively  obese  person.  However,  ex- 
amination so<m  revealed  that  the  enlarged  ti.ssue  was  very 
unevenly  distributed.  In  the  region  of  the  knees,  where 
it  had  first  made  its  appcwance,  it  was  excessively 
iiTegular  and  lumpy.  To  the  touch  it  resenibk»d  in  a  re 
markable  degree  the  swollen  tissues  of  Case  I.  It  gave 
the  same  nodular  feel,  and  could  not  1h*  made  to  pit  on 
prt^ssure.  At  the  time  of  the  examination  no  tenderness 
existed  in  the  swellings,  but  shooting  j)ainswere  referred 
^  to  them  in  various  situations.  This  was  particularly  the 
case  in  the  mass  over  the  right  hypochondrium.  In  ad- 
dition, she  complained  of  scaldingsensations  on  the  inside 
of  the  right  (^heek  and  on  the  right  side  of  the;  tongue. 
Nothing  abnormal  could  be  discovered  in  the  mucous 
membrane  of  these  parts.  No  tenderness  could  be  dis- 
covered in  any  of  the  nerve  trunks  at  the  time  of  the 
examination.  The  i)atient  was  excessively  weak,  and 
could  move  about  her  bed  or  sit  up  only  with  great  dilTi- 
cultv.  Her  grip  was  almo.st  nil.  No  tendon  jerks  could 
be  elicited,  probably  lK*cause  of  purely  mechanical  diffi- 
culties. For  the  same  reason  an  electrical  examination 
couhl  not  be  made. 

Slight  diminution  of  tactile  sensibility  and  of  the  tem- 
perature sense,  and  also  .some  analgesia,  were  present. 
An  area  of  absolute  antesthe.sia  existed  cm  the  back  of  the 
left  arm,  extending  thence  over  the  posterior  aspect  of 
the  left  shoulder.  A  marked  increase  in  the  swelling 
had  taken  place  iluring  the  last  year,  measurements 
showing,  for  instance,  that  the  left  forearm  had  increased 
one  inch  and  .s«ven eighths,  and  the  right  forearm  one 
inch  and  three  eighths;  the  left  arm  one  and  a  half,  and 
the  right  arm  two  inehes.  This  increase  appeared  to  be 
maintained  throughout . 

Subjectively  the  patient  (•omi>lained  much  of  head- 
ache. Iler  face  was  very  nnich  IIusIumI,  and  she;  suHerrd 
greatly  from  caixliac  dyspnoea.  It  was  a  ])ersistent  and 
distressing  .symptom.  Kxamination  of  the  eyes  proved 
negative,  as  did  also  that  of  the  urine.  INrsjIinition,  ac- 
cording to  the  patient's  .statement,  was  s^-ant.  Face  was 
not  involved  in  the  enlargement;  no  subnormal  tempera- 
lure;  hair  thin,  but  not  excessivi'ly  so;  no  diniculty  in 
speech;  no  mental  impairment. 

The  patient  remained  very  mucli  in  the  same  <'on(lition 
for  scmie  two  weeks  following  her  admis.sion  to  the  ner- 
vous wards,  when  her  dyspmea  greatly  increased.  Her 
pul8(\  already  .soft  and  V'(>!ni)ressible.  became  irregular 
and  intermittc*nt.  This  condition,  though  relieve<l  from 
time  to  time,  persisted  until  hands  and  feet  became  puffy, 
the  face  cyanotic,  and  the  lungs  (edematous  and  coii 
gested.     Death  occurred  on  December  23.  IHOl. 

Antoptty,  Deceinbcr  73iL—Wm\\  that  of  a  very  large 
woman.  Weight  estimated  at  about  three  hundred 
pounds.  Face  dark  from  venous  congestion.  Some 
discoloration  on  under  surface  of  body  and  thighs.  A 
number  of  large  white  scars  on  either  side  over  the  knees. 
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Legs  and  feet  oedematous.  Body  distorted  and  flattened, 
as  though  by  its  own  weight. 

Scalp  and  calvarium  revealed  nothing  abnonnaL 
Veins  of  dura  and  longitudinal  sinus  full.  Venous  con- 
gestion of  the  pia.  Cortex  a  little  darker  than  normal. 
Puncta  vasculosa  prominent.  Brain  otherwise  normal. 
Spinal  cord  appeared  normal.  Skin  of  thorax  appeared 
normal.     The  subcutaneous  tissue  was  fatty  and  moist. 

Thyroid  gland  small,  indurated,  and  infiltrated  by  cal- 
careous matter  in  both  lobes. 

Right  lung  oMlematous  and  tightly  adherent  to  chest 
wall.  Ix.'ft  lung  (vdenmtous,  with  hypostatic  congestion 
posteriorly.  Both  ])leural  cavities  contained  a  large  ex- 
cess of  fluid. 

IVricardium  containeil  some  six  or  eight  ounces  of 
fluid,  in  which  was  suspended  some  flocculent  lymph. 
Weight  of  hrart,  twenty -st-ven  ounces;  the  right  me 
dilateil,  the  nuHlerator  Imnd  much  thickened;  walls  of 
left  side  also  nuich  thickened;  marked  hypertrophr  of 
the  columnar  carnea*  and  ])apillary  muscles;  some  fatty 
change,  especially  in  the  walls  of  the  right  ventricle. 

Over  the  alxlohien  the  subcutaneous  fatty  tissue  was 
thrc*e  inches  thick.  About  a  pint  of  ascitic  fluid  in  ab- 
domen. Stomach  much  dilated.  Intestines  normal. 
Liver  sliowetl  some  fatty  infllt ration;  otherwise  normal. 
Spleen  api>arentlv  normal,  though  somewhat  dark.  Kid- 
neys both  revealed,  aside  from  slight  adhesions  of  the 
capsules,  nothing  s[>eciallj'  abnormal. 

In  the  pelvis  an  ovanan  cyst,  containing  some  six 
oimces,  and  a  hydrosalpinx  were  found  on  the  left  side. 
Uterus  seemecl  a  trifle  larger  than  normal.  Bladder 
normal. 

Brain,  cord,  some  of  the  nerve  trunks,  pieces  of  skin 
and  subcutaneous  tissue,  pieces  of  the  liver,  kidneys  and 
spleen,  a  fragment  of  muscle,  and  the  whole  of  the  thy- 
roid gland,  were  removc»d  for  microscopic  examination. 
The  specimens  were  left  in  the  care  of  Dr.  II.  W.  Cattell, 
assistant  to  the  pathologist  of  the  hospital.  Unfortu- 
nately, Dr.  Cattell  fell  ill  with  scarlet  fever,  and  during 
his  absence  the  specimens,  together  with  those  of  Case 
HI.,  were  thrown  away  by  an  attendant. 

Case  III. — M.   M ,   aged  sixty  years,   widow,  a 

tailoress  by  occupation,  and  a  native  of  Qermany,  but  a 
resident  of  America  for  twenty-six  years,  was  admitted 
to  the  nervous  wards  of  the  I^hiladelphia  Hospital,  Oc- 
tolxT  7,  1H91.  3Iemory  very  poor.  History  obtained  in 
part  from  relatives. 

Her  father  and  mother  healthy,  though  her  mother 
died  of  heart  disease.  She  had  seven  brothers  and  sisters, 
all  appjirently  well.  She  had  no  children;  liad  never 
been  iMVgnant. 

Many  y«'ars  ago  a  lumj)  appeared  at  the  back  of  the 
neck,  for  which  she  consulted  Dr.  Grc>ss  at  the  Jefferson 
3Ie(lical  College,  but  for  some  reiison  no  operation  was 
performed.  At  vari(ais  times  thereafter  swellings  made 
their  appeaniuce  in  various  situations.  Further,  she  lost 
more  blcMwl  at  her  menstrual  peri(xls  than  normal.  Oc- 
casionally she  sufTereti  from  luematemesis  and  epistaxis. 
The  climacteric;  occurred  at  forty-six.  No  history  of  any 
intercurrent  affections.  Mental  impairment  had  been 
noticed  for  alM)ut  two  years. 

On  e.\{iminati(»ii  the  patieni  was  found  to  be  excessively 
feeble.  VoT  some  two  weeks  she  had  been  unable  to 
walk.  She  lay,  for  the  most  part,  in  a  quiet,  apathetic 
.state,  though  when  aroused  she  an.swered  questions 
slowiv,  lull  intelligenilv.     She  was  also  somewhat  deaf. 

K.xamination  further  revealed  soft,  fat-like  masses  or 
.swellin«is  in  vjirioiis  situations.  Thus,  a  large,  soft  mass 
was  found  over  either  biceps,  and  others,  somewhat 
smaller,  over  the  outer  and  posterior  aspect  of  either 
upper  arm.  Two  large  masses  were  found  over  the 
belly,  sepamted  above  the  mnbilicus  by  a  deep,  trans- 
vi;rse  crease.  Another  gave  excessive  prominence  to  the 
mons  Veneris.  From  the  back  of  the  neck,  at  its  lower 
part,  spmng  a  big  mass  like  a  hump,  while  a  diffuse 
swelling  gave  a  cushion- like  coating  to  either  half  of  the 
back,  and  extensive  deposits  gave  unnatural  prominence 
to  cither  hip.      In   marked   contnvst,   the  deposit   was 
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Absent  from  the  forearms  and  hanils,  Inim  the  face,  from 

the  thighs  ami  hgs.  an<t  from  llie  hiittitrkH.     The  gluteal 
regions,  in  fact,  seenii^  flaitened  and  slopin>[. 
The  deposit  oier  tlie  Imclt  seeniiil   lolcrably  timi  and 
er  other  portiitna  it  was  quite  soft,  ihmii^h 


elaatir.  aod  exhibited  the  same  nodular  fi-cl  iinti-t)  in  the 
previous  (uses.  Funlicr,  it  was  discuverwl  at  once  that 
these  masses  were  painful  to  the  toticU.  the  patient  coiti- 
plaining  very  much  when  only  moderate  presKure  was 
exercised.  This  was  espepially  true  of  the  deposits  over 
the  anna  and  Iwck  of  the  neck.  In  addition,  the  patient 
complaJDtKl  of  HlabbiDf  pains  in  the  deposits,  "  "" 
marked  in  the  rcKifins  ]ust  nu'nti<)ni^.  Thirn  w 
tenderness  o^ 
of  headache. 

When  the 
noted  that  I  he  left  railius 
two  and  a  lialf  iucbes  in 
its  middle  thiril ;  also. 
that  there  was  a  large 
diHcolontl  area  on  the 
outer  aspect  of  the  left 
forearm  rcsctnbling  ii 
syphilitic  Bear.  Both 
tibiiB  were  some  what 
nodular.  thougJi  no  aokrs 
were  disrovi-n'd  <m  Ihi' 
k-jn*  A  few  while  sours 
were  sef-n  nn  the  fon-- 
h«Ml.  Finally,  (piite  ii 
number  of  purpuric 
spots  were  observitl  on 
the  foreumis,  thiglis, 
le^s,  and  back. 

The  skin  of  the  fore- 
arms ami  hands,  as  well 
HA  tliat  of  the  legs  and 
feet  to  a  less  extent,  was 
dry,  dark,  and  niinli 
r»iighcni!il. 

(,'ulaneous  si'nsibility 
was  found  to  be  geiicf- 

ally  diminisliiit.  wliilu  a  few  t)atchcs  of  atiiesthcKia  wcri> 
iioti-d.  One  of  these  was  an  area  dilfusiil  over  the  rijilit 
side  iif  the  trunk  and  the  right  sliouhier,  Tlii-ne  an-as 
of  ansslliesia  appeared  to  be  <'onslant,  and  were  con- 
firmed at  various  examinations. 

Owinj;  to  the  extreme  weakness  of  the  patient,  the 
study  of  the  eyes  could  not  be  made  sat  isf act  only,  but. 
ao  far  as  it  went,  it  was  negative.  The  uriiie  contained 
albumin,  though  no  casts  were  found. 

In  answer  to  questions  the  patient  said  that  stie  had 


not  l)een  sweating  freely  for  years,  but  owing  to  her 
mental  condition  no  iiiiportaucc  was  given  to  this  state- 
ment. She  at  no  lime  presented  any  change  in  tem- 
perature.    Her  hair  was  well  preserved. 

The  patient  wi-meil  to  fail  slowly  and  steadily,  al- 
though liberal  diet  and  stimu- 
liints  were  freely  used.  Her 
dementia  gradually  deepened, 
iiud  for  some  days  before  death 
slie  vciidcil  urine  and  fiKes  In- 
voluntarily.    Bho   finally  died 

bcr5.  1H«I. 

Aul'-piiy.  X'irein/ier  r.th.— 
Body  tliat  of  a  large  woman 
with  irreiruliirly  diatributed 
fat-like  maHsi-s.  Simie  discol- 
orations  on  (he  back.  Small 
t)ed -sores  b<' ginning  on  the 
buttocks. 

Scalp  and  cnlvarium  normal. " 
Dura  normal.  Pla  very  a-de- 
niaious.  Brain  very  siift  and 
ledi-matous.  Cord  revealed 
nothing  abnormal. 

On  incising  the  skin  of  the 
chest  and  aUlomen  it  was 
found  to  be  nonnal  in  appear- 
ance, but  the  su1)cuta neons 
tissue,  which  looked  like  very 
white  fat.  was  excessively 
tliick.  attaining  below   the  umbilicus  a  depth  of  seven 

The  thyroid  glan<l  was  larger  llian  normal,  harder  to 
the  feel,  and  much  calcillcil,  cspccutllr  the  right  lobe. 

The  iM-art  weighed  eight  and  a  half  ounces.  Both 
aortic  and  mitral  valves  were  slightly  tlilckened.  Heart 
Bubsianec  evidently  fatty.     J.ungs  emphysematous. 

The  mucous  inirmbmne  of  the  stomach  revealed  a 
chronic  gastritis.  The  liver  weighed  forty-four  ounces, 
and.  lieyond  some  fatty  inliltratinn,  was  practically 
nortmil,  SpU-eu  nonnal.  The  kidnevs.  however,  showed 
ided  slirinking  and  loss  of  cortfcal  sutwtance,  with 
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lewluit  adherent  capsules 
I  in  the  jH-lvic  organs. 
As  in  Case  II.,  brain,  rnrd. 


s  already  menliuned,  the  speci 


It  was  not  without  some  hesitation  tlint  these  cases 
were  i>resfnted  together.  The  writer  wiis  well  aware 
tliat  whliuut  a  microscopic  examination  to  sup|)lctncut 
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the  autopsies  their  study  was  incomplete,  and  yet  the 
cases  are  iu  themselves  so  interesting,  and  appear  to  be 
so  unusual,  that  their  publication  in  a  group,  with  such 
data  as  are  at  hand,  seemed  to  him  to  be  more  than  war- 
ranted. Case  I.  had  originally  been  publishefl  in  the  i'fii- 
tersity  Medical  Magazine  for  December,  1888,  under  the 
title,  "A  Subcutaneous  Connective-Tissue  Dystrophy  of 
the  Arms  and  Back.  Associated  with  Symptoms  Resem- 
bling Myxa?dema."  Case  II.  had  been  discovered  in  the 
medical  wards  of  the  Philadelphia  Hospital  by  Dr.  Fred- 
erick P.  Henry,  in  1890,  and  was  published  by  him  in  the 
Journal  of  Nercous  and  Mental  Ditteases  for  March,  1891,  as 
a  "  Case  of  3Iyxa»dematoid  Dystrophy."  Dr.  Henry  fully 
recognized  the  relation  existing  between  this  case  and 
that  previously  described  by  the  writer,  and  he  adopted 
the  term  dystrophv  in  order  to  bring  the  cases  **into 
the  same  category.*^  In  November,  1891,  this  case  (Case 
II.)  having  been  transferred  to  the  nervous  wards  of  the 
Philadelphia  Hospital,  came  under  the  care  of  the  writer 
and  was  studie<l  again.  The  account  here  given  is  ab- 
stracted partly  from  the  notes  of  Dr.  Henry,  and  partly 
from  those  of  the  writer. 

Case  III.  was  discovered  in  the  nervous  wards  in 
October,  1891. 

Certainly  these  cases  differ  radically  from  ordinary 
cases  of  lipomatosis,  and  certainly  the  nervous  symptoms 
present  must  have  a  special  significance.  To  begin,  the 
enlarged  tissue  makes  its  appearance  in  a  very  irregular 
way.  Nodules  of  soft  tissue  are  at  first  deposited  in 
some  one  situation,  or  perhaps  in  corresponding  places 
in  both  arms  or  iu  both  legs.  For  a  time  the  deposit  is 
limited  to  these  original  areas,  but  subsequently  it  makes 
its  appearance  elsewhere,  and  mav  become  verj'  exten- 
sive. Regions,  however,  may  exist  which  remain  per- 
manently uuinvaded.  In  Case  I.  the  enlargement  was 
first  noticed  in  both  upper  arms,  and  later  in  the  back. 
Subsequently  a  swelling  made  its  appearance  on  the 
inner  aspect* of  the  right  knee,  to  be  followed  months 
after  by  a  similar  swelling  in  a  corresponding  position 
over  the  left  knee.  I.Ater  still,  swellings  made  their  ap- 
pearance in  various  other  situations.  However,  the  legs, 
with  the  exception  of  the  knees,  have  remained  free  from 
involvement,  while  the  thighs  and  buttocks  have  only 
recently  shown  a  doubtful  change.  In  Case  II.  the  en- 
largement began  on  the  iimer  aspect  of  either  knee,  and 
then  gradually  spread  uncciually  over  the  thighs  and 
buttocks.  I^ter,  the  left  arm  became  involved;  next, 
the  sides  and  back,  and,  finally,  the  entire  trunk.  In 
Case  III.  the  enlargement  began  in  the  back  of  the  neck, 
and  then  at  various  times  appeared  in  other  situations. 
It  remained  absent  from  the  face,  the  forearms,  the  legs, 
the  thighs,  and  tlie  buttocks.  It  is  a  peculiarity  of  this 
case,  also,  that  tlie  enlargement  tended  to  produce  dis- 
tinct segregated  masses. 

Not  only  is  the  development  of  the  enlargement  ir- 
regular and  even  capricious  in  these  cases,  luit  there  is. 
in  addition,  another  important  fact  to  be  remembered, 
and  that  is:  that  at  some  time  or  other  the  enlargement 
is  accompanied  by  pain  or  other  nervous  symptom. 
Thus  in  Casc»  II.  pain,  shooting  in  chanicler,  and  a  sen- 
sation of  coldness  preceded  the  appearance  of  the  nodules 
on  the  in.sides  of  lh«*  knees.  In  Case  I.  shooting  and 
buniing  pains  made  their  appearance  alK)ut  a  year  after 
the  swelling  had  appeared  in  the  arms,  while  .similar 
pains,  very  great  in  intensity,  ])recedrd  the  appear- 
ance of  the  swellinii  on  the  inner  aspect  of  the  right 
knee  and  in  other  situations.  Case  I.,  it  .should  he 
remembered,  was  observed  bv  the  writer  for  a  number 
of  years,  and  was  therefore  studi<'d  in  great  detail. 
and  pain  was  noted  as  a  marked  IVature  of  the  eas<\ 
especially  in  the  early  enurse  of  the  disease.  Occa- 
sionally it  was  observed  in  old  areas  of  enlargement. 
and  again  in  regions  free  from  the  swelling,  hut  in 
which  the  latter  sub.se<|uently  appeared.  In  Case  III. 
stabbing  pains  were  complained  of  and  were  referred 
to  the  deposits,  and  the  latter  were  very  painful  to 
examination. 

We  may  say.  therefore,  that  pains.  sho<Jting.  burning, 


or  stabbing  in  cliaracter,  were  present  in  all  cases  at 
various  times  in  their  history. 

Some  of  the  paroxysms  observed  in  Case  I.  were  par- 
ticularly suggestive.  Sometimes  a  welt-like  swelling 
suddenly  made  its  appearance,  evidently  following  the 
course  of  a  cutaneous  nerve  trunk  and  at  tlie  same  time 
being  exquisitely  painful.  After  a  time  the  swelling 
would  become  slightly  less,  but  would  never  wholly 
disappear.  Several  such  **  welts  **  are  still  demonstrable 
in  Case  I.  If  the  paroxysm  of  pain  made  its  appearance 
in  an  area  of  old  enlargement,  that  is,  reappeared  or 
recurred,  a  decided  and  sudden  increase  would  take  part 
in  the  swellmg,  and  it  would  become  for  the  time  being 
firmer  and  more  resistant  and  occasionally  more  nodulated 
tlian  before,  and  generally  a  permanent  increase  in  the 
swelling  could  be  demonstrated.  Furtlier,  it  should  be 
remembered  that  at  one  time  some  of  the  nerve  trunks  of 
the  right  arm  were  very  sensitive  to  pressure,  that  some 
of  the  muscles,  those  of  the  thenar  and  hypothenar 
groups  of  either  hand,  revealed  reaction  of  degeneration, 
and  finally  that  the  patient  suffered  on  two  occasions 
from  herpes  zoster. 

In  Cases  II.  and  III.  tenderness  over  the  nerve  trunks 
was  not  present  at  the  time  of  the  examination.  In  Case 
I.,  however,  this  symptom  is  also  no  longer  present,  its 
absence  having  been  not«d  for  some  time  past.  This  and 
other  circumstances  justifv  the  assumption  that  Cases 
II.  and  III.  were  further  advanced  than  Case  I.,  and  that 
the  latter  was  really  observed  during  a  developmental 
period  and  while  moi*e  active  changes  were  going  on. 

Among  the  nervous  symptoms  must  also  he  placed  the 
diminished  cutaneous  sensibility  and  the  patches  of  an- 
aesthesia as  w^cll  as  perhaps  the  excessive  weakness.  It 
is  probable  also  that  the  absence  and  the  diminution  of 
sweating  belong  to  this  category.  It  will  be  remem- 
bered that  this  symptom  was  undoubtedly  present  in 
Cases  I.  and  II.  and  doubtfully  in  Case  ill.  Lastly, 
headache  was  noted  in  all  the  cases. 

Among  other  symptoms  present  in  these  cases  sliould 
be  noted  h}ematemesis  in  Case  I.,  haematemesis  and  epi- 
staxis  in  Case  III.,  and  a  recurrence  of  uterine  flow  many 
years  after  the  cessation  of  menstruation  in  Case  II.  In 
Ca.ses  I.  and  II.  the  menopause  occurred  unusually 
earlv,  namelv.  at  thirtv-five,  and  in  Case  II.  menstrua- 
tion  was  unusually  free.  In  Case  III.  the  menopause 
occurred  at  forty -six,  and  menstruation  was  likewise 
said  to  have  been  excessive.  Finally,  Case  III.  presented 
a  well-marked  j)urpura.  What  significance  these  symp- 
toms may  have,  it  is  impossible  to  say.  It  may  not, 
however,*  be  out  of  place  to  recall  the  not  infrequent 
occurrence  of  uterine  hemorrhages  in  women  who  sub- 
set} ucntly  sulTer  from  myxo'dema. 

Bronchitis  was  a  most  'fre([uent  and  persistent  symptom 
in  Case  I.,  while  both  Case  I  and  Ca.se.  II.  suffered 
markedly  from  cardiac  dyspncca.  But  these  symptoms 
were  absent  in  Ca.se  III. 

The  fact  that  in  both  cases  the  thyroid  gland  was  found 
indurated  and  much  infiltrated  by  calcareous  deposit  is 
not  only  very  interesting  but  exceedingly  suggestive. 
AVithout  microscopic  studies,  however,  and  without  a 
more  extended  series  of  cases  it  is  impossible  to  draw  a 
conclusion.  The  part,  if  any,  played  by  the  thyroid  in 
this  curious  alTection  can  be*  determined  onlv  bv  future 

ftp  V 

autopsies.  It  goes  without  saying,  also,  that  the  thyroid 
.should  be  .stuclied  in  every  cas(?  of  obesity,  whether 
typical  or  otlKTwise.  that  reach(*s  the  post-mortem  table. 
With  the  above  data  before  us.  it  is  impossible  to 
classifv  these  cases  under  anv  well-established  disease. 
Evidently  the  atTection  is  not  simple  obesity.  If  so,  how 
are  we  to  ilispose  of  the  nervoiis  elements  present?  It  is 
eciuallv  certain  that  we  have  not  nivx<edema  to  deal  with. 
All  of  these  eases  lack  the  peculiar  physiognomy,  the 
spade-like  hands,  the  infill nited  skin,  the  peculiar  slow- 
ing of  speech,  and  the  host  of  other  symptoms  found  in 
niyxcedeina.  It  would  seem,  then,  that  we  have  here  to 
d(*al  with  a  coiniective  tissue  dystrophy,  a  fatty  meta- 
morpho.sis  of  various  stages  of  completeness,  occurring 
in  separate  regions,  or  at  best  unevenly  distributed  and 
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associated  with  symptoms  suggestive  of  an  irregular  and 
fugitive  irritation  of  the  nerve  trunks — possibly  a  neu- 
ritis. This,  however,  does  not  embrace  the  whole  truth, 
and  it  remains  for  future  research  to  determine  to  what 
this  neuritis  is  due,  whether  it  is  a  cause  of  the  fatty 
metamorphosis  or  only  concomitant,  and  whether  the 
thyroid  gland  does  not  play  some  mysterious  part  in  its 
causation. 

Inasmuch  as  fatty  swelling  and  pain  are  the  two  most 
prominent  features  of  the  disease,  the  writer  lias  pro- 
posed for  it  the  name  adipo»is  *  (lolorom. 

Since  the  above  was  written,  three  cases  of  adiposis 
dolorosa  agreeing  in  all  essential  details  with  the  cases 
descril)ed  by  the  writer  have  been  reported  by  Spiller.f 
Two  cases  have  been  placed  on  reconl  by  Eshner.  %  An- 
other has  been  reported  by  Guidiceandrea;^  and  the 
case  described  by  Ewald,  in  discussing  the  treatment  of 
myxoedema,  cretinism,  obesity,  etc.,  by  thyroid  extract, 
of  a  man  who  presented  thick  masses  of  fat  about  the 
nipples,  the  umbilicus,  and  the  neck,  with  pains  resem- 
bling those  of  neuritis,  was  doubtless  an  instance  of  this 
affection.  Collins,!  Peterson,  and  Loveland  have  also 
studied  cases.  Francis  X.  Dercum. 

ADIPOSITAS. — (Synonyms:  Corjmlenc^,  Obeaity,  Poly- 
mrcia.  Coelius  Aurelianus  and  other  of  the  older  writ- 
ers reserved  the  term  polysarcia  for  extreme  cases  of  the 
disease,  but  the  terms  are  now  used  indifferently.) 

Definition. — Adipositas  is  a  disorder  of  nutrition 
characterized  by  the  deposition  of  an  excessive  amount 
of  fat  in  many  parts  of  the  body. 

The  close  relation  w^hich  certain  forms  of  adipositas 
bear  to  constitutional  diseases,  such  as  gout,  arterio-scle- 
rosis.  and  lipogenous  diabetes,  leads  Krehl  to  place  them 
in  the  same  group. 

It  is  frequently  difficult  to  decide  when  the  limits  of 
normal  stoutness  are  passed  and  the  condition  becomes 
pathological. 

The  amount  of  fat  in  a  healthy  adult  is  about  one- 
twentieth  of  the  body  weight  in  the  male  and  about  one- 
sixteenth  in  the  female  (d  Heilly). 

When  the  amount  of  fat  is  productive  of  symptoms, 
such  as  palpitation  or  breathlessness  on  slight  exertion, 
difficulty  in  walking,  or  disinclination  to  take  exercise, 
the'  diagnosis  of  obesity  is  justitieil,  even  if  an  equal 
amount  of  fat  is  borne  without  discomfort  by  another 
person.  The  possession  of  a  considenil)le  amount  of 
adipose  tissue  is  of  value  in  health.  As  it  is  a  poor 
conductor  it  diminishes  the  amount  of  heat  lost ;  and  it 
represents  a  reserve  capital  to  be  dmwn  on  in  time  of 
Dc^,  thus  diminishing  the  drain  on  the  tissue  proteids. 

The  increase  of  bulk  in  obesity  renders  all  bodily  move- 
ments more  and  more  difficult,  and  the  increase  in  weight 
calls  for  the  expenditure  of  more  muscular  energy.  The 
muscles  tire  sooner,  and  there  is  a  tendency  to  refrain 
from  all  avoidable  movements.  Disuse  of  the  muscles  is 
followed  by  atrophy;  the  dis]>roportion  between  iKxly 
weight  and  muscular  power  incix'ases,  and  thus  a  vicious 
circle  is  established. 

It  is  not  rare  to  find  corpulent  subjects  weighing  three 
hundred  ix>und8.  Ca.st»s  weighing  four  hundred  and  fifty 
|x>unds  are  frequent  in  the  literature.  These  examples 
(A  monstrous  obesity  are  more  common  among  the  Eng- 
lish, Dutch,  and  Germans  than  among  the  French.  The 
famous  Daniel  I^mbert  weighe<i  seven  hundred  and 
thirtv-nine  pounds  at  the  age  of  thirty  mne.  There  was 
a  cofored  woman  living  near  Baltimore  who  weighed 
eight  hundred  and  fifty  pounds.     According  to  the  .\fed- 


•  Adlpofflft.  as  Is  whII  known,  would  be  et3rinoioRirally  more  cor- 
rect If  it  were  written  acllpositaM,  but  a(1ii)osls  htus  been  so  loiip  in 
use  tbat  It  must  be  refmrrled  as  established.  AdipofsiM  dolonma  has 
AfaK>  perhaps  a  lem  formidable  sound  than  has  its  Greek  equivalent 
**  lipomatosis  altera.  ^* 

tSplller:  Med.  News,  February  36, 1«98,  p  3fiS. 

X  Efthner:  Joum.  Amer.  Med.  Assn.,  November  12.  IWW.  p.  ll.W. 
JUxuldireaiidrea :  8oc.  Lancisiana  def^li  Osnedali  di  Homa  le  Julllet, 
Iw :  also  Revue  Neurologique,  December  15, 1H99,  p.  H77. 
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teal  Record,  there  was  a  man  in  North  Carolina  of  gigantic 
frame  who  weighed  over  one  thousand  pounds. 

At  the  Boston  City  Hospital  there  have  been  seven 
cases  of  marked  obesity  among  the  last  thousand  autop- 
sies, one  subject  weighing  over  four  hundred  pounds. 

Etiolocjv. — Heredity. — There  is  a  hereditary  tendency 
to  obesity  in  about  fifty  per  cent,  of  the  cases.  It  is 
more  frequently  present  in  women  tliau  in  men,  but  the 
disease  may  attack  every  member  of  a  family.  It  usually 
does  not  appear  till  after  the  age  of  twenty  or  even  later. 

Similarly  among  domestic  animals,  particularly  swine, 
there  are  certain  breeds  which  are  especially  adapted  for 
fattening.  In  all  these  cases  there  must  be  a  special  pre- 
disposition which  leads  to  the  deposition  of  fat  under  cir- 
cumstances in  which  in  a  normal  organism  no  fat  would 
be  formed. 

Cohuheim  believes  that  the  oxidation  of  fat  is  abnor- 
mally low  in  these  individuals,  due  to  a  I'eduction  in  the 
functional  power  of  the  tissue  cells. 

Age. — Corpulence  is  not  uncommon  in  childhood,  espe 
cially  in  America.  It  may  occur  even  in  infancy.  Bark- 
hausen  reports  the  case  of  a  male  child,  aged  sixteen 
months,  who  weighed  fifty -three  pounds.  AVilliams 
cited,  many  years  ago,  the  case  of  a  child  who  weighed 
one  hundred  pounds  when  one  year  old.  Regnelle  ob- 
served a  child  of  eleven  years  who  weighed  four  hundred 
and  fifty  pounds.  Sometimes  the  abnormal  stoutness  is 
lost, during  adolescence.  The  least  production  of  fat 
occurs  between  fifteen  and  twenty  years  of  age.  Obesity 
most  commonly  develops  in  the  fourth  and  fifth  decade. 
The  fat  is  lost  in  old  age.  It  is  very  rare  among  octo- 
genarians and  never  is  present  in  nonogenarians  (Thomp- 
son). 

The  distribution  of  fat  varies  with  the  age.  In  the  new- 
bom  the  omentum  and  mesentery  contain  no  fat  even 
when  there  is  a  large  formation  elsewhere.  So  long  aa 
the  growth  in  height  continues  these  structures  remain 
nearly  free  from  fat.  During  middle  life  a  large  amount 
is  deposited  in  the  internal  organs,  and  in  old  age  it  per- 
sists there  after  it  has  largely  disappeared  from  the  sub- 
cutaneous tissues  (Oertel) . 

tkJT. — Adipositas  is  more  common  in  women  than  in 
men.  Of  one  hundred  and  eleven  cases  collected  by 
Bouchard  seventy-five  were  in  females.  The  hereditary 
form  frequently  manifests  itself  after  the  first  pregnancy. 

Ocerfeeding  ajtd  overdrinking  are  the  most  potent  fac- 
tors in  the  production  of  obesity.  As  Osier  well  says, 
**  the  majority  of  people  over  fortv  years  of  age  habitually 
eat  too  nuich."  and,  we  might  a<fd.  exercise  too  little. 

Alcohol  plays  an  important  etiological  rOle.  In  those 
countries  in  which  the  consumption  of  beer  is  greatest 
obesity  is  most  common.  Apart  from  the  alcohol  in  the 
beer,  the  great  quantity  of  fluid  consumed,  and  the  large 
amount  of  carbohydrates,  more  than  five  per  cent.,  tend 
to  fat  production.  Alcohol  is  readily  oxidized,  and  thus 
saves  the  body  fat  from  combustion;  and  it  prol>al>ly  ex- 
erts a  direct  injury  upon  the  cells,  thereby  diminisliing 
their  metabolic  power. 

Caatration  or  sexual  inactivity  favors  the  deposit  of 
fat.  After  the  menopause  there  is  a  tendency  for  women 
to  grow  stout.  Tilt  found  that  of  two  hundred  and 
eighty-two  women  examined,  over  forty  per  cent,  became 
ol)ese  within  five  years  after  cessation  of  menstruation. 

An(rmia. — After  hemorrhage,  and  in  chlorosis  and  other 
ana»mias,  there  is  often  a  rapid  increase  of  fat.  This  is 
explained  by  the  diminisheti  oxidizing  power  of  the 
blood,  brought  about  by  the  loss  of  haemoglobin,  which 
is  the  oxygen  carrier. 

There  are  certain  racial  peculiarities  worthy  of  note. 
Among  the  Hottentots  there  is  a  great  accumulation  of 
fat  in  the  glut(»al  region.  This  is  esteemed  a  mark  of 
beauty.  The  Hebrews  are  especially  prone  to  obesity. 
Climate  and  season  exert  little,  if  any.  influence  except 
as  may  l)e  explained  by  habits  and  diet. 

Pathology. — Fat  can  be  formed  from  proteids  and  car- 
bohydrates, or  it  can  be  directly  stored  u\)  from  the  fat 
contained  in  the  ingested  food.  The  ])roteids  are  split 
into  a  nitrogenous  and  a  non-nitrogenous  portion.     The 
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latter  is  rich  in  carbon  and  can  be  deposited  as  fat  or  un- 
dergo oxidation  and  disappear.  Increase  of  proteid  food 
augments  not  only  proteid  metabolism,  but  also  that  of 
carbohydrates  and* fat.  Hence  an  excess  of  proteid  in  the 
diet  can  actually  lessen  the  fat  of  the  body. 

Pettenkofer  and  Voit  fattened  dogs  by  feeding  onh' 
lean  meat.  The  greatest  amount  of  milk  rich  in  fat  was 
obtained  by  keeping  a  lactating  bitch  on  a  pure  flesh  diet 
(Subl)otinr  Kemmerich) .  Proteids  can  be  changed  into  fat 
by  the  action  of  bacteria.  This  occurs  in  the  ripening  of 
cheese  and  in  the  formation  of  adipocere  in  dead  bodies. 
Lindemauu  hiis  demonstrated  recently  a  fonnation  of  fat 
from  proteid  in  .skin  preserved  antiseptically.  Under  cer- 
tain pathological  conditions  the  appearance  of  fat  in  the 
cell  has  been  explained,  following  Virchow's  teaching, 
as  a  fatty  degeneration  of  the  cell  proteids. 

Pflueger  and  his  pupils  have  always  maintained  that 
the  formation  of  fat  from  proteids  has  not  been  proved. 
Athanasiu  and  Taylor,  working  independently,  concluded 
that  phosphorus  poisoning  has  no  effect  upon  the  total 
quantity  of  fat.  This  leads  them  to  believe  that  the  fatty 
degenerations  are  really  fatty  infiltrations.  Rosenfeld 
starved  dogs  and  then  fed  them  on  mutton  suet.  It  was 
deposited  as  such  in  the  tissues.  These  animals  were 
again  starved  and  poisoned  with  phosphorus.  The  livers 
were  fatty,  but  the  fat  was  mutton  fat  that  had  l>een  car- 
rie<l  from  other  tissues  and  deposited  there.  The  liver 
had  lost  but  little  of  its  nitrogen. 

Toldt  maintains  that  the  deposition  of  fat  occurs  in  a 
specific  preformed  tis.sue — adipose  tissue.  But  according 
to  the  view  of  Virchow  and  Flemming  there  is  no  pri- 
mary distinction  between  adipose  tissue  and  ordinary 
loose  connective  tissue,  and  the  fat  cells  are  simply  regu- 
lar connective- tissue  cells  in  which  fat  has  l)een  stored  up. 
It  is  only  where  there  is  a  rich  blood  supply  that  a  depo- 
sition of  flit  occurs.  Unna  asserts  there  are  three  situa- 
tions in  which  fat  is  formed — skin,  muscles,  and  intes- 
tines. 

pATnoi.oGTCAL  AxATOMY. — The  excessive  accumula- 
tion of  fat  occurs  first  in  situations  in  which  fat  is 
normally  present,  namely,  the  subcutaneous  tissues,  the 
tissue  underlying  the  serous  membranes,  the  liver,  and 
the  bone  marrow.  Later  it  appears  in  situations  where 
it  is  not  normally  foimd,  as  in  the  interstitial  connective 
tissue  of  muscle,  in  the  iutennuscular  tissue  of  the  heart, 
and  beneath  the  endocardium. 

The  arcus  senilis  usually  develops  prematurely. 

The  layer  of  subcutaneous  fat  over  the  abdomen  is  fre- 
quently  4  to  0  cm.  thick.  In  one  of  our  ca.ses  it  measured 
9  cm.  Virchow  records  one  with  a  laver  15  cm.  thick. 
The  fat  is  firmer  in  the  plethoric  than  in  the  afuvmictype 
of  the  disease.  In  young  bmndy  drinkers  it  is  sjud  to 
have  a  ])eculiar  tallow-like  hardness  (Rokitansky).  The 
omentum  and  mes<'nterv  an^  loaded  with  fat. 

The  heart  is  sometimes  entirely  covered  with  a  sheath 

« 

of  fat,  and  there  is  a  fattv  in-<rr()Wth  into  the  mv(Mardiuin. 
Usually  the  fat  is  pres<'nt  in  greatest  quantity  over  the 
right  ventricle.  Fatty  degenenition  of  the  heart  muscle 
isccmimon;  this,  however,  is  often  due  to  a  terminal  in- 
fectious process. 

The  ma.s.ses  of  fat  upon  the  chest  wall,  in  the  mediasti- 
num, and  about  the  diaphnigni  lianqxT  respinition. 
Emphyst^ma  of  the  lunirsand  chronic  bronchitis  are  found 
in  nearly  every  case.  The  liver  is  irreatlv  enlarired  and 
inflltrati^d  with  fat.  In  onv  of  our  cases  it  weiirhed  4.5.M 
gm.  The  surface  is  smooth  and  yellow.  On  section  it 
has  a  greasy  feel ;  the  consistenc^e  is  often  soft. 

The  fatty  capsules  of  the  kidneys  appear  as  great  masses 
of  fat,  and  there  is  a  large  deposit  of  fat  about  the  renal 
pelves,  and  occasionally  there  is  fatty  infiltration  of  the 
renal  tissue  (Wagner)  .* 

Fatty  metamorphosis  of  the  pancreas  has  been  recorded. 

Arterio-sclerosisand  fatty  degeneration  of  the  aorta  and 
coronary  arteries  are  common. 

Blood. — In  the  plethoric  type  the  haemoglobin  is  fre- 
quently above  one  hundred  per  cent.  Kisch  found  that 
seventy-nine  out  of  one  hundred  obes<^  patients  had  over 
one  hundred  per  cent. ;   in  one  case  one  Inmdred  and 


twenty  per  cent.     In  the  ana?mic  form  the  blood  has  the 
characteristics  of  a  scK'ondary  anaemia. 

Free  fat  is  sometimes  demonstrable.  According  to 
Ritter  the  blood  contains  from  four  to  five  times  the  nor- 
mal amount  of  fat.  Achard  and  Clerc  found  the  fat- 
splitting  ferment  sometimes  increased  in  obesity. 

JSt'rual  Oryauat. — The  sexual  desire  in  man  diminishes. 
The  seminal  fluid  contains  few  spermatozoa,  and  sterility 
is  common.  The  large  size  of  the  abdomen  may  render 
coitus  impossible. 

Skin. — There  is  increased  secretion  of  the  coil  and 
sebaceous  glands.  Maceration  of  the  epidermis  and  ex- 
coriation of  contiguous  surfaces  are  common,  as  are  inter- 
trigo and  eczema. 

Dilatation  of  the  stomach  is  common.  The  intestine 
becomes  distended ;  peristalsis  is  impeded  and  constipa- 
tion supervenes.  Weakening  of  the  abdominal  wall  may 
give  rise  to  fat  hernias,  most  frequently  in  the  linea  alba 
between  the  umbilicus  and  tlie  xyphoid  cartilage. 

Symptoms. — Most  authorities  follow  Traube  and  Ira- 
mermann  in  distinguisldng  two  forms  of  obesity,  the 
plethoric  and  the  amemic.  Oertel  adds  a  final  class,  the 
hydnemic,  into  which  all  cases  may  pass  if  the  disease  is 
not  checked. 

In  the  plethoric  form  the  skin  is  ruddy,  the  muscles 
well  developed,  the  blood  rich  in  haemoglobin.  The  ap- 
petite is  keen,  the  digestion  good.  There  is  frequently 
great  thirst.  The  blood  tension  is  high,  the  pulse  slow, 
the  heart  hypertrophied.  Palpitation  and  dyspnoea  de- 
velop on  exertion.  The  patient  is  frequently  troubled 
by  vertigo  and  tinnitus  aurium.  Cardiac  asthma  is  not 
uncommon  and  anginal  attacks  may  occur.  Later,  dila- 
tation of  the  heart  takes  place  and  the  symptoms  of 
broken  compensation  supervene. 

Antemic  corpulence  is  more  frequently  hereditary  than 
the  plethoric  form,  and  it  is  more  common  in  women, 
while  the  latter  chiefly  affects  men.  Faulty  assimilation 
and  deficient  oxidation  rather  than  over-nutrition  is  the 
cause.  The  mu.scular  system  is  poorly  developed.  The 
heart  does  not  hypertrophy;  the  pufse  is  feeble.  The 
masses  of  fat  are  flabby.  The  appetite  is  small  and  ca- 
pricious ;  frequently  there  is  an  inordinate  desire  for  food 
rich  in  carbohydrates.  The  symptoms  due  to  anaemia 
are  also  present.     Dropsy  is  common. 

Diagnosis. — The  pletlioric  and  anaemic  forms  are  easily 
distinguished.  A  blood  examination  is  of  value  in  diag- 
nosticating the  final  stage  of  hydnemia.  The  urine 
should  l)e  carefully  examintHi  for  sugar,  so  that  lipoge- 
nous  diabetes  may  not  pass  unrecognized. 

Adiposis  dolorosa  is  the  tenn  applied  by  Dercum,  in 
1892,  to  a  symptom  complex  whicli  slioulcl  probably  be 
clas.sed  as  a  separate  disease.  Since  then  castas  have  been 
reported  by*  Collins.  Spiller,  AVhite.  and  others.  In  two 
fatal  ones  the  thvroid  was  disea.sed.  All  the  cases  have 
been  in  women.  The  onset  usually  occurs  between  forty 
and  sixty  years  of  age.  Some  have  been  drunkards, 
others  syi>hilitic.  Fatty  masses  appear  on  the  trunk  and 
limbs.  Th("  patient  becomes  generally  obese,  but  fresh 
lumps  continue  to  appear.  Pain  is  a  marked  symptom; 
it  may  be  present  elstjwhere  than  in  the  fatty  deposits. 

Co>n»iJc.\TioNs. — Cardiac  disorders  are  common.  In 
.six  of  our  seven  cases  heart  lesions  were  found  at  autopsy. 
The  fatty  overgrowth  and  infiltration  also  diminish  the 
working  power  of  the  heart  and  the  resistance  of  its 
walls.  Sclerosis  of  th<*  coronary  arteries  frequently  leads 
to  chronic  myocarditis. 

The  rclationshii)  between  obesity  and  sterility  in  the 
female  was  recogni/e(l  l>y  Hippocrates.  Kisch  lias  col- 
lected over  two  hundred  cases  associated  with  amenor- 
rh<ea  and  sterility.  Philbert  has  descrilKKl  five  cases  in 
which  pregnancy  occurred  after  the  corpulence  was  re- 
duced. Abortion  is  connnon.  Goulwrt  records  the  case 
of  a  very  obese  woman  who  had  eight  consecutive  abor- 
ti(His  which  he  could  attribute  to  no  other  cause. 

The  freiiuency  with  which  corpulent  persons  are  at- 
tacked with  diabetes  was  pointed  out  by  Trousseau  and 
Seegen.  Kisch  as.serts  that  more  than  half  of  the  cases 
of  extensive  hereditary  obesity  become  affected  withdia- 
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betes  mellitus.  Generally  the  diabetes  does  not  develop 
for  years  after  the  obesity  has  become  marked.  In  these 
cases  the  progress  of  tlie  disease  is  slow,  glycosuria  is 
almost  the  only  symptom,  and  the  prognosis  is  favorable. 
In  another  group  of  cases  obesity  ap|)cars  in  young  indi- 
viduals, develops  rapidly,  and  diabetes  in  its  severe  form 
supervenes. 

Gout  is  a  frequent  complication  of  obesity. 

Prognosis. — The  outlook  is  more  favorable  in  the 
plethoric  than  in  the  anaemic  fonns,  and  in  the  acquired 
than  in  the  hereditary  cases. 

Acute  infectious  diseases  are  badlv  borne  by  the  obese. 
This  was  known  to  the  ancients.  I'he  internal  tempera- 
ture rises  more  quickly  and  is  less  readily  reducwi  by 
cold  l)aths  (Liobermeistt^r) .  Antipyretic  drugs  should 
be  avoided. 

Surgical  operations  are  attended  with  ^rave  danger. 
The  resistance  of  the  tissues  to  bacterial  invasion  is  di- 
minished. One  of  our  cases,  a  very  stout  woman,  was 
admitted  with  the  diagnosis  of  strangulatwi  umbilical 
hernia.  At  operation  the  sac  was  found  to  contain 
omentum  only.  Some  omental  and  subcutaneous  fat  was 
removed  and  the  wound  closed.  The  temperature  re- 
mained normal  for  seven  days;  then  fever  developc*d. 
Two  days  l)efore  death  signs  of  thrombosis  of  the  right 
femoral  artery  appeare<i.  At  autopsy,  below  the  opera- 
tion wound  which  had  healed  by  first  intention,  a  cavity 
was  found  in  the  sul)cutaneous  fat  of  the  abdomen  the 
size  of  an  orange,  lined  with  necrotic  material  and  con- 
taining dark-colored  fluid.  From  this,  and  from  the 
thrombi  in  the  right  iliac  and  femoral  arteries  and  veins, 
pure  cultures  of  the  Staphylococcus  pyogenes  aureus 
were  obtained. 

This  illustrates  the  truth  of  Sir  James  Paget's  words: 
•*  The  over-fat  are  certainly  a  bad  class.  ...  1  know  no 
operations  in  which  I  more*  nearly  despair  of  doing  good 
than  in  those  for  umbilical  hernia  or  for  compound  frac- 
ture in  people  that  are  over-fat." 

TuK.\TMENT. — All  curative  methods  aim  to  check  the 
fonnation  of  fat  and  to  rid  the  IkkIv  of  the  accumulatwl 
fat.  This  is  atlaine<i  usually  by  restricting  the  diet  and 
by  increasing  the  oxidation  processes.  Systematic  exer- 
cise is  all -important. 

In  treating  a  cas<^  of  obesity  the  general  dietetic  prin- 
ciples are:  (1)  to  increase  the  animal  food;  (2)  to  dimin- 
ish the  fats  and  carbohydrates;  (3)  todiminisli  the  supply 
of  fluids. 

The  Harvey- Rant in{/  method  was  the  first  of  the  dietetic 
sv.stems  for  tliecure  of  obesity.  It  was  devised  by  Mr. 
llarvev.  of  London,  and  used  with  great  success  in  the 
case  of  William  Banting  in  1862.  Animal  food  is  freely 
allowt^d,  the  carbohydrates  ern^atly  reduc(»(l,  and  the 
amount  of  fat  cut  down  to  the  lowest  limit.  The  supply 
of  water  is  not  restricled. 

In  the  EUtein  vuthiHi  the  fats  are  increased,  the  car- 
bohydrates greatly  re<luced,  the  ])r<)teids  ])nutically  un- 
changed. A  pei*son  whos<*  diet  is  rich  in  fat  requires 
less  to  eat  and  sufrei*s  less  from  hunger  than  one  who. 
following  Banting's  treatment,  has  almost  no  fat  in  his 
foo<i.  Hence  Ebstein  includes  butter  and  cream  in  his 
dietary. 

The  Oertel  method,  consisting  of  a  combined  dietetic 
and  mechanical  treatment,  was  first  use<l  in  treating 
circulatory  disturlxances  dependent  upon  h(*art  (lisea.s<». 
The  loss  of  weight  was  so  steady,  and  so  ])n>n<)unced. 
that  he  employed  it  in  obi'sity.  The  fiuids  as  well  as  the 
fats  and  carbohydrates  an»  restricted.  He  believes  that 
diminishing  tin*  water  in  the  brnly  aids  in  the  reduction 
of  fat.  and  that  it  also  lessens  the  weakening  of  tin*  heart 
muscle,  which  is  the  starting-])oint  of  most  of  the  dangers 
of  olK'sity. 

The  s<'cond  part  of  the  treatment  ccmsists  of  system- 
atizi'tl  exercise  in  the  shape  of  walks  and  hill  climbing. 
This  pro<luces  combustion  of  the  IkkIv  fat,  prest-rves  the 
tissue  albumin,  and  strengthens  the  heart. 

The  following  is  the  diet  recommended  by  Oertel : 

**  Morning  meal :  Coffee  4^  ounces,  milk  1  ounce,  sugar 
77  grains,  wheaten  bread  H  ounces. 


"Midday  meal:  Soup  8  ounces;  roast  or  boiled  beef, 
or  veal,  or  game,  or  lean  poultry',  7  to  8  ounces;  fresh 
salad  1  ounce,  bread  1  ounce,  never  to  exceed  3  ounces ; 
fruit  3  to  6  ounces;  a  little  fish  if  desired.  Light  wine, 
6  to  8  ounces,  if  no  fruit,  or  if  very  hot  weather;  other- 
wise no  fiuid  with  this  meal. 

** Afternoon  meal:  Coflfee  3^  ounces,  milk  1  ounce, 
sugar  77  grains,  water  2  ounces,  never  more  than  6 
ounces:  bread  1  ounce  (exceptionally). 

**  Evening  meal:  Wine  7  ounces,  water  2  ounces,  one 
or  two  eggs,  roast  meat  5  ounces,  salad  1  ounce" 
(Whitla). 

The  tkhireniiiffer  method  is  somewhat  similar  .to  Oer- 
tel's.  No  water  is  allowed  at  meals,  and  the  amount  for 
the  whole  day  is  restricted  to  less  than  a  pint.  Hot 
Imths  and  massage  are  impoiiant  factors  in  the  treatment. 
The  passive  exercises  as  described  by  Romme  are  severe, 
almost  brutal. 

In  the  Banting  diet  there  is  not  suflUcient  fat  to  insure 
noi-mal  metabolism,  and  while  this  method  is  efficient  in 
reducing  fat.  it  is  apt  to  pnKluce  exhaustion  except  in 
the  very  robust,  and  has  been  followed  by  sleeplessness, 
various  nervous  disorders,  and  even  premature  death.  It 
is  claimed  that  Oertel's  method  sometimes  exerts  similar 
injurious  effects  and,  according  to  Rosenfeld,  the  reduc- 
tion of  fluid  is  frequently  followed  by  kidney  disease 
which  leads  to  a  fatal  issue.  Robin  states  that  in  cases 
in  which  the  excretion  of  urea  is  diminished  water  should 
be  freely  allowed.  In  these  cases  restriction  of  the  water 
supply  would  be  injurious. 

An  adult  male  of  average  size  doing  a  moderate  amount 
of  work  n»quires  about  118  gm.  of  albumin,  56  gm.  of 
fat,  and  50()  gm.  of  carliohydrates.  This  equals  3,054 
calories.  It  is  interesting  to  compare  this  with  the  diet- 
ary of  the  chief  olx'sit}'  cures  in  the  table  given  by 
Pfeiffer: 


Albumin, 
(im. 

Fat,  Gm. 

CartKv- 

hydratPR, 

dm. 

Calories. 

Banting 

Elkstt^in 

172 
183 

8 
38 

81 

47 

143 

1,112 

],4(n 

Ofrtt^l 

1,090 

Bouchard  has  obtained  excellent  results  on  a  diet  of 
milk  and  eggs.  No  other  food  is  allowed  for  a  pericnl  of 
twenty  days.  The  patients  are  usually  greatly  consti- 
])ated. 

Sir  Dyce  Duckworth  recommends  a  dietary  more  lib- 
eral and  less  irksome  than  that  of  Ebstein  or  Oertel — 12 
to  14  ounces  of  meat,  H  to  8  ounces  of  bread,  4  to  5  ounces 
of  green  vegetable,  1  to  1^  ounces  of  butter  and  fat,  and 
80  to  85  ounces  of  fluid. 

Thi/roid  Treat meiit. — The  use  of  thyroid  extract  in  adi- 
positas  was  advocatt»d  flrst  by  Yorke  Davies  and  s(X)n 
after  employed  by  Leichtensteni  in  Germany.  This 
agent  has  been  successful  in  some  cases,  especially  those 
of  the  anft'mic  type.  The  dosage  is  one  to  five  grains 
given  thrice  daily.  If  the  dose  is  increased  to  ten  grains 
.symptoms  of  thyroidism  usually  sujiervene — markni 
headache,  tachycardia,  syncope,  etc.  Love  states  that 
strychnine  is  a  valuable  adjuvant  to  the  thyroid  treat- 
ment. 

The  loss  of  weight  is  not  constant.  In  some  ca.ses  it 
d(H»s  not  occur.  Achard  and*  Clerc  record  a  gain  of 
weight  in  one  case.  Elwtein  in  a  recent  article  brings 
sr)me  weighty  objections  against  this  metlHKl.  He  says 
that  the  gland  loses  its  effect  after  a  time;  the  .storing  up 
of  fat  Ix'gins  again  when  the  treatment  is  stopped ;  finally 
the  loss  of  weight  depends  more  on  incrra.stnl  proteid 
metabolism  than  on  the  disappeanincc*  of  fat.  I)iet4»tic 
measures  are  less  dangerous,  as  von  N(M)rden  has  shown 
that  a  reduction  of  fat  can  be  effected  by  a  dietetic  me- 
chanicaT  treatment  without  the  lo.ss  of  albumin. 

Von  Hoesslin  conducts  his  treatment  along  four  lines: 
First,  proteid-fat  diet  resembling  Kbstein's;  second, 
hydrotherapy;  third,  thyroid  extract;  fourth,  regular 
exercise. 
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Mineral  waters  have  long  been  regarded  of  value  in 
the  treatment  of  obesity. 

Cathell  recommends  a  course  of  Vicliy  and  Kissingen 
waters.  They  are  used  alternately,  each  for  a  day,  a  large 
glass  a  half-hour  after  each  meal. 

These  alkaline  and  saline  waters  are  effective  only  in  so 
far  as  they  remove  fat-forming  substances  of  the  food 
from  the  intestine  by  increased  peristalsis  before  absorp- 
tion can  take  place. 

Baths  are  of  value  in  increasing  metabolism.  Hot  baths 
and  vapor  baths  are  especially  recommended. 

Sleep  should  be  restricted  to  seven  or  eight  hours. 

Joseph  II.  Pratt. 
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ADIRONDACK  MINERAL  SPRING.  — Washington 
County,  New  York. 

Post-Opfice. — Whitehall. 

The  water  of  this  spring  is  found  in  the  markets  un- 
der the  name  of  the  Adirondack  3Iedicinal  AVater.  An 
analysis  by  Professor  Collier,  of  the  University  of  Ver- 
mont, shows  the  following  results: 

OxK  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  carbonate 5.14 

Potassium  carbonate 5.32 

Calcium  carbcmate 18.54 

Magnesium  carbonate 16.6S 

Lithium  carbonate y 0.02 

Manganese  carbonate Trace. 

Iron  carbonate 5.04 

Calcium  sulphate 11.13 

Sodium  chloride 14.34 

Alumina Trace. 

SUica 0.74 

Total 76.89 

This  analysis  shows  an  excellent  chalybeate  water. 
Experience  has  shown  its  efficacy  in  cases  of  ausemia  and 
general  debility,  in  subacute  and  chronic  articular  rheu- 
matism, in  muscular  rheumatism,  and  in  some  of  the  scaly 
skin  alTcctions.  James  K.  Crook: 

ADIRONDACKS.  — This  extensive  forest  and  lake 
region  is  a  plateau  studded  with  mountains  and  lakes  and 
situated  in  Northern  New  York,  between  lat.  42^  80  and 
44'  80'.  long.  74'  to  75°  80'  AV.,  being,  roughly  estimated, 
125  miles  sc^uare. 

The  average  elevation  is  1,600  feet,  the  mountain  peaks 
varying  from  2,(KM)  to  5,000  feet,  trending  in  general  tow- 
ard the  southwest  in  s(»veral  irregular  ranges. 

The  northern  and  southern  boundaries  are  gradual 
slopes  to  the  St.  I^wrence  and  Mohawk  valleys  respect- 
ively, while  the  eastern  is  more  al)rupt  to  T^akes  George 
and  Champlain,  and  the  western  less  so  to  Lake  Ontario. 

Geologically,  this  region  is  related  to  the  Archean  or 
earliest  formation,  with  glacial  drift  and  moraines  nuich 
in  evidence. 

The  soil  is  chiefly  light  sand,  which  foniis  a  feature  of 
importance  in  determining  the  climate  and  character  of 
the  forest  growth. 

The  lake  shores,  lowlands,  and  valleys  are  wooded 
chiefly  with  fir.  pine,  white  cedar,  tamarack,  red  spruce, 
and  balsam.  The  lesser  elevations  and  foothills  have  de- 
ciduous trees  in  greater  proportion,  such  as  sugar  maple, 
birch,  l)eech,  poplar,  mingled  with  a  few  evergreens, 
while  the  majority  of  the  peaks  are  wooded  to  the  top 
with  firs  and  spruces. 

The  combination  of  dark-green -clad  mountains  and 
numerous  island-dotted  lakes  gives  at  all  seasons  a  land- 
scape of  gn»at  beauty. 

Large  tracts  of  forest  are  owned  by  the  State  and  indi- 
viduals for  permanent  preserves,  insuring  protection  for 


fish  and  game  and  conserving  the  water  supply.  Tem- 
porary camps  are  permitted  on  State  land,  and  during 
the  trout  and  deer  seasons  great  numbers  of  sportsmen 
find  delight  in  these  haunts.  Modem  camp  life  for  the 
invalid  or  convalescent  in  the  Adirondacks  is  a  pleasure 
hardly  surpassed,  when  all  the  luxuries  are  available. 

The  climate  has  long  been  noted  for  its  invigorating 
qualities.  The  winters  are  usually  cold  and  dry,  the 
summers  cool  but  moist,  though  relatively  dryer  than 
coast  climates  or  lowlands. 

The  porous  soil,  elevation,  and  coolness  render  the 
moisture  less  apparent,  though  the  rains  arc  very  fre- 
quent in  summer.  Meteorological  data  for  the  past  six 
years  are  now  available  for  Uie  comparison  of  different 
sections  of  the  plateau.  The  mean  annual  temperature 
for  the  whole  region  is  42.8"  F. ;  average  total  precipita- 
tion, forty-two  inches. 

The  prevailing  winds  are  w^est  and  southwest,  being 
much  varit»d  and  retarded  by  the  mountains  and  im- 
mense areas  of  forest.  The  coast  winds  do  not  reach 
inland  far  enough  to  affect  the  climate,  but  Lake  Ontario 
modifies  the  western  slope,  while  the  northern  part  is 
influenced  more  by  the  St.  Ijawrence  valley  winds, 
which,  especially  in  winter,  sweep  across  the  level  plains 
of  Canada  from  the  west. 

The  precipitation  is  greater  on  the  southern  and  west- 
em  slopes  than  in  the  interior  and  northem  portion  of  the 
Adirondack  plateau,  though  local  conditions  appear  to 
influence  the  amount  greatly.  Thus  at  Saranac  J.Ake,  in 
the  northem  centre,  tlie  average  annual  precipitation  for 
six  years  was  thirty-four  inches,  yet  in  the  forest,  within 
a  few  miles,  it  is  manifestly  much  greater.  At  the  same 
place  the  annual  mean  temperature  was  41.7°  P.,  and  for 
the  four  winter  months  19.5°  F.,  with  an  average  of  ten 
rainy  days  for  the  winter.  The  mean  summer  tempera- 
ture was  62°  F. 

Quoting  from  the  Annual  Report  of  the  New  York 
Weather  Bureau,  1896:  **The  Adirondack  plateau  is 
subject  mainly  to  the  same  influences  which  determine 
the  climate  of  the  St.  Lawrence  valley,  excepting  that 
the  central  and  eastem  portions  of  the  highlands  are  not 
reached  by  the  lake  winds.  A  verj'  broken  and  heavily 
timbered  surface  offers  great  obstructions  to  the  circula- 
tion of  air  currents,  and  hence  the  summer  temperature, 
although  the  lowest  in  the  State,  is  somewhat  higher 
than  would  otherwise  be,  due  to  the  elevation  of  the 
region.  .  .  . 

"  So  far,  then,  as  present  records  show,  the  whole  of 
Xorthcru  New  York  has  substantially  the  same  average 
winter  temperature,  except  as  certain  deep  valleys  are 
subject  to  a  local  c(wling  through  an  accumulation  of  the 
colder  and  denser  air.  In  summer  the  warmth  of  the 
highlands  decreases  at  abfjut  0.8  degree  per  hundred  feet 
of  elevation  above  s(»a  level,  and  the  average  temperature 
of  the  Adirondack  region  at  that  season  is  thus  reduced 
to  nearly  the  same  level  as  that  which  prevails  on  the 
sc^acoast  of  Northern  Maine;  the  days,  however,  being 
warmer  and  the  nights  cooler  than  in  the  coast  region." 

There  is  an  excess  of  cloudy  weather  in  November, 
December,  April,  May,  and  frequently  at  other  seasons; 
the  virtues  of  the  climate  being  attributable  to  coolness, 
altitude,  aseptic  atmosphere,  freedom  from  dust,  rather 
than  to  the  amount  of  sunshine. 

The  suitability  of  the  climate  for  the  cure  of  early  tu- 
berculosis has  been  amply  demon.strated,  and  arrest  or 
amelioration  of  advanced  cases  is  secured  by  a  prolonged 
residence,  when  the  powers  of  resistance  can  be  stimu- 
latcil.  It  has  l)een  found  beneficial,  particularly  in  sum- 
mer, for  chronic  bronchitis  and  asthma  dependent  upon 
it,  also  for  hay  fever.  The  winter  is  equally  good,  if  not 
belter,  for  early  tuberculosis.  It  is  unsuitca  for  rheu- 
matics, renal  cas<»s.  and  patients  beyond  middle  life. 

The  principal  resort.  Saranac  Jjake,  is  generally  known 
because  of  the  Adirondack  Cottage  Sanitarium,  founded 
by  Dr.  K,  L.  Triideau,  for  tuberculous  patients  of  mod - 
enite  means.  This  establishment  has  one  hundred  iXHjms, 
and  was  the  first  people's  stinalorium  of  itskindin  Amer- 
ica.    Twenty-five  per  cent,  of  all  cases  and  from  sixty  to 
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seventj-SvepcrceDl,  of  the  incipioDt  class  are  discharged 
apparently  cured.  One  other  inslilution  is  at  present 
available  in  this  region — the  Sanitarium  Gabriels,  located 
at  Paul  Smith's  Siatlon,  and  aeconimodating  sixty  pa- 
tients. 

A  list  of  the  various  resorts  in  the  Adirondack  region. 
with  their  respective  elevations,  is  apjiendeil.  Furllier 
Information  can  be  found  in  Solly's  ~  Medieal  Clima- 
tology,"  In  Knopf's  "  Pulmonary  Tulicrculnsis,"  in  guide- 
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ADONIOIN  (Irfiii/)  —  \  glueosidi.  uhtaiiied  from 
several  spi-ciisof  drfn/iM  chiefly  from  the  root  of  1  rn 
tuiliii  I  It  is  a  lieht  mIIow  povidcr  without  odor  but 
intensely  bitter  \cn  hjgfoscopic  soluble  in  both  water 
anil  alcohol.  Moisture  must  be  canfuUj  ( \cludol  from 
the  containers.  As  it  exists  in  commerce,  it  is  a  mixture 
of  variable  degree  of  purity.  Its  action  is  descrilHil  un- 
der .drfoHw.  The  dose  is  0.0(H  to  O.OItf  gni.  (gr.  V« 
to  i). 

Picradonidin  is  merely  the  verv  pure  form  of  ndouiilin. 
11.  II.  Ruii'S. 

ADONIS.  —  F'liw  IhUfb-rf  (fnmilv  Rttnuor-ilof^if). 
The  herb  of  AdnaU  remalif  L.,  one  of  wmie  sixteen  spe- 
cies in  the  genus. 

It  in  a  small  plant,  growing  wild  En  Snutliem  Europe, 
uul  somewhat  cultivated  as  an  omantental  flower.  Ow- 
ing to  the  instability  of  its  active  eonstilucnt.  adoniilin, 
it  should  be  carefully  preserved  in  a  cool  and  dry  place 
and  sliould  not  be  kept  on  hand  too  long.  The  plant  is 
poisonous. 

Besides  the  active  constituent  described  above,  it  <'on- 
taina  aconitic  acid  to  the  extent  of  Ion  pt-r  cent.  The 
action  of  adonis  is  apparently  duealtopellier  totlie  adon- 
idin,  which  exists  lo  the  extent  of  OAKi  of  one  per  cent. 
Its  effeelH  are  for  llie  most  part  exerteil  upon  the  circu- 
lation. Its  first  and  chief  action  is  to  stimulate  the  vaso 
motor  centres  and  thus  gn-atly  incrcusc  IiIiknI  pressure. 
Next  it  stimulates  tlie  heart  directly,  incrcasiiifc  both  its 
rate  and  force,  and  thus  still  further  increases  tlie  b]oo<l 
premurc.  This  pressure  then  n-acis  against  the  heart 
and  may  slow  it.  If  the  dose  is  larger,  the  Inhibitory 
centres  are  stimulated,  and  this  mark cdly  slows  llie  heart. 
The  same  causes  render  it  a  powerful  indiri'ct  diun-tjc. 
The  vasomotor  stimulation  is  not  long  conlinue<l,  mid  Is 
succeeded  by  depression,  as  is  to  a  less  extent  Ihc  direct 
cardiac  stimulation,  the  tw<i  together  causing  a.  sudden 
tall  in  blood  pressure.  If  the  dose  Ik  a  noisoiious  one. 
death  will  occur  with  the  h(«rt  in  diastoK-,  birge  poi- 
ftonous  doses  cause  vomiting  and  purging.  The  Irent- 
menl  of  poisoning  is  entirely  physiological  and  synipto- 

Adonis  Is  used  in  e.\HClly  the  same  way  as  iltgiliilis.  hs 
n  cardiac  and  arterial  stimulant,  and  is  linlile  Ici  the  siune 
contiaindications.     The    greatest  dilTi-ri'nce  of  ii|>iMJr 


more  quickly,  though  the  action  is  not  so  pnilongeti.  and 
in  more  apt  to  lie  followed  by  reaction.  No  atlempts 
have  been  made  to  ascertain  whether  the  lissue  of  the 
heart  muscle   Is    permanently   clianged    in    ijuslity   or 

auantity   by   adonis,   as  appears   lo   U'   the   case   with 
igitalis. 

Adonis  is  best  given  in  the  form  of  tincture  or  Hiiid 
extract,  which  are  miscible  with  water,  or  as  adouidin. 


The  dose  of  adonis  should  represent  0,05  to  0.25  gm. 
(gr.  i.  to  iv.).  It  is  best  to  begin  with  a  small  dose  and 
increase  gradually.  H.  U.  Jiutbg. 

ADRENAL  GLANDS.  — Anatomy.  —The  adrenal 
glands,  formerly  known  as  enpmila  atmhilinrifr.  from  the 
dark  brown  color  sometimes  seen  in  the  medullary  por- 
tion after  death,  or  rent»  iHteeiiluriiili.  also  called  supra- 
renal bodies,  or  capsules,  are  clas^fied  as  ^ 
-dnctlesB  glands."  together  with  the  spUt'n.  ' 
thyroid  and  thvnius  since 
they  Iiave  no  e\(relorv  duct 
Thiv  are  situated  m  the  (pi 
gastric  region  oih.  on  elthttf 
stde  of  the  \trte 
bral  column  in 
the  liostinor  part 
of  the  alidominal 
caMi\  iHhmd  the 
)Hr<  Ionium      and 


Tlie\    ( 

,  illowish,    gland 
iliirlKMlies.  diller- 


fii't lis  these  glands 
arc  largerilianlhe 
kiduevs,  but  later, 
although    Ihey 

till  adu'-  "- 
they  incri'ase  in 
size  more  slowly 
lliiin  the  kidneys, 
and  conseijuentlr 
the  dilTennwr  in 
the  relnlive  size 
of  the  two  organs 
the  fo't 


the 


adult 


Hitb  2-  Dllum  i  S.  upper  eitremll]' ;  l.  ... 
eilKMnlty:  G,  adrenul  gland:  S.  renal  arlen 
with  IW  bnnrliFa  :  *.  reiul  reiii ;  8,  pelTb 
wllhS'neeiorpeim;  B. uretw ;  10. Interior 
ulreul  tnerj:  11.  mEddlu  adreiul  vleiT: 
1:2.  miprriur  adreiuil  arterr;  IS,  Urge  ad- 


Striking.  Tliom]>son  thought  that  this  preponder- 
ance of  (he  adrensl  in  the  tretus  was  a  peculiar  cbarac- 
Ii'rislicof  the  huniun  gland  not  sliureil  by  that  of  any 
other  niaiiinial.  In  childhood  these  glands  are  firm  and 
imrtly  translucent  at  the  eilges.  and  they  do  not  con- 
tain much  fat.  wiicniis  this  clunienl  appears  lo  increase 
iu  amount  with  the  age  of  the  individual.  The  healthy 
adult  organ  is  never  translucent  an<l  is  less  firm  than  in 
early  age. 

The  right  adrenal  Is  triangular  and  Rattened  and  has 
tiei-n  likened  loacocknl  hat.  It  presents  two  surfaces, 
anterior  and  posterior.  The  anterior  surface  has  three 
angles  sujH'rior,  inferior,  and  external.  It  is  divided  into 
two  |iarts  by  a  groove  called  the  liilum.  Tliis  groove 
runs  linriKontally  from  the  upper  outer  margin  inward, 
a  little  lielow  the  upper  border,  then  curving  down- 
ward  at  the  emergence  of  the  ca]>sular  vein  it  nms  ver- 
tiertllv  a  little  inlenial  to  the  me<iian  lioi'dcr.  The  upper 
and  mner  jiart  of  this  surface  is  somewhat  dejiri-ssi^d, 
nnd  compnses  almiil  one-third  Ihc  whole  area.  Its  supe- 
rior jwrt  is  in  direct  contact  wilh  the  liver,  while  the 
incdiun  part  lies  liehiiul  the  inferior  vena  cava.  The  ex- 
ternal two-thirds  of  Ihe  aDtcrior  surface  of  the  cnjisule  is 
scjiaraliHl  from  Ihe  liver  by  ils  covering  of  periloneum, 
cM'epi  a  small  area  about  the  Inferior  angle,  which  is  In 
contact  with  thcdiindenum.  The  posferinrsurfnee  is  also 
divided  by  a  fiuTow  into  Ihe  iipjH'r  larger  part  lying 
against  the  diaphragm  and  the  lower  smaller  piirt  nliica 
lies  in  contact  with  the  kidney. 

The  left  adrenal  is  a  little  larger  than  the  right  and  is 
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not  so  promineDt  above  its  reapcctire  kidney,  but  it  ex- 
tends downward  along  llie  upper  half  of  its  median  mar- 
gin. It  lia8  twoaDgles.  superior  and  inferior.  From  llic 
anterior  view,  its  outline  is  ralJier  setni lunar  or  crescent ic. 
its  concave  surface  looking  downward  and  outward  tow- 
ard the  kidney.  It  alM>  presents  two  surfaces,  anterior 
and  posterior.  Tlie  anterior  surface  is  traversed  bj-  a 
furrow  whicii  passes  downward  and  fomard.  and  from 
Its  lower  end  eineTges  the  suprarenal  vein.  Tlie  superior 
part  of  the  anterior  surface  lies  in  contact  with  tlie  spleen 
and  the  cardiac  end  of  the  sloniac^h.  white  tlie  lower  part 
is  covered  ljy  tlio  pancreas  and  splenic  vessels.  The  poa- 
tenor  surface  is  divided  by  a  vertebral  elevation  bo  ttiat 
the  inner  part  is  directed  inward  and  backward  and  is  in 
contact  with  tlie  left  cms  of  the  diaphragm,  while  the 
external  part  looks  outward  and  backward  and  rests 
against  tlie  kidiKv. 

Srid'CTi'iii:.— The  gland  on  perpendicular  section  is  seen 
nuicroscopically  to  consist  of  two  parts,  cortex  and  me- 
dulla. It  is  surrounded  by  areolar  tissue  in  whicli  there 
is  much  fat.  Besides  this  covering,  it  is  invested  with  a 
fibrous  envelope  consisting  of  two  parts,  the  outer  of 
wliich  is  looser  and  the  inner  of  closer,  flmier  structure. 
Flint  has  slinwn  by  cheniical  niauipulation  tliat  the  peri- 
glandular connective  tissue  and  a  large  part  of  the  ex- 
ternal layer  of  the  capsule  consist  of  white  fibrous  tissue. 
This  fibrous  envelope  has  connective -tissue  cells,  smooth 
muscle  fibres,  nerves,  and  ganglionic  <*lls  wliich 
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neighboring  pli 
cceliacus.  Slilliug 
llrst  described  the 
superficial  plexus 
of  lymphatics  of 
tbe  adrenal,  in  ad- 
dition to  which 
there  are  the  arterial 

(W.'J.— The  cor- 
tical pint  is  (Ui-p 
yt'ilow  in  color  and 
conitMU't  in  consist 
cnce.  It  forms  (lie 
largi-r  ]iurt  of  the 
organ.  On  exanii- 
nalion  three  sushi's 
are  dis^'ernible:  the 
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'  K'nline.  Neither  Ih 
i  il  white  fibniUH  tia- 
Rilc.  Mall  has 
shown  its  dilTereiicc 
inclicmical  nature  and  itnclion  from  llie  lalter.  as  wi-ll 
as  from  the  elastic  fibres,  tli.'  has  also  jiroveil  tliat  flu- 
interstitial  tissue  of  ninny  glands  aiKl  organs  lias  no  (im 
nection  with  the  coniieciive-lissiic  cellK.  but  consists  of 
an  interlacement  of  branching  ttbril.i.  This  siilistaiicc  lie 
calls  reticulum.  It  Is  very  abiiniliiiit  in  tlie  ipliiiK'liiiic 
area.  As  tlic  result  of  chemical  niiinipubilioii  il  yields  a 
teadue  called  reticuUn.    From  the  inner  iiart  of  liie  cap- 
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sule  particularly,  two  kinds  of  proceaaes  extend  into  tbe 
gland.  These  are  thekrgc  septa,  which  reach  nearly,  if 
not  completely,  to  llie  zona  reticulata,  and  the  smaller 
septa,  whichdivide  tbe  outer  parlof  the  cortex  into  irreg- 
ular oblong  spaces  in  which  are  found  the  coiled  coiumiis 
of  cells  tliat  form  tiie  zona  glomeniiosa.  These  space* 
are  slill  further  divided  by  reticular  processes  which  sep- 
arate tbe  cell  columns.  The  cellsuf  the  zona  glomerulosa 
are  irregularly  colunmar  or  cylindrical  in  shape,  tiaving 
small  oval  nuclei  nearly  central  in  position,  ^int,  in  de- 
scribing the  zona  faaciculata  of  the  dog.  says  that  tbe 
reticulum  takes  origin  from  the  larger  septa  which  spring 
from  the  capsule  and  from  those  at  tbe  inner  border  tS 
the  zona  glomerulosa.  These  filaments  reach  toward  the 
medulla,  twining  in  and  out  between  tbe  cells.  The 
anastomosing  cell  columns  of  the  zona  fasiculata  lie  at 
right  anvles  to  tbe  capsule  and  are  composed  of  poly- 
hedral cells.  Capillaries  and  fibrils  of  reticulum  coming 
from  the  capsule  and  septa  of  tbe  zona  glomerulosa  give 
to  this  layer  its  columnar  arrangement  of  cella  The  cell 
columns  of  the  zona  tasciculata  of  tbe  human  adrenal  are 
distinctly  outlined,  tbe  capilian*  endothelial  nuclei  assist- 
ing in  great  measure  to  make  tbem  clear.  The  filaments 
of  the  zona  reticularis  arc  derived  from  the  layer  above, 
and  their  structure  is  so  complicated  tbat  Arnold  haa 
declared  that  practically  each  cell  has  itsindividual  space. 
Many  of  these  fibrils  run  parallel  to  tbe  capsule,  a  direc- 
tion at  right  angles  to  tlieir  course  in  the  zona  faaciculata, 
although  the  meshwork  is  so  dense  that  tbe  separate 
fibrils  can  be  followed  for  only  a  short  distance.  This 
zone  separates  tlie  rest  of  tlie  cortex  from  tJic  medulla, 
and  in  some  animals  is  very  irregular.  Tbe  cells  of  the 
zona  reticularis  in  the  human  adrenal  arc  large,  contain- 
ing, as  well  as  albuminoid  and  fat  granules,  brown  pig- 
ment, which  is  more  abundant  in  ^ults  tlian  in  infants 
and  children. 

Mtihillii.—TlK  medullary  part  of  tbe  adrenal  in  tlie 
adult  is  soft  and  pulpy  and  of  a  dark  brownish -black  hue. 
.\rter  death  it  quickly  changes,  becoming  rapidly  almost 
diftliieiit.  Its  first  appearance  in  the  embryo  is  indicated 
by  siiinll  groups  of  cells  under  tbe  capsule  after  the  cor. 
tex  has  been  formed.  These  cells  giadually  migrate 
toward  tbe  centre  of  the  gland,  and  in  doing  so  they  in- 
crease in  si/e  and  iiitricHcy,  but  it  is  cot  till  just  before 
birth  that  a  hint  of  tiiu  armngenient  of  tlie  cell  groups 
appears.  The  elui\ic  of  the  cells  is  polygonal ;  they  are 
larger  than  the  cortical  cells:  tbcy  ari'  destitute  of  oil 
globules,  and  are  arrangeil  in  round,  oval,  or  irregularly 
cn-se<'ntlc  gn)ii|>M,  cncliised  by  the  reticular  septa.  The 
reliculiiiii  of  the  inMliilla  is  derived  front  that  of  the 
/<inii  reticularis,  and  its  appearunce  is  quite  like  tbat  of 
tbe  zona  gluiw-rulosn,  altliougli  far  rrMire  delicate.  The 
ditTeii'tilinlion  of  corti'X  from  medulla  is  very  distinct, 
not  only  by  tbe  gross  appearance,  the  cortical  frame- 
work iM-ing  very  dense  in  contrast  to  the  looser  medullary 


is  imrticularl^v 
suits  of  chromium  ou  the  ci'lls  of  the  two  parts,  the  cor- 
tical  cells  giving  no  niiclioii.  and  the  medullary  cells 
staining  a  dark  bn)wii.  This  is  generally  known  as 
llinles  reaction.  The  proloplasiii  of  the  cortical  cells 
stains  more  det-ply  Willi  onlinarj'  stains  tlian  the  cyto- 
[iliism  of  the  medulliiry  cells. 

Flint  lias  descrilM'd  several  curious  anomalics  in  poei. 
lioti  of  the  cortical  and  mctiiillan'  cells  which  are  nnt  in- 
fn-(|uenily  Hvn.  all  of  which  jiuint  lo  the  enibiyokigy  of 
tlie  glaiul.  Tlicsi>  apiM-uranccs  have  caused  much  confu- 
slim  in  the  literature.  Tbe<-eii1raliyiiiigratingiiicdiillaiy 
cells  Komi'thiies  ciii  olT  islimds  of  cortical  cells,  whicli  on 
tills  aeciniiit  n-miiiii  In  lli<-  medulla  even  in  adult  life. 
Islands  of  nie<lu1lary  <'i'11s  are  found  in  the  cortex.  A 
medulliiry  cell  gniup  nmy  not  ln'  closed  over  by  cortex, 
and  so  al  lliis  ]ioiiii  ini'dulla  may  e.t tend  from  the  per- 
ipliery  of  the  ijlaiid  to  Ilie  cenlrarvetn.  The  medullary 
cell  frrimps  miiy  tfoi  joint  laterally,  and  so  a  cortical 
I'liluiiiii  will  <'\Ii'nii  from  llie  c<-ntr<'  to  the  periphery. 
Flint  iKiti's  line  curious  ciiM-  in  which  at  ii  certain  point  in 
tli<i  gland  the  medullary  cells  failed  to  grow  inward,  and 
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so  the  cortex  was  found  in  its  embryonic  situation  about 
tlie  tefia  centralis,  while  the  medullary  cells  remained 
beneath  the  cortex. 

Blood-  Vesaels. — The  arteries  of  the  adrenal  are  derived 
from  three  sources,  viz. ,  from  the  aorta,  the  phrenic,  and 
the  renal  arteries.  Flint  observes  the  variations  of 
pressure  and  velocity  in  the  different  regions  from  which 
the  adrenal  arteries  originate,  and  points  out  the  fact  that 
the  circulation  of  the  adrenal  ^land  must  depend  to  a 
certain  extent  on  that  existing  m  these  various  regions. 
He  says  **  that  the  arterial  system  of  the  body  is  a  record, 
to  a  considerable  degree,  of  the  ontogeny  of  its  parts. 
For  example,  the  course  of  the  spermatic  artery  is  a  per- 
manent record  of  the  path  followed  by  the  testicle  in  its 
descent."  From  his  work  on  the  adrenal  he  has  shown 
that  what  is  true  of  the  general  circulation  is  also 
true  of  the  circulation  of  individual  organs.  "Thus 
the  course  of  the  arteri®  medullae  through  the  cortex 
of  the  suprarenal  body  defines  the  path  followed  by 
the  medullary  substance  from  its  embryonic  to  its  adult 
position."  In  describing  the  adrenal  circulation  in  the 
dog,  this  author  speaks  of  the  capsular  plexus  formed  by 
the  arteries,  from  which  originate  the  three  channels 
which  nourish  the  three  different  parts  of  the  gland  and 
through  which  the  flood  flows  into  the  veins.  This  blood 
from  the  arterial  plexus  passes  through  two  sets  of  chan- 
nels: (a)  the  arterite  capsulee  and  (b)  the  arteriae  corticis. 
The  first  of  these,  the  arterisB  capsulte.  subdivide  into 
capillaries  throughout  the  capsule,  and  finally  empty 
into  the  capsular  venous  plexus.  This  lies  just  under- 
neath the  arterial  plexus.  From  the  former,  by  means 
of  the  venae  comites  of  the  adrenal  arteries  and  by  other 
Independent  veins  emptying  into  the  vena  lumlMilis,  the 
venous  blood  is  carried  from  the  capsule.  The  second 
s<*t,  the  arteriae  corticis,  pour  their  blood  into  the  cap- 
illaries of  the  zona  glomerulosa,  from  which  channels  it 
passes  into  the  capillary  system  of  the  zona  fasciculata. 
and  still  on  into  the  capillaries  of  the  zona  reticularis, 
whence  it  finally  reaches  the  medullary  boundary,  where 
the  smaller  venules  anastomose,  forming  branches  which 
empty  into  the  vena  centralis.  The  arteries  of  the  medulla 
spring  from  the  cortex  and  reach  the  medulla  without 
anastomosis.  There  they  form  a  plexus.  From  this  the 
blood  flows  away  by  two  routes:  (I)  directly  into  the 
venous  tree;  (2)  indirectly,  by  means  of  veins  which 
empty  into  the  central  vein  itself  or  its  large  branches. 
The  venous  tree  is  a  tributary  of  the  lumbar  vein,  the 
junction  of  the  two  being  at  the  hilum  of  the  gland.  The 
venous  tree,  whose  finer  twigs  are  seen  at  the  periphery 
of  the  medulla,  is  made  up  of  true  terminal  veins,  except- 
ing the  very  finest  branches.  Those  veins  of  the  capsular 
plexus  which  empty  into  the  tena  lumbalis  are  provided 
with  valves,  while  none  are  found  in  the  trunks  of  the 
venous  tree.  Thus  in  this  locality  the  medullary  circu- 
lation depends  to  a  degree  on  that  of  the  lumbar  vein. 
According  to  Testut.  independently  of  the  central  vein. 
the  surface  of  the  capsule  gives  rise  to  other  veins  which 
follow  more  or  less  the  course  of  the  arteries,  some  of 
them  emptying  into  the  diaphragmatic  veins,  others  into 
the  renal  veins.  Testut  also  states  that  the  adrenal  veins 
are  remarkable  for  the  development  of  their  muscular 
coat. 

Nerves. — As  to  the  nerve  supply  of  the  adrenal,  Quain 
aays  that  it  is  particularly  rich  and  is  derived  from  the 
solar  and  renal  plexuses.  Bergmann  thinks  that  it  is 
also  supplied  by  the  phrenic  and  pneumogastric  nerves. 
The  nerve  twigs  are  especially  numerous  in  the  cortex, 
where  they  penetrate  between  the  cells,  particularly  in 
the  zona  glomerulosa.  In  the  medulla,  numerous  gangli- 
onic cells  are  found.  Before  entering  the  cortex  there 
are  many  ganglionic  cells  on  the  nerves,  and  the  fibres 
are  chiefly  mcdullat^^d.  Flint  thinks  that  these  cells  and 
fibres  liave  no  organic  connection  with  the  gland,  but 
have  Ixjen  drawn  in  by  the  medullary  cells,  although  he 
adds  that  there  may  be  sutficient  nerve  supply  to  govern 
the  medullary  secretion. 

Lymphatics. — According  to  some  authorities  the  lym- 
pbatics  take  their  origin  between  the  cell  groups  and  form 

Vol.  I.— 9 


a  rich  network  both  in  the  cortex  and  in  the  medulla. 
They  form  a  particularly  dense  plexus  about  the  central 
vein,  and  run  in  the  general  direction  of  the  vessels. 
They  are  connected  with  efferent  valved  lymphatics  both 
in  the  fibrous  capsule  and  in  the  medulla,  and  on  the  ex- 
ternal surface  of  the  gland  some  of  them  blend  with  the 
superficial  lymphatic  network,  while  the  others  empty 
into  ganglia  a  little  above  the  renal  vein.  These  ganglia 
into   which    the   adrenal  lymphatics  empty  are  distin- 

fuished  from  their  neighbors  by  their  rich  pigment, 
lint  has  discovered  lymph  nodules  in  the  medullary 
substance  of  the  gland,  and  irregular  groups  of  lym- 
phatic cells  in  the  cortex  of  the  human  adrenal.  He^ 
however,  declares  that  our  knowledge  of  the  adrenal 
lymphatics  is  still  most  unsatisfactory,  and  he  believcft 
that  the  lymphatic  channels  have  never  as  yet  been  defi- 
nitely traced  out  as  a  system,  nor  have  their  relations  to 
the  cells  and  blood-vessels  been  yet  discovered. 

The  average  size  of  the  adrenals  is  from  1^  to  2f 
inches  (30  to  60  mm.)  in  length  by  about  1^^  inches  (80 
mm.)  in  breadth.  The  thickness  varies  from  J  to  i  inch 
(4  to  6  mm.).  The  weight  is  about  1  drachm  (4  gm.)» 
the  left  being  slightly  heavier  than  the  right. 

Anomalies  op  Development. — One  or  both  of  the 
glands  may  be  absent,  although  this  condition  is  very 
rare,  and  the  defect  is  probably  supplied  by  accessory 
glands,  which,  as  Stilling  has  sliown,  can  undergo  com- 
pensatory hypertrophy.  Ziegler  says  that  hypoplasia  and 
agenesis  of  the  adrenals  are  usually  found  m  anencepha- 
lous  and  hemicephalous  foetuses.  Dy ce  Duckworth  says : 
"  In  cases  of  congenital  absence  of  one  kidney  it  is  usual 
to  find  a  suprarenal  body  in  its  proper  situation.  This 
fact  plainly  indicates  that  there  is  no  embryological  con- 
nection between  the  kidney  and  the  adrenal  body,  and 
they  are  thus  physiologically  distinct." 

Accessory  AdrtJials. — These  additional  glands  are  not 
unusual ;  they  vary  in  size  from  a  pin's  head  to  a  cherry 
— Allbutt  having  seen  one  of  the  latter  size.  These  tinv 
bodies  are  found  generally  on  or  near  the  capsule  itseff 
and  are  joined  to  it  by  connective  tissue,  or  they  may  be 
partly  embedded  in  the  liver  or  kidney,  and  in  this  situa- 
tion they  are  called  "  rests."  They  have  been  seen  on  the 
spermatic  vessels  near  the  inguinal  canal,  and  in  the 
bnKid  ligament.  Rolleston  speaks  of  tiny  elevations  on 
the  surface  of  the  adrenal  which  he  calls  adenomata  and 
which  are  composed  of  adrenal  cells  in  an  extreme  state 
of  fatty  infiltration.  They  are  not  accessory  glands,  dif- 
fering from  them  in  that  the  latter  possess  a  capsule  of 
their  own  and  are  made  up  of  cells  which  show  little 
fatty  infiltration.  Swale  Vincent  says:  "The  supra- 
renals  are  very  intimately  related  to  the  blood  vascular 
system.  This  relationship  is  most  striking  in  elasmo- 
branchs,  but  is  still  evident  in  mammals  from  the  very 
large  blood  supply  to  the  organ  and  its  close  anatomical 
connection  with  the  great  veins."  Various  and  interest- 
ing have  been  the  theories  concerning  the  origin  of  the 
adrenal  elements.  By  some  the  cortex  was  thought  to  be 
derived  from  the  mesoblast,  while  the  medulla  took  its 
origin  from  the  sympathetic  nervous  system.  Others 
thought  that  the  medulla  was  derived  from  the  cortex. 
The  latest  work  seems  to  show  that  this  question  is  not 
yet  definitely  settled,  although  it  seems  certain  that  the 
medulla  is  not  derived  from  the  cortex. 

Physiology. — Physiologists  classify  the  secretions  of 
the  body  under  two  general  heads,  internal  and  external 
secretions.  The  idea  of  internal  secretion  took  its  origin 
with  Claude  Bernard.  It  is  defined,  according  to  Osier, 
as  consisting  of  certain  products  elaborated  by  gland  cella 
from  materials  fumishcHl  by  the  blood,  which  are  later 
passed  back  to  the  blood  or  lymph  to  subserve  some 
function  in  general  or  special  nutriti(m.  External  secre- 
tion is  poured  out  on  a  free  epithelial  surface  communi- 
cating with  the  external  world.  Internal  secretion  is 
di.scharged  on  the  closed  endothelial  surfaces  of  the  blood 
and  lymph  vessels. 

Among  the  glands  which  have  an  internal  st^cretion  are 
the  adrenals,  and  many  investigators  have  contributed 
their  work  to  the  very  intricate  problem  of  the  elucida- 
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tion  of  the  exact  functions  of  this  gland.  Schafer  says 
that  as  early  as  1855  Addison  showed  the  great  impor- 
tance of  these  glands  in  relation  to  nutrition,  since  their 
pathological  alterations  were  thought  to  be  connected 
with  asthenia  and  the  bronzing  in  patches  of  the  skin  and 
mucous  membranes.  In  1856,  and  subsequently,  Brown- 
S^quard  showed  that  their  removal  was  always  rapidly 
followed  by  death  in  all  animals.  It  is  interesting  to  note 
that  removal  of  one  gland  has  apparently  no  untoward 
effect.  But  when  the  second  is  taken  away,  even  though 
the  interval  between  the  two  operations  may  be  a  long 
one,  the  fatal  symptoms  quickly  supervene.  They  are 
practically  those  of  Addison's  disease,  though  more  acute 
than  the  latter — asthenia,  loss  of  vascular  tone,  anorexia, 
and  general  prostration.  The  peculiar  pigment  charac- 
teristics of  this  disease  are  not  always  noticed,  probably 
due  to  the  fact,  as  Brown-S6quard  suggested,  that  there 
is  no  time  for  its  development  between  the  ablation  of 
the  capsules  and  the  death  of  the  animal.  Tizzoni  has 
experimented  on  animals  which  have  lived  a  certain  time 
after  either  complete  or  partial  removal  of  the  glands,  and 
has  in  these  cases  observed  the  pigmentary  clianges. 
The  cause  of  death  seems  due  genemlly  to  paralj'sis  of 
the  respiratory  muscles.  Experiments  by  Brown-Se- 
quard,  Abelous  and  Langlois  tend  to  show  that  blood 
taken  from  an  animal  which  is  dying  from  the  elTects  of 
"decapsulation"  has  no  effect  on  normal  animals,  although 
it  is  toxic  for  animals  more  recently  deprived  of  their 
adrenal  glands.  On  the  other  liand,  nonnal  blood  trans- 
fused into  animals  deprived  of  their  capsules  seems  to 
grolong  life.  Since  muscular  weakness  is  the  most  prom- 
lent  symptom  after  removal  of  the  glimds,  the  conclu- 
sions of  Abelous  and  Langlois  are  that  the  capsules  when 
in  dtu  remove  or  destroy  some  toxic  substance  which  is 
the  result  of  muscular  metabolism.  Observations  of  these 
experiments  has  suggested  the  "auto-intoxication"  thcK)ry 
of  the  adrenal  glands.  This  theory,  like  all  others  of  its 
kind,  is  weak  in  that  the  blood  of  any  dying  animal  would 
probably  be  toxic  to  a  certain  extent,  and  also  in  that  the 
animal  on  which  its  effect  is  observed  is,  on  account  of 
its  recent  operation,  in  a  state  of  lessened  resistance  to 
any  toxin.  Nevertheless,  it  must  be  admitted  that  the 
adrenal  glands  elaborate  some  material  which  is  very 
different  from  any  found  in  the  blood  of  animals  deprived 
of  their  capsules.  The  intravenous  injection  of  the  ad- 
renal extract  is  most  active  in  its  physiological  working. 
Schafer  sums  up  these  effects  as  follows:  First,  as  to  its 
action  on  skeletal  muscle.  After  one  excitation  of  its 
nerve,  the  muscle  contracts  as  quickly  as  the  normal,  but 
this  contraction  is  extremely  prolonged.  The  effect  is 
like  that  of  a  small  dose  of  vcratrine,  but  not  of  curare,  for 
the  muscles  continue  to  be  as  capable  of  excitation  as  they 
were  previous  to  the  injection.  It  can  thus  be  clearly 
seen  that  these  phenomena  are  very  different  from  the 
•*  so-called  auto-intoxication  paralysis  which  is  stated  to 
result  after  removal  of  the  suprarenal  capsules  in  ani- 
mals." Consequently  the  material  wiiich  has  been  ex- 
tracted from  the  adrenals  by  water  is  not  the  same  which 
is  said  to  collect  in  the  blood  after  ablation  of  the.se 
glands.  The  effect  on  the  circulatory  system  is  shown 
m  two  ways — on  the  arteries  and  on  the  heart.  As  to 
the  latter,  the  effect  depends  upon  the  condition  of  the 
vagi.  When  these  nerve  trunks  are  uncut  and  the  con- 
nection, therefore,  between  the  heart  and  the  cardio-inhib- 
itory  centre  in  the  medulla  is  still  intact,  the  contractions 
of  the  auricle  are  slowed,  or  they  entirely  cease  after  the 
injection  of  the  extract.  The  ventricle  continues  to  beat 
slowly.  The  pulse  is  necessarily  very  slow.  But  if  the 
vagi  are  cut  or  their  cardiac  ends  paralyzed  by  atropine, 
the  effect  of  the  extract  is  exactly  the;  reverse?.  The 
auricle  is  more  energetic  in  its  contractions,  both  their 
strength  and  frequency  being  much  increased,  wiiile  the 
functions  of  the  ventricle  are  likewise  augmented.  All 
of  these  phenomena  cause  a  great  increase  in  blood  pres- 
sure by  sending  a  much  larger  quantity  of  blood  into  tin; 
arteries.  But  besides  this,  the  extract  has  a  direct  effect 
on  the  arteries  themselves,  for  if  the  bhxxl  pressure  be 
taken  in  a  dog  and  then  a  small  injection  of  the  extract 


be  made,  the  vagi  being  uncut  and  therefore  the  heart 
action  being  slowed,  the  blood  pressure  increases  to  quite 
an  extent ;  but  if  the  vagi  are  cut  or  paralyzed  by  atro- 
pine, the  rise  is  extreme.  If  a  certain  member  of  the 
body  be  enclosed  in  a  plethysmograph,  the  effect  of  the 
extract  is  clearly  shown  in  the  decrease  of  the  member  in 
size,  due  to  the  contraction  of  the  arterioles.  This  effect 
is  exerted  directly  on  the  musculature  of  the  vessels, 
since  it  appears  as  markedly  when  the  spinal  cord  is  cut 
or  the  bulb  extirpated.  Schafer  does  not  believe  in  the 
view  of  Cybulski  and  Szymonowicz,  that  the  rise  in  blood 
pressure  and  the  contraction  of  the  arteries  are  due  to  the 
excitation  of  the  vasomotor  centre;  for,  as  his  experi- 
ments show,  this  effect  is  peripheral.  In  the  bulb  he 
states  that  especially  the  cardio-inhibitory  and  respiratory 
centres  are  affected.  In  certain  experiments  on  dogs  the 
first  effect  of  the  extract  has  been  excitement,  this  beinff 
followed  by  paralysis,  while  great  thirst  was  experienced 
by  these  animals.  In  cats,  rapidity  of  the  respiratory 
movements  was  noticed,  as  well  as  thirst  and  loss  of  ap- 
petite. Recently  strong  astringent  properties  have  been 
observed.  As  a  local  styptic  it  has  given  potent  effects. 
Meyera,  in  experiments  with  various  organs,  discovered 
that  the  adrenal  body  is  alone  found  capable  of  neutraliz- 
ing cobra  poison.  Guinea-pigs  and  slieep  give  the  same 
results.  The  medulla  is  found  inactive,  the  cortex  and 
the  entire  gland  active.  Oliver  has  demonstrated  tliat  the 
extract  when  applied  directly  to  the  mesenteric  vessels, 
either  in  the  living  or  in  the  "surviving  "  animals,  causes 
rise  of  blood  pressure.  Von  Cyon,  in  reviewing  the  dif- 
ferent theories  of  various  workers,  states  that  they  all 
agree  as  to  the  increase  of  blood  pressure  caused  by  the 
intravenous  injection  of  the  adrenal  extract,  but  not  as  to 
the  influence  which  it  exerts  on  the  heart  action.  Oliver 
and  Schafer  think  this  latter  due  to  the  excitation  of  the 
musculature  of  the  small  arteries,  as  well  as  of  the  heart 
vagi.  Cybulski  and  Szymonowicz  think  that  the  extract 
has  a  special  influence  on  the  vasomotor  centre  of  the  ves- 
sels. Gottlieb  believes  the  motor  heart  ganglia  to  be 
chiefly  affected.  Von  Cyon  himself  believes  that  the  ex- 
tract of  the  adrenal  gland  acts  in  a  high  degree  as  a  stim- 
ulant to  the  sympathetic  nervous  system  of  the  heart  and 
the  vessels  (accelerantes  and  vaso-constrictora)  and  also 
as  a  paralyzer  to  the  regulatory  (motor)  nerves  of  these 
organs  (vagus  and  depressors).  So  this  extract  is  a 
powerful  antagonist  of  iodothyrin  and  hypophysin. 
Schafer  describes  the  effect  of  the  injection  of  the  extract 
as  quite  transitory,  even  if  the  dose  be  large.  This  fact 
presents  the  interesting  problem  of  the  disposal  of  this 
extract — where  is  it  eliminated?  The  kidneys  are  not  its 
route  of  exit,  for  when  the  renal  arteries  are  clamped, 
the  effects  are  just  as  fleeting.  Just  so  with  the  supra- 
renals.  If  the  circulation  in  the  abdominal  organs  is 
entirely  stopped  by  lying  the  aorta  and  vena  cava  in  the 
upper  abdomen,  the  elTects  are  nearly  as  short  in  dura- 
tion. The  blood  does  not  oxidize  or  destroy  the  active 
principle  of  the  extract,  for  after  twenty-four  hours'  con- 
tact with  this  fluid  the  power  of  the  extract  is  as  great 
as  normal.  It  seems  logical  to  conclude  that  the  active 
principle  is  stored  away  somewhere  in  the  body  and 
there  rendered  harmless,  and,  since  the  effects  endure 
much  longer  in  the  skeletal  muscles  than  in  the  heart  and 
arteries,  that  the  nuiscles  are  the  great  storage  house. 

Now  as  to  the  effect  of  the  extract  when  administered 
hypodermically  or  by  mouth,  results  by  the  former 
uiethod  vary  exceedingly,  depending  on  the  animal  ex- 
perimented on  and  llie  dose  injected.  Oliver  says  that  in 
man  the  extra(!t,  when  given  i)v  the  mouth,  has  the  effect 
of  reducing  tlie  calibre  of  the  arteries,  as  measured  by 
the  arteriometer. 

As  in  everv  other  line  of  research  in  relation  to  these 
organs,  so  have  there  been  varied  and  contradictory 
results  concerning  tlie  eliemical  nature  of  their  active 
])rinciple.  Abel  has  shown  that  the  "specific  blood- 
pressuro-rai'<ing  constituent"  exists  in  the  embryonic 
gland.  At  just  wjmt  staire  it  first  appears  has  not  been 
detennine<l.  Oliver  believes  that  the  peculiar  properties 
of  this  principle  are  due  to  an  alkaloidal  body  and  not  to 
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Ihe  proteid  elements.  The  substance  is  not  dialyzable, 
consequently  Its  molecule  is  probably  very  large.  Cy- 
bulski,  Oliver,  BcliBfer,  anJ  Swale  Vincent  believe  from 
tbeir  work  tbat  the  active  principle  is  found  only  in  the 
medulla,  and  that  thi;  cortex  yields  no  appreciable 
amount.  Schftfer  and  Oliver  believe  in  the  internal  se- 
cretion theory  which  promulgates  the  idea  that  a  certain 
substance  is  formed  by  these  glands  and  passed  out  into 
the  blood,  whicb  has  a  beneficial  effect  on  the  muscular 
contraction  and  tone  of  the  cardiac  and  vascular  walls 
and  on  the  skeletal  muscles. 

Allbutt  calls  these  two  theories  tUat  we  have  mentioned, 
one  as  the  auto. intoxication  theory,  the  other  as  the  in- 
ternal secretion  theory:  (1)  The  excretory  or  katabolic, 
which  supposes  that  the  adrenals  dispose  of  waste  mate- 
rials in  the  blood;  (2)  the  secretory  or  anabolic,  which 
supposes  that  they  elaixirale  some  substance  necessary  to 
the  animal  economy  and  pass  it  into  the  circulation. 
Other  authors,  Byrom  Bramwell  and  Boinel,  have  re- 
cently combined  the  nervous  and  the  "adrenal  inade- 
quacy "  theories  by  suggesting  that  in  Addison's  disease 
the  symptoms  are  caused  by  irritation  and  neuritis  of  the 
sympathetic  as  welt  as  by  the  pathological  suppression 
of  the  extract, 

Dreyer,  in  his  work  in  1809,  has  shown  again  what 

a  bulski  flrst  proved,  that  the  active  principle  of  the 
-enal  extract  can  be  obtained  from  the  blood  of  the  ad- 
renal vein ;  consequently  it  is  a  true  internal  secretion. 
He  has  further  proved  the  influence  of  nervous  control 
over  the  secretion,  for  if  the  splanchnic  uerve  below  the 
diaphragm  be  stimulated  by  an  electrical  current,  the 
amount  of  this  active  principle  in  the  secretion  is  aug- 
mented, judging  from  the  increase  in  the  physiological 
effects  caused  by  the  extract.  This  increase  has  no  con- 
nection with  the  blood  vascular  changes  which  take 
place  at  the  same  time.  The  objection  was  formerly 
raised  that  the  active  principle  was  found  only  in  the  dead 
gland,  but  the  proof  that  blood  collected  from  Ihe  adrenal 
vein,  and  from  no  other,  has  the  same  effect  as  the  ex- 
tract itself,  establishes  the  significance  of  the  reactions  of 
the  gland.  Dreyerhasalso  demonstrated  tluit  intravenous 
injection  of  tlie  extract  inanormalanimal  causesslowing 
of  the  heart  and  an  increase  of  blood  pressure,  while  after 
the  vagi  are  cut  oratro|iiniKed  the  heartbeat  Is  quickened 
and  the  blood  pressure  increases  to  a  still  rreater  degree. 
From  the  exneriments  of  Oliver  and  Schflfer.  Swale 
Vincent,  and  Dreyer,  it  would  seem  that  tiie  adrenal  se. 
cretion  is  tmder  nervous  control.  As  to  the  relative  im- 
portance of  the  two  parts  of  the  gland.  Swale  Vincent 
says  that  **  tbe  cortex  from  a  morphological  standpoint 
would  seem  to  be  the  more  important  or  essential  element 
of  the  suprarenal  gland,  for  it  is  always  more  abundant 
in  amount  than  the  medulla,  and  Is  universally  present 
in  all  animals  above  the  very  lowest  vcrtebmles.  whereas 
the  medulla  appears  to  be  absent  in  some  orders  of  fishes. 
In  the  present  state  of  our  knowledge  the  medulla  must 
undoubtedly  be  considered  as  the  more  important  from  a 
phVFdological  standpoint." 

The  writer  wishes  to  express  grateful  acknowledg- 
ment for  the  invaluable  assistance  derived  from  the  pe- 
rusal of  the  manuscript  of  Mr.  Flint's  very  scholarly 
"  una  K.  Huiter. 
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[  AoWoniT  and  Pb;ilolo(T.  1 
It^  d'BIUlOI 

ADRENALS  (PATH.).    %^  AMi*on;»  Dittatt 

ADRUE.    See  Cyperui. 

«GLE  MARMELOS.    See  Baa  Fruit. 

AEROTHERAPEUTICS,  or  PNEUMATOTHERAPEU- 
TICS. — These  terms  refer  lo  the  employment  of  air  as  a 
therapeutic  agent.  They  are  generally  restricted  lo  the 
use  of  air  that  has  been  altered  in  denaty,  by  which  it  ia 
possible  to  simulate  the  advantages  derived  from  residence 
at  high  or  low  levels, 
and  increase  the  func- 
tional power  of  the 
lungs.  The  term  is 
sometimes  brcadened  to 
include  medicated  air 
an<l  air  that  has  been 
altered  chemically  by 
increasing  the  proportion 
of  oxygen,  nitrogen,  or 
carbonic  acid  gas. 
These  latter,  however, 
will  be  treated  in  sepa- 
rate articles  and  under 
In/ialatiOTis. 

Two  methods  of 
adapting  the  air  fur  use 
are  in  vogue.  In  one 
the  patient  is  placed  in 
a  specially  prepared 
chamber  in  which  the 
density  of  the  air  may 
be  iucrtased  or  dimin- 
islicd;  in  the  other  the 
patient  remains  under 
ordinary  atmospheric 
conditions,  and  inhales 
through  a  tube  air  that 
has  been  altered  in  den. 
Bity. 

The  pneumatic  cham- 
ber, as  used  in  the  Eu. 
ropean  sanitaria,   is  an 
eluborste  and  costlv  ap- 
paratus.     It  consists  of   m.  5((.-w,ldenb«nf«  App«tu.  tor 
a  large  metal,   airtight      compreBlng  Air.    tiauSx  hOgM 
chamber,  capable  of  seat-      ■>  ooe  metre. 
ing    three  or  four  pcr- 

s<ins,  in  which  the  patient  remains  for  a  definite  time. 
Tlic  arrangements  are  such  that  the  air  may  be  slowly 
or  rapidly  Increased  or  lessened  in  density.  There  are 
provisions  for  heating  and  ventilating,  windows  through 
which  the  patient  may  be  observea  during  treatment, 
and  electric  bells  for  the  convenience  of  the  patient. 
These  ctiambers  arc  numerous  in  Europe,  and  one  has 
been  erected  at  flic  Brompton  Hospital  for  Consump- 
tives, in  I,ondon.  England. 

When  the  patient  Is  placed  in  the  pneumatic  cabinet, 
the  effect  of  the  altered  density  is  directed  externally  to 
the  surface  of  the  body  and  internally  upon  the  lungs. 
The  result  is  much  the  some  as  when  the  patient  ascends 
to  a  high  elevation  or  descends  into  a  deep  mine  or  in 
a  dlvin^-bell.  To  prevent  the  ill  effects  of  a  sndden 
change  in  pressure,  Ihe  treatment  is  commenced  under 
ordinary  atmosjiberic  conditions,  then  the  alteration  in 
density  is  made  gradually,  and  the  return  lo  a  normal 
pressure  is  ecpially  slow.  The  importance  of  this  has 
been  noted  by  those  in  charge  of  men  working  In  caissons 
during  the  construction  of  large  bridges,  where  all  the 
1  most  distressing  symptoms  were  traced  to  the  workmen 
■   who  loo  ho-itily  emerged  from  the  compressed  air. 

Air  in  which  the  density  is  increased  is  the  form  gen- 
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mploycd  for  tberapeutic  purposes.    The  Increase 

r  veiy  great,  ranging  from  one-flfth  lo  ooe-balf 

of  an  atmoephere. 


danger.  In  tlie 
construction  of 
the  St.  Louis 
bridge  workmen 
continued    their 

pressure  of   flfiy 

others  Juring  I  be 

the  Brooklyo 
bridge  were  cx- 
po3Ml  to  lliirty- 
eigbt  pounds, 
equal  lo  about 
two  and  a  bnlf 
atmoaphores. 

The  duiBtion  of 
the     compressed 

from  lialf  an  hour 

lo  two  hours,  tbe  first  exposures  always  being  of  sliort 
duration.  About  oue-fourth  of  the  timeisoccupicilinin* 
crea«ng  the  density  uud  tlie  sanie  period  in  its  reduction. 
The  first  effect  of  tlic  incrcHscd  pressure  is  to  drive  tlie 
blood  from  the  surface  of  the  body,  and  from  tiie  lungs, 
to  the  deeper  organs  and  tis.suca.  Later,  llio  equilibrium 
is  re-cstablisliea,  the  peripheral  circulation  being  in- 
creased and  tlic  congestion  of  the  deep  organs  reduced. 
The  respirations  become  fewer,  but  are  increased  in 
depth,  and  tlie  ciiest  walls  become  more  mobile.  The 
quantity  of  oxygen  conveyed  tn  the  lungs  is  increased, 
as  Is  also  the' amount  absorbed  by  the  blood;  tissue 
cliange  becomes 
more  activ 
i   the  81 


Fia.  Kl.—Bledert'a  Appumtua. 


the  kidneys  and 
otbcr   organs   in. 

AHfaoitgh  the  p'ii 
tient  exposed  10 
comjiressed  a  i  r 
derives  n  certuiu 
bcnelit  fniiu  the 
dilatation  a!  the 
lung  tissue  and 
other  nieelianical 
effects,    Its   chief 


upo 


the 


creased  functional 
activity  of  the 
lungs  anil  the  im- 

cliange  Ihnt  fol- 
lows. All  forms 
of  congestion  ai'c 
improved,  and  ex- 
udates and  oilier 
Sroducts  of  in- 
animation are 
removed.  It  is 
said  to  be  of 
benefit  in  curly 
lung  congestion. 
bmncbilis,  pleu- 
ritic effusion, 
liver  disease,  and 
disturbances  of 
other  organs  ac- 
companied  by    Fio.  {i8.-Boll».Colien' 


hyperaemia.     In  anemia  and  chloroalg  It  la  of  equal 
benedf. 

Rarefied  air  in  tbe  pneumatic  cabinet  is  employed  to  a 
much  more  limited  extent  as  a  tberapeutic  agent.  It 
does  not  in  any  way  supply  the  benefits  of  residence  bt 
high  situations.  Muacular  action  of  the  resplmtory  mua- 
cles,  it  is  true,  is  increased  during  respiration,  and  tbe 
patient  derives  whatever  benefit  is  to  be  gained  from  thia 
form  of  exercise,  but  the  air  respired  has  not  the  purity 
or  Ilic  chemical  properties  of  mountain  air,  nor  does  the 
itient  gain  the  general 
effect  of  living 
linouB  regions. 
In  ilii''  country  the 
pneuiiiiiiii;  chamber  tiaa 
iioi  ri'oii ted  the  attention 
that  ity  iiiiportanee  would 
uppi;ar  tu  warrant.  This 
iu  a  gr<-!f<  measure  is  due 
to  the  i\pense  Deceasary 
ind  maintain  one 
order,  but  what 
will  al  way  a 
hinder  its 
adoption  is  the 
success  which 
lias  attended 
the  employ- 
ment of  the 
smaller  appa- 
ratus for  in- 
haling com- 
pressed or 
rarefied  air. 
This  method,  which  lias  been  termed  "pneumatic  dif- 
ferentiation," is  now  adopted  very  extensively  and  pos- 
sesses many  advantages  ever  tbe  large  chamber.  The 
chief  of  these  is  the  much  greater  expansive  power  of 
compressed  air  taken  into  the  lung  when  tbe  external 
pressure  is  tliat  of  tbe  ordinary  atmosphere.  Equally 
advantageous  are 


compressed  air 
and  the  rarefied 
air.    The  patient 

pressed  air  and 
expire  into  I  be 
compressed  tdr,  or 
into  ordinary  at- 
mosphere, or  into 
a  second  vessel  in 
which  the  air  is 
rarefied.  He  may 
also  reverse  the 
ordi-r  and  Inspire 
rarefied  air  and 
expire    into   any 

A  great  number 
of  appliances  for 


Appaislustor  In  baling  Com  [iressed  AlruDd  Eiballng  Into  It 


them  being  cx- 
t  namely  compli- 
cnted.  Two  prin- 
ciples prevail   in 


ordinary-  gasome- 
ter is  the  guide,  in 
the  other  It  Is  a 
licllows  or  an  ac- 
.  cordion.  The  best 
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burg-'a  and  Biedert's, 

In  Waldenbiirg'a  apparatua   the 
alterstioD  in   tliB  density  Df  the  air 


3  indicate  the  degree  of 
coBipreaaion.  Biedert's  apparatus 
is  constructed  like  an  acconlion  and 
IB  suspended  by  a  bar  at  its  cen- 
tre upon  which  it  may  be  rotated. 
Tlie  tube  for  inhalation  is  attached 
at  one  end  and  the  weights  at  the 
other.  Wlien  the  weight  is  upper- 
most the  air  in  the  apparatus  is 
compressed :  when  the  instinitnent 
is  reversed  and  tlie  weights  are  be- 
Inw,  tlie  chamber  is  expanded  and 
the  air  becomes  rareHed. 

Prof.  Solomon  Solia-CohcD,  who 
has  done  much  to  make  Imown 
in  Ibis  country  the  value  of  com- 
pressed air.  has  devised  an  instru- 
ment that  is  much  superior  in  every 
respect  ("  Hare's  Therapeutics." 
ISfll.  vol.  i.,  796),  It  is  a  modified 
Waldenburg  gasometer,  with  a  bel- 
lows attached,  which  is  worked  br 
the  foot  of  the  physician.  The  bel- 
lows maintains  a  constant  supply 
of  fresh  air.  and  the  combination  of 
Ihe  two  systems  allows  a  reduction 
to  be  maae  in  the  size  of  Che  cylin- 
der. The  instrument  la  small  and 
compact,  and  may  be  conveyed  to 
the  house  of  the  patient  without 
any  inconvenience.  He  has  also  ar- 
ranged twin  cylinders  (Fig.  54),  In 
one  of  which  the  air  is  compressed 
and  in  the  other  rarefled;  U>  Ihis 
Is  attached  an  ingenious  inhaler  by 
means  of  which  the  patient  may  in- 
spire from  one  cylluder  and  expire 
into  the  other  without  removing 
the  mask  from  the  face.  For  hos- 
pitals and  large  InBtitutlons  a  sys- 
tem of  cylinders  may  be  arran^^ 
for  a  number  of  patients  to  receive 
treatment  at  Ihc  same  time,  the 
pressure  being  derived    from   the 


ordinary  water-supply  pipe. 

A  small-sized  pneumatic  cabinethas  been  used  bv 
Martin  and  Johnson  (New  York  Mediraljournal,  May  15, 


FiO.  H.-Sedlan  at  Ibe  Borne,    Figures 


In  this  ttie  patient  is  placed,  and  while  the  pres- 
sure in  the  cabinet  is  changed,  he  inhales,  through  a 
tube,  air  of  a  different  density.  The  pressure  in  the 
cabinet  is  very  easily  controlled,  and  by  means  of  a  lever 
it  may  be  increased  or  diminished  with  the  respirations 
nf  the  patient,  aiding  the  expansion  of  the  chest  walls 
during  inspiration,  and  compressing  them  dui'ing  ex< 

Tlie  inspiration  of  compressed  air  is  performed  with 
ease,  and  the  chest  walls  are  expanded  in  a  marked  de- 
gree. The  quantity  of  air  in  Ihe  lungs  is  greatly  in- 
creased, and  durint;  expansion  of  the  chest  the  alveoli 
and  air  cells  are  distended.  The  expiration  is  equally 
free,  tlie  rebound  of  the  elastic  stnictures  forcing  out  a 
large  proportion  of  air.  If  the  expiration  is  into  rarefied 
idr.  that  remaining  in  the  lungs  is  much  less  than  the 
normal :  and  If  the  breathing  is  continued,  it  increases 
the  flow  of  tidal  and  complenicntal  air.  and  lessens  the 
proportion  of  residual  air.  The  distention  of  lung  tissue 
extends  Co  cells  that  have  been  rendered  weak  by  dis- 
use and  to  others  tliat  have  been  disabled  by  disease.  On 
the  former  the  etTect  is  always  beneficial,  but  upon  the 
latter  the  advantage  is  not  so  certain.  In  many  cases  it 
restores  to  functional  activity  cells  that  have  been  blocked 


by  secretions,  but  in  others  it  may  render  ai 
that  is  quiescent  and  improving.  Upon  the  circulation, 
the  elfcct  is  to  increase  the  bioi^  pressure  and  to  render 
the  flow  of  blood  through  the  organs  more  rapid.  The 
increased  supply  of  oxygen  also  improves  the  quality  of 
the  blood.  The  physic-al  effects  are  more  or  less  modi- 
fled  by  the  media  into  which  the  patient  expires.  If  the 
air  is  returned  against  the  compressed  air,  an  expira- 
tory effort  is  required,  during  wtiich  many  muscles  are 
brought  into  action,  and  the  elasticity  of  the  lung  tissue 
is  exercised.  If  the  medium  into  which  the  hingsempty 
themselves  is  other  tlian  the  compressed  air,  the  musculu 
effort  is  less,  but  Ihe  contraction  of  the  lung  tissue  is 
mucli  greaCerthan  under  ordinary  conditions.  The  value 
of  these  changes  as  a  gymnastic  exercise  is  very  evident, 
as  it  adds  to  the  vital  capacity  and  increases  the  func- 
tional activity  of  the  iun^. 

Id  pneumatic  differentiation  as  in  the  pneumatic  cabi- 
net, compressed  air  is  the  form  generally  employed,  the 
object  l>elng  to  increase  the  amount  of  air  carried  to 
the  lungs.  Raretled  air  Is  of  greater  service  as  a  gym- 
nastic agent.  During  Its  use  the  lungs  arc  filled  only  by 
a  muscular  effort;  it  the  patient  has  suflicienl  muscular 
power  to  secure  tlie  larger  amount  of  air  required,  the 
effect  is  beneficial:  it  not,  the  supply  of  oxygen  Is  defi- 
cient and  the  evil  results  tbatfollow  are  quickly  manifest. 
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Acrotlierapy  is  chiefly  of  vnlue  in  all  fomiB  of  lijper- 
Rmis  and  congestioQ  of  organs,  and  in  ansmiaa  and 
Cfkchexias. 

In  phtliisis  the  earlier  it  is  employed  the  greater  will 
be  the  advantages  derived  from  ila  use.  Its  proper  role 
ia  tliat  of  a  prophylactic,  and  in  tlie  Ireatrocnt  of  the 
earliest  stages,  as  during  these  periods  the  action  of  Che 
lun^  is  diniinislied  and  the  areas  of  congestion  are  only 
beginning.  It  should  not  be  employed  uuriDg  acute  in- 
flammation, nor  when  the  morbid  process  is  approaching 
the  stage  of  softening.  If  there  is  any  tendency  to 
hemorrhage  it  should  not  be  used.  Tlie  contraindica- 
tion to  ils  use  in  these  conditions  arises  from  the  disturb- 
ance to  which  the  affected  areas  are  subjected,  at  a  time 
when  nature  calls  for  rest,  with  a  hope  of  cure.  In 
pleurisy  with  effusion,  absorption  may  be  accelerated; 
and  at  the  termination  of  empyema,  when  the  chest 
wall  is  contructing.  it  is  a  most  rational  treatment  to 
overcome  or  prevent  the  consequent  deformity. 

In  all  conditions  in  which  the  blood  is  ansmic  and  the 
various  organs  are  deficient  in  aciion.  it  forms  a  valuable 
adjunct  to  massage,  liaths,  and  other  hygienic  measures. 
It  rapidly  improves  the  character  of  the  blood  and  pro- 
motes tissue  change,  which  with  proper  medicinal  treat' 
ment  will  lead  to  the  most  satisfactory  results. 

The  increased  blood  pressure  tliat  follows  ils  use  re- 
quires it  Co  be  employed  with  much  caution  in  alt  forms 
of  cardiac  and  rcual  disease,  in  which  there  are  any  dc- 
generative  clian^s  in  the  vessels. 

The  density  of  the  air  rci|uired  In  this  form  of  aero- 
therapy  is  very  much  less  than  that  to  which  the  patient 
is  submitted  in  the  pneumatic  cliamber.  Instead  of  rang- 
ing from  one-flfth  to  oae-lialf  of  an  atmosphere,  it  stiouM 
vary  from  one -eightieth  to  one-thirtieth  of  an  atmosphere. 
This  difference  ia  determined  by  the  greator  expansive 
force  of  the  comprcsswi  air.  when  the  external  pressure 
on  the  thoracic  walls  is  not  increased.  The  inhalations 
should  be  taken  regularly  twice  and  eveti  three  times  a 
day,  and  should  continue  for  from  half  an  hour  lo  one 
iiour.  Solis-Cohea  recommends  the  patient  to  inlmic  for 
ten  minutes  and  then  to  rest  for  the  same  space  of  time. 
The  inspirations  should  be  made  standing,  if  possible 


Beaumont  Smalt. 

AEROTONOMETER.     See  RetinratUm. 

AEROZOL.  —  A  proprietary  reme<ly  representing 
twenlv-live  volumes  of  ozone  dissolved  in  certain  vola- 
tile oils.  W.  A.  liatttdo. 

>ESTHESIOMETER.— The  word  testhesiometer  is  de- 
rived from  thi;  (ireek  niodam/iai,  I  jjereeive.  tuafti/ai;,  per- 
ception, sensation,  and  uitpov,  a  measure;  thus  meaning 
literally  a  measun^  of  sensation;  and  it  Is  use<l  to  <letintc 
an  instrument  which  measures  tliat  form  of  se 
known  OS  tactile  sensibility  (T'luMnii  in  German), 


touch,  of  hwality  or  position  (RnamiiiHii.  Ortnit 
German),  and  of  temperature.  The  sense  of  touch  is  in 
tJiis  sense  nothing  more  than  a  sense  of  pres-sure  applied 
to  tlie  skin.  These  sensations  differ  in  certain  important 
respects  from  the  geiienii  nr  romiimii  tenmli-n:'.  which 
include  pain,  sensual  pleasure,  and  perhajis  hunger  uud 
thirst. 

^Eslheslometers.  properly  sii  called,  are  instruments 
for  testing  the  sense  of  locality.  The  first  one  use<l.  one 
which  under  slight  mndlflcattnns  still  retains  Its  ptntv.  is 
that  of  E.  H.  AV  eber,  who.  in  USSO.  appi-urs  to  have  pub- 
li^ed  bis  first  account  of  his  investigations  in  regard 
to  the  sense  of  locality.  Tlie  instrument  tiad  pn.lmbiy. 
however,  l)een  for  some  time  in  use  at  thai  date,  for  in 
1B46  he  refers  to  its  use  twenty  yciirs  nfio.  It  consisliil 
■imply  of  a  pair  of  compasses  Willi  I'vlindrii'iil  arnn.  Ihc 
points  of  which  were  so  ground  down  that  their  i'MiU 
bod  a  diameter  of  one-third  line,  so  (hut  ihiy  should 


produce  simply  a  sensation  of  touch  and  should  avoid 

any  sensation  of  pain.  To  use  this  instrument  it  was 
only  necessary  to  place  the  two  pointsupon  the  skin  of  the 
person  to  be  examined,  care  being  taken  at  the  same  time 
that  he  should  not  see  whether  both  points  or  only  one 
touched  his  skin,  and  by  examination  to  find  out  at  what 
distance  from  each  other  it  was  necessary  that  the  points 
should  be  in  order  that  they  should  be  distinctly  felt  as 
separate.  For  in  any  portion  of  the  skin  two  distinct 
points,  if  placed  near  enough  together,  will  be  felt  as  only 

Weber  found  that  tlie  sense  of  locality,  that  Is,  the 
distance  at  which  the  points  could  be  d^tlnguished  as 
two.  varied  much  in  healthy  individuals  in  different 
parts  of  the  body,  and  varied  also  somewhat,  especi^y 
on  the  limbs,  according  to  the  direction  in  which  the 
points  were  placed,  whether  longitudinally,  obliquely, 
or  transversely.  His  figures  and  those  of  Valentin  for 
the  normal  distance  between  two  points,  which  can  be 
distinguished  as  such  in  the  various  porta  of  the  body, 
areas  follows: 


[The  nibjcilDed  table  (M'r*  tbe  mean  minimum  dtatuwea  Qn  P>i1« 
aesi  Tor  different  pans  ot  tbe  bodf  lietweea  Ibe  polDli  ot  Uw  callie- 
uineh-r  at  wblcb  two  Impraalniu  ran  be  dlstlDguiahcd  irbea  Itw  potnla 
■e  sDDlled  ill  mill  latwDUil;.  Tbe  DrM  culumn  elveB  tbe  ffiaulla  of  ttis 
^r.  tbe  KCODd  of  Ibine  ot  Vdentin,  wbUe  Uie  IttUd 
EileniJn:  etvei  the  relative  obtuMmeK  ot  eacb  por^ 

-..^mosi  dellcale  part,  Ibe  Up  o(  tbe  lonjue.  Miif 

taken  u  tbe  UDlt  ol  '""■"•■~""."<  i 


';s.~ 


Pan  ot  Burtare. 


Tip  ot  tonifiie 

FulHiar  surfiiRe,  Uilrd  plialamiot  fc ,.. 

"-ns  Uilrd  pbaluix  ot  middle  Hi 


l^lr1Joo  (if  ]lp9  not  n 

Fjlgi-  ot  wnyie,  one 

onlum) 

Lateral  aiirTace  of  d( 


Eaiemai  nurtare  ot  tyelldi . . 
t^lni  ot  band 


I>jreiil  surtaw  of  »«ODd  phalani „ 

Uonifll  surface  ot  »rond  pbalanx  of  mtddle  Dnger.  I 
IMinal  KUrfiwe  ot  tecnnd  pbalnni  ot  iluie  Dnger  . .  ' 
Donal  ■urtace  ot  lacWDd  ptiBtinx  oI  ring  Soger . . . 

(Mure  ol  tiard  patule    

Muniua  nivmbrane  ol  ling  nearguna 

Sli1noroheel(OTerbiiiTlnal.>r 

Skin  nl  cbeek  ovpT  Hnlerlcir  part  ot  malar  bone-, - 

PorBal  surface,  llr^  -'■-' '  * 

Prepuce.., 


LoBpr  pan  of  111 


It  beneatb  lower  ]a 


siirroundUiK  pans. . , 


..  18.00  IS.mSIJI 
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AcroMnomrter. 


i 

VJUSNTIN. 

Pwi  ot  surtiu*. 

i 

1^ 

S;tSS.''?^r."'"-;:;::;:;:::,::::: 

ill 

HlddlForthticti ' 

"'iw 

Spine neu- Otih  ihpfiBl  vfru-hm 

Loww  port  or  thuimx,  mml  <nvT  lumbw  veKebro!. , 
Middle  of  dtirHlvertPtmi- 

41.^ 

Foster  givta  tilt  fdllowiiij^  flpurcs  iu  millimttremib- 
Mincii  hy  the  use  of  U  pair  of  cinipajHCB  (u  Paris  line 
equals  2.256  mm.): 

Tip  »[  tongue M  aim. 

PdCDir  surface  or  lennlnal  phulsoi  at  Bafi-r. i3     " 

Pklmiu'turnceuf  KTODdpliBlBni  of  Dnger. 4.4     *'_ 

WbllB  un  oi  lips    C."  " 

Bu-k  of  iwmnri  phaluu  of  linger 11.1 

Mln  over  nulsr  imiiB  11-*  " 

BuKofhiind. 2B.8  ■■ 

Formmi W-B  " 

WCTiium *4J)  ■ 

Back M-U  " 

WpIx't's  iFsIliumumpler  is  still  JD  constant  uec.  nnd 
serves  its  |iiirposu  well,  but  certain  ollipr  forma  or  m'xli- 
flcsti'ins  tiave  been  intn>diirc<t.  In  1N38  Bicvcking  pub- 
liflbed  the  account  of  liis  EeBlbcsionictf r  in  tlic  Briliih  and 
fbreiga  Medieo-Chirurgifal  Jierieir.  Tiiu  principle  ia  tlie 
same  ss  tbat  of  Weber's,  but  tbe  form  is  somcwbat 
altered.  Instead  of  using  tbe  common  compasses  Bicve- 
kiu^  has  made  tiis  inatrumcnt  in  tbe  fonn  of  the  bcam- 
-comiksss  used  hy  mechanics:  lliat  ii  to  say,  of  a  anlld 
gradualeil  W  of  metal,  wblch  terminally  at  one  end  in  a 
point  running  at  right  angles  to  the  bar,  while  on  tbe 
bftr  alidca  another  point  of  liom  or  ivory,  which  can  be 
fljLcd  at  any  desired  distance  from  the  first  by  means  of 
a  screw  on  top,  Amo<liflcat)oD  of  Sievcklng's  teslhesi- 
ometer  Jias  been  made  by  Blown- Sett uard.  who  has  ap- 
parently inade  bolb  tbe  bar  itself  and  tlic  poinls  lighter, 
find  has  done  away  with  tbe  screw  at  the  top  of  the  mov- 
able point.  In  bis  instrument  the  points  are  of  steel,  and 
there  is  a  roughcDcd  prominence  on  the  side  of  tbe  secund 
point  to  enable  It  to  lie  readily  moved  by  Ihc  lluger  iir 
thumb  (Ki'e  Fig.  5.1)       Nearly  iiU  the  leBlhesiometers  at 

Pio,  ss.— Browii-Biiiia«rd'«  -jdUmtmnM^r  (rpduir*)  In  nln-i. 

Ereftent    used    arc   mod  it)  rations    i>f    Iliesi-   two    forms, 
i am mond's  convenient  little  instrument  Is  n  niiKilliistinn 
of  Weber's,  consisline  I'-vu'utiallv  in  iillovHni;  llii'  indi'-i 

liar  to  awing  on  a  rivcl   f.i-' I  !■■  .■!!.   --r f  lii-  -  ..n, 

paN.  the  bar.  while  in  ii-<  ' .   '      !   i       '■  ■ 

other  arm.  in  which  i'  >i  ■■  '^  .■      ■    i    ..  ■    . 

it  can  be  lifted  from  llii'  '  ii.  ii  .u  < I  •  >'  i;i_--  ^ii' ■  iiiih..\ : 
niation  with  the  arm  tn  wim  ii  ii  ih  IuiIi'ik'O.  «>  ilmi  ilic- 
whole  Inslrumenl.  when  ili.seil,  oecii[iinj  liut  litllr  Mjnini 
Bnd  cun  readily  l>e  curriiil  in  the  iMii'ki-t.  CiimiU's  in- 
stniment  is  itimply  n  i'i)inp:i-s.i,  eneh  iimi  of  whieh  endti  in 
mo  points,  one  blunt  ami  one  shur]).  either  of  which  can 
tw  used  OS  desired:  wliile  Viiuce's  is  nn  aminRi-mcnl  of 
compass  with  Hallencd  anns,  which  shuts  up  in  ii  ciise 
like  a  jtenknife. 

Tbe  delicacy  of  Ihe  sensation  of  apace  in  viirii'us  jmrta 
of  the  skin  may  lie  tested  by  the  lestbesiijmetrr  iu  two 


nays.  In  the  first  place,  as  mentioned  alHive,  by  dc- 
Icnnining  how  fur  agutrt  the  points  must  be  jilaecd  in 
order  lo  l»e  felt  distinctly  us  two  sepurale  points  in  any 
part  of  the  skin:  and,  secciiidlv,  by  dxhig  the  jmiuts  of 
tile  u'slhesioim'ler  at  a  certain  illstuiice Bl«.rt  and  moving 
the  iustrunient  from  one  p<inlon  ot  the  bmly  to  nnollier- 
Thns  it  in  found  lliat  Ihc  dinlancc  of  Ihc  two  points  ap- 
pears to  increase  when  llie  a-stliiiiionieler  ia  drawn  from 
Ilie  cheek  h'Ti/ontally  over  Uie  muulh,  one  |ioliit  Teitling 
iin  eaHi  1i|>  111  ihi>  inMlinn  line,  and  llmt  if  continued 
iicri»~  Hill  III.''  I"  till'  I'Mier  cheek,  the  distance  apt  H'ura 
]iri>|>i  ^  iii[iisli.      Tbis  mGlh<Kl  of   lesling 

Willi  II  '  I~.  however,  of  no  pcaclieul  use. 

us  v^|   I [   measuring  the  strength  of  uur 

Fi'i  '  ^j>l'rimenls  made  In  regard  to  the 

noriiii!  1   (lie  fullowiug  results  have  been 

diiliiii'l  I  I  ]  I  -  I'l  llica'stheslometer  always  sirm 
to  bL'  l^ti  ilii  [■  :iii-ii  I  "  ii'.d  line  point  ia  placed  on  one  side 
of  a  nuliiriil  ii]nniiig  and  ouc  on  the  other.  Thus,  when 
one  point  l4  placed  on  tlic  upper  lip  and  one  on  the  lower, 
Iliey  ap|)ear  farther  seiwrau-d  than  if  both  points  are 
placed  in  u  curry's  ponding  posilioa  on  either  lip.  I'his 
m  part  arcounta  for  the  increase  apparent  when  llio 
lestneslomclcr  is  moved  fnira  the  cheek  to  the  median 


when  they  rest  upon  dilTerrnt  tissues,  Tbua,  for  c 
ample,  when  one  point  is  placed  upon  the  mucous  mem- 
brane of  llie  lip  and  otic  point  upon  the  skin,  they  seem 
farther  a|iarl  tliau  w*hen  both  points  are  upon  cither  Ilie 
skin  or  tile  luiiciitis  membrane,  8-  As  a  rule  tlie  points 
seem  farther  aimrt  when  they  are  on  different  Bides  of 


however,  alnuys  hold  good,  4.  Tlie  direction  in  which 
the  points  are  placed  iu  relation  to  coeU  other  is  of  con- 
siderublf  iniportaneu  in  certain  parts  of  the  body,  espe- 
cially on  the  limbs.  When  placed  transversely  they  ap- 
pear to  be  at  a  greater  distance  from  each  other  limn 
when  placed  iongitudinnlly.  On  the  body  proper  there 
Bccins  to  be  but  little  diflercnce,  while  it  is  more  marked 
on  Ihc  face,  and  more  so  still  on  the  limbs,  especially  Ilie 
lower  arniH  and  legs.  The  cause  of  this  is  aa  yet  un- 
known, but  it  may  1^  tliat  the  skin  overdiSercnt  muscles 
reapontls  more  reitdlly  to  two  sliniulatious  than  the  skin 
over  Ihe  sime  muscle  when  touched  at  two  equally  dls- 
Innt  poinls.  (AecorilingloVicrordt  tlie  relative  delicacy 
of  the  seTiHC  of  locality  at  aily  point  on  tbe  skin  of  a 
special  portiim  of  the  body,  aa  compared  to  that  of  tlie 
other  poiuis  of  the  same  portion,  is  a  function  of  its 
niiiliility.  and  iuercoses  pniportionately  to  ita  diatanco 
from  the  axis  on  whicli  that  part  moves,  since  It  depends 
on  the  ri'lHlive  greatness  of  the  excursions  which  it 
i-tTccIs  alxiut  itH  axis  through  the  movements  of  the  part 
concerned.) 

In  upplyuig  tbe  ii'sthcsiometer  certain  precautlona 
should  always  Ik  observed.  In  the  first  place,  tbe  oper- 
ator should  lake  especial  care  that  both  points  arc  up- 
pliei!  )i-s  nearly  as  possible  timuUaneoudy,  as  the  clement 
of  time  irntera  distiu(:tly  into  our  toetlle  ImprcasionH.  and 
the  greater  the  lime  wliich  elapse!*  between  any  two  im- 
preft'tioua  of  a  similar  kind,  the  more  readily  are  such  im- 


dislim 


r  this 


iH'lwirn  tlie  two.  the  si-iisation  of  a  moving  objei-I  can 
iH- fell,  althon<rh  its  position  cannot  lie  loculi/eii.     The 
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as  possible  and  an  slight  as  possible.  As  tie  shall  here- 
after Bcc.  tlie  ralio  of  the  sense  of  pressure  in  differcut 
perta  of  tlie  boiiy  varies  considerably  from  that  of  locul- 
Ity,  and  the  two  difleivDt  sensutions  alimitd  be  carefully 
distinguished.  Fur  practical  purposes,  however,  the 
amount  of  pressure  exercised  in  ordinary  cases  when 
due  care  is  taken  is  not  sufflclent  to  affect  in  any  way 
the  result.  It  is  otherwise,  however,  when  a  different 
amount  of  pressure  is  exerted  on  the  two  points.  The 
force  of  the  stimulus  produced  at  one  point  i.s  liable  so 
to  act  that  the  sliraulua  produced  at  the  other  is  per- 
ceived but  indi-ttinctly  or  not  at  all.  A  third  and  obvi- 
ous precaution  to  be  observed  in  using  the  testhesiometcr, 
when  testing  corresponding  portions  of  the  body,  la  that 
the  points  should  in  each  case  be  placed  Jo  the  same 
direction,  that  is,  longitudinally,  obliquel; 
inu  that  they 


Tersely,  b 


it  they  shoutil  be  on  exactly 


logical  cases,  where  the  Rsthesiomet'er  is  used  for  tite 
purpose  of  diagnosis. 

In  on  examination  for  physiological  purposes  we  must 
also  take  into  consideration  the  mental  condition  of  the 
subject.  Whenever  the  attention  is  strongly  fixed  upon 
any  point  in  the  body,  sensations  pnxiuced  there  by  ex- 
ternal objects  are  more  readily  and  more  quickly  per- 
ceived titan  when  the  mind  isoccupied  by  other  thoughts. 
Hence,  when  the  attention  is  fixed  upon  the  action  of 
the  «eathesiomeier.  the  points  will  he  perceived  more 
readily  and  more  distinctly  than  would  otherwise  be  the 
case.  The  rtadinesa  with  which  the  points  are  perceived 
and  their  position  determined  varies  also  greatly  with 
practice.  Cold  dirainishes  the  tactile  sensibility,  as  dors 
also  extreme  heat,  Ilypenemia,  as  well  as  anEcmia, 
probably  likewise  diminishes  It. 

BARABTltEStOHETRK. 

The  term  banrsthesiometer,  from  ffdpo^.  weight,  and 
KSthesiometer.  has  been  applied  to  instruments  which  . 

used  to  determine  the  delicacy  of  the  ■"  " 

pressure. 

The  first  attempts  to  measure  the 
pressure  were  niade  by  E.  II.  Weber,  who  for  this  pur- 
pose used  weights  laid  directly  upon  the  parts  to  he 
tested,  the  muscular  sense  being  excludes!  by  llrmly  sup- 


porting the  part  to  be  examined  upon  some  solid  body. 
Various  weights,  as  nearly  as  jiossible  of  the  same  si/.e 
and  same  temperature,  were  applied  in  succession  to  the 
part,  and  the  smallest  difCcreiicc  which  could  be  thus 
detected  was  carefully  determined  for  each  part.  Weber 
bimsclf  made  use  for  this  purpose  of  coins  (tliulers) 
which  he  laid  upon  the  foi'ehead.  the  head  being  sup- 
ported, and  thiishe  obtained  some  important  resulta    Ac- 
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less  in  the  different  parts  of  the  body  than  the  k 
of  locality,  and  does  not  vary  in  the  same  proportion  in 
the  different  parta  In  the  place  of  coins  Kanunler  and 
Aubert  made  use  of  small  discs  of  cork  or  elder-pith,  on 
which  weights  could  be  placed,  while  Dohm  estimated 


the  account  of  his  attparatus,  by  means  of  which  be 
sought  to  determine  tlie  smallest  rhgfhmifiil  pressure 
which  can  be  perceived  on  any  given  part.  For  this 
purpose  he  made  use  of  an  india-rubber  tube,  both  ends 
of  which  were  closed  and  wiiich  was  rendered  tense  by 
being  filled  with  water.  The  pulsations  produced  by  tbe 
experimenter  at  one  end  of  the  tube  were  transmitted  to 
the  other  end,  which  was  laid  upon  the  part  to  be  tested. 
Goltz's results  corresponded!  with  those  of  Weber  for  the 
—  ■■^-'  "--"--' "--  lewaa 

To  determine  the  delicacy  of  the  sense  of  rtiritilion  cf 
pTtnttrt.  Eulenburg  used  'the  bancstheHiomeler  wfaic^ 
bears  his  name  (Fig.  56),  It  consists  simply  ota  hud- 
rubber  plate,  on  to  which  is  screwed  a  spiral  spring 
through  whose  greater  or  less  tension  a  stronger  or 
weaker  pressure  can  be  exerte<i  on  the  plate.  This 
spring  is  placed  inside  a  case,  and  can  be  more  or  leas 
compressed  Htwill  b^  nieana  of  a  guiding  rod.  Througb 
a  toothed  wheel,  which  is  pla(«d  in  connection  with  this 
rod,  an  index  is  set  in  motion,  which  marks  on  a  dial 
plate  the  amount  of  temuon  of  the  spring,  thus  showing 
the  strength  of  the  pressure  exerted.  Bach  figure 
on  the  dial  corresponds  to  a  pressure  of  1  gm.  Eulen- 
burg found  that  the  sensibility  to  variations  of  preaanre 
was  most  delicate  on  tbe  face,  especially  the  forehead, 
then  on  the  lips,  the  back  of  the  tongue,  cheeks  and 
temples.  Here  it  is  ^,  often  -i^.  On  the  upper  ex- 
tremities it  is  ^  to  ■^.  and  does  not  vary  much  in  the 
different  parts.  In  the  lower  extremities  the  anterior 
portions  of  the  lower  leg  and  thigh  seem  to  poesesa  the 
greatest  sensibility ;  next  follow  the  back  of  the  foot  and 
dorsal  surface  of  the  toes,  while  on  the  plantar  surface 
of  the  toes,  the  sole  of  the  foot,  and  the  posterior  por- 
tions of  the  lower  leg  and  thigh  the  sensibility  is  much 
wcak(>r.  I^witt  and  Bie<Iermann  found  that  by  the 
fingertips  the  dilTerences between  weights  which  bear 
to  each  other  the  proportion  of  29  to  30,  could  be  ap- 
preciated, provideii  the  weights  were  not  too  light  nor 
loo  heavy.  The  power  of  determining  variattons  ot 
pressure  varies  in  accordance  with  the  amount  of  the 
pressure.  E.tcept  perhaps  for  minima)  pressures,  tbe 
greater  the  initial  pressure  the  greater  must  be  the  in- 
crease of  preasure  in  order  that  a  variation  may  be  felt 

T  HE  KM  .*:STH  ESI  OM  ETER. 

For  measuring  the  sensibility  to  differences  of  tem- 
perature. Weber  tisiHl  two  long  glass  phials  filled  with 
oil.  into  each  of  which  he  introiluceci  a  thermometer, 
passing  it  tliroiigli  the  stopper.  By  means  of  this  ap- 
piirntus  he  fouml  that  Ihe  skin  of  the  face  was  the  most 
sensitive,  espeeiully  that  of  the  eyelids  and  checks.  The 
lips,  on  the  ii)ntrtiVy.  which  are  more  sensitive  to  sensa- 
tions of  place,  art-  k-ssso  to  those  of  temperature.  More- 
over, the  sense  of  tempemtiire.  as  tested  in  this  wajr, 
instetul  of  being  grcattst  in  tlie  mi<ldlc  of  the  lips,  ia 
gniitiT  on  the  lateral  |)nrtions  <if  the  upper  lip.  greatest 
on  the  cheeks,  and  less  as  we  approach  the  medun  line. 
In  imifi.  Eulenburg  descri1)cd  his  Iheniia'sthesiometer. 
The  instniment  consisted  simiilyofa  "frame  "and  two 
ihemiometcrs  thereto  attachei).  For  "frame"  he  made 
usi'  of  Sievcklng's  n-sthcsiometer,  to  the  bar  of  which  be 
fiislened  two  exactly  similar  tlieniionieters  which  corre- 
spondoil  accurately  to  each  other.  Their  lower  ends 
were  drawn  into  Imwd  glass  IiuIIm,  and  fiattcned  at  tbe 
bottom  so  as  to  rest  rciiilily  upon  the  skin.  These  thcr- 
nv)ni('ters  workcil  like  the  points  of  1h<'  n'sthesiometer, 
one  of  them  l>eing  tixed  at  the  <'nd  of  the  bar,  while  tUo 
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other  could  be  moved  along  it  as  desired,  and  be  fastened 
at  any  distance  by  means  of  a  screw.  Thus  the  distance 
between  the  thermometers  was  determinable  at  will,  and 
could  be  estimated  by  a  scale  marked  on  the  bar.  In 
using  this  apparatus,  one  thermometer  was  heated  or 
cooled  as  desired,  while  the  other  was  left  at  the  tem- 
perature of  the  room.  In  the  following  vear,  1867, 
Nothnagel  published  a  series  of  very  careful  investiga- 
tions into  the  cutaneous  sensibility  of  the  temperature, 
in  making  which  he  used  a  special  instrument.  Noth- 
nagel's  thermaesthesiometer  consists  of  two  exactly 
similar  cylindrical  vessels,  two  and  a  half  inches  high 
and  one  and  a  half  inches  in  diameter.  Their  walls  are 
made  of  wood  and  are  double,  some  poorly  conducting 
substance,  as  ashes,  being  placed  between  the  two  parts. 
The  bottom  is  formed  of  copper,  a  good  heat  conductor. 
On  the  top  of  the  vessel  is  a  tightly  closing  wooden  cover 
which  moves  on  a  hinge,  and  which  has  an  opening  on 
one  side.  Corresponding  to  this  opening  there  rises  per- 
pendicularly from  the  edge  of  the  vessel  a  piece  of  wood 
to  which  are  fastened  two  rings.  Through  these  rin^ 
and  through  the  opening  in  the  cover  a  thermometer  is 
thrust  into  each  vessel,  which  is  partially  filled  with 
water,  whose  temperature  may  readily  be  rendered  dif- 
ferent in  the  two  vessels  by  plunging  into  it  some  good 
conductor,  which  has  been  previously  heated  or  cooled. 
The  vessels  should  be  placed  rapidly  one  after  the  other 
on  the  part  to  be  examined,  and  the  time  of  contact  should 
last  until  the  subject  has  formed  a  judgment  in  regard  to 
the  temperature.  Care  must  be  taken  that  the  whole  sur- 
face of  the  bottom  of  both  vessels  should  rest  against  the 
skin,  since,  as  is  well  known,  the  strength  of  the  im- 
pression and  the  delicacy  of  the  sensibility  to  temperature 
grow  with  the  increase  in  the  number  of  nerve  ends 
affected.  By  this  means  Nothna^el  determined  that  the 
greatest  capacity  for  distinguishmg  differences  of  tem- 
perature exists  when  the  temperature  is  between  27''  and 
83°  C. ;  up  to  89°  C.  it  is  but  slightly  diminished,  but 
from  thence  to  49°  C.  it  diminishes  rapidly,  and  at  the 
latter  point  pain  occurs.  From  27°  to  14°  C.  the  capac- 
ity diminishes  in  much  the  same  ratio  as  from  38°  to  39° 
C,  but  between  14°  and  7°  C.  it  falls  off  rapidly.  He 
found  that  in  different  parts  of  the  body  the  following 
differences  in  temperature  could  be  distinguished : 

Centlfntide. 

Stemuin o.e^ 

Chert,  upper  and  outer  portion 0.4<* 

Epigastrium 0.5« 

Abdomen,  upper  lateral  portton 0.4<* 

Middle  part  of  bock ].2<' 

Lateral  portions  of  back 0.9° 

Palm  of  tbe  hand 0.6«-0.4» 

Backofhand 0.3* 

Forearm— extensofB. 0.2® 

Forearm— flexors 0.2* 

Upper  arm -extensors  and  flexors 0^ 

Doml  surface  of  foot 0.6*-0.4* 

Lower  leg— extensors 0.7* 

Lower  leg— flexors  (calf) O.fl* 

Thigh  extensors  and  flexors 0.5<* 

Cheeks 0.4«'-0.2«» 

Temples  0.4«'-0.3«> 

The  sensibility  to  variations  of  temperature  seems 
duller  as  we  approach  the  median  line.  The  hand  and 
fingers  are  generally  alike,  the  lower  arm  more  sensitive 
than  the  hand,  and  the  upper  arm  more  so  than  the  lower 
arm.  By  extremes  of  heat  or  cold  a  thermanflpsthesia  is 
produced.  Anaemia  increases  sensibility  to  temperature, 
liypenemia  is  said  to  diminish  it. 

fo-onecker's  thermaesthesiometer  resembles  Eulen- 
burg's,  but  the  latter's  thermometers  are  replaced  by 
metal  tubes,  each  divided  nearly  to  the  end  by  a  parti- 
tion, as  in  a  double-irrigating  catheter.  Through  these 
water  of  a  fixed  temperature  can  be  caused  to  flow. 

Goldscheider  studied  the  topography  of  the  tempera- 
ture sense  by  means  of  warm  and  colft  metal  cylinders 
with  a  round  contact  surface  1  cm.  in  diameter.  He  also 
used  in  other  experiments  a  metal  globe  which  could 
be  heated  or  cooled. 

William  N.  BuUard. 


BiBLiOaRAPHT. 

E.  H.  Weber:  De  pulsu,  reeorptione,  audltu  et  tactu,  Upsise.  1834; 
and  in  Wagner's  HandwOrterbuch  d.  Physiologle,  iii.,  2te  Abth. 

Valentin :  Lehrbuch  d.  Physiologie;  Brit,  and  For.  Med.-Chirurg.  Re- 
view  January  1868 

Goltz:'centralb.'fQrd.  med.  Wlssensch.,  1863,  No.  18. 

Leyden:  Virchow*s  Archiv,  1864,  vol.  xxxi. 

Eulenburg :  Berl.  klin.  Wochensch.,  1866,  No.  46,  and  1868,  No.  44. 

Nothnagel :  Deutsch.  Archiv  f.  klin.  Med.,  1867,  vol.  ii. 

Goldscheider,  A.:  Arch.  fOr  Pbvslologie.  1887,  p.  468,  and  Arch,  ffkr 
Psychiatrle  u.  Nervenheilk.,  1887,  p.  6S8. 

Funke's  and  Uering*s  articles  in  Hermann's  Handbuch  der  Physi- 
ologie, 

Foster's  Text-Book  of  Physiology,  1806. 

Sewall  in  the  American  Text-Book  of  Physiology,  1886. 

ETIOLOGY.    See  Infectious  Dimtses. 

>tTNA  SPRINGS.— Napa  County,  California. 

Location. — At  the  upper  end  of  Pape  Valley,  sixteen 
miles  nortiieast  of  St.  Helena. 

Access. — By  rail  via  Napa  to  St.  Helena,  and  thence  by 
stage  over  a  well-graded,  picturesque  road.  Hotels  and 
cottages. 

This  resort  is  delightfully  situated  at  an  elevation  of 
1,000  feet  above  the  Pacific,  in  the  midst  of  wild  moun- 
tain surroundings.  The  mountains  are  well  stocked  with 
game,  and  the  streams  afford  good  fishing.  There  are  a 
number  of  excellent  springs  in  the  neighborhood,  those 
used  for  drinking  purposes  having  a  temperature  of  08* 
F.,  while  those  employed  for  bathing  show  a  tempera- 
ture of  106'  F.  The  following  analysis  was  made  by  Dr. 
Winslow  Anderson  in  1888: 

0ns  UNiTsn  States  Gallon  contains: 

Solids.  Grains. 

Sodium  chloride 28.75 

Sodiom  carbonate 78.06 

Sodium  sulphate 8.8B 

Potassium  sulphate 0JS6 

Potassium  carbonate 13J38 

Magnesium  sulphate 0.46 

Calcium  carbonate 8.94 

Ferrous  carbonate 0.06 

Silica O.0B 

Organic  nuitter Trace. 

Total 134.06 

Carbonic  acid  gas,  63  cubic  inches. 

The  water  is  sparkling  and  invigorating,  and  pos- 
sesses a  decided  tonic  infiuence  as  well  as  slight  aperient 
properties.  It  is  a  good  type  of  alkaline-saliue-carbonate 
water  and,  as  will  be  observed,  resembles  tlie  waters  of 
Ems  to  quite  a  marked  extent.  This  water  is  increasing  in 
favor  on  the  coast,  and  has  already  acquired  considerable 
reputation  in  renal  diseases.  Oooid  results  liave  also  been 
reported  in  cases  of  rheumatism  and  neuralgia  as  well  as 
in  those  of  dyspepsia,  torpidity  of  the  bowels,  hepatic 
disorders,  and  uterine  disease. 

Several  other  springs  whose  waters  have  not  been  fully 
analyzed  are  found  close  by.  They  contain  more  iron 
than  those  above  mentioned,  and  are  known  as  the  "Iron 
Soda  "  Springs.  They  are  much  resorted  to  for  ansemia 
and  wasting  affections.  James  K.  Crottk. 

AGAR-AGAR. — The  name  of  a  large  number  of  East 
Indian  sea  weeds  which  are  used  in  the  manufacture  of 
'*  vegetable  gelatin  " ;  also  the  name  of  this  gelatin.  The 
general  nature  of  these  substances  is  similar  to  that  of 
choudnis,  or  Irish  moss.  It  is  one  of  these  species  which 
yields  the  material  for  the  Chinese  *'bird's-nest  pud- 
ding." Agar-agar  is  manufactured  chiefiy  in  China,  the 
sea  weeds  being  sent  there  from  other  countries  for  this 
purpose.  It  is,  however,  more  or  less  manufactured  in 
other  countries  also,  especially  in  Japan,  and  it  is  the 
latter  variety  which  is  chiefly  used  for  bacterial  cultures. 
In  the  country  of  its  production,  agar-agar  is  very 
largely  used  for  food,  both  alone  and  as  an  ingredient  of 
jellies.  It  is  also  very  largely  employed  as  a  sizing  in 
silk  manufacturing.  It  occurs  in  thin,  transparent, 
colorless  sheets,  a  great  many  bound  together,  or  as 
bundles  of  long  shreds,  or  in  the  form  of  irregularly 
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square  sticks,  nearly  a  foot  long.  The  latter  fomi  is 
that  generally  used  in  bacteriological  work.  It  is  less 
transparent  than  either  of  the  others,  and  is  not  so 
white. 

Agar-agar  consists  almost  wholly  of  gelose,  a  substance 
the  solution  of  which  cools  to  a  jelly,  which  is  much  more 
stable  than  that  of  gelatin,  requiring  a  higher  tempera 
ture  for  melting.  It  is  said  that  a  solution  of  1 :  500  of 
water  will  yield  a  stiff  jelly.  Gelose  is  precipitated  by 
alcohol,  but  not  by  tannin. 

Gelasine  is  merely  a  variety  of  agar-agar. 

Agar-agar  has  no  medicinal  properties,  its  uses  being 
wholly  nutritive  and  mechanical. 

//.  H.  Rusby. 

AGARIC,  PURGING.— (W^tYe  agaric;  Tauchteood, 
Spunk,  2\nder.)  The  decorticated  hymenium  of  Poly- 
poms  officinalis  Fries  {Boletus  Laricis  Linn.) ;  order, 
Basidiomycetes,  Hynienomycetes ;  a  large  fungus  growing 
upon  the  stems  of  the  European  larch  and  of  one  or  two 
other  conifers.  It  forms  large  hoof -shaped  masses  upon 
the  sides  of  the  trunks,  and  penetrates  with  its  mycelium 
deep  into  the  wood.  When  young  they  are  soft  and 
juicy,  but  when  fully  grown  hard,  and  of  a  consistence 
between  spongy  and  corky.  The  masses  are  collected  in 
Europe,  Asia  Minor,  etc.,  and  usually  prepared  by  dry- 
ing and  peeling.  Agaric  is  in  yellowish- white,  friable, 
light,  and  spongy  irregular  balls  and  lumps,  from  the 
size  of  an  orange  to  that  of  a  cocoanut  and  larger.  It 
has  evidently  been  peeled,  and  the  surface  is  finely  rough 
and  dusty  with  minute  separated  particles.  The  texture 
is  rather  firm,  but  soft;  it  can  easily  be  reduced  to  a 
coarsish  powder  by  friction  or  by  iTibbing  on  a  sieve, 
but  is  difficult  to  pulverize  finely ;  its  microscopic  struc- 
ture— a  tissue  made  up  of  interlacing,  thread-like  cells — 
explains  its  peculiar  consistence. 

Agaric  has  a  heavy  fungous  odor,  and  a  slowly  de- 
veloping, bitter,  nauseous  taste,  which  is  at  first  sweet- 
ish. Its  powder  is  very  irritating  to  the  eyes  and  nose, 
and  produces  violent  sneezing.  As  it  is  also  light  and 
dusty,  persons  employed  in  beating  it  in  mortars  are 
obliged  to  resort  to  devices  to  prevent  its  rising. 

It  contains  nearly  one-third  of  its  weight  of  resinous 
matters,  extractible  by  strong  alcohol,  and  these  can  be 
separated  further  into  tliree  or  four  simple  resins.  The 
active  principle  is  agaric  or  agaricic  acid.  Commercial 
agaricin  is  a  concentrated  extract  of  agaric,  and  consti- 
tutes an  impure  and  indefinite  form  of  agaricic  acid. 

Agaric,  as  its  name  indicates,  was  originally  used 
chiefly  as  a  cathartic,  but  such  use  is  rare  at  present.  It 
is  now  rather  considered  that  purgation  is  indicative  of 
over-dosing.  It  is,  in  fact,  but  little  employed  in  its  own 
form,  while  agaricin  and  agaricic  acid  are  growing  in 
favor  as  remedies  for  the  control  of  sweating,  especially 
in  phthisis.  The  dose  of  agaric  is  0,02  to  0.06  gm.  (gr. 
iij.  to  X.).  More  than  this  acts  as  a  purgative.  (See 
2A9IO  Agaricic  Acid.)  //.  //.  Jiimby. 

AGARICIC  (or  AGARICINIC)  ACID.  — (C,e,H3o05+ 
HaO.)  The  active  constituent  of  agaricin.  It  occurs  as 
a  white,  almost  tasteless  powder,  soluble  in  alcohol  and 
with  some  difficulty  in  water,  and  maybe  given  in  do.ses 
of  .02-. 08  gm.  (gr.  ^  to  h).  for  the  same  purposes  as 
those  for  which  agaricin  is  used.      (See  Agaric.) 

11.  II.  n. 

AGATHIN.  —  Cosmin  sjilicvl-alpha -methvl-phenyl-  liv- 
drazone,  C.HftCHsXa.CH.Clt.OII.  This  compound  re- 
Bults  from  the  reaction  between  the  basic  alplmmcthyl- 
phenylhydrazin  and  salicylic  aldeliydc.  It  occurs  in 
colorless  crystals,  or  in  greenish -white  crystalline  flakes; 
is  odorless,  tasteless,  insoluble  in  water,  and  soluble  in 
alcohol  and  ether.  It  was  intrcnluced  by  Uoos  as  a 
remedy  for  rheumatism,  and  it  has  been  found  cfl'ective 
in  this  disease  and  in  neuralgia.  It  has  been  known  at 
times  to  produce  headache,  but  not  any  of  the  other 
symptoms  of  salicylism.     This  is  one  of  the  rheumatism 


remedies  which  do  not  depress  the  heart.     Dose:  gr. 
iij.  to  X.  from  three  to  six  times  a  day. 

W.  A,  BtuUdo. 

AGE. — The  age  of  a  human  being  does  not,  as  usually 
reckontni,  con-espond  to  the  length  of  time  it  has  existed, 
because  the  ordinary  calculation  starts  from  the  date  of 
birtli,  and  excludes  the  preceding  period  of  uterine  exist- 
ence. If  we  are  to  be  strictly  accurate,  the  age  of  any 
animal  ought  to  be  reckoned  from  the  time  of  impregna- 
tion, especially  if  we  are  to  compare  different  species 
one  with  another,  in  regard  to  the  changes  which  corre- 
spond to  successive  ages.  The  act  of  impregnation 
creates  a  new  individual,  which  alters  as  time  elapses, 
and  the  liberation  from  the  womb  is  onl^  one  of  the 
alterations,  one  event,  occurring  in  the  life  history  of 
the  individual;  it  is  therefore  artificial  arbitrarily  to 
select  the  date  of  delivery  as  the  zero  point  from  which 
to  start  the  reckoning  of  the  age,  the  more  so  as  we 
know  that  the  period  of  gestation  varies  very  consider- 
ably in  length,  and  that  consequently  the  age  of  the 
child  at  birth  is  not  by  any  means  uniform.  In  the  case 
of  man  it  is  the  most  convenient  plan  to  adopt  popular 
custom,  because  the  ages  as  reckoned  from  birth  are  gen- 
erally known  with  exactitude,  but  the  age  of  the  foetus 
at  birth  is  almost  never  known  for  a  given  individual. 
Indeed,  we  have  at  present  no  means  of  determining 
satisfactorily  the  age  of  a  human  embryo  or  fcetus,  be- 
cause we  have  no  sufficient  available  data  for  ascertain- 
ing when  impregnation  takes  place.  As  is  shown  in  the 
articles  Fatus  and  Impregnation,  there  is  always  a  pos- 
sible error  of  several  days  in  any  estimate  of  the  age  of  a 
fcEtus,  even  when  the  history  of  the  case  is  fullv  and  ac- 
curately known,  and  there  are  decided  reasons  for  think- 
ing that  tliere  may  be  sometimes  an  error  of  a  month  or 
whole  menstrual  period.  Obviously  it  is  not  practicable 
to  calculate  the  age  of  man  from  an  event  the  time  of 
which  we  cannot  know  correctly,  and  it  is  the  only  prac- 
ticable course  for  us  to  follow  custom,  and  assume  the 
commencement  of  life's  ioumev  to  be  some  way  along 
the  route,  namely,  at  birth;  at  least,  whenever  we  have 
occasion  to  measure  age. 

From  impregnation  to  death,  at  the  natural  term  of 
life,  the  organism  undergoes  a  definite  series  of  changes 
which  are  termed  the  phenomena  of  senescence ;  in  plain 
words,  the  organism  grows  old.  The  most  important,  if, 
indeed,  not  all  the  changes,  may  be  grouped  under  three 
heads:  First,  the  increase  in  the  number  of  cells;  second, 
the  weight  of  the  cells ;  and  third,  the  differentiation  of 
the  tissues.  The  first  and  second  are  the  essential  factors 
of  growth,  and  under  Growth  they  are  more  fully  dis- 
cussed. Unfortunately,  we  liave  no  knowledge  as  to  the 
number  of  cells  in  the  body  at  different  ages,  nor  is  it 
possible  to  make*  even  a  valid  estimate.  It  appears 
entirely  practicable  for  some  patient  investigator  to 
make  an  approximate  determination  of  the  number  of 
cells  in  the  body;  a  trustworthy  result  would  be  ex- 
tremely valuable.  But  though  we  cannot  speak  of  actual 
numbers,  we  are  able  to  say  that  the  rate  of  multiplica- 
tion of  cells  diminishes  gracluallv  with  one  or  two  possi- 
ble inten-uptions  in  man.  The  demonstration  of  this  law 
is  given  in  tlie  article  on  Growth.  As  re^rds  the  size  of 
the  cells,  we  know  that  at  first  the  size  is  reduced;  dur- 
ing the  segmentation  of  the  ovum,  the  amount  of  ma- 
terial remains  nearly  constant,  while  the  segments  (cells) 
multiply;  hence  they  necessarily  become  smaller.  Dur- 
ing fcetal  life  they  remain  small,  even  after  their  differ- 
entiation into  distinct  tissues,  but  it  is  still  uncertain  hoAv 
much  of  the  growth  of  children  is  due  to  the  mere  in- 
crease in  size  of  the  histological  elements  and  how  much 
to  the  increase  in  their  number.  The  difference  betAveen 
the  fcetal  and  adult  cells  is  readily  seen:  unfortunately, 
it  is  impossible  to  ^ive  a  table  of  comparative  measure- 
ments, for  the  micronietric  data,  even  of  the  best  author- 
ities, are,  with  very  rare  exceptions,  utterly  worthless, 
from  their  extreme  inaccuracy.  The  structure  of  the 
tissues  varies  according  to  the  age;  for  «ich  age  there  is 
a  characteristic  phase  of  development  of  the  histological 
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elemcDU.  both  in  structure  and  arrangement;  hence  the 
ccDcral  anatomy  OdiI.  tberefure,  also  Ilic  functiuns  alter 
in  correspondence  wiili  tlie  age.  TLus.  ina  philosophical 
Ticw  of  Uie  career  of  any  organism,  we  are  conipelleil  to 
regard  it  as  a  function  of  the  time  elapsed  since  the  pro- 
creation of  the  individual.  It  is  important  to  insist  upon 
this  conci^ption,  because  the  stutteut  of  liumau  Boalomy 
derives  liis  notions  alincet  exclusivetj  from  the  study  of 
the  adult,  and  consequently  fails  to  seize  tlie  idee  that 
much  of  what  he  conceives  to  be  essential  aud  typical  is 
only  temporary. 

There  is  another  general  consideration  to  be  urged 
upon  tlie  attention  of  the  reader:  the  older  the  organism 
the  longer  it  requires  to  cliange.  An  infant  alters  more 
rapidly  than  a  child,  an  adult  more  mpidiy  than  an  old 
person.  This  fact  has  a  more  profound  signiflcanre  llian 
at  first  appears,  because  it  not  only  suggesls  the  only 
theory  of  the  origin  and  uaturc  of  natural  death  having 
any  serious  value,  but  also  is  the  clew  to  the  distribution 
of  variations  in  age.  For  the  tlieory  of  death,  see  tho 
concluding  portion  of  the  article  on  Oiiiieth.  The  law 
of  variations  to  which  we  refer  demands  brief  elucidation. 
Varieties  occur  in  all  degrees:  with  living  organisms 
there  is  in  each  cose  a  certain  variety  which  occurs  moat 
frequently,  and  on  either  side  of  tliis  most  frequent  type 
(geometrical  mean)  occur  other  varieties  whicli  are  found 
to  be  less  frequent  tlie  more  they  depart  from  the  central 
type.  On  ibe  doctrine  of  chances  the  distribution  should 
be  alike  above  and  below  the  mean,  provided  always 
there  is  no  predominating  factor  or  factors  of  variation  to 
disturb  the  symmetry.  In  the  development  of  living 
organisms  there  is  such  a  disturbance  through  the  effects 


plainly.  The  following  table,  after  Heinridus.*  gives 
the  ages  and  number  of  persons  observed  in  3.50()  re- 
corded cases  of  6rst  menstrualion  in  Finland.  Below  the 
table  is  given  the  graphic  represeatalion  of  the  same  data. 
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The  curve  shows  tliat  the  year  in  which  the  first  men- 
struation occurs  most  frequently  is  the  sixteenth,  and 
the  further  we  follow  the  curve  from  the  maximum. 
either  forward  or  back,  the  lower  it  sinks.  Moreover, 
from  the  maximum  to  the  minimum  is  (probably)  only 
seven  years  on  the  young  side,  but  ten  years  on  the  old 
side.  Here,  then,  we  see  lliat  an  equal  range  of  varia- 
tion covets  a  much  shorter  period  of  childbnod  than  of 

■CentnilblaU  fUr  CijnUolosle,  ll*«3,  tU.,  7Z  lo  73. 


later  life.  When  a  larger  series  of  statistics  are  compiled, 
the  difference  in  the  premaxlmal  and  tho  postmaiinuil 
period  is  found  to  be  considerably  greater.  This  phe- 
nomenon occurs  not  only  with  menstruation,  but  with 
many,  and  probably  all,  or  nearly  all.  phases  of  the  de- 
velopment of  the  brxly ;  the  time  at  which  a  given  change 
takes  place  varies  in  different  individuals,  aud.  as  far  as 
at  present  known,  always  according  to  the  law  just  in- 
dicated. In  the  article  on  Gruath  another  set  of  facts 
are  brought  fom'ard,  dcnionstreting  the  same  principle, 
which  we  may  now  formulate  as  follows:  Thetime  re- 
quired to  aeeompUA  a  change  qf  a  given  talent  tiKitata 
irith  tkt  age  of  the  orgaaian. 

It  is  evident  that  this  generalization  needs  to  be  tested 
with  great  thoroughness,  especially  to  ascertain  whether 
it  is  rfgidly  applicable  in  details,  or  only  In  regard  to  the 
whole  course  of  development  broadly  considered.  As  uo 
researches  liave  heretofore  been  made  to  settle  the  alter- 
lutivc  stated,  it  is  very  de^rablc  that  they  should  be 
undertaken.  It  may  be  discovered  that  diseases  aud  re- 
covery from  diseases  vary  in  rapidity  in  accordance  with 
age,  the  rate  of  change  decreasing  with  the  age.  This 
can  be  decided  only  by  extensive  statistics  in  regard 
to  organic  diseases.  A  largo  number  of  observations  of 
the  progress  of  fatal  new  formations — of  cancer,  for  ex- 
ample— would  1)e  of  high  value.  It  is  not  to  be  an- 
ticipated that  the  diseases  of  a  parasitic  or  zymotic 
character  would  exhibit  necessarily  any  such  correlation 
with  age,  because  their  course  is  aopendent  primarily  on 
other  causes  than  the  comllllon  of,  the  organism  in  which 
they  appear.  If  the  rate  of  disease  docs  vary  witli  age. 
the  desirability  of  knowing  the  fact  is  too  obvious  to 
require  further  emphasis;  we  can,  therefore,  only  express 
the  hope  tliat  some  one  having  a  proper  opportunity  will 
soon  make  an  adequate  Investigation. 

It  is  a  common  custom  to  divide  the  period  of  life  into 
a  succession  of  ages,  but  all  such  divisions  are  more  or 
less  arbitrary;  and  though  extremely  convenient,  are 
quite  without  scientific  significance.  The  ages  com- 
monly adopted  are :  (1)  Infaneg,  from  birth  to  the  appear- 
ance of  the  temporary  teeth ;  (2)  ehildhoo<l,  from  the  cut- 
ting of  the  flrat  permanent  teetli  to  puberty:  &)yimlh. 
from  puberty  to  the  attainment  of  the  full  stoture.  that 
is.  eighteen  or  nineteen  for  girls,  twenty -one  lo  twenty 
two  for  boys:  (1)  maturity,  covers  the  interval  from 
youth  to  the  clitnacterlc.  after  which  follows  (5)  the  period 
of  decline  or  old  age.  Another  very  common  distinction 
is  made  between  the  period  of  development,  say  up  to 
twenty-tlve  or  thirty  years,  and  tho  period  of  decline: 
but,  as  is  explained  under  Gnuetb,  there  is  a  steady  de- 
cline going  on  during  tho  HrBt  period  also.  It  would. 
perhaps,  be  more  scientific  to  designate  the  earlier  phase 
as  the  period  of  histogenesis,  duiTng  which  the  tissues 
are  being  evolved,  and  the  latter  as  the  peiiod  of  histo- 
lysis, in  which  (he  tissues  arc  breaking  down — degenerat- 
ing. But,  after  all,  though  a  great  deal  has  been  writ- 
ten and  said,  very  seriously  too,  upon  the  division  of  life 
into  ages,  the  discussions  have  never,  and  can  never. 
lead  to  much  result  beyond  fixing  upon  a  set  of  arbitrary 
terms,  which  will  always  be  convenient,  provided  they 
are  left  sufficiently  vague. 

The  other  matters  which  might  be  put  under  Age  sre 
to  be  found  elsewhere,  such  as  the  determination  of  Hie 
age  of  a  skeleton,  the  age  at  which  the  leelii  are  eiil,  etc 
¥qt  the  characteristics  of  Infancy  and  childhood,  ana- 
tomical and  physiological,  see  the  articles  on  these 
topics.     For  the  changes  In  old  age,  see  tkiiitily, 

VharUa  Se<lgicifk  Mimt. 

AGENESIA.  AGENESIS.— (German.  AgfntMt ;  French. 
Ageiienie.)  Witliout generation ;  witliout  formation:  willi- 
out  parents:  unborn:  undeveloped:  possessing  no  sex. 
From  the  latter  meaning  arose  the  conception  of  steril- 
ity or  impotence,  and  the  eaily  use  of  the  term  in  medi- 
cine was  restricted  to  this  meaning.  I,atcr,  the  idea  of 
lack  of  sexual  appetite  became  included  In  this,  and  tiie 
word  was  used  by  French  writers  especially  with  the 
meaning;  of  anaphrodiaia  rather  than  with  that  of  inipo- 
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tence.  The  word  has  now  entirely  lost  its  early  signifi- 
cance uid  lias  acquired  tlie  fcchDlcul  meaning  of  tolal 
Jailuit  of  drttlapment. 

A.  partial  or  imperfect  develiipnient  of  parls  nbose 
embryonic  foundalions  liavc  been  laid  is  not  to  be  In- 
cluded in  llic  Biguideonce  of  this  term,  but  Bhould  be 
d  by  the  words  iijilima.  kypuiilQ 


riu.  »  — pBTTlal  ARSneulB  at  the  DuOH  li[  Im  >  im 
pballB.  n,  Ih-tect:  l),o«-ipliol  nnitlun  of  rtull; 
d,  frontal  bone.    iReducaluae-btLli.l    (Zlegler.) 


There  is.  nevertheless,  much  diversity  of  use  among 
'writers  as  to  the  exact  Hignill<»nce  gii'en  to  each  one  of 
tliesc  terms.  Aplasia  in  itsoriginul  sense  means  a  failure 
of  Ti>s[oration  or  rebuilding,  but  Is  now  used  with  two 
meaning:  tliut  of  a  numerical  atrophy,  and  that  of  a 
partial  failure  of  development.  By  some  writers  the 
three  words  are  used  synonymously  with  the  mcaniug 
of  either  partial  or  entire  failure  of  development.  A  few 
Huthom  b1m>  use  these  terms  with  the  siguillcance  of 
atrophy.  The  preBunt  tendency  is  slrongly  in  the  direc- 
tion of  giving  to  each  word  a  distinct  plaee  in  teclinical 
terminology :  to  atrophy,  that  of  diminution  In  size  after 
development:  to  aplasia  and  hypoplasia,  that  of  imperfect 
development;  to  aecDesia.  tluit  of  total  failure  of  growth 
or  destruction  of  the  part  after  it  lia.4  begun  to  develop. 
Hypoplasia  appears  to  have  ac<(iiin-d  the  significance  of 
a  slight  defect  of  growth ;  aplasia  is  used  to  iiiilicatc  more 
important  delleienries. 

The  cau«'8  leading  to  imperfect  develnpnient  may 
operate  at  Rueh  an  early  periiKl  in  fietal  life  that  organs 
or  porta  may  entirely  fail  of  dcvclifpuient  (agenesia),  or 
later.  Ix-fore'llieeiiuipletion  of  growth,  so  that  theaffecteil 
parlsarenol  of  iiomial  size  (aplasia,  hyjinplitiiiii}.  Pietal 
agenesias  ami  aplat^ias  play  the  chief  role  in  the  forma- 
tion of  monsters.  The  e.uru- uterine  aplasias  affecting 
the  develdpmeiil  iificr  birth  may  lead  tii  a  riilucliou  of 
sixe  o(  the  eniin-  hmly  nr<-\troni'ities.  and  toaii  imperfect 
-development  of  the  sexuiil  appamtUR. 

Aplasia  niay  alTi'eC  the  eulire  skeleton  bo  that  ahnnr- 
malw  short  iui livid uals  result  (dwarts).  or  Ihrbonesniay 
be  unsynnnelrloiUy  dcvelopwl  (piirlial  dwnrliMiii).  The 
bones  of  the  heiiil  are  very  fnnuently  afTit'ltil.  giving 

defective  di'v,-!..'...  ■■,  in 

bony  coveriii;:    ■  ■■.•t 

mttlly    BdwU    I'F     I  i|i'    I  111'.!  I-      iii.i   n    III  u    -II.  ■\\     L   |.  1  LVJi-il 

growth.  Sexl  I'l  ili'™'iii  \hx-  ih-im>ii>>>>(<-iii.  iiiiln^iu;.  nf 
the  genito- urinary  iratt  are  uiusr  eoinmon  in  tMTuirence, 
The  uterus  or  the  entire  set  of  female  generative  ortans. 
external  and  iDlemiil.  may  reiiiriiii  in  iiii  undeveloped 
state  at  puberty.  The  external  organs  of  the  male  are 
also  not  rarely  abnormallv  small,  and  in  luin-desci-nt  of 
the  testicle  aplasia  of  llie  organ  usuidly  lakes  place. 
Parts  of  the  intestine  may  Ih'  so  Imperfectly  formnl  us 
to  consist  of  a  narrow  canal  or  a  snuill  fibroiis  piml ;  and 
in  the  development  of  the  lungs  the  alveoli  nf  piirtinn.s 
of  oaeor  more  lobes  may  be  Imperfectly  developed.    The 


kidney  and  liver  may  also  Buffer  a  greater  or  leas  im- 
perfection of  growth,  llypoplasiaa  of  the  heart  and 
vascular  syBtem  have  been  thought  to  plav  an  im- 
portant part  in  the  pathology  of  cbloroeis  and  ly™phatic 

Agenesia  for  the  greater  part  leads  to  the  prodtictiOD 
of  muiisters  or  to  the  development  of  malfonnalions 
whidi  may  be  of  so  serious  a  nature  as  to  preclude  the 
poasibillty  of  extra-uterine  life.  There  may  he  absence 
of  the  cranium  (acrania)  (Pig.  S9).  or  of  the  brain 
(anenccphalus) .  or  of  Ihe  spinal  cord  <amyelia).  A 
complete  failure  of  development  of  any  paxK  of  the 
skeleton  may  take  plaee.  or  of  any  part  of  the  nervous 
system.  Agenesia  may  also  result  from  the  failure  of 
developing  centres  to  unite  or  of  clefts  to  close:  in  the 
latter  class  are  to  be  placed  a  great  variety  of  malforma' 
tions  (cleft  palate,  harelip,  ecstrophy  of  the  bladder, 
etc.).  Agenesia  of  a  single  organ  may  also  arise  from 
the  imperfect  aepamtion  of  two  organs  which  develop 
from  a  single  focus  (cyclopia),  or  from  the  secondaiy 
union  of  two  divided  organs.  Atresia  of  the  mouth, 
nose,  car,  anus,  vagina,  or  urethra  may  also  result  from 
agenesic  development  of  portions  of  these  structures. 
Agenesia  of  the  bones  of  Ihe  extremities,  of  single 
muscles  or  groups  of  muscles,  of  the  auricular  septum, 
etc..  are  among  the  more  common  malformations  whfcfa 
permit  of  extra-uterine  life. 

The  tissues  composing  aplastic  organs  may  be  normal 
in  structure,  but  there  is  very  frequently  associated  with 
abnormal  smallacss  of  the  entire  organ  a  deficient  de- 
velopment of  its  elements  or  a  complete  absence  ot  the 
more  highly  apecialized  ones.  In  aplasia  of  the  central 
nervous  system  there  tnay  l»e  agenesia  of  the  ganglia 
cells  and  nerve  fliires;  portions  of  the  brain  may  be 
represented  by  fibnms  or  membranous  masses.  The 
hypoplastic  ovary  may  show  complete  agenesia  of  its 
ova:  and  in  the  lung  there  may  be  entire  failure  of  de- 
velonment  of  the  alveoli  (Fig.  UU).  Likewise  in  the  liver 
and  Kidney,  portions  of  the  secreting  structures loay  fail 
entirely. 

The  causea  of  aplasia  and  agenesia  may  be  either  In- 
trinsic or  extrinsic. 

As  intrinsic  causes  may  he  considered  all  of  those  that 
arise  in  Ihe  germ  either  through  inheritance  or  pathological 

Serm  variation,  or  tlirough  disturbances  of  the  eopula- 
on  of  the  sexual  nuclef  The  inheritance  of  agenesic 
malformations  may  be  direct,  atavistic,  or  colhtcntl. 
Certain  lyiMis  of  faulty  development,  notably  those  of 
the  nervous  system  and  genito -urinary  tract,  occur  wlUi 
a  certain  frequency  in  degenerative  inheritance.  The 
pathological  germ  variation  may  be  Ihe  result  of  the 
union  of  two  nuelei,  one  or  both  of  wliieh  is  abnormal, 
or  of  Ihe  union  of  two  normal  nuelei  which  are  not  suited 
to  each  other. 


ID  Uutiuttli  Uie  spvi  or 


Ihit  by  far  the  ehief  causes  of  agenesia  are  extrinsic. 
Of  lliese,  pressiin',  jarriugA,  disturliuneeB  in  the  supply 
<if  iixygi'u  iiud  niilrilion,  eiintuminntions  of  the  maternal 
liliKHrfrom  iiLtii\i(iiti(inN  and  infeeltims,  fii'tal  inllammft- 
lions,  almoriniil  comlllions  of  [he  amnion,  play  the  most 
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important  part.  There  is  very  strong  evidence  that  a 
large  proportion  of  agenesic  malformations  aiisc  from 
abnormal  adhesions  between  the  embryo  and  the  amnion, 
or  to  abnormal  pressure  exerted  by  the  amnion  upon  the 
developing  genn.  The  head  and  extremities  suffer  most 
frequently  from  these  causes.  Aplasia  of  the  bones  is 
sometimes  associated  with  thyroid  disease. 

The  agenesias  of  the  more  important  structures  of  the 
body  lead  as  a  rule  to  the  production  of  a  non-viable 
fcetus.  Only  those  failures  of  development  affecting  the 
body  in  such  a  degree  that  life  processes  are  not  seriously 
interfered  with  admit  of  living  after  birth.  Dwarfism, 
agenesia  of  the  bones  or  muscles  of  the  extremities, 
many  of  the  cleft  malformations,  agenesia  of  the  st'xual 
organs,  etc..  permit  of  life  and  extra-uterine  growth. 
Some  of  these  may  be  compensated  for  by  hypertrophy 
of  other  organs  of  parts  of  the  same  organ,  while  others 
may  be  improved  by  surgical  treatment. 

Aldred  Scott  WartJiin. 

AGEUSTIA.    See  Taste,  Ditiordei-a  of. 

AGORAPHOBIA. — A  peculiar  emotional  neurosis  in 
which  morbid  fear  of  bein^  alone  in  an  open  space,  or  in 
analogous  circumstances,  is  accompanied  by  the  perfect 
consciousness  that  this  fear  is  absurd,  but  with  the  ab- 
solute inability  to  overcome  it. 

As  one  of  the  psychic  stigmata  this  state  of  neuras- 
thenic anxiety  or  emotive  obsession  is  the  most  frequent 
of  the  phobiatf  and  assumes  the  most  varied  forms.  Al- 
though occurring  in  the  blind,  an  attack  may  be  pro- 
duced by  ideas  of  space,  vastness,  height,  depth,  eternity, 
or  such  kindred  subjects.  In  certain  degenerates  these 
impulsive  and  emotional  but  groundless  ideas  show 
themselves  in  the  deadly  terror  and  anguish  of  an'o- 
photfia,  amaxiphobia,  HHtrrpphobia ,  rremnophffbid,  hyifro- 
phtjhia,  thalasmphofn'a,  and  titphiphfbia,  in  all  of  which 
there  are  contradictoriness  of  sensory  impression  and 
inability  to  form  an  accurate  conception  of  the  surround- 
ings. 

Symptoms. — Sudden  wc*akness  and  muscular  tremor 
render  standing  diflicult.  An  attack  may,  however,  be 
gradual.  Tremor  extends  sometimes  to  the  trunk, 
thence  to  the  arm  and  lower  jaw:  sometimes  a  wavy 
sen.sation  goi'S  from  the  heart  to  the  back  of  the  neck. 
Chilly  wnsations  in  the  back,  stomach,  breast,  and  limbs 
are  followe<l  by  heat,  redness  of  the  face.  j)r()fuse  sweat 
ing.  and  violent  palpitation.  At  the  stjme  time  there  is 
oppressifm  and  contraction  of  the  pectoral  muscles:  the 
«l)eech.  abrupt  and  anxious,  is  sometimes  momentarily 
impossible;  intermittent  pjiins,  sharp,  mpid,  and  fatigu- 
ing, following  the  trunks  of  the  nerves,  nm  along  the 
legs,  ascend  the  body,  an<i  extending  to  the  arms,  seem 
to  losf?  themselves  in  the  hollows  of  the  hands;  there  is 
formication,  with  numbness  in  different  parts  of  the 
body;  festination  is  observe<l  in  some  cases:  in  others 
emotional  diarrhoea;  and  again  sudden  loss  of  motor 
p)ower  comes  like  a  stroke  of  paKsy,  and  the  patient  falls 
powerless  with  his  face  downward,  in  a  state  of  waking 
nightmare. 

But  these  physical  troubles  are  only  the  outward  and 
visible  signs  of  the  moml  trr)ul)le  that  is  the  true  primi- 
tive phenomenon  and  the  (raust?  of  all  the  oth<'rs.  That 
which  is  pathognomonic  and  constitutes  agoraphobia,  is 
terror,  up  to  its  extreme  degree,  and  consequent  motor 
impotence.  The  single  primitive  phenomenon,  as  the 
name  indicates.  isf/n/iiudtfMMfntr.  Ijooking  down  a  deep 
mountain  gorge,  hanging  over  the  l)rink  of  a  burning 
crater,  crossing  Niagara  on  a  tight -rope,  or  falling  from 
such  a  precipitous  height  as  the  Washington  monument, 
are  sensations  less  fearful  and  a.stfaiishing  than  those  of 
an  agoraphobe.  This  teiTor  caus<'s  a  ]>atient  to  feel 
dumbfounded,  thunderstnick.  exhansled.  ami  at  the 
same  time  isolated  from  the  entire  world :  space  seems  to 
extend  to  infinity  under  his  feet ;  he  feels  persuaded  that 
he  will  never  accomplish  a  given  journey ;  walk  a  cer- 
tain distance  without  fainting;  hold  out  for  a  certain 
time  without  food,  or  support  existence  for  a  certain 


period  without  fresh  air.  He  experiences  fear  and  want 
of  self-confidence  when  in  a  crowd,  at  theatre,  at  church, 
or  in  a  boat,  omnibus,  or  railway  car.  An  agoraphobe, 
unable  to  ride  on  a  railway  train  without  a  brandy  fla&k 
in  the  left  hand  and  a  Bible  in  the  right,  presumed  that 
one  counterbalanced  the  effects  of  the  other.  Fear  to 
meet  acquaintances;  fear  of  spiders,  mice,  and  snakes; 
fear  of  apoplexy  and  of  death  come  over  the  patient  like 
the  fear  that  seizes  a  timid  child  in  the  dark;  sensations 
like  those  of  a  swimmer  deceived  by  false  chances,  or 
those  of  a  victim  to  tantalizing  hopes,  cause  the  T)atient 
to  be  on  the  point  of  screaming  or  weeping,  and  he  is, 
fil^uratively  speaking,  frozen  with  terror,  motionless 
with  fear,  so  great  is  the  anguish  that  takes  place  dur- 
ing this  psychic  collapse. 

Agoraphobic  symptoms,  though  not  new,  are  of  recent 
introduction  into  science  (1871).  Two  forms  of  agora- 
phobia are  spoken  of,  namely,  ]yi%m<trt/  and  secmSary. 
The  primitive  form  may  occur  suddenly  in  apparent 
good  health  and  normal  mental  conditions;  the  secondary 
form  occurs  as  an  accessory  phenomenon  complicating  a 
previous  pathological  condition ;  it  is  slow  and  progres- 
sive, and  may  coexist  with  other  neuropathic  conditions. 
Primitive  agoraphobia  may  come  on  suddenly  without 
assignable  cause  amid  varying  circumstances:  in  a  boat, 
during  a  lecture,  or  while  skating,  at  the  sight  of  an  ex- 
tended horizon,  or  while  looking  at  the  summit  of  a  high 
monument,  as  is  the  case  with  two  of  the  writer's  pa- 
tients, who  cannot  look  up  to  the  dome  of  the  Capitol  or 
the  summit  of  the  Washington  monument  without  being 
seized  with  agoraphobic  symptoms.  In  one  case  a  pa- 
tient could  not  look  out  upon  the  sea  without  symp- 
toms. There  was  also  t  he  "  tormenting  fear  of  heights, " 
the  rooms  on  a  second  story  being  unbearable ;  and  tlie 
patient,  in  crossing  a  high  bridge,  always  did  so  in 
diagonal  lines  to  avoid  the  sight  of  the  space  between 
him  and. the  water  l>clow.  *Sf(v//w/a7*y  agoraphobia  comes 
on  slowly,  generally  in  patients  whose  neurotic  antece 
dents  are  bad.  Numerous  pnxlromes,  more  or  less  pain- 
ful and  persistent,  are  exiK'rienced,  and  at  a  certain  time, 
while  alone  in  a  public  place  or  highway,  or  under  an- 
alogous cinrumstances.  Intense  emotion  and  momentary' 
suspeihsion  of  motor  power  complete  the  attack.  Thesi* 
often  disappear  .spontaneously,  when  the  sufferer,  in 
crossing  a  space,  can  fix  his  eye  on  some  limited  object, 
as  a  carriage,  a  street  lamp,  a  tree,  or  an  open  umbrella 
held  over  his  head ;  and  often  the  companionship  of  a 
small  child,  or  even  the  support  of  a  stick,  will  act  as  a 
preventive.  Among  late  cases  is  that  of  an  officer  who 
escaped  agoraphobia,  brought  on  at  the  sight  of  carriages 
and  pedestrians,  by  always  taking  an  orderlv  along  and 
keeping  in  the  least  frequented  streets.  He  5id  not  have 
these  symptoms  outside  of  the  city  in  a  suburban  village, 
nor  did  they  come  on  when  riding  through  a  crowded 
street  at  the  head  of  his  regiment. 

Etiology. — But  little  is  known  of  the  cause  or  of  the 
precise  nature  of  agoraphobia.  Most  of  the  predisposing 
or  exciting  causes  of  ill  health  or  of  neurasthenia  may 
bring  it  alx)ut.  In  fact,  one  may  become  agoraphobic 
from  moral  weakness.  The  atrophy  of  will  that  allows 
imagination  full  career  and  gives  rise  to  the  superstitious 
fears,  moral  miseries,  and  morbid  impressions  that  assail 
certain  persons,  may  cause  violent  commotion  of  the 
organism  with  psychic  sensations  of  terror.  It  is  satis- 
factorily established  tliat  in  agoraphobia  there  is  a  kind 
of  moml  softening,  a  nervous  adynamia,  a  psychic  in- 
sufficiency that  may  dominate  the  faculties  of  the  indi- 
vidual and  sterilize  his  acts.  Whether  the  condition 
arise  from  organic  in.sufficiencies,  such  as  non-activity  of 
the  eye  or  of  the  ear.  brain  trouble  resulting  from  ante- 
niia.  fatty  heart,  hemorrhoids,  lesion  of  the  cervix  uteri, 
abscess  of  the  liver,  or  from  a  morbid  state  of  the  ganglio- 
nervous  apparatus,  we  are  not  prepared  to  say  in  the 
l)re.sent  state  of  our  knowledge  of  the  subject.  But 
opinion  warrants  the  statement  that  the  pathological 
change  in  agomphobia  is  cerebml,  and  arises  from  func- 
tional irritation  of  the  cortical  sensory  centres  fonning 
the  anatomical  substratum  of  ideation. 
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Diagnosis. — Outward  signs  of  agoraphobia  are  in 
general  facial.  It  should  not  be  confounded  with 
epilepsy,  hypochondria,  or  the  different  forms  of  ver- 
tigo. Though  closely  allied  to  simple  melancholia, 
agoraphobia  is  said  never  to  occur  in  hypochondriacs. 
The  morbid  and  excessive  emotivity  of  agoraphobia  is 
variable,  while  the  influence  of  hypochondria  is  constant. 
Seeming  impossibility  to  give  clearer  physical  notion  of 
the  disease  is  due  to  the  fact  of  its  purely  mental  nature. 
It  is  a  curious  fact  that  none  of  the  recorded  cases  has 
occurred  in  ignorant  persons.  Some  are  described  as 
altruistic,  othere  as  suffering  from  human  egoism  with  a 
tendency  to  complain,  to  weep,  and  to  keep  in  the  back- 
ground generally.  Nor  did  any  of  the  cases  have  illu- 
sive transfonnation,  but  myopia  and  dyschromatopsia 
appear  as  associated  elements.  Suicidal  impulses  are 
reported  to  liave  occurred  in  several  cases.  The  major- 
ity were  in  adult  men  of  education  and  intelligence  who 
in  nearly  every  instance  kept  the  symptoms  concealed 
from  every  one  as  long  as  possible  for  fear  of  being 
thought  insane.  Cases  of  agoraphobia  seldom  or  never 
reach  asylums. 

Conditions  likely  to  be  confused  with  agoraphobia  are 
bawpfiobia  and  nstama-abiuia .  In  basophobia  the  patient 
by  a  sort  of  auto-suggestion  persuades  himself  that  it  is 
imjKJssible  to  stand  upon  his  legs.  In  astasia -abasia  he 
can  neither  walk  nor  stand,  but  not  from  fear;  he  has  no 
timidity  nor  agony.  The  basophile  lias  no  dread  of 
space ;  his  only  fear  is  inability  to  stand  without  agony. 
In  astasia-abasia  there  is  neither  fear  nor  agony ;  only  loss 
of  memory  of  coordinate  movements  of  station,  which 
affects  standing  or  walking. 

pRoo  NOBIS. — As  a  rule  uncomplicated  agoraphobia  is 
not  dangerous.  No  definite  period  may  be  assigned  for 
its  termination.  Forecast  depends  on  the  pei-sonality  of 
tlie  patient  and  upon  the  removal  of  physical  conditions 
of  which  the  complaint  may  be  a  sequence. 

Trk.\tmkxt. — Drugs  in  agoraphobia  are  of  less  con- 
sc(iuence  than  the  removal  of  the  cause,  which  is  to  be 
done  mainly  by  moral  treatment.  The  primitive  form 
often  disappears  spontaneously,  but  the  secondary  form 
presents  all  possible  and  impossible  difficulties  that  the 
neurologist  may  expect  to  meet.  Antispasmodics,  ergot, 
the  bromides,  tonics,  and  iron,  cutaneous  revulsives,  cups, 
hydrotherapeutics,  electricity,  purple  spectacles,  and  sug- 
gestion are  among  the  useful  indications.  A  case  has 
been  bettere<l  after  an  operation  for  hemorrhoids;  in  an- 
other the  svmptoms  disappeared  after  aspiration  of  the 
liver  and  draining  pus  from  an  abscess,  and  in  a  case 
with  aural  symptoms  cure  followed  dilatation  of  the 
Eustachian  tube.  Two  cases  cau.sed  by  taenia  have  been 
cured  after  removing  the  cause.  Another  case  improved 
after  residence  in  the  country,  a  course  of  hydrothera- 
peutics, and  the  avoidance  of  tobacco.  In  addition  to 
combating  functional  and  physical  alterations  with 
proper  medication,  there  must  be  a  radical  and  complete 
change  in  the  habits  and  surroundings,  such  as  may  be 
obtaincKl  from  a  sea  voyage,  and  as  much  opposition  as 
possible  to  the  conditions  in  which  the  disease  has  origi- 
nated ;  above  all,  the  physician  should  order  and  enforce  a 
course  of  moral  gymnastics  that  shall  train  the  patient's 
imagination,  and  tame  his  terror  by  progressive  and 
regular  steps. 

Irving  C.  liosse. 

AGRIMONIA  {Agrimony). — A  genus  of  about  a  dozen 
species  (fam.  liomcar)^  widely  distributed  through  the 
Northern  hemisphere.  The  species  which  has  been 
chieliv  used  in  medicine  is  A.  Eujmtoria  L.,  common  in 
both  feuropeand  America.  Its  use  is  merelv  of  historical 
interest,  as  the  small  amounts  of  volatile  oil,  tannin,  and 
bitter  substance  impart  but  feeble  aromatic  and  astrin- 
gent properties,  and  it  is  now  scarcely  used. 

//.  n.  liuanj, 

AGUA  AZUFROSA  DEL  TOPO  CHICO,  or  V^//2 
Bernahe.^ — Situated  in  state  of  Nuevo  Leon,  about  ei^lit 
kilometres  north  of  the  city  of  Monterey.     Communica- 


tion by  way  of  the  National  Mexican  Railroad.     Chem- 
ical composition,  Dr.  J.  Gonzalez  y  Lambert: 

Gm. 
Solids.  per  Litre. 

SulpburoiLs  acid O.(J0eS7 

Scxlium  ctiloride 0.(y740 

Calcium  chluride 0.0100 

MagDe8ium 0.0190 

BlcarboDate  of  lime. 0.0870 

Bicarbonate  of  fluda O.QBiSO 

Sulphate  of  lime 0.1040 

Silicate  of  alumina 0.0^70 

Silicate  of  lime 0.0B60 

Total 0.3737 

Gases.  c.c 

Carbonlcacid 2.5 

Nitrogen 9701 

Total 100.0 

Uses:  In  rheumatism,  in  dysmenorrhoja,  in  hepatic  and 
splenic  congestions,  in  phosphaturia,  in  certain  neurop- 
athies, in  diseases  of  the  skin,  and  especially  in  the  treat- 
ment of  nocturnal  incontinence  of  urine.  The  water  at 
the  spring  has  a  temperature  of  41"  C.  There  is  a  bath- 
ing establishment,  which  was  founded  by  General  Reyes. 

N,  J,  P&nce  de  iJan, 

AGUA  CALIENTE.— This  term,  which  in  English  is 
equivalent  to  *'hot  springs,"  occurs  repeatedly  in  the  list 
of  the  mineral  springs  of  Mexico  and  of  those  parts  of  the 
United  States  which  formerly  belonged  to  Spain.  Thus, 
for  example,  in  the  state  of  Michoacan,  which  lies  to  the 
south  and  west  of  that  of  Mexico,  there  are  three  springs 
which  bear  this  name.  The  first  is  situated  about  16  km. 
from  the  chief  settlement  in  the  municipality  of  Angama- 
cutiro.  and  is  reached  by  a  rather  poor  driving  road.  It 
has  a  high  temperature  which  is  apparently  constant,  and 
the  volume  of  water  is  quite  large.  Among  the  laity  it 
has  considerable  reputation  as  a  remedy  for  rheumatism 
and  for  affections  of  the  chest.  No  bathing  establish- 
ment has  yet  been  built. 

Another  spring  of  nearly  the  same  name  (**  El  Agua 
Caliente  ")  is  situated  in  the  municipality  of  Penjamillo. 
According  to  Zuiliga,  the  water  of  this  spring  is  only 
lukewarm  and  is  potable. 

The  third  spring,  which  is  known  as  the  Agua  Caliente 
de  Yur^cuaro,  is  located  in  the  municipality  of  Yurecuaro. 
The  temperature  of  the  water  is  80*  C.  It  is  recom- 
mended for  the  treatment  of  rheumatism  and  diseases  of 
the  skin.     No  bathing  establishment  exists. 

In  the  state  of  Jalisco  there  are  no  less  than  eight 
springs  which  bear  the  name  of  Agua  Caliente.  They 
are  the  following:  La  Agua  Caliente,  in  the  municipality 
of  Amacueca;  Agua  Caliente,  in  the  municipality  of 
Chiquilistlan;  Agua  Caliente  de  la  Cofradia,  in  the 
municipality  of  Cuquio;  La  Agua  Caliente,  situated 
about  8  km.  from  the  city  of  Ejutla;  Agua  Caliente,  in 
the  municipality  of  Teiicliitlan;  Agua  Caliente  de  la 
Cuila,  in  the  municipality  of  YahuaTica;  Agua  Caliente 
Chica,  in  the  municipality  of  Zapopan;  and  Agua  Cali- 
ente, in  the  municipality  of  Zapotlanejo.  Not  a  single 
bathing  establishment  exists  at  any  of  these  springs,  and 
in  the  case  of  only  one  of  them  does  the  report  give  even 
an  attempt  at  an  analysis  of  the  water.  The  introductory- 
portion  of  this  report  is  quoted  here  in  full.  It  explains 
some  of  the  ditliculties  which  were  encountered  by  tlie 
Institute  in  its  efforts  to  collect  reasonably  full  data  in 
regard  to  the  niineml  springs  of  the  republic  of  Mexico: 

"The  National  Medical  Institute  of  Mexico  has  be- 
gun to  publish  the  data  that  it  has  been  able  to  col- 
lect regarding  the  mineml  waters  of  our  country,  not 
only  because  it  wishes  to  have  their  existence  known, 
but  because  it  hopes  to  have  these  data  completed  and 
corrected,  if  possible,  l)y  people  living  in  the  neigh- 
borhood of  the  springs,  or  by  the  physicians  of  the 
localities. 

"The  (lata  collected  by  the  Institute,  as  well  as  the 
waters  of  which  the  analyses  are  given  in  this  report, 
have  been  forwarded  to  it  almost  exclusively  by  the 
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Ck)vemment8  of  the  different  municipalities.  Unfortu- 
nately, answers  to  the  questions  submitted  to  them  have 
not  been  obtained  in  many  instances,  and  in  others  some 
of  the  answers  are  incomplete.  For  this  reason,  and 
from  the  fact  that  there  was  not  available  a  sufficient 
quantity  of  water  from  each  spring  for  the  purposes  of 
a  satisfactory  analysis,  it  is  possible  that  some  of  the 
statements  made  in  this  report  are  incorrect.  They  cer- 
tainly are  not  complete;  but  we  believe  that  the  best 
method  of  completing  them  is  to  publish  those  tliat  we 
have,  in  oi'der  that  we  may  at  some  later  date  be  fur- 
nished with  those  that  are  wanting.  It  is  desirable  that 
physicians  .should  furnish  us  with  their  actual  experience 
with  thi^se  watei's,  bi^cause.  although  one  may  infer  from 
the  composition  what  their  probable  effects  are,  only 
practical  experience  cau  teach  us  the  therapeutic  uses  of 
the  same."*  X.  J.  Ponce  de  Uahi. 

AGUA  DE  VIDA  SPRINGS.— Alameda  County,  Cali 
fomia. 

Access. — Via  Central  Pacific  Railroad,  a  three-hour 
ride  from  San  Francisco,  to  Livermore,  thence  a  few 
miles  by  carriage  southeast  to  Springs,  hotel,  and  cot- 
tages. 

These  springs  arc  locatetl  in  Arroyo  Mucho,  among 
the  foothills  of  Cedar  Mountain,  at  an  elevation  of  1,700 
feet  above  the  sea  level.  There  are  a  number  of  mineral 
springs  at  this  place,  both  carbonatc^d  and  sulpliureted. 
The  lower  drinking  spring  is  of  the  former  type.  Its 
water  is  clear,  sparkling,  and  exceedingly  palatable.  An 
analysis  by  Dr.  Winslow  Anderson  resuked  as  follows: 

O.VE  Unitkd  States  Gallon  Co.ntalns: 

Solids.  Grains. 

Sodlam  chloride 4.(B 

8odf  um  carbonate 3.65 

godlum  sulphate 14.73 

Potassium  carlx)nate 0.55 

Magnesium  carbonate 7.95 

Magnesium  sulphate 0.46 

Calcium  carbonate 13.76 

Calcium  sulphate O.IO 

Alumina 0.37 

Silica 0.42 

Organic  matter. Trace. 

Total  solids 46.00 

Carbonic  acid  gas 19.25  cubic  inches. 

The  physiological  action  of  this  water  is  aperient, 
antacid,  diuretic,  and  tonic.  It  is  recommended  in  cases 
of  acid  dyspepsia  and  as  a  diuretic  in  cystitis  and  conges- 
tion of  the  kidneys. 

The  upper  or  larger  spring  is  mildly  sulphureted  al- 
kaline and  saline,  as  shown  by  the  following  table  of  its 
contents: 

ONI  U.NITED  STATKS  GALLON  CONTAINS: 

Solids.  Grains. 

Sodium  chloride 5.07 

Sodium  carbonate 2.25 

Sodium  sulphate 17.50 

Potassium  carbonate Trace. 

Magnesium  carbonate 3.19 

Magnesium  sulphate 8.70 

Calcium  carbonate 11.92 

Calcium  sulphate 4.1% 

Manganeslum  carbonate Traces. 

Alumina 0.40 

BUlca 0.55 

Organic  matter Thkm^. 

Total  solids 53.K3 

Gases :  Sulphurpted  hydrogen,  2.74  cubic  inches ;  car- 
bonic add,  9.25  cubic  inches. 


•  The  facts  which  we  are  able  to  publish  in  the  present  edition  in 
regard  to  Mexican  mineral  springs  have  Uvn  fumiahtHl  to  us  throufrh 
tbe  courtesy,  flrsl,  of  Porflrio  Diaz,  Prwldent  of  the  ivpuDllc,  and 
next,  of  Dr.  Fernando  Altamireno.  direcu>r  of  the  NHtlonal  Medical 
iDstftute  In  the  dty  of  Mexico.  The  drx-ument^s  which  <H»ntain  this 
Information  are  partly  In  printed  and  partly  in  manuscript  fonn :  and 
as  they  are  all  written  In  iipanish.  Dr.  Ponce  de  I^eon,  «»f  this  citv,  has 
▼cry  kiihily  undertaken  to  furnish  concise  abstrat^ts  from  them  In 
EngUsli.— EDrroR. 


Temperature  of  w^ater,  57.5"  F.  This  water  has  a  laxa- 
tive influence,  and  as  such  is  serviceable  in  abdominal 
plethora  and  chronic  con.stipation. 

Important  improvements  have  recently  been  made  on 
the  grounds  at  Agua  de  Vida  Springs.  The  naturally 
picturesque  location  has  been  further  beautified  by  the 
construction  of  broad  driveways,  rustic  bridges,  cool 
arbors,  and  other  pleasing  adjunct.s.  The  visitor  will 
find  an  excellent  hotel,  surrounded  by  comfortable  and 
spacious  family  cottages. 

James  K.  Crook. 

AGUA  FRIA.— Municipality  of  Tajumarea,  Michoacan, 
Mexico.  "  Agua  Fria  "  embraces  three  mineral  spiings, 
viz.,  "I^i  Rosa,"  *'I^  Pela,"  and  "LaLaguua, "  distant 
about  20  km.  from  Ucareo.  The  waters  are  thermal,  those 
of  \j\.  Hosa  having  the;  highest  temperature.  According 
tr)  Zuniga  they  contiiin  sjilts  of  smlium  with  hydrogen  sul- 
phide. There  are  no  facilities  for  comfortjible  bathing, 
but  the  residents  of  the  locality  resort  to  the  springs  for 
the  treatment  of  rheumatism/ paralysis,  and  diseases  of 
the  skin. 

N.  J.  ponce  de  Leon. 

AGUA  HEDIONDA.— Situation,  three  kilometres  to  the 
northeast  of  the  city  of  Cuautla,  in  Mor-Ios.  state  of 
.Morelos.  Transportation,  by  way  of  the  InLeroceanic 
Hailroad  to  the  city  of  Cuautla,  and  by  carriages  thence 
to  the  springs,  'f hese  waters  derive  their  name  from 
their  strong  odor  of  sulphureted  hydrogen.  They 
are  located  about  three  miles  northeast  of  the  city  of 
Cuautla.  The  springs  issue  from  the  earth  on  the 
borders  of  a  small  ravine  and  discharge  their  \mited 
.stream  hito  the  River  Cuautla.  At  the  source  of  the 
largest  spring  a  pool  of  considerable  size  is  formed, 
which  is  used  for  bathing.  The  overflow  of  this  pool 
into  the  ravine  forms  a  snuill  catara<'t,  which  is  utilized 
by  the  bathers  as  a  natural  douche  or  alTusion.  Another 
spring,  also  of  considerable  size,  is  located  120  metres  to 
the  west  of  the  first  spring.  It  also  furnishes  a  very  de- 
sirable natural  bathing  pool.  Two  more  springs  of 
smaller  size  are  located  in  the  vicinity.  The  waters  of 
these  springs  have  been  subjected  to  a  careful  examina- 
ti(m  by  Morales  and  Eduardo  Liceaga.  The  water  of 
spring  No.  1  is  described  as  being  con)rless  and  limpid, 
and  forms  no  .sediment.  It  lias  a  bitter  taste,  and  at  the 
springs  a  sulphurous  oiior.  On  evaporation  it  shows  a 
dried  residue  of  about  124  grains  per  Lnited  States  gallon, 
composed  chiefly  as  follows:  Sulphate  of  calcium,  70 
grains;  sulphate  of  magnesium,  30  grains;  andchoride  of 
sodium,  17  grains.  There  are  also  small  quantities  of  iron, 
silica,  and  organic  matter,  with  carbonic  acid  and  sul- 
phureted hydrogen  gases.  The  water  is  not  adapte<l  for 
general  drinking  i)urpo.«*es.  Spring  No.  2  is  somewhat 
less  strongly  mineralized  than  No.  1,  but  contains  essen- 
tially the  same  chemical  ingredients,  and  possesses  simi- 
lar physical  characteristics.  Like  No.  1  its  water  is  not 
potable.  The  average  daily  temperature  of  these  waters 
is  78"  F.  In  small  doses  tlie  waters  are  said  to  possess 
toni(;  and  stimulant  effects,  and  to  promote  the  appetite 
and  the  activity  of  the  digestive  functions.  An  attempt 
was  made  many  yeare  ago,  in  1854,  to  develop  the 
springs  as  a  health  resort,  but  the  enterprise  was  allowed 
to  languish  and  the  locality  was  almost  forgotten.  Dur- 
ing the  last  few  years,  however,  the  sj)rings  are  again 
coming  into  notice,  and  we  are  informed  that  in  the 
course  of  the  Mexican  spring  re.<w>rt  s<»ason,  from  October 
to  February,  an  increasing  number  of  persons  come  an- 
nually to  avail  themselves  of  the  benefits  of  the  baths. 
Persons  suffering  from  scaly  skin  alTections.  from  certain 
forms  of  paraly.sis,  from  rheumatism,  and  from  hepatic, 
renal,  and  gastric  disorders,  are  said  to  derive  much 
benefit  from  a  course  at  these  springs.  The  valuable 
character  of  the  waters  found  here,  the  i)ictures(|U0 
location  and  attractive  scenery,  and  the  nearness  of  the 
waters  to  the  city  of  Cuautla,  all  mark  this  as  a  mineral 
spring  resort  of  some  promise. 

.y.  J.  Ponce  de  Leon, 
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AQUA  TIBIA.— Huniclpality  of  Taretan,  Michoacan. 
Mexico.  Tbis  Bpiiag  discharges  ti  cold  sulphurcted 
calcic  water.  As  a  bathing  medium  it  has  acquired  con- 
siderable reputation  in  the  treatment  of  By  philia.  although 
DO  bathing  establish ment  has  been  erectea. 

JV.  J.  Ponee  dt  Leon. 


tptiiigs,  koowD  as  Agua»  C'alienitt  (hot  waters).  Sonie 
}I  theiD  have  acquired  considerable  celebrity.  This  is 
especially  true  of  the  springs  of  Coahuila  or  Cabojt 


valley , 


J. .   ..     _    _      -    .    ,  fifty  miles  from  San 

Diego  City,  in  San  Diego  County.  These  waters  vary 
in  temperature  from  !W  to  143  P.,  and  are  believed 
by  the  native  population  to  be  an  infallible  remedy  iu 
syphilis  and  cutaneous  affections.  Subacute  and  chronic 
rheumatism,  renal  and  hepalic  disorders,  and  strumous 
diaeascaare  also  successfully  treated  here.  Accommoda- 
tions have  been  provided  for  visitors.  The  following 
analysis  was  made  by  Prof.  Oscar  Loew : 

Om  UNrrEP  STiTis  Gallon  contains; 

Solids.  GralDS. 

Bodlum  cvtonaie 8.30 

Badlum  nilpbate Trai*. 

Sodium  riiliHide 31.u) 

CklGlum Trace. 

MwneBiuni Trare. 

Utfilum Trace, 

SUlu Tnre. 

HjrdroBulpliurlc  Brid Trmfe. 

OtkidIc  mnOer Traiv. 

Total ae.Bu 

The  examination  was  evidently  not  complete.  The 
water  undoubtedly  contains  sulphureled  hydrogen  gas 
in  considerable  quantities. 

Another  Agua  Calieute  of  some  repute  is  located  in 
Kcon  Coimty.  thirty  miles  from  Caliente  station,  ou  the 
SoHiheru  Pacific  Railroad.  The  waters  are  sulphureted 
and  their  temperature  varies  from  80°  to  100'  F.,  but  no 
unutysia  has  been  made.  There  is  a  small  resort  at  tlie 
springs.  Jamin  K.  Crook. 

AIKEN.— South  Carolina.  Tliis  little  village  is  sltu- 
atcil  ill  the  weBtei'n  portion  of  the  State,  si'vcntccn 
miles  from  the  Georgian  liue.  between  tlie  Savannali  auil 
Edisto  rivers,  but  at  a  considerable  distance  from  either; 
it  stands  upon  the  elevated  tableland  or  plateau  forming 
the  common  waler-sheil  of  both.  From  the  Athintlc 
Ocean,  Aiken  is  distant  a  little  more  tliau  a  hundred 
miles  in  a  "tH'e  line."  The  elevation  of  the  town  above 
sea  level  is  080  feet.  The  soil  is  very  sandy,  consisting, 
indeed,  of  little  else  than  such  alisoluti'ly  pure  and  un- 
mixed sand  as  is  usually  found  only  upon  the  immediate 
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borders  of  the  sea.  Grass  grows  but  scantily,  and  tbe 
vegetation  of  the  siurounding  country  is  such  as  charac- 
tenzes  a  region  possessing  a  dry,  porous  soil,  and,  in 
consequence,  a  dry  atmosphere.  The  yellow  pine  of 
the  South  finds  here  i\&  congenial  habitat.  Several 
varieties  of  oak  are  also  to  De  found  in  tbe  woods 
about  Aiken,  and  many  varieties  of  flowering  vines 
and  slirubs;  but  the  pine  is  the  eharacteristic  growth  of 
the  country. 

The  chief  factors  In  producing  the  healtbf  ulness  of  this 
now  celebrated  resort  are  Uie  mildness  and  general  equa- 
bility of  its  winter  climate ;  the  preponderance  of  bright 


least  important,  the  remarkable  dryness  of  tbe  air,  already 
alluded  to,  depending  upon  the  peculiar  character  of 
the  soil  and  the  distance  from  any  large  body  of  water. 
With  the  exception  of  certain  stationB  lying  in  close  prox- 
imity to,  or  west  of,  the  Rocky  MountaiDB,  there  is  no 
place  in  the  United  States  which  poesessesa  drier  air  than 
that  which  exists  at  Aiken. 

To  demonstrate  the  small  amount  of  variability  in  the 
temperature  possessed  by  the  climate  of  Aiken,  tbe  fol- 
lowing figures  are  appended;  they  are  deduced  from  ob- 
''""—"•'"  taken  by  Dr.  C.  P,  HcQahan,  and  embrace 


)  period  of  sc 


Monlli. 

NOV. 

Dec. 

Jan. 

Feb. 

Hsrcb. 

ApclL 

D»lljvBrtallon,.. 

13.14 

11.57 

10.39 

lao 

10J» 

18JB 

Aiken  being  only  a  winter  resort.  Dr.  McQahon's  ob- 
servations have  been  confined  to  that  season  which  ex- 
tends from  October  to  May,  and  therefore  the  follow- 


mperature  at  Aiken  for  each  of  tbe  twelve 
months,  for  each  of  the  four  seasons,  and  for  the  year. 
The  observations  upon  which  these  figures  are  baaed 
wenr  taken  at  T  A.M.,  S  p.m.,  and  9  p.m.  (by  Messrs. 
H.  W.  Uavenel,  J.  H.  Cornish,  and  Newton),  and  ex- 
tended over  a  period  of  seventeen  yeara,  from  January, 


1853,1. 


Deee 


iber,  1809. 


...  U.V,'    July 

The  mean  relative  hiimlditv  from  October  to  May  1st, 
taken  from  the  following  tables,  is  ,58.75  per  cent.  Tbe 
prevailing  winds  are  from  the  southwest,  and  the  Dum- 
ber of  clear  days  is  unuaually  large. 
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We  possess,  then,  in  this  climate  all  of  the  attributes 
of  a  health  resort  favorable  for  the  relief  of  pulmonary 
tuberculosis,  except  altitude  and  its  accompaniments — 
viz.,  pure  dry  air  at  a  moderate  temperature,  a  dry  and 
well-arained  soil,  an  absence  of  hi^h  winds  with  an 
occasional  exception,  and  an  abundance  of  sunshine. 
Experience  through  a  lon^  series  of  yeai*s  in  the  treatment 
of  pulmonary  tuberculosis  at  this  place  verifies  this  con- 
clusion. In  the  writer's  opinion,  the  high-altitude  cli- 
mates are  superior,  as  proved  so  far  by  results,  to  those 
without  altitude ;  but  it  must  nevertheless  be  borne  in 
mind  that  not  all  cases  of  pulmonary  tuberculosis  are 
suitable  for  the  high  altitudes,  and  in  such  a  climate  as 
Aiken  we  have  a  most  valuable  resource  for  such  cases  as, 
from  limited  vitality  or  other  unfavorable  conditions,  are 
unsuitable,  at  least  for  a  while,  for  the  high  altitudes. 
Here  we  can  surely  carry  out  to  perfection  the  modem 
open-air  treatment,  which  after  all  is  the  essential  part  of 
the  climatic  treatment  of  pulmonary  tuberculosis. 

Moreover,  the  climate  of  Aiken  is  suitable  for  patients 
who  are  suffering  from  other  diseases,  such  as  rheumatism 
and  albuminuria ;  for  convalescents  from  acute  diseases 
or  injuries ;  and  for  large  numbers  of  individuals  who,  for 
one  reason  or  another,  possess  little  physical  vigor.  Here 
they  can  exist  in  comfort  with  a  minimum  expenditure 
of  vital  force. 

"Malaria,''  says  the  late  Dr.  Geddings,  "is  remarkable 
for  its  absence.  During  a  practice  of  fifteen  years,  I 
have  never  known  a  case  to  originate  here." 

The  water  supply  is  derived  from  an  artesian  well 
which  is  780  feet  deep,  the  last  200  feet  being  through  a 
solid  bed  of  granite.  Its  purity  is  attested  by  an  analysis 
which  was  made  in  1898  by  Prof.  Charles  F.  Chandler,  of 
Columbia  University,  New  York. 

The  system  of  sewerage  is  the  one  that  has  been  tested 
thoroughly  for  the  past  twelve  years  by  the  State  Board 
of  Health  of  Massachusetts  for  its  inland  towns,  and 
is  considered  by  sanitary  engineers  the  best  for  such 
places. 

AmntemenU. — On  account  of  the  sandy  roads,  this  is 
the  ideal  country  for  horseback  riding;  then  there  are 
fox  hunts  for  those  w^ho  are  more  venturesome.  A  mile 
race  track  is  one  of  the  features  of  the  place,  and  some 
of  the  best  race  horses  in  the  East  winter  here.  The 
Falmetto  Golf  Club  has  the  finest  links  in  the  South.  For 
those  who  enjoy  the  wheel,  there  is  an  eight  mile  tmck, 
perfectly  level,  running  through  the  woods  and  fields. 

The  Highland  Park  Hotel,  which  was  destroyed  by 
fire  in  1898,  has  not  been  rebuilt,  owing  to  the  opposition 
of  the  cottagere,  but  before  another  vear  has  elapsed  it  is 
confidently  expected  that  Aiken  will  have  as  fine  a  hotel 
as  any  resort  in  the  South. 

The  special  feature  of  the  place  is  the  cottage  life,  and 
cottages  of  all  sizes  can  be  rented,  from  the  simple 
three-room  cabin  to  the  pretentious  villa  provided  with 
all  the  modem,  improvements.  There  is  a  modest  family 
hotel  in  Uie  town,  and  there  are  also  numerous  boarding- 
houses. 

Any  account  of  Aiken  would  be  incomplete  without 
mention  of  the  Aiken  Cottage  Sanitarium,  founded,  in 
1896,  for  the  treatment  of  cases  of  incipient  phthisis.  It 
is  a  charity,  and  is  modelled  after  the  institution  of  Dr. 
Tnideau*s,  at  Saranac  Lake.  The  cottages  at  present 
can  accommodate  only  eleven  patients,  but  provision 
will  soon  be  made  for  the  care  of  twenty  cases.  The 
treatment  consists  mainly  in  providing  good  nourishment 
and  keeping  the  patients  in  the  open  air  from  seven  to  nine 
hours  a  day.  The  institution  is  under  the  charge  of  Dr. 
C.  F.  McGahan. 

The  educational  advantages  of  Aiken  are  very  good, 
there  bein^  several  excellent  junior  schools,  ancl  a  high 
school  which  fits  its  pupils  for  college.  Churches  of  all 
denominations  are  to  be  found  here. 

In  conclusion  it  ma^  be  added  that  Aiken  is  situated 
upon  the  Southem  Railroad,  with  three  daily  trains  from 
New  York.  For  much  of  the  above  account  the  writer 
is  indebted  to  Dr.  McGkihan. 

Edward  0,  Otis. 
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AILANTHUS  Desf. — A  genus  of  some  seven  species, 
in  the  family  Simarvbaeea,  native  to  Eastern  Asia  and 
the  £^t  Indies,  the  A.  glandulasa  Desf.  common  in  the 
Eastem  United  States.  It  is  in  this  species  that  medical 
interest  chiefly  centres. 

It  has  been  observed  that  the  tree  is  odious  to  flies, 
which,  it  is  said,  will  not  approach  even  decayed  meat 
when  placed  among  its  leaves.  Mild  poisoning  has  been 
recorded  from  the  habitual  drinking  of  water  into  which 
the  roots  of  the  tree  had  penetrated,  and  into  which  its 
leaves  had  fallen.  The  symptoms  were  those  of  simple 
gastric  irritation,  similar  to  what  would  be  caused  by  the 
amaroids  contained  in  quassia  and  similar  drugs.  The 
bark  and  leaves  have  been  used  medicinally,  and  are 
purgative  and  anthelmintic. 

The  constituents  of  the  plant  are  known  only  in  the 
most  general  way.  An  amaroid,  a  volatile  oil,  and  a  resin 
are  active.  The  pure  resin  has  been  found  purgative, 
but  not  anthelmintic,  while  the  oleoresin  is  an  eflScient 
taenicide.  The  taenicidal  property  is  therefore  assumed 
to  reside  in  the  dark-green  volatile  oil.  This  oil,  taken 
by  inhalation,  is  a  powerful  depressant  poison,  producing 
vomiting,  dizziness,  and  cold  perspiration.  Taken  by 
the  stomach,  these  effects  liave  not  been  observed, 
though  due  precautions  in  regard  to  dosage  should  be 
observed. 

The  dose  of  the  powdered  leaves,  as  a  taenicide,  is  0.5- 
2.0  gm.  (gr.  viij.  to  xxx.),  of  the  oleoresin  0.2  to  0.6  gm. 
(gr.  iij.  tox.). 

In  India,  the  juice  of  the  leaves  and  bark  of  A.  excdsa 
Roxb.  have  been  used  from  ancient  times  as  a  tonic, 
especially  in  convalescence  after  parturition.  The  bark 
of  this  and  of  A.  nutlabanca  D.  C,  is  also  used  as  a 
vegetable  bitter,  in  forms  of  dyspepsia. 

H.  H.  Rusby. 

AINHUM. —  (Synonyms:  Ainhun;  dactylolysis  spon- 
tanea: ^6<<a^«/i  [Gemian] ;  2>rtc^t7fWmrt  [Spanish].)  The 
etymology  of  the  word  is  usually  attributed  to  Africa, 
and  is  derived  from  a  word  meaning  to  "saw  off." 
Matas  states  that  the  word  ainlmm  is  from  the  negro 
patois  of  Brazil,  ainhoum,  meaning  a  "fissure." 

Definition. — Aiuhum  is  a  disease  of  tropical  coun- 
tries, and  is  characterized  by  the  gradual  painless  amputa- 
tion of  one  or  more  joints  of  one  or  more  toes  hy  a 
trophic  process  of  mixed  atrophy  and  hypertrophy. 

History. — While  the  first  accurate  description  of  the 
disease  was  made  by  da  Silva  Lima,  of  Baliia,  Brazil,  in 
1867,  as  much  earlier  as  1800  Dr.  Clark  called  attention 
to  ainhum  in  the  Gk)ld  Coast  natives.  Since  1867,  a  num- 
ber of  observers  have  reported  upon  the  disease,  notably 
Duhring  and  Wile,  and  Matas  in  this  country.  Zambaco 
Pacha,  in  the  Transactions  of  the  1897  Lepra  Conference 
in  Berlin,  writes  at  length  upon  the  condition  in  its  rela- 
tion" to  leprosy. 

Etiolociy. — The  cause  of  the  disease  is  not  known. 
It  has  been  found  in  the  negro  races  in  the  cases  reported; 
it  occurs  in  adults,  and  is  essentially  a  tropical  disease, 
exotic  cases  occurring  occasionally  elsewhere.  The 
parasitic  nature  of  the  disease  is  maintained  by  some, 
but  it  has  not  been  proven.  Zambaco  Pacha  maintains 
tlie  identity  of  ainhum  and  trophic  leprosy  of  the  mu- 
tilating type. 

Symptoms. — Pi-odromes  are  absent.  There  maj'  be 
some  itching,  but  usually  the  disease  is  evidencedby  a 
slightly  constricting  band,  a  furrow,  at  the  digito-plantar 
fold  of  the  fifth  toe.  At  times  other  toes  may  be  affected. 
For  example,  I  have  seen  the  great  toe  involved,  at  the 
New  Orleans  Charity  Hospital.  The  furrow  gradually  be- 
comes more  pronounced,  harder  in  consistency,  and  more 
and  more  constricting,  the  confined  portion  of  the  digit 
increasing  in  size  so  as  to  lose  the  shape  and  form  of  a 
toe.  There  is  absence  of  inflammation  and  of  subjective 
symptoms,  excepting  occasional  pain.  As  tlie  constrict- 
ing band  narrows  the  toe  becomes  more  and  more  tume- 
fied, until  finally  only  a  small  pedicle  remains.  From  this 
the  tumor  either  sloughs  off,  is  torn  or  knocked  off,  or  is 
intentionally  removed.     When  ulceration  takes  place, 
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no.  Sll.—Tlie  SUQE  Alter  Opeisllon.    (Caw  oC 


even  years  m  some  in- 

Pathology. — Unna 
believes  the  coodition 
to  be  "a  ring-formed 
sclerodermB  with  cal- 
lous fonnation  of  ihe 
epidermia.  leading  to 
secondary  total  slag' 
uating  necrosis,  resem- 
bling artificia!  snaring 
of  tumors.  There  is 
a  primary  ioflamma' 
tion  Willi  marlied  hy- 
pertrophy of  the  epi- 
dermia. the  papilW 
being  narrowed  and 
elongated.  In  the 
papillai7  body  there 
IB  cellular  iotlltration; 
the  vessels  are  dilated. 
The  (umefacliou  of  the 
toe  indicates  a  stagna- 
tion of  lympli  and  fat, 
wliicb  gntdualtveauBes 
degeneration  of  all  of 
ttie  constituents  of  the 
cutis,  a  rarefaction  of 
the  bones,  and  the  dis- 
appea ranee  of  the 
ptialanges."  In  this 
most  observers  agr««, 
the  latest  contribution 
(see  Pigs.  61,  65,  and 
66)  indicating  the 
above  process. 
must  be  made  eapeciallj 
from  Ita^  naiid  s  disease,  from  paronychia,  from  the  neu- 
rotic iilctr  and  from  leprosy. 

li  iffim  id »  ditetue  is  nearly  always  painful,  occurs 
sildoni  on  tiie  loner  cxtremilies.  is  quit«  common  on  the 
uppir  eMiomiticH.  and  the  trophic  change  is  evidenced 
moslofttn  b\  the  occurrence  of  preliminary  lesions,  e.g., 
tesiLlisiii  bullte 

Pnronyfhi  t  is  mHammaiory  Ihrougtiout  and  occurs  on 
tilt  ungual  phalanx  always. 

Tiie  /u  III  •til'  lifer  begins  as  n  callosity,  ra  circumscribed 
and  deep  sealed,  occurs  usually  on  the  plantar  surface  of 


:.  Vrtu 


I  lit  lite  null :  £.  cpldermli.    {Cm  o(  Dr. 


Ilie  liei'l  or  great  too.  and  is  never  located  just  at  the 
dii^ilo-pltintur  [old  of  tlie  fifth  toe.  It  is  characterized 
alnio.it  from  the  start  by  Ihe  loss  of  llie  central  tissue 
and  by  u  persistent  slough,  exulccrating  and  discharging 
freelv' 

I^'iiiyit//  "f  ihf  iixitUitUiin  type  has  points  of  resemblance 
to  amhum,  especially  wheu  the  latter  disease  is  well 
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advanced.  Leproay,  however,  bus  no  preference  for  the 
QesTO,  and  it  is  not  &  tropical  disease.  T  he  tropliic  leaiooa 
of  leprosy  are  found  on  any  toe  or  any  finger.  These  are 
almost  invariably  associated  with  other  present  or  past 
manifestations.    The  Initial  evidence  of  mutilating  lep- 


no.  OS.— eecUon  ot  fM  Skin.    Moderslel;  enlarEeil.   <€(ue  of  Dr.  c. 

rosy  is  a  macule,  excoriation,  or  bulla  on  the  site  ot 
the  destruction.  The  initial  eviilence  of  ainhum  is  a 
callous  furrow,  without  inOsmmatory  redness. 

Zambaco  Pacha  (lae.  eit.)  elaborately  argues  this  point 
of  resemblance,  arraying  a  large  number  of  ctbservcrs  in 
confii-mation  of  his  opInfoD,  but  the  burden  of  proof  rests 
witU  him. 

Theatmest, — All  observers  agree  that  perpendicular 
and  free  incision  of  the  circular  bauds  may "  - 


process,  but  that  usually  ihc  course  of  spontaneous 
smpulalion  is  completed,  unless  artificially  or  surgically 
pnMiice<l.  Inailore  Dyer. 


nsrt :  Trini.  Epldnnloloc:.  ^(v.,  ISfV).  London. 
DbSIItkUdib:  jI'-"- —      ' ■—■■■-  „.  ti— 


ETln:  HMnlogrnC  Ainhum.    Uinret.  1888. 8e[iteml>er K. 

^ ..  .. ..^Ihotoov  at 

TruoalstlOD, 


Anmili.  Derasnm.  la.-.  ,.  _  . 

eBnler  snd  tMyon :  'rraaaUtlim  ol  Shp«1.  1881.  vol.  11..  p.  117. 

Hlnoputliotagf  of  Dlnosea  ot  Ibe  Skin.  Nonnsn  W>lk<>r'a 


'ecullsrltleg  oT  tbe  Negru.    Tnms.  Anif  r.  Surg.  Amo- 
r.   Trans.  latemallonsl  Lctimr 


iWa  svaw 
1>;  elEa 


AIR.— To  appreciate  the  various  sanitary  rclnlions  of 
the  atmosphere,  the  subject  must  be  studied  from  the 
physical  as  well  as  from  the  chemical  standpoiut.  In  con- 
sidering the  physical  sspeets  of  air,  attention  must  be 
given  to  the  subjects  of  atmosjiheric  pressure,  light,  heat, 
humidity,  and  electrical  conditiou. 

The  air  is  an  invisible  gaseous  ocean.  In  it.  as  In  all 
gasca,  there  is  no  cohesion  between  the  moleculea  Tliey 
are  apart  from  one  another,  and  their  tendency  to  spring- 
farther  apart  and  occupy  more  space  is  so  great  that  a 
restraining  force  is  needful  to  prevent  expansion  and  at- 
tenuation. Air  at  the  sea  level,  the  bottom  of  tlie  aerial 
ocean.  Is  compressed  by  the  weight  of  the  superincum- 
bent air.  This  weight  expresses  the  influence  of  gravity 
on  the  air  as  a  whole,  or  the  influence  wliich  the  earth 
exerts  on  the  molecules  of  its  atmosphere  to  keep  them 
from  escaping  into  limitless  space  or  from  being  whirled 
away  by  the  centrifugal  force  of  the  diurnal  rotation. 
The  pressure  of  the  atmosphere  at  the  sea  level  bdlances 
a  column  of  water  34  feet  high.  It  forces  water  up  the 
cylinder  of  a  pump  in  proportion  as  ihe  air  pressure 
wiihin  the  cylinder  is  lessened  by  the  working  of  the 
piston,  but  the  raising  power  of  the  pump  is  limited  by 
the  height  menlioneil  Similarly  at  the  sea  level  Ihe 
atmospheric  pressure  balances  a  column  of  mercury  30.92 
inches,  or  TeO  mm.,  iu  height  (at  A5'  N.  latitude) ,  and  as 
this  number  of  cubic  inches  of  the  liquid  metal  weighs 
14.75  pounds,  or  1  kgm.,  to  the  square  centimetre,  the  air 
pressure  on  every  measure  of  surface  becomes  known. 
Oenemlly,  however,  air  pressure  is  expressed  in  Inches 
of  mercury  as  being  more  convenient  than  a  statement  of 
Ihe  QCIuiil  weight  on  a  given  area.  The  pressure  on  a 
surface  of  c)ne  stpiare  foot  amounts  to  nearly  a  ton.  The 
average  man  has  a  surface  ot  about  15  square  feet,  but 
Ihe  IS  Ions  of  air  pressura  under  which  he  moves  are 
unfelt  because  of  the  fluidity  of  the  atmosphere.  The 
freedom  of  movement  possessed  by  its  molecules  tmns- 
mits  their  pressure  in  all  directions.  Air  permeates  alt 
porous  bodies,  and  Ihe  internal  pressure  in  bodies  so  per- 
meated counteracts  Ihe  external  pressure.  Noticeable 
effects  ot  air  pressure  are  seen  or  felt  only  when  there  are 
local  disturbanees,  as  when  the  tissues  are  pressed  by  the 
weight  of  Ihe  atmosphere  into  the  rarefied  air  of  a  cup- 


the  pressure,  because  tiiere  is  less  overlying  air  to  affect 
IIS  by  its  weight.  Heighisare  measured  by  Ihe  decreased 
pressure,  and  balloonista  calculate  their  distance  from 
the  earth  by  the  fall  of  the  mercurial  column  in  their 
barometers.  At  the  sea  level,  under  a  pressure  equiva- 
lent to  tliat  ot  29.93  inches  ot  mercury,  a  cubic  toot  of 
air  weighs  536  grains.  Air  is  increased  In  bulk  as  pres- 
sure is  diminished.  At  the  height  of  one  mile,  the  baro- 
metric column  falls  to  34.5  inches,  equivalent  toa  pressure 
of  1S.04  pounds  to  the  square  inch.  Under  this  lessened 
pressure,  a  cubic  foot  of  sea-level  air  would  expand. 
other  things  being  equal,  to  '20.92-t-34.5.  or  1.22  cubic 
feet,  and  one  cubic  foot  ot  this  rarefied  air  would  weigh 
only  4B9  grains.  The  pressure  at  two  miles  being  equiva- 
lent to  only  30  Inches  of  mercury,  one  cubic  foot  of 
sea-level  air  would  expand  to  a9.62-^20.  or  1.49  cubic 
feet,  ami  the  weight  of  a  cubic  foot  of  this  expanded 
nir  would  be  SfiO  grains.  Wilh  increased  height  there 
is  dimiiiislied  density,  but  as  Ihe  elssllc  force  which 
separates  the  molecules  bi'comes  lessened  by  Iheir  sep- 
arallon,  there  may  be  s  certain  condition  of  tenultv  in 
which  Ibis  force  is  unable  to  overcome  those  which 
operate   in   reslmint.       The  depth  of  the  atmospheric 
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ocean  has  been  estimated  variously  at  from  45  to  3«50 
miles  or  more. 

Light  from  the  sun  or  other  sources  passes  through  the 
air  without  illuminatingit.  Were  it  otherwise  we  should 
be  able  to  see  the  air.  We  see  things  by  the  light  which 
they  emit  or  reflect,  but  the  air  merely  transmits.  We 
speak  of  atmospheric  glows  and  beams  of  light,  of  the 
blue  of  the  firmament  and  the  radiance  of  morn,  but 
these  phrases  relate  to  the  visibility  of  substances  in  the 
air.  Light  is  transmitted  in  straight  lines,  with  the  ex- 
ception of  some  refraction  in  the  denser  strata  near  the 
earth's  surface;  but  as  more  or  less  of  the  light  is  refused 
a  lodgment  by  every  substance  on  which  it  falls,  and  is 
reflected  from  one  object  to  another  at  all  angles  and 
hence  in  every  direction,  the  whole  of  the  air  is  filled 
with  rays  which  illuminate  objects  that  are  not  exposed 
directly  to  the  source  of  the  illumination.  Molecules  of 
watery  vapor  and  minute  particles  of  dust  suspended  in 
the  air  give  rise  to  the  apparent  dilTusion  of  light  in  the 
atmosphere.  These  acx^ount  for  the  dawning  light  of 
morn,  and  the  twilight  after  sundown. 

Associated  with  solar  light  are  actinic  and  heat  rays. 
The  latter  are  of  the  highest  interest,  as  being  the  aiuse 
of  the  tides,  currents,  and  local  movements  in  the  at- 
mosphere. Heat  rays  pass  through  the  atmosphere 
without  warming  it.  The  air  of  high  mountain  regions 
is  cold,  although  the  same  rays  pass  through  it  which 
may  give  a  tropical  warmth  to  the  plains  below.  It  is 
usually  said  that  the  temperature  falls  1**  F.  for  every 
800  feet  of  altitude,  or  about  1:M  metres  for  V  C.  Thi.s, 
although  not  accurate,  is  useful.  If  the  tempeniture. 
average  or  actual,  of  a  given  locality  be  stilted,  an  ap- 
proximation to  the  corresponding  temperature  of  a 
neighboring  plateau  may  be  calculated.  Glaisher,  dur- 
ing his  balloon  ascents,  found  the  temperature  on  a 
cloudy  day  lowered  4*  F.  for  every  inch  of  a  barometric 
fall  of  11  inches;  and  the  further  ascent  was  marked  by 
a  more  rapid  refrigeration.  As  1 1  inches  of  mercury 
indicate  an  elevation  of  12,000  feet,  the  average  ascent 
for  the  Fahrenheit  degree  was  about  270  feet.  On  a 
clear  day  the  thermometer  fell  5**  for  each  of  the  first  4 
inches  of  barometric  fall,  4"  for  each  of  the  next  9  inches, 
and  18.5**  for  the  last  3  inches  of  his  ascent.  The  cold  is 
proportioned  to  the  lessened  pressure,  4°  F.  for  each 
inch ;  but  as  the  height  to  be  ascended  for  each  inch  of 
fall  increases  with  the  ascent,  the  height  for  each  degree 
of  temperature  increases  correspondingly. 

Air,  in  expanding  under  lessened  pressure,  has  its  ex- 
pansion restricted  in  some  measure  by  the  loss  of  heat 
attending  the  expansion,  for  the  volume  of  a  gas  is  con- 
tracted by  cold.  Air  expands  f\jf  of  its  volume  at  0°  F. 
for  each  degree  of  increased  temperature  (,fy  in  the 
case  of  Centigrade) .  Hence  460  cubic  inches  or  feet  or, 
in  general  terms,  volumes,  at  0**  F.  expand  at  60"  to  250 
volumes,  and  conversely  by  a  reduction  of  temperature 
from  60'  F.  to  0**  520  volumes  contract  to  460.  On  these 
data  is  based  that  which  in  dealing  with  air  and  gases  is 
called  the  *'  correction  for  temperature. "  The  molecules 
of  a  cubic  foot  of  dry  air  weigh,  at  the  sea  level,  536 
grains.  Under  the  dfminished  pressure,  at  16,000  feet, 
tliese  molecules  would  occupy  a  space  of  two  cubic  feet, 
each  foot  containing  268  grains;  but  the  coincident  re- 
duction of  tempeniture  would  so  modify  this  tliat  the 
cubic  foot  of  air  would  weigh  303  grains.  The  rarefac- 
tion of  the  atmosphere  in  mountain  regions  is  thus  seen 
to  be  somewhat  less  than  w(;  should  be  led  to  expect  by 
a  consideration  merely  of  the  barometric  pressure. 

Heat,  like  light,  is  absorbed  in  varying  proportions  by 
everything  on  the  surface  of  the  earth,  and  that  which  is 
not  absorbed  is  reflecte<l  at  various  angles,  so  that  the  air 
in  its  lower  strata  is  filled  with  reflected  rays  which  be- 
come manifest  only  when  they  are  absorbed'and  increase 
the  temperature  of  the  absorbing  substance.  Absorbed 
heat  is  radiated  to  cooler  bodies  in  the  neighborhood,  for 
the  tendencnr  in  nature  is  to  an  eciuable  distribution. 
Hence,  besides  reflected  rays,  the  air  may  be  tilled  with 
ravs  of  radiant  heat,  but  in  all  this  ther(>  is  merely  trans- 
mission, with  no  appreciable  influence  on  the  air  it.self. 


When,  however,  absorbed  heat  is  distributed  by  convec- 
tion  the  air  assumes  an  active  part  in  the  process.  A 
warm  substance  communicates  part  of  its  heat  to  the  air 
molecules  in  immediate  contact  with  it.  The  air  thus 
heated  expands  and  is  floated  upward  b^  the  inflow  of 
colder  and  heavier  air  beneath  it ;  and  it  is  thus  raised 
until  by  admixture  with  the  general  mass  of  the  air  its 
rarefaction  is  lost,  or  until  under  unusual  conditions  of 
placidity  it  reaches  a  stratum  of  equal  rarefaction.  The 
cold  air  that  replaced  it  in  contact  with  the  heated  sub- 
stance becomes  similarly  warmed  and  borne  upward; 
and  this  continued  in  an  uninterrupted  sequence  gives 
rise  to  an  upward  current  of  warm  air  with  inflowing 
currents  of  colder,  heavier  air  on  all  sides.  We  some- 
times seem  to  see  this  upward  current  by  the  side  of 
a  heated  stove,  when  its  varving  density  disturbs  the 
passage  of  the  rays  of  light  from  objects  seen  through 
it,  and  gives  a  quiveiing  movement  to  their  outlines. 
In  the  sandy  districts  of  southern  Arizona  and  New 
Mexico,  trees  and  other  objects  at  a  little  distance  from 
the  observer  are  often  tremulously  distorted  to  his  sight 
by  the  upward  currents  from  the  sun-heated  surface. 

Objects  tliat  absorb  much  radiate  much,  and  those 
warmed  rapidly  by  absorption  cool  quickly  by  radiation. 
Color  has  an  influence  on  these  movements,  for  black 
surfaces  absorb  and  radiate  better  than  white.  Radia- 
tion and  reflection  are  therefore  differcnt  processes,  for 
white  is  the  better  reflector.  The  radiant  powers  of 
different  substances  vary  much,  but  it  is  unnecessary 
here  to  do  more  than  indicate  in  general  terms  the  differ- 
ences presented  by  land  and  water  in  this  regard. 

As  compared  with  water,  land  heats  quickly  and  cools 
quickly.  The  heat  does  not  penetrate  but  accumulates 
in  and  immediatelv  beneath  the  surface.  Children  know 
how  cool  is  the  underlying  stmd  turned  up  on  the  sea- 
shore in  their  holiday  play.  The  surface  is  hot  by  dav 
and  cool  by  night,  but  at  a  depth  of  three  feet  there  is 
no  diurnal  increase  of  temperature,  and  even  the  heat  of 
a  prolonged  summer  penetrates  only  about  seventy  feet, 
for  well  water  at  this  depth  has  the  same  temperature 
summer  and  winter. 

Masses  of  water,  on  the  other  hand,  heat  slowly  and 
cool  slowly;  the  rays  penetrate  to  the  depths.  The 
temperature  of  the  surface  waters  of  the  ocean  is  never 
over  80°  F.  (26.6°  C.)  in  the  tropics,  audits  diurnal  range 
is  small.  In  higher  latitudes  the  temperature  is  lower, 
but  the  mass  of  the  waters  of  the  ocean,  in  both  high 
and  low  latitudes,  is  never  below  39°  F.  (3.9°  C).  Thus 
the  air  is  wanned  intermittently  by  the  land  and  con- 
tinuously by  the  (x^ean,  and  its  molecules  are  kept  in 
motion  by  the  convection  which  is  in  progress. 

The  solar  rays  are  the  only  source  from  which  the  air 
derives  its  warmth,  for,  although  animal  life  and  the 
combustion  of  fuel  develop  heat,  the  heat  thus  developed 
is  merely  the  liberation  of  energy  derived  originally  from 
the  sun.  Again,  although  the  earth  has  an  internal  heat, 
this  heat  is  not  transmitted  through  the  crust,  for  the 
superficial  strata  to  a  depth  of  seventy  feet  are  affected 
by  the  seasonal  warmth  of  the  sun,  and  not  by  the  interior 
heat. 

The  effects  of  heat  on  the  atmosphere  are  multiplied 
and  varied  by  the  phenomena  attending  its  action  on 
water.  Vapor,  invisible  as  the  atmosphere  itself,  rises 
from  water  at  all  temperatures.  The  higher  the  tem- 
peniture the  more  mpid  the  evaporation.  Thus  vapor 
is  absorbed  into  the  atmosphere,  and  the  amount  that  can 
be  absorbed  increases  with  increa.se  of  temperature.  A 
cubic  foot  of  air  at  32  F.  is  saturated  with  moisture 
when  it  contains  10  cubic  inches  or  about  two  grains  of 
vapor  of  water:  but  at  100°  F.  (37.8°  C.)  the  cubic  foot 
of  air  can  absorb  about  100  cubic  inches,  or  nearly  20 
grains.  The  niolecides  of  the  vapor  find  place  for  them- 
selves in  the  iutennolecular  spaces  of  the  air,  but  not 
without  crowding  aside  the  air  molecules  to  such  an  ex- 
tent that  Siitunited  air  is  lighter  than  dry  air.  Air  is 
known  to  be  satumted  when  the  slightest  lowering  of  its 
temperature  causes  a  deposition  of  moisture.  We  call 
such  a  deposition  cloud  when  in  the  air  above  us,  fog 
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or  mist  when  in  the  air  around  us,  and  dew  when  de- 
posited at  night  on  vegetation  and  other  highly  radiating 
surfaces.  The  dew  paint  niay  be  found  by  noting  the 
temperature  at  which  moisture  appears  on  the  outside  of 
a  test  tube,  cooled  by  the  evaporation  of  ether  in  its  in- 
terior. Usually  an  approximation  to  it  is  obtained  by 
the  wet  bulb  thermometer,  from  which  the  actual  dew 
point  may  be  calculated  or  gathered  from  Glasher's 
tables.  Moisture  in  the  air  is  expressed  as  relative  hu- 
midity on  a  scale  of  which  100  is  the  point  of  saturation. 
Absolute  figures  give  no  satisfaction.  With  two  grains 
of  moisture  in  a  cubic  foot  of  air  the  air,  as  we  have  seen, 
may  be  very  moist  or  very  drv.  If  the  temperature  is 
SS'*  F.,  the  air  is  saturated;  if  it  is  100"  F.,  the  air  is  so 
dry  that  it  is  ready  to  take  up  18  grains  more  before  it 
becomes  saturated. 

Evaporation  aids  radiation  and  convection  in  cooling  a 
warm,  moist  surface.  The  soldier  in  a  summer  camp 
moistens  the  outside  of  his  canteen  and  hangs  it  on  a 
branch  that  the  passing  breeze  may  cool  its  contained 
water.  Even  the  surface  of  the  water  of  the  tropical 
oceans  is  cooled  slightly  at  night.  It  is,  however,  not  so 
much  by  the  production  of  a  local  coolness  as  by  the 
transference  of  heat  from  one  place  to  another  that  the 
chief  influence  of  evaporation  is  exercised.  From  the 
surface  of  the  ocean,  particularlv  in  the  warmer  latitudes, 
evaporation  is  going  on  at  all  times.  An  upward  move- 
ment of  moist,  warm  air  is  continuously  in  progress. 
Piirtial  condensatidn  occurs  by  the  time  this  air  reaches 
a  stratum  of  its  own  density,  but  the  clouds  there  formed 
are  usually  hurried  by  air  currents  to  other  and  colder 
regions  of  the  globe  before  the  particles  of  condensed 
vapor  become  aggregated  and  fall  as  rain.  The  heat 
gathered  from  the  tropics  is  thus  distributed  to  other 
parts  of  the  earth,  the  air  of  which  is  warmed  by  con- 
densation above  as  well  as  by  convection  from  below. 
Moreover,  the  clouds  absorb  heat  radiated  from  the  sur- 
face of  the  earth,  thus  preventing  its  dissipation  into  the 
ether  beyond.  Every  object  on  the  surface  is  thus  kept 
warmer  than  it  otherwise  would  be.  Clouds  act  as  a 
blanket  to  keep  the  air  and  the  earth  under  them  warm. 
Any  roof,  however  flimsy,  even  the  spreading  branches 
of  a  tree  in  foliage,  is  a  protection  against  the  cold  of 
radiation  into  space.  The  great  heat  of  the  dfrect  rays 
of  the  sun  at  high  altitudes,  where  the  surrounding  air 
is  intensely  cold,  is  attributed  to  the  freedom  of  the  air 
from  intercepting  moisture. 

Electricity  pervades  the  atmosphere.  It  is  generated 
by  the  evaporation  of  water,  the  friction  of  the  wind  on 
the  surface,  and  of  the  molecular  constituents  of  the  air 
each  on  the  other;  but  its  relations  to  these  constituents 
are  not  clearly  understood.  It  is  greatest  in  cold,  dry 
weather,  but  the  greatest  electrical  disturbances  are  as- 
sociated with  condensation  and  rainfall. 

Our  knowledge  of  the  effects  of  heat  and  moisture  en- 
ables us  with  but  little  effort  to  recognize  the  causes 
of  many  meteorologic  phenomena  that  have  important 
bearings  on  the  well-being  and  comfort  of  the  human 
race.  Meteorology  isprobablv  the  oldest  of  the  sciences, 
for  man,  even  in  the  earliest  days  of  his  racial  existence, 
found  it  necessary'  to  study  the  probabilities;  and  the 
weather  wisdom  of  every  nation  is  embodied  in  pro- 
verbial expressions.  The  co-operative  work  of  modern 
times,  maoe  possible  by  the  use  of  the  telegraph,  has 
enlarged  our  knowledge  and  broadened  our  views  of 
these  phenomena,  so  that  we  now  have  a  useful  under- 
standing of  the  general  as  well  as  the  local  movements 
of  the  atmosphere. 

Extending  for  a  few  degrees  on  each  side  of  the 
equator  is  a  region  of  calm  and  light  variable  winds, 
known  to  sailors  as  the  doldrums.  Here  the  uprising  of 
the  moist,  warm  air  leads  to  condensation  in  the  higher 
strata.  Heavy  rains  fall,  and  the  heat  liberated  during 
the  condensation  rarefies  the  relativelv  drv  air  of  the 
upper  regions  and  develops  a  swell  on  the  surface  of  the 
atmospheric  ocean  which  divides  or  flows  over,  one-half 
to  the  north,  the  other  to  the  south,  while  an  inflow  in 
tiie  lower  strata  restores  the  aCrial  equilibrium.     The 


inflowing  currents  do  not  come  from  the  poles;  they 
reach  only  from  the  80th  parallels,  and  their  motion  is 
more  or  less  obliquely  from  the  east  on  account  of  the 
diurnal  revolution  of  the  earth.  A  belt  of  variable  winds 
is  found  about  the  30th  parallels.  Here  the  upper  cur- 
rent from  the  tropics  impinges  (in  the  northern  hemi- 
sphere) on  a  northeast  upper  current  from  the  Arctic 
circle,  and  the  swell  of  their  meeting  occasions  an  in- 
creased pressure  at  this  point.  Escape  for  the  accumu- 
lated air  is  found  below,  southward  conetituting  the 
trade  winds  and  northward  constituting  the  regular 
southwest  winds  of  the  north  temperate  zone.  At  the 
Arctic  circle  is  another  doldrum  belt  into  which  flows  the 
wind  last  mentioned  and  a  surface  current  from  the 
northeast.  These,  warm  and  cold  intermingling,  pro- 
duce condensation  and  rainfall  and  an  expansion  or  swell 
which  overflows  into  a  northeast  upper  current  over  the 
temperate  zone,  and  a  southwest  upper  current  toward 
the  pole.  The  surface  currents  affect  the  air  to  a  height 
of  16,000  feet,  involving  about  one-half  of  the  weight  of 
the  atmosphere,  and  their  velocity  averages  about  15 
miles  an  hour.  This  constitutes  the  general  circulation 
of  the  atmospheric  ocean,  but  there  are  many  secondary 
currents,  as  that  between  land  and  sea.  In  fact  innu- 
merable causes  of  greater  heating  at  one  place  than  at 
another  give  rise  to  local  currents. 

The  resultant  of  all  the  meteorological  conditions  con- 
stitute climate;  but  temperature,  as  being  the  most 
notable  condition,  is  usually  adopted  to  give  formal  ex- 
pression to  the  character  of  a  climate.  Temperature  de- 
pends on  latitude,  altitude,  and  the  presence  of  large 
bodies  of  water  to  reduce  the  daily  and  seasonal  ranges. 
One  of  the  first  discoveries  by  those  who  collated  the 
meteorological  observations  of  the  medical  officers  of 
the  United  States  Army  was  the  climatic  importance  of 
the  great  lakes.  In  New  England  the  influence  of  the 
ocean  was  found  to  modify  the  mean  temperature.  In 
the  interior  of  New  York,  the  daily  range  increased  and 
the  seasons  were  strongly  contrasted.  Farther  west, 
near  the  great  lakes,  a  climate  similar  to  that  of  the  sea- 
board was  again  found,  but  in  the  interior  beyond  them, 
extreme  changes  again  became  the  rule.  Water  tempers 
the  winds  which  blow  over  it  and  loads  them  with  vapor 
for  subsequent  condensation  and  warmth.  The  regular 
southwest  winds  of  the  temperate  zone  reaching  Europe 
from  the  Atlantic  and  California  from  the  Pacific  Ocean 
give  these  shores  a  climate  markedly  different  from  that 
of  the  Eastern  coast  or  interior  of  the  United  States. 
The  air  of  continental  interiors  is  dry  and  the  solar  rays 
beat  with  full  intensity  on  the  surface,  while  at  night 
there  is  no  protection  against  radiation  into  the  cloudless 
skies. 

That  climate  has  a  powerful  influence  on  the  welfare 
of  man  is  manifest  when  we  compare  the  weakness  and 
indolence  of  tropical  races  with  the  strength  and  energy, 
mental  as  well  as  physical,  of  those  of  the  temperate 
zones.  Since  the  earliest  ages  it  has  been  a  favorite 
theory  that  diseases  come  upon  mankind  through  the  air. 
The  box  of  Pandora  was  opened,  and  its  contents  scat- 
tered to  the  winds.  A  peculiar  "epidemic  constitution 
of  the  air  "  was  formerly  accepted  as  accounting  for  the 
unusual  prevalence  of  disease,  and  even  in  the  medical 
literature  of  the  present  day  this  epidemic  constitution 
crops  up  occasionally  in  instances  in  which  the  mode  of 
propagation  has  not  been  satisfactorily  established. 
More  time  and  intelligent  labor  have  probably  been 
given  to  meteorologic  observations,  with  the  view  of 
throwing  light  on  this  subject,  than  have  been  expended 
on  any  other  line  of  scientific  research.  For  generations 
men  have  been  observing  and  reconling,  but  the  collators 
have  been  few.  Progress  has  indeed  been  made,  but  it 
has  chiefly  been  by  some  of  the  sister  sciences  invading 
the  domain  of  medical  meteorology  and  dissipating  some 
part  of  her  clouds  and  uncertainties.  A  few  years  ago 
cholera  was  regarded  as  '*  obscure  in  its  meteorological 
relations,  modified  by  such  conditions  to  a  great  extent, 
but  never  controlled  by  them  "  (Lorin  BUxlgett) .  Many 
of  the  agencies  of  epidemic  diseases  have  been  trailed  to 
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their  haunts,  but  those  of  typhus,  yellow  fever,  small- 
pox, scarlet  fever,  and  measles  continue  in  their  old-time 
obscurity ;  and  the  meteorological  points  connected  with 
them  are,  briefly:  Typhus  emanations  freely  diluted  with 
air  are  harmless ;  yellow  fever  disappears  with  the  advent 
of  frost,  and  the  others  have  the  colder  months  as  their 
season  of  prevalence,  probably  because  their  contagia  are 
concentrated  and  correspondingly  pernicious  in  the  close, 
unvcntilatcd  rooms  of  that  season. 

Although  the  tendency  of  modern  research  is  to  ab- 
solve the  air  from  any  special  complicity  in  the  propa- 
gation of  epidemic  diseases,  the  charge  of  influencing 
the  human  system  unfavorably  still  holds  good  in  certain 
other  respects.  Alterations  of  atmospheric  pressure  have 
been  regarded  by  some  medical  observers  as  causing 
pulmonary  congestions,  and  both  compressed  and  rare- 
fied airs  have  l)een  used  in  the  treatment  of  diseased  con- 
ditions of  these  organs.  In  hospitals  for  consumption, 
however,  where  any  general  influence  causing  congestion 
of  the  lungs  would  he  manifested  by  an  increase  in  the 
number  of  cases  of  haemoptysis,  careful  observation  has 
shown  that  there  is  no  such  increase  during  the  passage 
of  the  storm  centre.  One  medical  writer  of  high  repute 
insisted  on  the  influence  of  air  pressure  on  the  healing  of 
wounds,  and  urged  the  advisability  of  adding  a  portable 
barometer  to  the  surgeon's  equipment,  that  he  might  be 
enabled  to  perform  all  operations  not  of  an  emergency 
character,  with  the  mercury  at  not  less  than  29.869 
inches.  The  exacerbations  of  neuralgic  and  rheumatic 
pains  coincident  with  alterations  of  atmospheric  pressure 
have  established  a  popular  belief  in  their  relations  as 
effect  and  cause,  which  has  received  some  support  from 
a  considemtion  of  caisson  disease. 

The  caisson  for  the  Brooklyn  tower  of  the  East  River 
Bridge  measured  168  x  102  feet,  its  interior  or  working 
chambers  being  14  feet  in  height.  It  was,  in  fact,  a 
huge  box  sunk  mouth  downward  by  laying  courses  of 
concrete  on  its  upper  surface.  Compressed  air  forced 
into  the  chambers  displaced  the  water ;  and  relays  of  men 
excavated  the  bottom  of  the  river  bed  beneath  it  until  a 
rock  foundation  was  reached.  The  upper  end  of  each 
shaft  leading  to  the  chambers  was  guarded  by  an  air-lock 
to  prevent  injury  to  the  men  by  a  sudden  change  of 
pressure  on  entering  or  leaving.  Before  descending, 
compressed  air  from  below  was  admitted  gradually  into 
the  lock  chamber,  and  only  when  the  density  was  equal 
to  that  in  the  caisson  was  the  descent  made.  Corre- 
spondingly, before  leaving,  a  gradual  transition  from 
compressed  to  ordinary  air  was  effected.  On  exposure 
to  air  under  a  pressure  of  three  or  four  atmospheres,  the 
skin  became  pale  and  shrivelled  and  the  countenance 
shrunken,  as  the  bloixl  was  forced  from  the  superficial 
vessels  to  those  of  the  bones  and  the  cavity  of  the  skull. 
The  heart's  action  increased  in  rapidity  to  overcome  the 
impediment  to  the  cin^ulatiou;  but  after  a  time  the 
system  acconini(Hlate<l  itself  to  the  altered  conditions,  and 
generally  no  bad  effect  was  manifested  until  the  men 
returned  to  the  colder  and  relatively  rarefied  air  of  the 
surface,  when  many  suffered  from  pains  in  the  bones, 
giddiness,  faint ness,  numbness,  and  even  paralysis.  A 
longer  time  in  the  IcM'k  chamber,  to  permit  of  accommo- 
dation to  les-sening  air  pressure,  would  no  doubt  have 
preventwi  these  injurious  efTeets. 

The  diminished  i>ressure  at  high  altitudes  is  described 
by  travellers  as  causing  ftttrorhc,  or  mountain  sickness. 
which  is  charaelcrizcd  by  restlessness,  sleeplessness, 
gasping  respiration,  anxiety,  vomiting,  and  fainting.  It 
18  experienced  at  a  height  of  ten  or  twelve  thousiind  feet 
when  the  individual  is  expending  en<Tgy  by  climbing, 
but  in  balloon  ascents  the  effects  of  dimiiii.shed  pressure 
are  not  felt  until  twice  this  distance  has  be(;n  reached. 

Heat  relaxes  the  tissues  and  depresses  the  vital  energies. 
Cold  stimulates  these  energies  to  make  goo<l  the  loss  of 
animal  heat;  but  if  excessive  it  benumbs  and  paralyzes 
and  ultimately  destroys  by  freezing.  When  local  in  its 
application  it  disurbs  the  circulation  of  the  bhxxi,  ciiusing 
a  congestion  of  some  internal  organ  when  the  surface  of 
the  body  is  chilled  and  its  vessels  are  contra(;ted. 


Air  at  50''  P.  (10°  C.)  saturated  with  moisture  is  colder 
to  the  feel  than  dry  air  at  the  same  temperature ;  it  chills 
by  contact.  Above  50°,  however,  it  is  wanner,  as  it 
prevents  evaporation  from  the  body.  At  hieh  atmos- 
pheric temperatures  it  is  oppressive  and  induces  heat 
exhaustion  or  sunstroke.  As  evaporation  is  stopped,  tfa» 
system  is  unable  to  keep  down  its  heat  to  the  normal  of 
98.4°  F.  (36.9°  C),  and  when  the  blood  becomes  heated 
higher  than  this,  dangerous  symptoms  are  developed. 

The  progress  of  cases  of  consumption  is  so  manifestly 
afifected  by  atmospheric  changes  that  the  disease  until 
lately  was  regarded  as  originating  in  them.  When  it  is 
fully  established,  the  duration  of  life  depends  on  the 
equability  of  the  climate.  Insular  climates  in  warm 
latitudes  are  preferred ;  and  the  moist  warm  air  of  Florida 
and  Southern  California  is  much  recommended  by  medical 
men.  On  the  other  liand,  recovery  is  now  generaUy 
conceded  to  be  probable,  if  in  the  stage  of  invasion  the 
patient  will  submit  to  live  in  an  equable  climate,  with 
active  exercise  in  the  open  air,  preferably  on  horseback. 
The  tablelands  of  the  west  and  the  mountains  of  New 
Mexico  and  Arizona  liave  many  records  of  recovery 
from  consumption  in  its  earlier  stages. 

Liquefaction  op  Air. — Ordinarily  we  think  of  air 
only  as  air,  but  it  has  been  condensed  to  the  liquid  form 
and  even  solidified.  Air  becomes  liquified  at  —140°  C. 
(—220°  F.)  under  a  pressure  of  39  atmospheres;  but  if 
the  temperature  is  lowered  beyond  this,  the  pressure  re- 
quired to  effect  the  liquefaction  will  be  less.  Faraday 
condensed  a  number  of  gases  such  as  carbonic  and  sul- 
phurous acids  under  pressure,  but  failed  in  all  his  efforts 
to  liquefy  oxygen  by  not  associating  a  sufficiently  low 
temperature  with  the  pressure  employed.  Pictet  suc- 
ceeded in  liquefying  oxygen  in  1877  by  using  the  low 
temperature  proctuc^  by  the  rapid  evaporation  of  liquid 
sulphurous  acid  to  liquefy  ethylene,  and  thereafter  em- 
ploying the  ethylene  to  reduce  the  temperature  of  the 
oxygen.  This  process  was  tedious  and  expensive;  but 
in  1893  Charles  E.  Tripler,  of  New  York,  marked  out  a 
process  for  the  production  of  liquid  air  on  the  manu- 
facturing scale,  in  which  the  air  was  condensed  to 
liquidity  by  the  cold  produced  by  its  own  expansion 
when  liberated  from  under  pressure.  The  air  was  com- 
pressed firet  under  a  pressure  of  100  pounds  per  square 
inch,  and  was  then  passed  through  pipes  surrounded 
with  water  to  remove  the  heat  liberated  by  the  conden- 
sation. It  was  next  subjected  to  a  pressure  of  800 
pounds  to  the  inch,  and  the  heat  developed  was  removed 
as  before.  Lastly,  it  was  subjected  to  a  pressure  of  2,(X)0 
pounds  per  inch,  and  when  cooled  it  was  passed  into 
coils  of  copper  tubing  which  were  jacketed  with  non- 
conducting material.  The  pressure  within  the  coils  was 
equal  to  about  15  atmospheres,  while  that  in  the  jacket 
was  only  one  atmosphere,  so  that  when  a  minute  aperture 
in  each  coil  was  opened,  the  comi)ressed  air  escaped  and 
expanded.  The  cold  resulting  from  expansion  was  such 
that  while  two-thirds  of  the  air  operated  on  escaped  as 
air,  the  remaining  third  became  liquid  and  collected  in 
the  lower  part  of  the  cylinder  jacket  whence  it  could  be 
drawn  oil  like  water  from  a  spigot.  It  can  be  thus  pro- 
duced at  the  rate  of  two  cents,  or  one  English  penny,  per 
pound.  So  far,  the  study  of  liquid  air  has  developed  no 
suggestion  of  usefulness  from  the  medical  or  hygienic 
standpoint,  altlunigh  it  has  proved  a  valuable  instru- 
ment in  .scientilic  investigations.  Mr.  Tripler  is  endeav- 
oring to  utilize  it  commercially  as  an  agent  for  the  pro- 
duction of  power,  but  according  to  Dr.  Ilampson  in  the 
S^ienfifr  Aunrlcait  (July  1.  1899),  it  cannot  supersede 
steam:  "This  pound,  or  pennyworth,  of  liquid  air,  ex- 
panding to  the  volume  of  thirteen  cubic  feet  of  air  vapor 
at  atmos[)heric  pressure,  will  do  a  certain  amount  of 
work  in  an  engine.  Half  a  pound  of  water  will  also 
expand  to  thirteen  cubic  feet  of  steam  at  atmospheric 
pressure,  and  expanding  from  a  smaller  volume,  will  do 
more  work  than  one  pound  of  lifjuid  air.  But  half  a 
pound  of  steam,  made  in  a  goc^l  steam-raising  apparatus, 
only  costs  one  two-himdred  and  fortieth  part  of  a  penny. 
For  e(jual  quantities  of   power,  therefore,  liquid  air  Is 
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mathematically  more  than  two  hundred  and  forty  times 
as  dear  as  steam,  and  practically  the  difficulties  of  hand- 
ling it  will  make  it  compare  more  unfavorably  still." 

Chkmical  Constitution. — Formerly  air  was  re- 
garded as  one  of  the  elements.  The  advance  of  our 
knowledge  into  the  arcana  of  nature  is  well  illustrated 
by  the  progress  made  in  the  investigation  of  air  during 
the  past  century.  It  is  now  known  to  be  a  composite 
substance;  the  properties  of  its  constituents  have  been 
determined,  their  relations  to  animal  and  vegetable  life 
have  been  discovered,  and  traces  of  accidental  impurities 
swept  up  by  its  currents  from  the  face  of  the  earth  have 
been  detected  and  studied  in  their  bearing  on  sanitary 
conditions.  The  atmosphere,  according  to  the  chemist, 
consists  of  a  mixture  of  two  gases,  oxygen  and  nitrogen. 
The  fonner  is  active  in  its  properties,  combining  with 
many  susceptible  elements,  and  especially  with  the  car- 
bon and  hydrogen  of  devitalized  organic  matter,  con- 
stituting, according  to  the  rapidity  of  the  process,  either 
oxidation  or  combustion,  and,  with  the  same  elements  in 
the  living  tissues  of  animals,  constituting  one  of  the 
essentials  for  the  continuance  of  life.  A  certain  small 
percentage  of  the  oxygen  of  the  air  exists  in  the  form  of 
/«»>/i^,  a  peculiar  m(Xiit]cation  of  oxygen  which,  although 
much  studied  since  lirst  discovered  by  Schonbein  in 
1840,  has  yet  to  have  its  chemical  and  natural  history 
fully  written.  Its  nature  is  uncertain,  but  it  is  gener- 
ally regarded  as  0«0.  The  quantity  present  in  tlie  air 
cannot  be  determined,  and  even  its  existence  is  at  times 
indicated  with  doubt  by  the  iodized  starch  papers, 
which  have  been  largely  used  for  its  detection,  as  the}' 
are  affected  by  other  matters,  as  nitrous  acid  and  per- 
oxide of  hydrogen,  occasionally  present  in  the  atmos- 
phere. Iodized  litmus  papers  have  been  shown  by  Dr. 
Fox  to  be  of  value  as  a  qualitative  test,  and  as  indicat- 
ing comparative  quantities  when  known  volumes  of  the 
air  are  aspirated  over  them.  It  is  certain,  however,  that 
ozone  has  stronger  affinities  tlian  ordinary  oxygen,  and 
tliat  oxidation  goes  on  more  rapidly  in  its  i)resence  than 
in  its  absence.  It  undoubtedly  destroys  the  volatile 
substances  which  are  evolved  during  the  putrefactive 
process.  When  foul  organic  odors  are  present,  ozone 
is  alwent.  Hence,  when  tlie  presence  of  ozone  is  indi- 
cated by  the  test  papers,  the  air  is  regarded  as  free  from 
organic  contaminations  susceptible  of  oxidation.  Ani- 
mals exposed  to  ozone  artificially  produced  suffer  from 
irritation  of  the  lungs.  The  diseases  of  these  organs 
prevalent  in  cold  weather  have  therefore  been  attributed 
to  it.  Not  many  years  ago,  medical  meteorologists  an- 
ticipated great  practical  good  from  the  study  of  ozone, 
particularly  in  respect  to  intluenza  and  cholera,  the  one 
as.Hociate<l  with  an  excess,  the  other  with  a  deficiency  of 
this  form  of  oxygen,  but  the  discovery  of  the  bacterial 
origin  of  these  diseases  has  deprived  them  of  this  incen- 
tiv<'  to  a  continuance  of  their  labors. 

The  nitrogen  is  regarded  as  negative,  or  passive,  serv- 
ing merely  to  moderate  the  activities  of  the  oxygen  by 
dilution.  Mention,  however,  should  be  made  of  the 
rei'cnt  discovery  of  the  elementary  substance  argon  by 
Lonl  Rayleigh  and  Professor  Ramsey.  Argon  has  char- 
acters similar  to  those  of  nitrogen ;  but  as  its  uses  in  the 
economy  of  nature  have  not  as  yet  been  determined,  it 
must  \^e  left  for  the  present  with  the  nitrogen,  with 
which  it  has  so  long  been  associated. 

In  the  atmosphere  the  chemist  recognizes  also  the 
presence  of  small  but  varying  quantities  of  other  mat- 
ters such  as  carbonic  anhydride,  ammonia,  and  watery 
vapor.  The  percentage  composition  of  dry  air  is.  by 
volume,  79  of  nitrogen,  20.96  of  oxygen,  and  .04  of  car- 
Inmic  anhydride;  by  weight  the  relative  proportions  of 
nitrogen  and  oxygen,  ai*e  76.99  and  28.01.  Nitrogen  is 
the  lightest,  carbonic  anhydride  is  the  heaviest;  yet,  on 
account  of  the  constant  motion  of  the  atmosphere  and 
the  tendency  of  gases  to  diffuse,  there  is  no  separation 
Into  strata  richer  in  nitrogen  al)ove  and  carlK)nic  anhy- 
firide  below.  This  power  of  diffu.sion  possessed  by  gases 
in  such  that,  in  places  where  there  is  a  continuous  gen- 
eration of  carbonic  anhydride,  it  does  not  accumulate  un- 


less it  is  confined  as  in  a  room,  and  even  then  it  is  diffused 
through  the  whole  air  of  the  room  and  not  collected  by 
its  weight  near  the  floor.  The  intermingling  of  gases  by 
diffusion  is  shown  by  Pettenkofer's  examination  of  the 
air  over  certain  effervescing  springs.  Samples  from  the 
water  level  contained  70  per  cent,  of  carbonic  anhydride; 
from  40  inches  above  the  water  level,  2  per  cent.,  and 
from  55  inches  only  0.5  per  cent.  Hence  little  difference 
is  found  in  the  percentage  composition  of  the  free  air, 
whether  samples  be  taken  from  over  the  land  or  the 
ocean,  from  the  sea  level  or  from  a  high  altitude. 

The  oxygen  of  the  air  varies  but  little  from  its  average 
percentage,  but  the  quantity  of  it  taken  into  the  lungs 
varies  with  the  temperature  and  pressure.  Much  of  the 
depressing  effects  of  atmospheric  heat  is  probably  due  to 
a  want  of  oxygen  in  the  expande<l  air.  A  cubic  f(X)t  of 
sea  level  air  at  32'  F.  contains  182  grains  of  oxygen ;  at 
UK)"  F.  it  contains  116  grains,  a  reduction  of  12  per  cent. 
Again,  the  distress  felt  by  mountain  dim  here  (see  page 
150)  and  usually  asc'ribinJ  to  lessened  pressure,  is  probably 
due  in  great  part  to  the  lessened  amount  of  oxygen  in 
haled.  A  cubic  foot  of  air,  at  60'  F.  and  80  inches  of 
pressure,  contains  124.6  grains  of  oxygen.  The  expan- 
sion under  a  barometric  pressure  of  twenty  inclies,  cor- 
responding to  a  height  of  two  miles,  with  the  coincident 
contraction  by  a  fall  of  temperature  to  20'  F.,  would  re- 
duce the  oxygen  in  a  cubic  foot  to  90  grains,  a  reduction 
of  28  per  cent. 

The  carbonic  anhydride,  or  carbon  dioxide,  COa,  famil- 
iarly known  as  carbonic  acid,  is  produced  by  the  oxida- 
tion of  carbon  in  dead  and  living  tissues,  and  its  percent- 
age in  air  varies  with  the  local  causes  which  determine 
its  production.  Thus  it  is  greater  in  the  alleys  and 
streets  of  a  city  than  in  the  open  country,  and  as  this 
gas  is  soluble  to  s<^mie  extent  in  water,  its  proportion 
varies  with  the  hygrometric  and  other  conditions,  being 
gn'ater  in  a  damp  atmosi)here  before  min  has  fallen  than 
in  the  air  of  the  same  hK'ality  after  the  aqueous  vapor 
has  been  precipitate<l.  The  air  currents  and  the  diffu- 
sive power  tend  to  e<iualize  the  percentage,  but  as  pro- 
duction is  C(mstant  in  some  localities,  the  air  of  these 
must  always  show  a  relatively  larger  (juantity  of  this 
gas  than  that  of  others  remote  from  such  sources.  The 
proportion  in  the  external  air  seldom  exceeds  4  volumes 
in  10,0(X).  De  Sauasure  made  many  series  of  observa- 
tions to  determine  the  percentage  under  various  condi- 
tions. The  present  writer,  while  investigating  the  ven- 
tilation of  soldiei-s'  quarters,  at  Fort  Bridger,  Wyoming, 
in  1874,  found  in  the  external  air  a  gradual  decrease,  day 
by  day,  from  4.5  to  2.6  volumes  per  10,000  as  the  season 
advanced,  and  the  surface  (»f  the  earth  became  covered 
with  vigorous  vegetation. 

Carbonic  acid  is  a  prcKiuct  of  combustion;  it  will 
therefore  not  support  combustion.  It  is  a  product  of 
respiration,  therefore  it  will  not  support  respimtion.  In 
mines,  life  is  in  danger  when  a  candle  will  not  bum. 
Becaus*'  workmen  in  so<la-water  factories  suffer  no  in- 
convenience in  breathing  an  atmosphere  containing  as 
much  as  two  per  cent,  of  carbonic  acid,  many  have  sup- 
posed that  this  gas  is  not  poisonous,  but  that,  like  water, 
it  drowns  fire  and  life  alike  by  preventing  the  access  of 
oxygen.  Nevertheless  experiments  have  shown  it  to  be 
actively  harmful.  Animals  breathing  it  along  with  as 
nuich  oxygen  as  is  present  in  the  atmospheric  air  have 
the  heart's  action  weakened  even  to  fainting,  ami  when 
man  is  the  subject  of  the  experiment,  dulness  of  mind 
culminates  in  unconsciousness  or  stupor.  This,  however. 
is  not  of  much  practical  importance,  for  the  sources  which 
furnish  carbonic  acid  to  the  atmosphere  genenilly  yield 
with  it  other  and  more  dangerous  substances. 

Ammonia  is  diffused  fR)m  putrefactive  processes  in 
progress  on  the  surface  of  the  earth.  It  is  also  produced, 
in  traces,  from  the  nitrogen  of  the  atmosphere  by  elec- 
tric agency. 

Its  quantity  is  variable,  but  0.1  mgm.  in  a  cubic  metre 
of  air  is  a  not  unusual  amount.  This  corresponds  to  a 
grain  in  about  28,(M)0  cubic  feet.  Hain  washes  the 
ammonia  from  the  air  to  the  surface  of  the  earth  in 
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amounts  vaiying  from  0.2  to  0.5  part  per  million  of  the 
rain  water.  The  improvement  in  fields  which  are  per- 
mittee! to  lie  fallow  has  been  attributed  to  ammonia  in 
the  rainfall,  but  this  ammonia  is  manifestly  inadequate 
to  account  for  the  masses  of  vegetation  which  annually 
find  nourishment  in  the  soil.  The  ammonia  originating 
on  or  in  the  soil  during  the  decomposition  of  its  organic 
matters  is  the  source  of  the  nitrogen  which  feeds  the 
living  plants.  A  trace  only  of  this  ammonia  escapes 
into  the  air  and  is  afterward  washed  down  with  the 
rain.  Prior  to  its  use  by  the  vegetation  which  covers 
the  surface  of  tlie  earth,  it  is  nitrified  by  bacteria  which 
are  everywhere  present  in  the  upper  layers  of  the  soil 
Some  of  the  lower  forms  of  vegetable  life,  .such  ascertain 
algae  and  bacteria,  absorb  nitrogen  directly  from  the 
atmosphere.  Some  leguminous  plants  also  fix  atmos- 
pheric nitrogen  in  their  tissues,  but  this  is  accomplished 
indirectly  through  the  medium  of  parasitic  bacteria 
found  in  noilules  on  their  roots. 

The  ammonia  of  the  air  is  conden.sed  on  exposed  sur- 
faces, and  R.  A.  Smith  has  suggested  that  the  quantity 
of  ammonia  deposited  on  a  given  surface  in  a  given  time 
may  be  taken  as  an  exponent  of  the  sanitar>'  condition 
of  the  atmosphere.  A  gla,ss  or  other  surface  which  has 
been  exposed  for  some  time  in  an  un ventilated  bedroom, 
when  washed  with  pure  water  will  show  in  the  washings 
the  presence  of  a  readily  determinable  quantity  of  am- 
monia; but  the  attempt  to  demonstrate  the  relative 
purity  of  atmospheres  by  the  quantity  deposited  on 
equal  and  similar  surfaces  in  equal  periods  of  exposure 
meets  with  failure  unless  the  temperature,  the  hygro- 
metric  condition,  and  the  air  movement  are  the  same  in 
both  instances.  This  concurrence  of  similar  conditions 
is  ditlicult,  if  not  impossible,  to  obtain  in  practice. 

Watery  vapor  is  constant  in  its  presence  in  the  atmos- 
phere, but,  as  we  have  already  seen,  in  such  varying 
quantities  that  it  is  viewed  by  many  as  an  accident^ 
constituent.  Its  importance,  however,  not  only  in  the 
preservation  of  the  purity  of  the  atmosphere,  but  as  a 
preservative  of  the  vitality  of  all  the  organisms  sub- 
merged in  it,  is  so  great  that  it  must  l>e  regarded  physio- 
logically as  an  essential. 

The  air  constituents  which  have  been  mentioned  must 
be  regarded,  from  the  scientific  and  sanitary  point  of 
view,  as  individually  essential  to  the  constitution  of  the 
atmosphere.  The  oxygen  is  vital  to  animals,  its  quan- 
tity being  preserved  by  the  evolution  from  vegetation 
and  the  equilibrium  established  between  these  two  king- 
doms of  nature.  The  carbonic  acid  is  vital  to  vegetation, 
being  the  source  of  the  carbon  solidified  in  its  tissues ;  its 
quantity  is  preserved  by  the  evolution  from  animals 
and  the  retrogressive  metamorphosis  of  the  organic  car- 
bon of  devitalized  tissues. 

Organic  substances  are  those  developed  bv  the  forces 
of  life.  They  include  all  living  bodies  and  those  that 
have  ceased  to  live,  with  many  products  of  the  life  of  the 
one  and  of  the  decay  or  decomposition  of  the  other. 
With  the  infinite  variety  of  animal  and  vegetable  life 
constantly  before  us,  it  is  needless  to  suggest  the  com- 
plex character  of  organic  matters,  but.  notwithstanding 
this  complexity,  little  more  than  the  elements  contained 
in  air  and  water  enter  into  their  composition.  Animal 
life  depends  on  vegetable  life  for  its  sustenance  directly, 
or  in  the  case  of  carnivorous  animals  indirectly.  Ani- 
mals cannot  combine  the  elcnientarv  Ixxlies.  but  these 
are  taken  by  plants  and  formed  into  organic  substances. 
which  animals  are  capable  of  utilizing  as  focnl.  So  com- 
plex are  all  vitalized  substances  that  but  for  the  |)reserv- 
ative  influence  of  their  vitality,  their  molecules  would 
speedily  break  up  into  simpler  forms,  and.  indeed,  when 
life  ceases  to  protect  them  their  putrefactive  decomposi- 
tion begins  immediately  and  ends  in  their  resolution  into 
the  very  substances  from  which  they  were  ruiirinally 
constructed.  Nature  moves  in  cycles.  Day  follows  day 
and  season  season.     The  seed  germinates  and  the  grown 

giant  matures  its  seed.     Every  generation  is  a  cycle,  and. 
I  the  instance  before  us.  the  elements  from  which  life 
elaborated  the  highest  organic  structures  revert  to  the 
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inorganic  condition  of  carbonic  acid,  ammonia  or  nitrates, 
and  water  for  use  in  some  succeeding  cycle. 

Even  in  the  living  organism  similar  changes  take 
place.  No  machine  works  without  wear.  The  tissues  of 
the  animal  body  are  worn  by  exercise.  The  nitrogen  of 
the  worn-out  tissues  is  removed  by  the  kidneys  as  urea, 
which  speedily  becomes  converted  into  ammonia,  while 
the  carbon  is  oxidized  and  the  resulting  carbonic  acid  is 
carried  to  the  lungs  to  be  expelled. 

During  quiet  breathing  twenty -seven  cubic  inches  of 
air  enter  the  lungs  at  each  inspiration,  and  if  the  air  be 
pure  nearly  six  of  these  cubic  inches  are  oxygen  and  only 
one  one-hundredth  part  of  a  cubic  inch  carbonic  acid.  The 
air  expired  has  less  oxygen,  more  watery  vapor,  a  taint 
of  organic  matter,  and  somewhat  more  tlian  a  cubic  inch 
of  carbon  dioxide.  Breathed  air,  therefore,  contains  a 
hundred  times  more  carbon  dioxide  than  is  contained 
in  an  equal  volume  of  the  free  atmosphere.  The  fre- 
quency and  depth  of  the  respiratory  acts  vary  in  the  in- 
dividual with  his  condition  as  to  health,  exercise,  or  re- 
pose; and  'as  might  be  expected,  they  vary  also  in 
different  individuals  under  the  same  or  similar  conditions. 
The  average  excretion  of  carbon  dioxide  by  the  human 
lungs  can  therefore  be  stated  only  approximately.  Giv- 
ing due  consideration  to  the  experimental  results  obtained 
by  various  qualified  investigators,  its  amount  may  be 
stated  to  be  at  least  0.01  cubic  foot  per  minute,  0.6  per 
hour,  or  14.4  in  the  twenty-four  hours.  The  energy  of 
the  vital  actions  concerned  in  respiration  may  be  appre- 
ciated when  we  realize  that  in  14.4  cubic  feet  of  this  in- 
visible gas  we  have  nearly  half  a  pound  of  solid  carbon. 

Although  the  inflow  into  the  lungs  is  interrupted  by 
expiration  at  comparatively  regular  intervals,  the  absorp- 
tion of  oxygen  and  evolution  of  carbon  dioxide  are  con- 
inuously  in  progress.  The  inspiratory  inflow  of  27 
cubic  inches  mixes  with  the  air  already  in  the  lungs  and 
freshens  it  for  the  use  of  the  system.  Deep  breathing 
washes  out  the  lungs  and  permeates  them  with  an  air 
rich  in  oxygen  and  comparatively  free  from  carbonic 
acid.  No  matter  how^  pure  the  surrounding  air  may  be, 
an  individual  may  suffer  from  impure  air  in  his  lungs  if 
by  sedentary  habits,  or  other  cause,  his  breathing  be- 
comes shallow  and  insufficient. 

Allowing  16  as  the  average  number  of  respirations  per 
minute,  wfth  an  air  movement  of  27  cubic  inches  into  and 
out  of  the  lungs,  the  air  respired  in  an  hour  would  meas- 
ure 15  cubic  feet  and  in  twenty-four  hours  860  cubic  feet, 
and  with  an  output  of  0.01  cubic  foot  of  carbon  dioxide 
per  minute  the  respired  air  would  contain  4  per  cent,  of 
this  gas.  From  these  data  may  be  calculated  the  amount 
of  dilution  needful  to  bring  respired  air  back  to  a  condi- 
tion of  purity  approximating  that  of  the  free  atmosphere. 
If  15  cubic  feet  of  breathed  air  containing  0.6  of  a  cubic 
foot,  or  4  percent,  of  carbon  dioxide,  be  uniformly  mix^ 
with  99  times  its  bulk  of  air  containing  no  carbon  dioxide, 
the  0.6  cubic  fcx)t  of  this  gas  present  would  constitute 
0.04  per  cent,  of  the  mixture ;  but  in  using  atmospheric  air 
for  the  dilution  the  percentage  of  carbon  dioxide  in  the 
resulting  1,500  cubic  feet  would  be  nearly  0.08,  inasmuch 
as  each  cubic  foot  of  the  diluting  air  brings  with  it  the 
0.04  per  cent,  of  this  gas  which  it  naturally  contains. 
But  as  the  organic  taint  in  respired  air  which  has  been 
diluted  to  this  extent  is  perceptible  by  its  odor  to  one 
entering  from  the  fresh  air.  it  is  evident  that  this  dilution 
is  insufficient.  Even  when  the  carbon  dioxide  is  diluted 
to  0.07  per  cent.,  sen.sitive  nostrils  can  detect  the  presence 
of  the  associated  organic  matter;  but  if  the  1,500  cubic 
feet  containing  0.8  per  cent.  Im^  further  diluted  with  an 
equal  volume  of  fresh  air  containing  0.04  per  cent,  of  car- 
b(mic  acid,  the  mixture  is  reduced  to  0.06  or  six  volumes 
in  10.000  volumes  of  the  air.  and  with  this  dilution  of 
i5.(K)()  cubic  feet  per  hour  per  person,  sanitarians  are 
Siitistied.  except  in  the  case  of  certain  hospitals. 

It  is  easier  to  pass  8. (MX)  cubic  feet  of  air  without 
creating  coldness  or  draughts  through  a  large  cubic 
space  ])er  man  than  through  a  .small  one.  If  a  room  give 
only  800 cubic  feet  i)er  man,  its  air  has  to  be  changed  ten 
times  in  an  hour  to  supply  the  3,000  cubic  feet  of  ven- 
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tilatioD.  If  it  give  1,000  cubic  feet  per  man,  the  air  has 
to  be  changed  only  three  times.  A  linear  inflow  of  less 
than  two  leet  per  second  is  imperceptible.  With  two 
feet  of  current  air  the  area  of  the  inflow  to  deliver  the 
3,000  cubic  feet  would  be  60  square  inches. 

The  amount  of  carbonic  acid  in  a  sample  of  air  is  de- 
termined by  adding  a  known  quantity  of  lime  or  baryta 
water  to  the  air  in  a  large  glass  bottle  or  jar,  and  there- 
after finding  how  much  of  the  hydroxide  has  been  con- 
verted into  carbonate.  The  practical  details  are  as  fol- 
lows: 

Make  an  oxalic  acid  solution  (2. 864  per  litre  or  10-jjy  ox- 
alic acid  + 12  Aq.) ,  1  c.c.  of  which  is  equivalent  to  1  mgm. 
COs.  Make  also  a  caustic  baryta  or  lime  solution  of  equiv- 
alent strength.  Transfer  the  alkaline  solution  for  storage 
until  required  for  use  to  small  bottles  each  holding  about 
60  c.c.  (two-ounce  vials),  each  of  which  is  corked 
securely  and  weighed,  and  the  total  weight  of  the  bottle 
and  its  contents  marked  upon  the  label.  The  air  to  be 
examined  is  collected  in  a  clean  and  perfectly  dry  glass 
bottle  or  narrow -mouthed  jar,  of  known  capacity.  Ten- 
litre  bottles  are  large  enough  to  give  accurate  results. 
A  small  bellows  with  a  rubber  tube  on  its  nozzle  is  con- 
veniently used  in  filling  the  jar  with  the  air  to  be  ex 
amined,  but  care  must  be  taken  that  the  air  entering  by 
the  valve  of  the  bellows  is  not  contaminated  by  any 
direct  respiratory  streams  from  individuals  present.  As 
soon  as  the  change  of  air  has  been  effected,  one  of  the 
prepared  baryta  vials  is  uncorked  and  its  contents  poured 
mto  the  jar,  which  is  then  closed  bv  an  accurately  ground 
stopper,  or  preferably  by  a  tightly  fitting  rubber  cork. 
The  baryta  solution  is  then  shaken  in  the  jar,  and  made 
to  flow  all  over  its  interior  to  promote  its  contact  with 
the  contained  air;  but  to  insure  thorough  absorption  of 
the  carbonic  acid  the  jar  is  usually  permitted  to  stand 
•until  the  following  day  before  determining  the  loss  of 
alkalinity.  Meanwhile  the  volume  of  the  air  operated 
on  is  ascertained  from  observations  made  at  the  time  the 
air  was  collected.  The  height  of  the  barometer  and  of 
the  dry  and  wet  bulb  thermometers  or  the  dew  point 
must  be  known,  as  well  as  the  quantity  of  bartya  solu- 
tion introduced  into  the  jar.  The  last  is  obtained  by 
weighing  the  now  empty  vial  in  which  it  was  stored  and 
deducting  this  weight  from  the  gross  weight  marked  on 
the  label.  The  quantity  in  grammes  of  the  baryta  solu 
tion  employed  must  be  deducted  as  cubic  centimetres 
from  the  known  capacity  of  the  jar.  But  in  order  that 
the  experimental  results  may  be  susceptible  of  compari- 
son, it  is  necessary  to  express  the  air  volume  in  the  space 
which  it  would  occupy  when  dry  at  0**  Centigrade  and 
under  a  pressure  of  760  mm.  of  mercury.  Increased 
pressure  diminishes  the  volume  of  air,  increased  tempera- 
ture expands  it;  and  the  pressure  of  the  watery  vapor 
present  must  also  be  taken  into  account.  The  tempera- 
ture observations  furnish  the  dew  point,  and  through  it, 
from  the  observations  of  Regnault,  the  pressure  or  ten- 
sion of  the  aqueous  vapor  may  be  obtained.  If  p  repre- 
sents this  pressure,  t,  the  temperature  in  Centigrade 
degrees,  h  the  barometric  height  in  millimetres,  and  V 
the  capacity  of  the  jar,  minus  the  number  of  cubic  cen- 
timetres oi  baryta  solution  introduced,  the  corrected 
volume  will  be  equal  to 

Y  jb-p)  273 
(273  + 1)  760 

If  the  observations  have  been  made  on  Fahrenheit's 
■cale  and  in  barometric  inches  the  formula  is: 

Y  jb-p)  491 
29.92  (491  +  rfO 

in  which  dt  is  the  number  of  degrees  between  32"  F.  and 
tiie  observed  temperature. 

When  baryta  solution  is  used  to  absorb  the  carbonic 
acid,  the  action  may  be  considered  completed  in  half  an 
hour;  but  with  lime  water  it  is  better  to  suspend  further 
proceedings  until  next  day.  Then  take,  say.  20  c.c.  from 
tbe  jar,  add  phenolphthalein,  and  drop  in  the  oxalic  solu- 


tion from  a  burette  until  the  color  is  discharged.  The 
loss  of  alkalinity  in  cubic  centimetres  =  milligrams  of 
C0«  in  the  20  c.c.  of  the  solution  tested,  from  which  the 
COa  absorbed  by  the  whole  of  the  baryta  solution  may 
be  calculated  =  milligrams  of  C0«  in  the  air  collected. 
Convert  weight  of  C0«  into  volume  by  multiplying  by 
0.573,  and  for  purposes  of  comparison  calculate  it  into 
volumes  per  10,000  of  the  corrected  air.  It  must  be  men- 
tioned, however,  that  the  volume  of  carbonic  acid  found 
by  this  experiment  is  not  all  carbonic  impurity,  but  in- 
cludes that  which  is  naturally  present  in  the  atmos- 
phere. When  the  result  of  a  contemporaneous  experi 
ment  on  the  external  air  |)as  been  deducted  from  it,  the 
remainder  will  indicate  the  carbonic  impurity  or  the  car- 
bonic acid  due  to  imperfect  ventilation. 

An  easily  applied  method  of  ascertaining  whether  a 
given  air  contains  more  than  a  certain  number  of  volumes 
of  carbonic  acid  per  ten  thousand  is  based  on  the  turbid- 
ity caused  in  lime  water  by  the  precipitated  carbonate. 
If  a  half -ounce  of  this  liquid  is  shaken  up  in  an  eight- 
ounce  vial  filled  with  the  air  to  be  examined,  the  appear- 
ance of  turbidity  indicates  the  presence  of  eight  or  more 
volumes  of  carbonic  acid  in  ten  thousand  volumes  of  the 
air,  and  that  the  arrangements  for  ventilation  in  the 
apartments  which  furnished  the  air  are  not  as  satisfac- 
tory as  could  be  wished.  Bottles  of  various  sizes  are 
used  by  the  operator  conducting  this,  the  fiousefiold 
method  of  sanitary  air  analysis,  and  from  the  capacity  of 
the  bottle  in  which  a  just  visible  turbidity  is  produced 
the  volumes  of  carbonic  acid  per  ten  thousand  become 
known. 

In  another  method,  the  minimetrie,  air  is  introduced  in 
small  quantity  into  a  vial  containing  lime  or  baryta  solu- 
tion, which  is  well  shaken,  with  gradual  additions  of  the 
air,  until  the  liquid  shows  a  certain  loss  of  transparency, 
when  the  carbonic  acid  is  calculated  from  the  quantity 
of  air  needful  to  the  production  of  this  result. 

These,  although  pretty  experiments,  and  described  in 
full  by  most  sanitary  writers,  have  not  come  into  general 
use.  because  they  are  not  required.  As  they  yield  results 
which  are  only  approximative,  they  cannot  take  the  place 
of  the  accurate  determination  needful  in  a  scientific  in- 
quiry, while,  as  rough-and-ready  methods,  their  results 
convey  no  more  information  of  practical  value  than 
may  be  gathered  unpretentiously  by  the  sense  of  smell. 
A  well-ventilateil  room  should  not  have  more  than  one 
or  two  volumes  per  ten  thousand  in  excess  of  the  external 
air,  equalling  a  total  of  five  or  six  volumes.  When  the 
carbonic  acid  amounts  to  seven  volumes,  a  want  of  fresh- 
ness is  recognized  on  entering.  When  nine,  ten,  or  more 
volumes  are  present,  the  organic  odor  becomes  manifest. 

Although  the  carbonic  acid,  as  has  been  stated,  is  gen- 
erally accepted  as  a  measure  of  the  respiratory  impurity, 
it  is  not  an  accurate  one,  for  it  is  more  readily  diffused 
and  carried  off  by  ventilating  current  than  the  organic 
exhalations  which  accompany  it  from  the  human  system.. 
Whence  it  comes  that  the  continued  occupancy  of  an 
apartment  may  give  rise  to  organic  odors  in  its  atmos- 
phere, although  carbonic  acid  may  not  be  present  in  large 
quantity.  The  exhalation  appears  to  adhere  to  walls  and 
other  surfaces,  and  textures,  and  to  require  time  for  its 
dissipation. 

But,  while  the  carbonic  acid  is  not  an  accurate  meas- 
ure of  the  organic  contamination  in  the  air  of  occupied 
buildings,  its  estimation  affords  the  best  means  of  testing 
the  effirierwy  of  the  ventilation.  Sanitary  inspectors  do 
not  recognize  this  fact.  Sanitary  chemists  have  not 
brought  It  prominently  into  notice.  When  questions  of 
ventilation  are  to  be  settled,  Cassela's  air  meter  is  used, 
and  the  air  movement  is  calculated  from  its  indications 
and  the  areas  of  inflow  and  exit.  The  inspector  shows 
that  so  much  air  has  entered  or  that  so  much  has  escaped, 
to  be  replaced  of  necessity  by  a  corresponding  volume 
of  fresh  air  through  the  inflow  ducts.  But  this  is  not 
enough.  It  must  be  shown  that  the  air  iutrcMluced  has 
effected  the  purpose  for  which  it  was  introduced.  This 
may  be  done  by  a  calculation  ])a.sed  on  the  amount  of 
carbonic  impurity  found  by  experiment.     The  capacity 
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of  the  room  must  be  ascertained,  and  in  exact  calcula- 
tions deduction  should  be  made  for  the  body  bulk  of  the 
occupants  and  for  tlie  furniture.  The  time  during 
which  the  deterioration  has  been  going  on  is  another 
factor  entering  into  the  calculation. 

The  carbonic  evolution,  0.01  cubic  foot  per  minute  or 
0.6  per  hour  per  person,  multiplied  by  the  number  of 
minutes  or  hours,  gives  the  amount  of  the  carbonic  im- 
purity expired.  When  this  is  divided  by  the  carbonic 
impurity  found  by  experiment  in  ten  thousand  volumes 
of  the  air,  the  quotient  multiplied  by  ten  thousand  will 
express,  in  cubic  feet,  the  volume  of  the  air  with  which 
the  respiratory  products  have  been  diluted.  But,  as  the 
air  volume  in  the  room  has  contributed  to  the  dilution, 
its  capacity  has  to  be  deducted  from  the  total  to  obtain 
the  amount  of  the  inflow.  Thus,  if  the  data  consist  of 
20  persons,  3  hours  in  a  room  having  a  capacity  of 
10,000  cubic  feet,  the  air  on  analysis  showing  14.5  vol- 
umes or  a  respiratory  impurity  of  11  volumes,  as  a 
parallel  experiment  on  the  external  air  indicates  the 
presence  of  3.5  volumes. 

.6  X  20  X  8  =  36  cubic  feet  of  carbonic  acid  expired. 
11  :  10,000  ::  36  :  32,727  cubic  feet  of  air  concerned  in 

the  dilution. 
32.727  -  10,000  in  room  =  22,727  inflow. 
22,727  -5-  3  =  7,576  cubic  feet  inflow  per  hour. 
7,576  -5-  20  =  379  cubic  feet  per  hour  per  person. 

In  practice  it  is  often  found  tliat  the  inflow,  as  deter- 
mined by  the  anemometer,  is  much  greater  than  that  ob- 
tained from  the  chemical  results.  Tliat  the  air  enters  is 
certain,  and  that  it  fails  to  be  utilized  in  diluting  the  ex- 
pired air  is  equally  so.  In  one  of  the  schools  of  Wasli- 
ington,  D.  C,  800  cubic  feet  per  minute  entered  the 
room,  while  but  324  cubic  feet  contributed  to  the  ven- 
tilation. The  cause  in  this  instance  was  manifest.  The 
temperature  of  the  inflow  was  so  great  that  the  air  rose 
immediately  to  the  ceiling,  whence  it  was  drawn  off  by 
the  lowered  windows  and  foul-air  flues. 

Impurities  in  Air. — Carbonic  acid  in  air,  while  essen- 
tial to  vegetable  life,  must  be  regarded  as  an  accidental 
impurity  in  its  relations  to  animal  life  when  present  in 
any  locality  in  excess  of  that  found  in  the  free  atmos- 
phere. The  sources  from  which  the  carbonic  acid  is 
derived  often  yield  with  it  other  and  more  dangerous 
substances.  These  sources  are,  flrst,  combustion  for 
artificial  warmth  and  lighting;  second,  the  resolution  or 
dissipation  of  dead  organic  matter,  and,  third,  the  resolu- 
tion or  dissipation  of  the  tissues  of  living  animals  by  the 
respiratory  process. 

Products  of  imperfect  oxidation  are  associated  with 
the  carbon  dioxide  from  the  combustion  of  fuel.  A  lamp 
or  fire  smokes  and  smells  when  its  oxygen  or  air  supply 
is  insuflicient.  The  smoke  is  unoxidi/.ed  carbon  ami  the 
smell  an  emanation  from  transition  products.  The 
dangerous  product  in  the  combustion  of  fuel  is  carbon 
monoxide.  This  colorless  and  inodorous  gas  is  highly 
poisonous,  entering  the  blcxwl  and  rendering  the  red  cor- 
puscles incapable  of  performing  their  functions  even 
though  pure  air  be  afterward  supplied.  Death  is  the 
result  of  asphyxia.  In  rooms  heated  by  stoves  the 
headache,  languor,  and  oppression  occasionally  produced 
are  due  to  the  escape  of  this  with  other  gaseous  products 
through  the  open  stove  doors,  leaky  joints,  and  turned 
dampers.  Some  experiments  of  St.  Claire  Deville  and 
Troost  indicated  that  the  carbon  monoxide  miirht  even 
pass  through  the  pores  of  (!ast  iron  when  the  metal  be- 
came strongly  heated.  The  French  Academy,  therefore, 
caused  an  investigation  to  be  made  of  this  subject,  and 
the  conclusion  was  reached  that  this  dangerous  gas  dws 
pass  through  the  metal  when  its  temperature  reaches  a 
dark-red  heat.  Since  these  experiments,  air  heated  by 
furnaces  or  cast-iron  stoves  has  been  regarded  as  injuri- 
ous. But  doubt  has  been  thrown  upon  the  results  of  the 
French  chemists  by  several  later  experimenters,  and 
particularly  by  Professor  Remsen,  who  luvs  shown  some 
possible  sources  of  error,  and  who.  having  guarded 
against  these,  has  concluded  that,  while  carbon  monoxide 
may  be  present  hi  the  air  of  furnace -heated  rooms,  it 


must  exist  in  quantities  so  minute  that  it  is  questionable 
if  it  can  act  injuriously  on  the  health  of  those  who 
breathe  it. 

The  deadly  nature  of  water  gas  as  compared  with  coal 
gas  is  due  to  its  larger  proportion  of  carbon  monoxide. 
Coal  gas  contains  less  than  ten  per  cent.,  while  water  gas 
contains  thirty  to  forty  per  cent.  Water  gas  is  manu- 
factured by  piaving  steam  on  flowing  coke  or  charcoal, 
the  products  being  carbon  dioxide,  carbon  monoxide,  and 
hydrogen.  The  number  of  deaths  from  leakage  of  gas 
has  been  greatly  increased  since  the  introduction  of  water 
gas.  Where  one  death  was  formerly  reported  in  a  riven 
time  and  population,  there  are  now  twenty -five  to  mirty 
deaths. 

In  connection  with  local  accumulations  of  these  gases 
it  should  be  remembered  that  they  are  explosive  when 
mixed  with  air.  It  is  therefore  dangerous  to  strike  a 
light  in  the  room  of  a  gas  suicide  or  to  look  for  a  gas 
leak  in  a  cellar  or  basement  until  after  some  ventilation 
has  been  effected.  A  mixture  of  one  gas  to  eight  air  is 
most  violent  in  its  explosion.  With  one  to  four  there  is 
not  enough  air  for  explosion,  and  with  one  to  twelve 
there  is  not  enough  gas. 

The  evolution  of  carbonic  acid  into  the  air  of  a  room 
during  the  combustion  of  illuminating  gas  or  oil  is  gen- 
erally underestimated  in  considering  the  carbonic  im- 
purity of  occupied  rooms.  Parkes  states  that  one  cubic 
foot  of  ^as  consumed  in  an  hour  produces  as  much  as  the 
respiration  of  one  person.  One  oil  burner  consuming 
four  ounces  of  illuminating  oil  per  hour  is  allowed  io 
United  States  barracks  for  every  ten  soldiers.  The  oil 
consumed  pervades  the  barrack  room  with  somewhat 
more  carbonic  acid  than  is  expired  by  the  ten  men.  The 
necessity  for  increased  ventilation  must  be  considered 
with  the  presence  of  each  lamp  or  gas  jet. 

Carbureted  hydrogen  and  sulphurous  acid  are  liber- 
ated during  combustion,  but  in  such  small  quantities 
that  thev  need  not  be  considered  as  affecting  health. 

Associated  with  the  carbon  dioxide  derived  from  the 
oxidation  of  the  carbon  of  dead  and  decomposing  organic 
matters  on  the  surface  of  the  earth,  sometimes  aggre- 
gated locally  into  manure  piles,  cesspools,  vaults,  diaTns» 
and  sewers,  are  certain  compounds  intermediate  in  com- 
position between  the  complex  organic  matter  in  process 
of  putrefaction  and  the  simply  constituted  organic  sub- 
stances which  are  the  result  of  the  completed  oxidation. 
The  sulphur  present  in  certain  tissues  becomes  converted 
into  hydrogen  or  ammonium  sulphide,  while  among  the 
nitrogenous  products  are  many  foul-smelling  and  harm- 
ful gases  and  vapors  of  anammoniacal  character;  hydro- 
carbons also  are  formed.  Formerly  the  reveraion  of 
organic  matter  to  the  inorganic  condition  was  supposed 
to  be  due  to  the  purely  chemical  process  of  oxidation  by 
the  oxygen  of  the  air.  Decomposition  was  regarded  as 
a  slow  oxidation  at  a  low  temperature,  as  combustion 
was  a  rapid  oxidation  at  a  high  temperature;  but  when 
Pasteur  showed  that  meat  could  be  preserved  from 
putrefaction  wlieu  exposed  to  the  air,  provided  the  air 
was  first  filtered  through  cotton  wool,  this  chemical 
theory  of  decomposition  had  to  be  abandoned.  Ulti- 
mately the  saprophytic  bacteria  were  discovered,  and 
now  these  are  recognized  as  so  universally  present  and 
so  essential  to  the  disposjil  of  organic  matter  that  they 
cannot  be  regarded  as  an  impurity  in  the  air.  They  arc 
the  means  to  an  end.  one  of  the  great  links  in  the  endless 
chain  of  life,  and  as  important  in  the  wonderful  scheme 
of  creation  as  the  carbon  dioxide  which  they  prepare  for 
the  future  growth  of  vegetation. 

The  a(ttion  of  the  suli)liur  gases  on  the  animal  system 
has  been  demonstrated  experimentally  by  Barker  on 
dogs  and  otlier  small  animals.  Hydrogen  sulphide  pro- 
duces vomiting  and  diarrhoea,  prostration  and  conia, 
whicli,  like  the  eff'ects  of  carbon  monoxide,  persist  after 
removal  from  the  contaminated  atmosphere.  The  ex- 
haustion and  coma  continue,  and  death  results  if  the  im- 
pression fixed  on  the  blood  is  sutfieientlv  powerful.  But, 
while  this  occurred  in  the  subjects  of  Dr.  Barker's  ex- 
periments, it  is  well  known  that  men  may  breathe  with 
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impunity  for  a  time  a  sulphuretcd  atmosphere  many 
times  stronger  than  those  employed  by  him.  Ammonium 
sulphide,  according  to  this  experimenter,  caused  vomit- 
ing and  febrile  action,  quickly  followed  by  the  develop- 
ment of  a  typhoid  condition.  In  fact,  he  considered  the 
hydrogen  sulphide  similar  in  it.s  action  to  the  poison  of 
typhus,  and  ammonium  sulphide  to  that  of  typhoid  fever. 
'  Chronic  poisoning  by  hydrogen  sulphide  manifests 
itself,  according  to  some  observations,  by  gradual  pros- 
tration, emaciation,  and  aniemia,  with  headache,  foul 
tongue,  anorexia,  and  the  occasional  eruption  of  boil.s, 
but  it  is  not  certain  that  these  symptoms  are  due  to  this 
gas  and  not  to  organic  vapors  which  accompany  it. 

The  action  of  the  more  cwu^ti^j:  organic  vajM^ra  given  off 
during  decomposition  has  not  been  determined.  The 
dogs  subjected  by  Dr.  Barker  to  cesspool  air  were  all 
more  or  less  affected,  the  symptoms  being  those  of  in- 
testinal derangement  with  pri>stration,  heat  of  surface, 
distaste  for  food,  and  those  general  signs  which  mark  the 
milder  forms  of  continued  fever  common  to  **  the  dirty 
and  ill- ventilated  homes  of  the  lower  classes  of  the  com- 
munity." But  the  sulphur  compounds  already  men- 
tioned contributed  to  these  results. 

Even  the  constitution  of  these  organic  vapors  is  not 
known  with  certainty.  Dr.  Odlin^  distilled  half  a  gallon 
of  the  liqui(i  contents  of  a  cesspool  until  all  volatile  mat- 
ters had  come  over.  lie  treate<l  the  fetid  ammoniacal 
distillate  with  hvdrochloric  acid,  and  afterwanl  precipi- 
tated with  platmum.  The  platinochlorides  of  the  or- 
ganic alkalies  were  found  to  crystallize  in  well  defined, 
flattened,  orange-colored  tablets,  evidently  not  the 
platinochloride  o^  ammonium.  Incineration  of  this 
platinum  salt  yielded  41.30  per  cent,  of  the  metal,  while 
the  platinochrorides  of  ammonium,  methylamine,  and 
ethyiamine  gave  respectively,  44.36,  41.64,  and  39.40  per 
cent,  of  platinum.  The  salt  formed  from  the  caiito- 
ammoniacnl  rajtors  was  analogous  in  composition  to  that 
formed  with  methylamine.  But  inasmuch  as  the  crystals 
were  more  like  those  of  the  ethyl  salt,  and  as  a  mixture 
of  the  ethyiamine  and  ammonium  salts  would  correspond 
in  percentage  composition  to  that  obtained  from  the  dis- 
tillate, he  supposed  that  the  sewage  emanations  were 
animoniacal  and  ethylic. 

A  series  of  experiments  made  by  the  writer  has  shown 
that  the  volatile  matters  evolved  during  the  feniientative 
changes  in  organic  substances  are  of  two  different  char- 
acters, the  one  vaporous  and  ethylic,  but  not  containing 
nitrogen  if  separated  from  the  ammonia  with  which  it 
is  volatilized  and  condensed,  and  the  other  volatile,  car- 
l)onaceous,  and  solid,  concreting  on  distillation  into 
white,  soft,  and  greasy  particles.  The  former  has  a  dull, 
mawkish,  not  positively  unpleasant,  cnlor,  the  latter  a 
stnmg  and  intensely  disagreeable  smell. 

Marsh  gas.  a  colorless,  inodorous,  and,  fortunately, 
nou-poisonous  gas.  is  largely  formed  as  a  tmnsitiou  pnKl 
net  in  the  decomposition  of  vegetable  matter.  It  is 
evolved  in  the  gradual  transformation  of  wood  into  coal, 
constituting  in  mines  the  "fire  damp  "  which  is  the  occa- 
sion of  so  many  disastrous  explosions.  It  explodes,  in 
the  presence  of  fiame,  when  formin*?  only  one-eighteenth 
of  the  air  of  the  mine.  The  resulting  ga.ses,  carbon 
dioxide,  nitrogen,  and  vapor  of  water,  constitute  the 
-afterdamp"  or  "choke  damp"  which  suffocates  those 
miners  who  have  not  been  killed  outright  by  the  explo- 
sion. 

A.ssociated  with  the  carbon  dioxide  of  respiration  are 
certain  organic  exhalations  which  differ  in  constitution, 
accoixling  to  the  efl^cieucy  or  imperfection  of  the  oxida- 
tion in  the  tissues.  In  diseased  conditions  of  the  b(xly 
these  exhalations  are  thrown  out  in  greater  quantity  than 
iu  health  and  the  infection  of  disease  in  some  instances 
accompanies  them.  They  are  exhaled  not  only  from  the 
lungs,  but  also  along  with  the  perspiration  from  the 
pores  of  the  skin.  The  quantity  of  organic  matter  thus 
eliminated  has  not  been  determined,  but  is  known  to  be 
small.  It  does  not  diffuse  like  a  gas  into  the  atmosphere, 
but  floats,  when  there  are  no  currents  to  disturb  it,  like 
an  odorous  but  invisible  cloud.     If  evolved  into  the  air 


of  a  close  room  its  amount  is  proportioned  to  that  of  the 
carbon  dioxide  exhaled  by  the  occupants,  in  the  absence, 
of  course,  of  any  other  output  of  this  gas.  As  vapor  of 
water  is  deposited  from  a  saturated  air,  so  these  organic 
clouds  become  similarly  condensed  on  walls,  furniture, 
hangings,  bedding,  clothing,  and  other  exposed  articles. 
In  a  room  saturated  with  organic  exhalations  the  mere 
renewal  of  the  air  does  not  dissipate  the  taint,  for  the 
renewed  air  becomes  immediately  affected  by  the  vola- 
tilization of  the  organic  deposits.  The  necessity  for  a 
thorough  aeration  is  obvious. 

The  evil  effects  of  breathing  respired  air  are  attributed 
to  these  organic  matters.  Many  experiments  have  been 
made  on  this  subject,  the  most  striking  of  which  are 
those  bv  Brown -Secjuard  and  d' Arson val,  reported  in 
1889.  I'hey  connected  a  series  of  four  air-tight  cages  by 
means  of  rubl>er  tubing  and  aspirated  a  steacly  current 
of  air  through  them.  In  each  cage  was  a  rabbit.  The 
animal  in  the  last  cage  of  the  series  breathed  the  air 
which  contained  the  respiratory  products  of  the  animals 
in  the  other  cages,  while  the  animal  in  the  first  cage  was 
supplied  with  pure  air.  After  a  time  the  animal  in  the 
last  cage  dicKi  as  a  result  of  its  confinement  in  the  im- 
pure air,  and  a  few  hours  later  that  in  the  cage  next  to  the 
last  also  succumbed.  The  inmates  of  the  first  and  second 
cages  survived.  On  placing  an  absorption  tube  between 
the  third  and  fourth  cages,  the  animal  in  the  last  cage 
survived  the  experiment,  while  that  in  the  third  cage 
died.  This  seemed  to  indicate  that  the  toxic  substance 
in  the  air  was  destroyed  by  the  sulphuric  acid  and  was 
therefore  probably  organic  matter.  These  experiments 
were  repeated,  with  the  same  results,  by  Merkel  in  1892. 
In  a  Smithsonian  contribution,  however,  by  Di*s.  Billings 
and  S.  W.  Mitchell,  published  in  1895,  it  is  contended 
from  some  experiments  made  under  their  direction  that 
in  the  air  expired  by  healthy  mice,  rabbits,  etc.,  there  is 
no  peculiar  organic  matter  which  is  poisonous  to  the 
animals  mentioned,  or  which  tends  to  produce  in  them 
any  special  form  of  disease,  and  that  it  is  very  improb- 
able that  the  minute  quantity  of  organic  matter  con- 
tained in  the  air  expired  from  human  lungs  has  any 
deleterious  influence  upon  persons  who  inhale  it  in  ordi- 
nary nx)ms.  They  concluded  also  that  the  disccmifort 
produced  by  crowc^wl,  ill- ventilated  rooms  in  persons  not 
accustomed  to  them  is  not  due  to  excess  of  carbonic 
acid,  nor  to  bacteria,  nor  in  most  ca.ses  to  dusts  of  any 
kind,  the  two  great  causes  of  such  discomfort  l)eing  ex- 
cessive tenipemture  ami  unpleastmt  odors.  These  odors, 
it  is  siiid,  may  in  part  be  due  to  volatile  products  of  de- 
composition contained  in  the  expireil  air  of  persons  having 
decay<'d  teeth,  foul  mouths,  or  certain  disorders  of  the 
digestive  apparatus,  and  they  are  due  in  part  to  volatile 
fatty  acids  given  off  with,  or  produced  from,  the  excre- 
tions of  the  skin,  and  from  clothing  soiled  with  such  ex- 
cretions. They  may  produce  nausea  and  other  disagree- 
able sensations  in  specially  susceptible  persons,  but 
most  men  soon  become  accustomed  to  them  and  cease 
to  notice  them,  as  they  will  do  with  regard  to  the  odor 
of  a  smoking  car  or  of  a  soap  factory  after  they  have 
been  for  some  time  iu  the  place. 

There  are  no  micro  organisms  in  the  air  in  the  lungs. 
They  are  filtered  out  of  the  inspired  air,  or  captured 
iu  mucus  and  ciliated  out  before  they  can  reach  the 
pulmonary  cells.  We  know  this  to  be  the  case  be- 
cause when  there  is  no  break  iu  the  skin  in  an  injury  to 
the  lung  from  a  fractured  rib,  we  may  have  emphysema 
and  pneiunothorax  with  hemorrhage,  but  no  pleurisy. 
Besides  this,  Tyndall  showed  by  the  electric  l)eam  the 
freedom  of  the  expired  air  from  particulate  matter. 

But  that  evil  consequences  do  follow  overcrowding 
and  its  necessarily  vitiated  air  is  well  known.  Every 
schoolboy  knows  the  history  of  the  Black  Hole  of  Cal- 
cutta. The  typhus  fever  which  formerly  ravaged  the 
tenements  of  cities  and  the  prisons,  barracks,  cami>s.  and 
ships  of  all  nations,  is  recognize<l  as  having  been  propa- 
gated by  the  noisome  exhalations  in  unventilated  and 
overcrowded  quarters.  Indeed,  it  may  be  said  that  not 
only  has  typhus  fever  been  banished  from  civilized  com 
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muuities,  but  that  the  malignancy  of  many  and  the 
prevalence  of  all  the  infectious  diseases  have  been  lessened 
by  a  recognition  of  their  connection  with  organic  exhala- 
tions from  the  human  body. 

But  evil  consequences  of  a  li/jht€r  grade  are  also  recog- 
nized as  the  legitimate  oflPsprmg  of  vitiated  air.  The 
breathing  of  air  that  has  already  been  breathed  gives 
rise  in  succession  to  feelings  of  languor  and  heaviness, 
headache,  dulness  of  mind,  drowsiness,  dizziness  and 
faintness,  sometimes  uaiisea  and,  if  continued,  feverish 
ness.  These  symptoms  indicate  a  poisoning  of  the  blood 
by  organic  matters  which  would  not  be  present  in  it  with 
free  supplies  of  air  to  wash  them  away.  The  brain  is  the 
first  of  the  organs  to  feel  the  effects  of  the  tainted  blood. 
The  mental  inaptitude  of  children  after  two  or  three 
hours  in  a  close  schoolroom  is  easily  understood.  The 
waste  organic  matters  retained  in  tiie  blood  are  not 
necessarily  absorbed  from  the  contaminated  air.  They 
may  be  due  in  great  part  to  a  suppression  of  the  regular 
exhalations  and  a  consequent  retention  of  matters  which 
ought  to  have  been  exhaled.  As  with  moisture  in  air  so 
with  these  organic  exhalations.  The  air  when  saturated 
refuses  to  take  up  more.  Again,  their  retention  in  the 
blood  Interferes  with  the  oxidation  which  should  go  on 
in  the  tissues;  and  the  transition  products  that  are 
formed,  being  also  retained,  add  seriously  to  the  disor- 
dered condition.  The  individual  becomes  poisoned  by 
products  of  his  own  living  processes. 

The  human  system,  however,  appears  to  accommodate 
itself  to  a  certain  degree  of  impurity  in  the  air,  so  that, 
after  a  time,  the  breathing  of  such  air  ceases  to  occasion 
the  feelings  of  acute  discomfort  that  have  been  mentioned. 
But  in  their  stead  a  dei>ressed  condition  of  the  system 
is  developed,  manifested  by  pallor  of  countenance  and 
loss  of  appetite,  strength,  and  spirits.  The  vitality  of 
the  individual  is  lessened.  Every  draught  becomes  dan- 
gerous to  him,  and  even  the  chill  from  a  wall  or  closed 
window  may  cause  serious  sickness.  lie  becomes  a  ready 
victim  to  consumption  if  the  germ  of  that  disease  is  pres- 
ent, as  is  so  frequently  the  ca.se  in  the  crowded  dwellings 
of  the  poor  in  our  large  cities.  Health,  in  fact,  becomes 
broken  and  the  nervous  system  prostrated,  a  condition 
in  which  a  resort  to  alcoholic  stimulants  often  gives 
temporary  relief  at  the  expense  of  a  more  rapidly  fatal 
issue. 

Besides  the  gases  and  vapors  already  mentioned  there 
are  many  particulate  bodies,  living  and  dead,  organic 
and  mineral,  floating  in  the  atmosphere.  All  are  acci- 
dental and  therefore  impurities.  A  few  yeai"8  ago,  Pro- 
fessor Tvndall  made  use  of  an  electric  beam  as  a  search- 
light  for  floating  particles.  In  pure  air.  made  so  by 
specially  filtering  it.  the  track  of  the  ray  is  invisible,  but 
in  the  free  atmosphere  it  is  defined  with  more  or  less 
brightness  by  reflection  from  particles  ordinarily  invisible. 
If  the  electric  beam  were  passed  through  the  air  of  many 
of  our  rooms,  we  would  hesitate  to  inhale  the  aerial 
turbidity  which  it  would  reveal.  The  lower  strata  of 
the  air  are  filled  with  such  impurities,  but  air  at  a  height 
of  six  hundred  feet  is  comparatively  pure  in  this  respect. 
The  smoke  clouds,  consisting  of  particles  of  unburned  car- 
bon which  hover  over  manufacturing  cities,  seldom  rise 
higher  than  this. 

It  is  impossible  to  do  more  than  outline  these  floating 
particles  in  the  most  general  way.  becaus(^*  everything  on 
the  face  of  the  earth  is  susceptible  of  being  ground  into 
dust  and  of  being  swept  up  by  atmospheric  currents. 
Mattera,  indeed,  of  an  e.xtra-terrestrial  origin  are  ])resent 
in  the  form  of  dust  derived  from  the  destruction  of 
meteors  in  their  passage*  tlirouirh  the  atmosphere.  The 
inorganic  dust  consists  eliietly  of  earbou  particles. 
amorphous  silicates,  irregular  fragments  of  Imrd  mineral 
substances,  and  salts  of  lime,  potash,  soda,  and  ammonia. 
The  organic  dust  includes  the  detritus  of  decaying  veg(?- 
tation,  starch  cells,  epidernud  liairs.  filaments  from  tlu' 
pappus  of  the  Composita%  pollen  grains,  and  disintegrated 
woody  tissue.  The  animal  kinirdom  also  is  represented 
in  the  dust  by  fibresof  wool,  plumletsof  feathers,  butter 
fly  scales,  and  other  debris  of  insect  life,  together  with 


occasionally  epidermal  and  epithelial  scales.  Sapro- 
phytic bacteria  are  present,  and  in  certain  localities 
pathogenic  bacteria,  as  the  bacilli  of  tuberculosis,  bubonic 
plague,  pneumonia,  etc.  Locality  and  season  influence 
the  quantity  and  character  of  these  impurities.  Natu- 
rally air  which  blows  over  a  long  stretch  of  land  contains 
more  than  sea  air.  Cotton  is  found  in  nearly  every  sample 
of  autumnal  air  in  the  Southern  States.  Pollen  grains, 
on  many  occasions,  have  given  a  yellow  color  to  the  rain- 
fall. Autumnal  catarrh,  sometimes  called  hay  fever, 
which  affects  so  many  people  at  a  certain  period  of  the 
year,  is  attributed  by  most  medical  men  to  this  impurity. 
Susceptible  individuals  avoid  attack  by  getting  away 
from  the  pollen-laden  air.  Crystals  of  senium  chloride 
are  notably  present  in  the  air  of  the  seacoast,  while  in 
that  of  cities  we  find  carbon  particles  and  crystals  of 
ammonium  sulphate  from  the  combustion  of  coal.  The 
air  of  houses  contains  fragments  of  the  fibres  of  clothing 
and  epidermal  scales,  while  that  of  hospitals,  workshops, 
factories,  mines,  etc. ,  is  charged  with  particles  varying 
in  character  with  the  occupancy  and  work.  Sand  ana 
other  mineral  substances  are  irritant  from  their  hardness 
and  angularity.  They  induce  irritation  of  the  eves  and 
air  passages,  predisposing  to  consumption  and  pneu- 
monia. Workmen  in  the  dust- producing  trades,  such  as 
stone-cutters,  steel -grinders,  pottere,  etc.,  frequently 
suffer  from  lung  diseases.  Sanitarians  liave  given  ear- 
nest attention  to  this  subject  with  a  view  to  lessening 
sickness  and  mortality. 

But  in  many  instances,  according  to  the  nature  of  the 
mineral  particles,  effects  are  produced  other  than  those 
due  to  their  physical  characters.  Lead-minera  and  paint- 
ers are  liable  to  colic,  wrist  drop,  and  serious  disease  of 
the  brain  from  the  absorption  of  the  inhaled  particles  into 
the  blood.  In  this  instance,  as  in  all  atmospheres  con- 
taminated with  absorbable  matters,  the  evil  arises  not 
alone  from  that  which  is  inhaled,  but  as  well  from  that 
taken  into  the  mouth  and  swallowed  either  directly  from 
the  air  or  by  eating  with  unwashed  hands  which  are 
tainted  with  the  dust.  Arsenical  dust  also  is  injurious 
when  inhaled  or  swallowed,  and  not  only  do  the  workers 
in  arsenical  pigments  suffer,  but  many  of  those  who  live 
in  rooms  lined  with  arsenical  wall^mper. 

Sometimes  the  inorganic  mattera  pervade  the  atmos- 
phere of  localities  in  the  form  of  vapor,  as  in  factories 
where  phosphorus  or  mercury  is  in  constant  use. 

The  earliest  observations  on  the  impurities  of  air  were 
made  on  condensations  gathered  from  the  outside  of  a 
vessel  containing  ice.  Subsequent! v  experiments  were 
made  on  water  which  had  been  shalien  with  successive 
vohmies  of  air.  In  both  ca.ses  a  liqiud  was  obtained 
which  putrified  readily  and  in  which  the  presence  of  liv- 
ing organisms  could  be  identified.  R.  A.  Smith  was  per- 
haps  the  first  to  use  the  latter  method.  He  put  one  hun- 
dred and  fifty  drops  of  pure  water  in  a  small  vial  contain- 
ing air  from  a  cow  stable.  He  shook  the  bottle  that  the 
water  might  entangle  and  wash  out  all  particles  of  solid 
matter  from  the  air.  He  renewed  the  air;  and  this  he  did 
five  hundred  times.  AV'hen  he  examined  the  water  under 
the  microscope,  he  was  astonished  at  the  immense  num- 
ber of  spores  which  were  visible,  along  with  many  other 
matters  organic  and  mineral  ;  and  afterwartl  many  ani- 
malcules of  various  kinds  were  developed  in  it. 

At  the  present  time  aerial  organic  matter  is  investigat- 
ed microscopically,  biologically,  and  chenncally.  Solid 
particles  for  microscopic  study  are  caught  cm  a  glass  slide 
lightly  coated  with  glycerin.  The  general  characters 
of  atmospheric  impurities  may  be  ascertained  by  an  ex- 
amination of  the  rain  or  snow,  for  all  those  impurities 
that  are  not  dissolved  or  absorbed  bvthe  rain  are  washed 
down  by  it.  Hut  for  evaporation,  condensation,  and  rain- 
fall, the  inhabitants  of  the  earth  would  speedily  be  stifled 
in  the  dust  swept  up  by  the  atmospheric  currents.  Dis- 
tant ()bj<'cts.  hazy  and  indistinct  in  a  dry  summer  air, 
become  sharply  outlined  in  a  purified  rain -washed  atmos- 
phere. In  rain  water  susix-nded  impurities  may  be  seen 
with  the  naked  eye.  and  in  the  gradual  melting  of  a  pure 
white  mantle  of  snow  the  stain  made  by  its  entangled 
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impurities  will  appear  before  it  has  shrunk  to  half  its 
original  thickness. 

The  biological  examination  resolves  itself  into  a  deter- 
mination of  the  number  of  bacterial  colonies  and  other 
micro-organisms  in  a  given  volume  of  the  air,  with  cul- 
ture experiments  for  the  study  of  species.  Official  ob- 
servations at  the  Montsouris  Observatory  near  Paris, 
iSrance,  have  shown  that  there  are  few  bacteria  in  the  air 
in  winter,  and  that  the  numbers  increase  tiirough  spring 
and  summer  to  over  one  hundred  per  cubic  metre  in  the 
autumn.  The  air  of  city  streets  is  densely  cliarged  with 
bacteria.  The  atmosphere  is  purer  in  this  respect  in 
its  upper  strata;  air  collected  at  over  six  thousand  feet 
is  practically  free  from  bacteria  and  moulds. 

Chemistry  has  done  but  little  to  perfect  the  organic 
analysis  of  air.  With  known  methods  of  analysis  the 
results  obtained  by  the  expenditure  of  much  time  and 
care  are  of  small  value.  If  an  air  specimen  contains  an 
unusual  amount  of  the  organic  elements,  it  may  be  cor- 
rectly considered  as  impure,  but  the  nature  of  the  im- 
purity is  not  defined.  The  carbon  estimated  may  have 
been  a  harmless  particle  of  soot,  or  in  part  it  may  have 
been  essential  to  the  spread  of  a  deadly  disease.  Never- 
theless, analyses  are  made  as  a  matter  of  official  routine 
by  sanitary  officers  in  England  and  France.  The  organic 
substances  are  absorbed  by  aspirating  large  volumes  of 
the  air  through  a  small  volume  of  distilled  water,  and 
the  liquid  menstruum  is  then  investigated  by  the  proc- 
esses of  water  analysis.  Professor  Remsen,  of  the  tfohns 
Hopkins  Univeraity,  Baltimore,  Md.,  endeavored  to  im- 
prove on  this  process  by  filtering  the  air  through  pow- 
dered and  moistened  pumice  before  passing  it  in  fine  bub- 
bles through  the  distilled  water.  He  thus  showed  that, 
so  far  as  could  be  determined  by  chemical  means,  all 
nitrogenous  matter  was  retained  by  the  filter.  But,  as 
germs  or  microscopic  organisms  might  have  passed 
through  without  thus  showing  their  presence  in  the  ab- 
sorbing liquid,  owing  to  the  necessarily  minute  trace  of 
nitrogen  in  them,  the  present  writer  carried  out  a  series 
of  experiments  which  determined,  first,  that  the  nitrog  • 
enous  matter  of  air,  excluding  ammonia  from  considera- 
tion, is  particulate ;  second,  tlmt  it  consists  in  large  part 
of  micro-organisms;  and  third,  that  filtration  through 
Austrian  glass  wool  effects  their  removal  from  the  pass- 
ing air.  The  experiments  were  conducted  in  a  sterilized 
apparatus.  The  air  was  drawn  through  a  short  glass 
tube  1  cm.  in  diameter,  lightly  packed  for  two  or  three 
inches  of  its  length  with  the  glass  wool.  From  this  it 
was  passed  in  fine  division  through  distilled  water. 
After  this  it  was  mixed  with  steam  generated  from"  a 
dilute  solution  of  alkaline  permanganate  of  potash,  the 
mixture  immediately  entering  the  tube  of  a  Liebig's  con- 
denser, where  the  steam  was  deposited,  carrying  down 
with  it,  after  nature's  process  of  air  purification  by  the 
rainfall,  any  micro-organisms  which  might  have  escaped 
removal  by  filtration  or  absorption.  The  difficulties  in 
the  way  of  sterilizing  the  various  parts  of  this  apparatus 
were  such  that  the  first  experiments,  which  gave  speedy 
developments  in  culture  liquids  tainted  by  the  filter,  the 
absorbing  liquid,  and  the  condensate,  w^ere  rcs^arded  only 
as  the  practical  expression  of  these  difficulties.  The 
experiments  were  repeated  with  precautions  suggested 
as  necessary  by  the  previous  experience,  and  ultimately 
success  attended  them. 

One  of  the  processes  of  water  analysis  to  which  these 
matters  were  subjected  involved  the  distillation  of  the 
ammonia  which  was  present  in  the  liquid,  and  its  estima- 
tion by  the  calorimetric  method  with  Nessler's  solution. 
Ammonia  gives,  with  this  test  solution,  a  faint  straw - 
yellow  color,  which  deepens,  in  proportion  to  the  amount 
of  ammonia  present,  to  a  dark  sherry  brown,  or  to  a  dark 
haziness  or  distinct  precipitate.  But  it  not  un frequently 
happened  tliat  in  testing  for  ammonia  in  the  distillate 
from  the  pure  water  in  which  the  glass  wool  containing 
the  organic  matter  of  the  air  was  suspended,  as  well  as 
in  that  from  the  absorbing  liquid  which  contained  most 
of  the  anunonia,  and  in  that  from  the  condensate  which 
contained  but  a  trace,  a  citron-green  color  was  produced 


which  masked  the  ammonia  reaction  and  rendered  its 
estimation  impossible.  Dr.  Kidder,  of  the  navy,  ob- 
served this  interference  with  the  ammonia  coloration, 
and  attributed  it  to  the  presence  of  substances  evolved 
in  the  putrefaction  of  organic  matter.  He  concluded 
from  the  few  experiments  he  made  that  the  amines  are 
not  necessarily  concerned  in  its  production,  as  he  found 
tliat  butyric  acid  gave  a  somewhat  similar  interference 
to  that  met  with  in  the  experiments  on  air  washings. 
But  the  haziness  with  which  the  presence  of  butyric  acid 
masks  tlie  true  ammonia  color  is  not  the  citron -green 
coloration  which  so  frequently  occurs  in  the  analysis  of 
foul  airs.  This  is  due  to  the  presence  of  an  ethyl  com- 
pound which  is  given  off  from  the  carbohydrates  while 
undergoing  change.  It  may  be  obtained  free  from  the 
anunonia  which  ordinarily  accompanies  it  and  obscures 
its  reaction  by  submitting  the  liquid  containing  both 
to  the  process  of  nitrification.  It  may  also  be  obtained 
from  ammonia  and  free  glucose,  and  from  starch,  cane 
sugar,  tannin,  salicin,  etc.,  after  treatment  with  heat  and 
acids  (see  Watei'  Analyntt). 

In  some  of  the  experiments  referred  to,  an  air  volume 
of  100  litres  was  passed  through  the  interior  of  a  glass 
globe  which  contained  liquid  sewage  and  silt,  garbage, 
or  other  foul  and  decomiM>sing  materials,  and  then 
through  the  glass-wool  filter,  absorber,  and  condenser  to 
remove  the  matters  with  which  it  had  become  contami 
nated.  Culture  experiments  showed  the  satisfactory 
removal  by  the  filter  of  all  germs  and  nitrogenous  mat- 
ters, ammonia  excepted,  and  chenn'cal  tests  determined 
approximately  the  quantity  of  organic  matter  thus  re- 
moved. In  some  instances  a  second  air  volume  of  100 
litres  was  drawn  over  the  organic  matter  in  the  globe, 
and  the  results  obtained  from  the  filter  through  which 
it  was  afterward  passed  did  not  differ  from  those  of  the 
first  experiment  on  the  same  organic  matter.  From 
these  experiments  the  conclusion  appears  admissible  tliat 
the  volume  of  air  which  is  contaminated  by  a  ceilain 
decomposing  organic  mass  is  the  volume  which  comes  in 
contact  with  it.  If  no  air  is  drawn  through  the  foul 
globe,  only  that  which  is  contained  in  it  is  rendered  im- 
pure. This  air  has  its  oxj'^gen  in  time  replaced  by  the 
foul-smelling  gases  of  decomposition.  Evaporation  takes 
place  from  the  contained  liquid  until  the  stagnant  and 
enclosed  air  becomes  saturated.  The  ascensional  force 
of  evaporation  carries  from  the  smeared  and  half-dried 
sides  of  the  globe,  and  from  the  unsubmergcd  solids 
within  it,  some  of  the  innumerable  micro-organisms  with 
wliich  they  are  pervadetl,  and  the  air  becomes  cliarged 
with  organic  particles  to  an  extent  proportioned  to  its 
temperature  and  hygrometric  condition.  If  a  volume  of 
air  is  drawn  through  the  globe,  it  will  be  contaminated 
by  organic  matters  canned  away  by  its  own  movement 
and  by  the  increased  activity  of  evaporation  produced  by 
it.  If  a  second  volume  is  drawn  through,  it  will  be 
contaminated  in  like  manner,  and  to  the  same  extent,  if 
the  volume,  rapidity  of  passage,  temperature,  and  hygro- 
metric condition  are  the  same  in  both  instances ;  and  so 
for  a  third,  a  fourth,  or  more  volumes,  until  the  decom- 
posing mass  has  become  changed  by  their  agency.  This 
is  recognized  practically  in  sanitary  work.  The  dead 
are  buned  that  their  decomposition  may  not  contaminate 
the  atmosphere.  For  the  same  reason  garbage  is  collected 
and  removed.  A  receptacle  for  foul-smelling  and  fer- 
menting matters  is  less  of  a  nuisance  and  less  dangerous 
to  health  when  fitted  with  an  air-tight  cover  than  when 
freely  exposed  to  the  air,  for  in  the  latter  case  every 
volume  of  air  which  comes  in  contact  with  it  is  a  volume 
of  air  polluted.  Sanitary  officials  in  growing  cities  ])ro- 
test  against  the  continued  existence  of  small  surface 
streams  which  of  necessity  pass  into  the  condition  of 
open  sewers,  tainting  every  volume  of  air  which  comes 
in  contact  with  their  foulness.  These  are  bricked  over 
and  the  air  is  preserved  from  the  impure  contact.  But 
in  the  construction  of  regular  systems  of  sewerage  pro 
vision  is  made  for  this  contact  under  the  name  of  ventila 
tion.  The  sewers  arc  tapped  at  regular  intervals  along 
the  streets  for  the  exit  of  the  contaminated  air.    From 


15T 


Air  Embolism. 
Air  Passases. 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


the  present  point  of  view  this  tentilation  of  the  setters  is 
of  questionable  benefit.  The  volume  of  air  rendered 
impure,  and  possibly  dangerous,  is  proportioned  to  the 
thoroughness  of  the  ventilation.  Sulphureted  gases 
may  be  diluted,  and  the  outflowing  air  be  free  from  dis- 
agreeable odors,  but  the  very  air  movement  which  effects 
this  may  raise  invisible  clouds  of  fermentative  and  mor- 
bific agencies  from  the  foul  interior.  Experiments  on 
this  pomt  would  be  of  value.  Those  mentioned  above 
indicate  that  the  communication  with  the  outer  air  should 
only  be  such  as  is  needful  to  relieve  tension  and  prevent 
the  forcing  of  seals,  and  that  these  air  holes  should  be 
guarded  by  some  filtering  material.  But  since  the  vol- 
ume of  air  which  becomes  contaminated  is  that  which 
comes  in  contact  with  the  fermenting  material,  it  may  be 
reduced  as  well  by  diminishing  the  extent  of  the  impure 
surface  as  by  cutting  off  the  ventilation.  Hence  sewers 
of  small  size,  as  in  what  is  known  as  the  separate  s^'stem, 
are  to  be  preferred,  on  sanitary  grounds,  to  the  large 
ramifying  tunnels  of  the  combined  system.  The  foul 
airs  which  arise  from  sewer  apertures  are  matters  of 
every -day  observation.  If  well  diluted  with  air  they 
may  not  affect  the  sense  of  smell,  but  they  rise,  never- 
theless, from  the  grated  covers  on  our  streets,  and  may 
be  seen,  by  the  vapor  precipitated  from  them,  as  an  up- 
rising column  in  weather  which  clouds  the  air  of  respira- 
tion thrown  out  from  the  lungs.  With  open  streets  and 
lively  breezes  it  is  probable  that  these  exhalations  are 
dissipated,  or  mther  diluted,  to  harmlessness,  but  in  en- 
closed spaces  and  stagnant  atmospheres  the  sewer  air, 
which  is  so  carefully  excluded  from  living  rooms  by  in- 
telligent plumbing,  may  enter  as  fresh  air  through  open 
windows  and  apertures  .specially  devised  for  its  admission. 

Sewer  air  is  atmospheric  air  with  its  oxygen  diminished 
and  its  carbonic  acid  increased  to  from  ten  to  fifty  vol- 
umes per  ten  thousand,  and  with  taints  or  notable  amounts 
of  marsh  gas,  hydrogen  sulphide,  ammonium  sulphide, 
and  amines  or  compound  ammonias  in  which  one  or  more 
atoms  of  hydrogen  are  replaced  by  a  positive  radicle, 
methyl,  ethyl,  aniyl,  etc.  Cesspool  air  has  an  excess  of 
thesefoul -smelling  constituents,  for  the  contents  of  a  cess- 
pool continue  to  putrefy,  while  the  sewage  in  a  well -con- 
structed system  of  sewerage  should  be  carried  away  be- 
fore putrefaction  s(?ts  in.  Each  of  the  impurities  in 
sewer  air  is  harmful  when  breathed  in  strength,  but  not 
specially  dangei*ous  when  diluted  with  atmospheric  air, 
for  it  is  well  known  that  men  whose  occupations  bring 
them  into  contact  with  this  contaminated  air  do  not 
suffer  specially  from  disease.  But  sewer  air,  like  re- 
spired air,  contains  organic  matter,  and  the  propagation 
of  certain  infectious  diseases,  particularly  typhoid  fever, 
has  been  attributed  to  the  presence  of  their  causative 
agencies  in  the  organic  exhalations. 

Dr.  William  Budd  insisted  on  the  harmles-sness  of  hu 
man  excreta  unless  infected  by  a  previous  case  of  typhoid 
fever,  but  Murchison  taught  the  doctrine  of  py thogene.<?is 
or  filth  origin,  irrespective  of  any  previous  case,  and  his 
doctrine  prevaile<l  for  many  years.  Hence  the  slightest 
flaw  in  a  system  of  .sc^-wage  removal  was  accepted  as  an 
explanation  in  full  of  tiie  presence  of  typhoid  fever. 
The  sanitary  order  of  the  day  thereafter  insisted  on  im- 
proved methods  of  s<'wage  removal,  and  much  gcxxl  was 
thereby  effected.  Cleanliness  and  dry -earth  systems 
benefited  the  country,  and  "  plumbing  regulations  "  gave 
city  houses  protection  against  sewer  air,  notwithstanding 
their  intimate  connection  with  the  sewers.  Tliese  hidden 
and  too  often  uncared-for  conduits  were  insj)ected,  re- 
paire<1,  flushed,  and  ventilated  \intil  their  air  became 
purer  than  that  of  many  city  tenements.  At  this  time 
no  one  seemed  to  ()bs<»rve  that  the  evidence  against  sewer 
air  as  regards  typhoid  fever  consisted  only  of  assump- 
tion and  assertion.  When  the  sewers  and  house  drains, 
the  soil  pipes  and  the  tmps  were  found  to  be  jierfect.  the 
typhoid-fever  element  of  sewer  air  was  assimied  to  be 
so  penetrating  that  coming  up  from  the  sew(»rs  it  would 
saturate  the  water  in  a  trap  and  be  exhaled  into  a  closet 
from  the  upper  surface  of  the  water;  and  if  the  closet 
was  so  situated  that  its  air  could  communicate  with  that 


of  a  living  room  or  a  bedroom,  a  case  of  typhoid  feyer 
was  considered  satisfactorily  accounted  for.  Ultimately 
the  propagation  of  the  disease  by  a  contaminated  water 
supply  and  the  discover^'  of  the  typhoid  bacillus  made 
the  innocence  of  sewer  air  evident  in  many  cases  in 
which  it  had  been  tried  hastily  and  condemned  unjustly. 

Sewer  air  is,  however,  always  putrefactive  and  some- 
times specifically  infective.  In  the  wide  streets  of  a 
well  ventilated  city,  the  bacteria  in  its  sewer  air,  when 
diffuse<l  into  the  atmosphere  at  large  through  ventilators, 
are  carried  away,  dried  up,  and  deprived  or  their  vitality 
before  they  have  opportunity  of  doing  harm :  but  as  we 
may  have  vitiated  air  from  the  lungs  in  an  unventilated 
room,  so  we  may  have  vitiated  air  from  the  sewers  in  un- 
ventilated streets.  The  air  of  narrow  streets  in  densely 
built  localities  where  there  is  little  air  movement,  as  is 
often  the  case  in  summer,  may  become  tainted  with  the 
putrefactions  and  infections  of  the  sewers,  and  an  epi- 
demic constitution  of  the  atmosphere  may  thus  find  an 
actual  existence,  manifesting  it«elf  by  an  unusual  preva- 
lence of  diarrhoeal  or  specific  diseases. 

The  air  of  dwellings  is  sometimes  contaminated  with 
ground  or  cellar  air  drawn  up  through  a  porous  soil  by 
the  greater  warmth  of  the  living  rooms.  Ground  air 
contains  more  carbon  dioxide  in  summer  than  in  winter 
on  account  of  the  influence  of  heat  in  promoting  decom- 
position of  organic  matters  in  the  soil.  In  general  terma 
it  contains  in  summer  more  and  in  winter  less  tlian  one  per 
cent,  of  this  gas,  or  one  hundred  volumes  in  ten  thousand 
of  the  air.  It  may  also  be  contaminated  by  other  products 
of  decomposition,  together  with  forms  of  bacterial  life,  for 
it  remains  to  be  proved  tliat  such  particulate  nitrogenous 
substances  are  removed  by  a  filtration  through  the  loose 
pores  of  the  soil  in  which  they  are  multiplying.  Besides, 
in  this  question,  evaporation  from  the  surface  is  involved 
as  well  as  filtration  through  the  substance.  TTie  passage 
of  air  through  and  from  the  soil  promotes  evaporation 
from  the  surface,  which  may  carry  with  it  microscopic 
forms  of  life.  Hence  may  be  inferred  the  inadvisability 
of  furnishing  cellar  air  or  air  introduced  by  tunnels  into 
a  building  for  purposes  of  ventilation,  'fhis  applies  in 
particular  to  buildings  erected  on  made  ground.  In  fact, 
cellars,  in  default  of  an  impermeable  lining,  should  have 
a  free  circulation  of  air  separate  from  uie  ventilation 
system  of  the  superimposed  building. 

Charles  Smart. 

AIR  EMBOLISM.    See  EmhoU»m. 

AIR  PASSAGES,  FOREIGN  BODIES  IN.— Nose.— 
The  presence  of  foreign  bodies  in  the  nose  *  is  of  common 
occurrence.  The  list'  of  them  comprises  extraneous 
substances  introduced  either  through  accident  or  design 
by  infants  or  insane  adults;  sequestra  of  diseased  bone; 
and  parasites.  They  may  also  enter  the  nasal  cavities 
from  behind,  during  the  act  of  vomiting  or  of  choking, 
or  in  paralysis  of  the  soft  palate.  Rarely,  as  in  gunshot 
wound,  they  may  pass  through  the  walls  of  the  nasal 
cavity  from*  without.  The  history  of  those  of  the  first 
variety  is  usually  as  follows:  A  child  of  about  two,  old 
enough  to  creep  but  not  sufliciently  intelligent  to  know 
better,  thrusts  some  small,  rounded  object,  such  as  a 
bean  or  a  shoe-button,  which  it  has  found  upon  the  floor. 
into  its  nostril.  If  the  child  l)e  not  caught  in  the  act  the 
body  may  escape  immediate  detection.  Soon  symptoms 
of  chronic  inflammation  are  established.  These  are  con- 
fined to  the  nostril  in  which  the  bo<ly  is.  and  continue 
until  it  is  removed,  the  irritation  often  being  severe  and 
the  discharge  exceedingly  fetid.  The  mucous  membrane 
adjacent  to  the  foreign  body  is  in  a  condition  of  super- 
ficial erosion.  The  l)ody,  if  too  firmly  impacted  to  be 
dislodged  by  simply  blowing  the  nose,  remains  fixed, 
iisually  in  the  inferior  meatus,  until  removed  by  the 
surgeon.  Removal  shoiild  be  attempted  by  means  of 
a  hooked  probe  or  fine  forceps,  the  sensitiveness  of  the 
na.*«il  cavity  being  borne  in  mind,  and  the  removal  of  the 
l>ody  carefully  aecomj^lished  after  complete  local  anaes- 
thesia of  the  nasal  cavity  has  been  obtained,  either  by 
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cocaine  or  by  the  extract  of  suprarenal  capsule.  Copious 
hemorrhage,  lasting  two  or  three  minutes,  often  follows, 
but  is  generally  of  little  moment.  The  nostril  should  l)e 
washed  several  times  a  day  with  a  weak  disinfectant. 
In  four  or  five  days  the  membrane  will  often  have  healed 
so  completely  that  no  trace  of  trouble  can  be  seen ;  the 
discharge  ceases  entirely,  and  the  cure  is  complete.  The 
possibility  of  the  presence  of  a  foreign  body  in  all  cases 
of  fetid  aischarge  confined  to  one  nostril  should  always 
be  remembered,  and,  the  nostril  having  been  cleansed 
with  a  warm  douche,  examination  should  be  made  with 
probe  and  speculum.  If  the  object  he  kxlged  far  back- 
ward, care  should  be  taken  in  removing  it  not  to  allow 
it  to  fall  into  the  larynx.  Rhinoliths'*  ai*e  merely  calculi 
formed  by  an  accumulation  of  the  earthy  salts  of  the 
nasal  secretions  around  some  foreign  body  or  inspissated 
mucus.  Their  presence  has  given  rise  to  such  irritation 
that  they  liave  been  mistaken  for  cancer.  Careful  ex- 
amination and  the  history  of  the  case  will  easily  establish 
the  diagnosis.  If  the  concretion  be  too  large  to  be  readily 
remov^  it  should  first  be  crushed.  Foreign  bodies  of 
this  nature  are  rarely  met  with,  although  one  is  reported 
which  weighed  seven  hundred  and  twenty  grains.  Se- 
questra of  bone,  particularly  in  tertiary  syphilis,  some- 
times remain  in  the  nasal  cavity  after  their  separation, 
thus  acting  as  foreign  bodies.  They  must  be  thoroughly 
removed  preliminary  to  further  local  treatment. 

Parasites. — In  tropical  countries,  seldom  elsewhere, 
various  kinds  of  flies,  of  the  order  Muscida^,  may  enter 
the  nasal  cavity,  preferably  of  a  patient  suffering  from 
catarrh,  and  there  deposit  eggs.^  The.se  are  quickly 
hatched,  causing  in  succession  irritability,  tickling,  and 
sneezing:  later,  formication,  bloody  discharges,  and 
epistaxis,  with  oedema  of  the  face,  eyelids,  and  palate : 
excruciating  pain,  generally  frontal;  insonuia.  and  if 
the  condition  be  unrelieved,  convulsions,  coma,  and 
death.  Sometimes  the  larvae  are  sneezed  out,  or  may  be 
seen  on  examination  of  the  parts.  This  will,  of  course, 
establish  the  diagnosis.  Destruction  caused  by  the  larvae 
mav  extend  to  the  mucous  membrane,  the  cartilages, 
and  even  the  bones  of  the  head;  the  ethmoid,  sphenoid, 
and  palate  bones  liaving  been  foimd  carious.  Where 
the  maggots  have  entered  the  frontal  sinus  or  the 
antrum  of  Highmore,  injections  of  tobacco  or  alum,  or 
insufi9ations  of  calomel,  formerly  used,  will  be  of  little 
use.  Chlorofonn  or  ether,*  preferably  the  former,  either 
inhaled  or  driven  into  the  nasal  recesses  in  the  form  of 
spray,  is  the  sovereign  remedy,  as  under  it  the  larva;  are 
not  killed,  to  remain  in  situ  and  thus  cause  further 
trouble,  but  escape  with  all  ha.ste  to  the  outer  air. 
Meanwhile,  anodynes  should  be  given  to  allay  pain,  and 
the  patient's  strength  should  Ik?  carefully  sustained. 

Such  measures,  however,  are  only  serviceable  when 
the  case  is  seen  early  and  the  larvae  are  still  upon  the 
surface  of  the  mucous  membrane.  When  they  have  at- 
tained their  full  development,  they  burrow  into  the 
soft  tissues,  whence  it  seems  impossible  to  extract  them 
except  by  seizing  them  bodily  and  dragging  them  out. 
If  the  desperate  character  of  the  situation  in  severe 
cases  of  this  kind,  and  the  impossibility  of  reaching 
the  seat  of  irritation  through  the  natural  passages, 
are  taken  into  consideration,  no  surgical  procedure 
which  promises  relief  can  be  thought  tx)o  severe.  It  is 
therefore  justifiable  to  open  into  the  antrum  or  the 
frontal  sinuses  from  without,  to  perform  Rouge's  oper- 
ation, in  order  to  gain  access  to  the  \ipper  part  of  the 
nasal  cavities  or  to  open  freely  into  the  ethmoid  cells. 
Several  cases  in  which  the  patient's  life  has  thus  been 
saved  have  been  related  to  the  writer  in  recent  years. 

Leeches, ascarides,  earwigs,  and  centipedes®  have  been 
found  in  the  nose,  causing  insomnia,  frontal  pain,  sanious 
discharge  from  the  nose,  lachrymation,  vomiting,  and, 
in  some  cases,  great  cerebral  excitement.  Sternutatories 
are  generally  suflScient  for  their  expulsion. 

ToNsn*. — Three  general  varieties  of  foreign  bodies 
maybe  found  in  the  tonsil:  (1)  Foreign  bodies  proper,  or 
substances  which  have  become  lodged  in  the  tonsil  dur- 
ing deglutition;  (2)  tonsillary  concretions  or  calculi;  (3) 


parasites.  The  last  two  conditions  are  not  common ;  the 
first  will  be  described  under  Foreign  Bodies  in  the 
Pharynx. 

Tonsillary  calculi  are  formed  in  the  lacunae  of  a  chron- 
ically inflamed  tonsil  by  a  perverted  condition  of  the  nat- 
ural secretions,  and  their  retention  in  the  recess  through 
closure  of  its  outlet.  They  vary  in  size,  seldom  attain- 
ing a  greater  diameter  than  three- fourths  of  an  inch,  and 
consist  of  phosphate  and  carbonate  of  lime,  some  iron, 
soda,  and  potassa,  with  varying  proportions  of  mucus 
and  water.  Hence  they  are  not  necessarily  of  gouty 
origin. 

The  symptoms,  generally  not  prominent,  may  be  slight 
pricking  of  the  throat  with,  occasionally,  dysphagia. 
The  presence  of  the  calculus  is  sometimes  directly 
irritating,  and  may  give  rise  to  quinsy,  ulceration  of  the 
cavity,  and  abscess.  Frequently,  however,  the  symp- 
toms are  reflex  in  character.  This  is  especially  true 
with  relation  to  the  ear,  in  which  organ  the  existence 
of  a  calculus  may  be  associated  with  various  forms  of 
otic  congestion  and  with  tinnitus. 

Diagnosis,  by  ocular  examination  or  by  the  use  of  the 
probe,  is  usuall}^  easy,  and  so  also  is  the  removal  of  the 
calculus  by  means  of  a  forceps.  Sometimes,  however, 
the  mass  is  so  completely  covered  that  it  is  only  seen 
after  careful  exploration  with  the  probe  or  even  after 
the  actual  removal  of  the  tonsil.  In  most  cases  the 
latter  operation  will  afford  the  most  certain  cure.  Very 
rarely,  hydatids  and  trichocephali  have  been  found  in  the 
tonsil. 

Pharynx. — Foreign  bodies  are  very  often  arrested  in 
the  pharynx,  and  the  variety  of  these  bodies  is  ver}-  great. 
Certain  individuals  seem  especially  liable  to  this  accident, 
either  from  carelessness  in  eating,  from  insensibility  of 
the  parts,  or  from  some  unusual  irregularity  in  the 
pharyngeal  walls.  Foreign  bodies  of  large  size  generally 
lodge  in  the  lower  part  of  the  cavity,  where  the  cricoid 
and  arytenoid  cartilages  project  backward,  or  between 
the  base  of  the  tongue  and  the  epiglottis.  Small  and 
sharp  pointed  bodies  may  become  fixed  at  any  part  of 
the  pharynx,  particularly  in  the  tonsils,  on  account  of 
their  exposed  position  and  the  irregularity  of  their  sur- 
face. They  may  also  \>e  entangled  in  the  pillars  of  the 
velum,  or  in  the  lateral  folds  of  the  cavity.  A  large 
body  may  be  found  stretching  across  the  whole  width  of 
the  pharynx. 

Symptoms. — These  are  local  pain,  d3'sphagia,  and  more 
or  less  inflammation,  with  occasionally  ulceration  or 
abscess  of  the  pharynx;  but  generally  there  is  simply 
localized  inflammation  and  irritation.  If  an  abscess  be 
formed,  the  foreign  body  may  escape  through  a  fistulous 
opening  in  the  neck,  or  it  may  perforate  some  important 
blood-vessel,  or  may  even  penetrate  the  intervertebral 
substance  and  cause  caries  of  the  vertebral  bodies. 

Inflammation  of  the  pliarynx  may  give  rise  to  d^'sp- 
nopa,  while  a  large  foreign  l)ody  may  cause  suffocation 
by  obstructing  the  entrance  to  the  larynx. 

The  diagnosis  can  generally  be  established  by  the  his- 
tory of  the  case,  and  by  inspection  of  the  pharynx. 
Nervous  patients  often  insist  upon  the  presence  of  a 
foreign  l)o<ly  in  the  throat,  despite  all  assurances  to  the 
contrary,  particularly  if  the  pharynx  be  sensitive,  or  if 
at  a  certain  point  there  is  an  inflamed  lymph  gland,  or 
if,  as  often  liappens,  a  hard  substance  may  have  caused 
a  slight  laceration  of  the  mucous  membrane  while  being 
swallowed. 

Treatment.— T\\v  patient's  tongue  should  be  well  de- 
pressed, and  the  upper  parts  of  the  pharynx  carefully 
examined  in  a  strong  light.  If  the  foreign  lK)dy  does 
not  then  appear,  search  should  \ye  made  for  it,  with  the 
aid  of  the  laryngoscope,  in  the  region  of  the  Imse  of  the 
tongue,  the  glosso-epiglottic  sinuses,  and  the  upper 
portion  of  the  larynx.  If  present,  it  will  generally  be 
found  without  much  diflflculty,  and  should  be  removed 
by  the  finger  or  by  a  suitable  forceps  or  probang.  If 
dyspncea  be  urgent,  immediate  surgical  interference,  of 
a  nature  suited  to  the  special  features  of  the  case, — 
either  tracheotomy,  thyrotomy,  or,  possibly,  some  form 
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of  subhyoidean  phaiyngotomy, —  may  be  required.  The 
sensatioDS  of  the  patient  are  often  unreliable,  and  the 
feeling  of  irritation  caused  by  the  presence  of  the  body 
may  continue  for  a  long  while  after  its  removal.  This 
is  relieved  by  swallowing  small  lumps  of  ice,  and  later, 
if  necessary,  by  the  application  of  astringents  and,  in 
some  cases,  by  galvanism. 

Larynx. — fey  reason  of  the  danger  to  life  which  at- 
tends the  lodgment  of  a  foreign  body  in  the  larynx,  this 
condition  becomes  one  of  the  most  important  in  surgery. 
The  variety  of  objects  found  is  infinite,  and  may  be  thus 
divided:  Alimentary  matters,  introduced  during;  masti- 
cation, in  the  act  of  laughing  or  talking,  in  deglutition, 
or  in  inspiration  during  vomiting;  metallic  bodies,  such 
as  coins,  buttons,  puff -darts,'  eto. ;  teeth,  artificial  or 
natural;  necrosed  bone**  from  neighboring  regions,  as 
from  the  nose  in  tertiary  syphilis ;  and  fragments  of  the 
laryngeal  cartilages  themselves,  as  thrown  off  in  the  late 
stages  of  syphilis,  tuberculosis,  and  cancer  of  the  larynx. 
Foreign  bodies  in  the  trachea  may  pass  upward  and  be- 
come impacted  in  the  larynx;  and,  rarely,  they  may  gain 
access  to  the  larynx  directly  from  without,  by  forcible 
penetration  of  its  walls,  as  in  the  case  of  bullets.  •  Again, 
the  epiglottis  may  become  incarcerated  in  the  larynx,'*' 
or  occlusion  may  take  place  from  the  so-called  swallow- 
ing of  the  tongue. '' 

The  symptomn  vary  with  the  size  and  position  of  the  ob- 
ject. Thus  a  large  bod}-  fixed  in  the  rinia  glottidis  may, 
unless  dislodged,  cause  almost  instant  death.  Again, 
small  bodies  lodged  in  out-of-the-way  corners  may  remain 
indefinitely,  causing  nothing  more  than  cough  and  dis- 
comfort. Dyspna?a  may  occur  days  after  the  entrance 
of  a  foreign  body,  from  inflammation  and  tumefaction  of 
the  soft  parts  of  the  larynx,  and  danger  from  the  presence 
of  a  foreign  body  may  suddenly  become  imminent  from 
alteration  in  the  position  of  the  body.  Great  peril  some- 
times arises  from  violent  spasm  of  the  glottis,  due  to  irri- 
tation caused  by  the  foreign  body.  Mental  anxiety  and 
localized  pain  are  prominent  symptoms  in  cases  in  which 
the  accident  dcjes  not  immediately  tlireaten  life,  but  is 
followed  by  inflammation  which  rapidly  becomes  active. 

Acautious;>7v>w7;i/y*?#mustbe  given,  even  after  removal 
of  the  body,  as  long  as  there  are  any  symptoms  of  local 
inflammation.  The  diagnom  is  establislied  by  the  history 
of  the  case,  verified  or  otherwise  by  laryngoscopic  ex- 
amination. The  greatest  diftlcultics  arise  with  children 
too  young  to  express  themst^lves,  in  whom  pain  in  tlie 
throat  and  symptoms  resembling  croup  will  often  be 
the  only  indications  obtainable.  Here  the  use  of  the 
laryngosope  or  direct  inspection  of  the  larynx  as  practised 
by  Kirstein  will  be  indispensable. 

Treatment. — The  offending  body  should,  of  course,  be 
at  once  removed;  if  possible,  through  the  natural  pas- 
sages and  by  means  of  the  laryngeal  forceps,  aided  by 
the  laryngoscope,  in  case  the  symptoms  are  not  urgent. 
Removal  may  l)e  facilitated  by  i)lacing  the  patient  on  his 
back  upon  a  table,  with  the  head  lianging  over  the  edge 
of  the  table,  in  which  position  the  patient  breathes 
more  easilv,  and  the  law  of  gravitation  becomes  directly 
helpful.  If  asphyxia  threaten,  tracheotomy  should  be 
done  at  once,  and'  the  foreign  bcxl}^  afterward  extracted 
as  described  al)ove.  Boiiies  which  at  first  are  immovable 
may  sometimes  be  loosened  by  reducing  the  local  inflam- 
mation. In  rare  cases,  when  the  object  has  become 
firmly  impacted,  thyrotomy  may  become  necessary. 
A  case  is  recorded  in  which  a  needle,  transfixed  in  the 
larynx,  was  pushnl  through  the  anterior  laryngeal 
wall,  and  thus  removed. '■' 

Trachea  AND  BHoxcm.— Any  object  which  can  pass 
through  the  rima  glottidis  may,  of  course,  find  its  way 
into  the  trachea,  in  the  sjime  manner  as  was  described  in 
the  paragraph  relating  to  foreign  bodies  in  the  larynx. 
Sharp  objects  lodged  in  the  oesophagus,  and  even  disc'ased 
bronchial  glands,  may  work  their  way  through  the  walls 
of  the  trachea,  and  into  its  cavity.  It  sometimes  hap- 
pens, through  caMessness  or  by  accident,  that  parts  of 
instruments  used  in  intralaryngeal  openitious.  iracheal 
cannula;,''  laryngeal  brushes,  and  even  bits  of  solid  ni- 


trate of  silver,  drop  into  the  trachea.  If  too  large  to  enter 
either  main  bronchus,  the  body  will  probably  remain  at 
the  bifurcation.  Otherwise  it  will  pass  into  one  bron- 
chus or  the  other,  preferably  the  ri^ht,  on  account  of 
its  anatomical  position,  in  the  proportion  of  five  to  three, 
and  thence  travel  indefinitely  into  one  of  the  more 
remote  bronchial  divisions.  Asphyxia  may  also  be 
caused  by  the  entrance  of  water  into  the  trachea,  as  in 
drowning,  of  blood  during  a  surgical  operation,  of  pus 
from  the  bursting  of  an  abscess,  of  vomited  matter,  or  of 
liquid  food. 

The  symptoms  will  depend  upon  the  nature  of  the  body 
and  its  exact  situation  in  the  lung.  Small  objects  have 
remained  encapsulat<jd  with  mucus  for  years  without 
causing  discomfort  or  serious  results.  Smooth,  rounded 
bodies  irritate  less  than  irregular  ones.  Inflammation 
of  the  lungs  from  a  foreign  body  may  occur,  and  at 
the  same  time  the  presence  of  such  a  body  may  be  en- 
tirely unknown.  Large  objects  and  fluids  may  cause 
death  by  instant  suffocation,  or  death  may  result  in  the 
course  of  a  few  minutes,  the  symptoms  present^  being 
urgent  dyspnaa,  and  cyanosis  from  asphyxia.  The  pa- 
tient under  these  circumstances  makes  frantic  efforts  to 
obtain  relief.  He  thrusts  his  fingera  down  his  throat,  he 
rushes  to  the  window  to  get  fresh  air,  and  he  makes 
strong  inspiratory  efforts;  and  if  aid  be  not  speedilv 
afforded,  death,  with  all  the  signs  of  asphyxia,  soon  fol- 
lows. Severe  dyspnoea,  followed  by  relief  without  ex- 
trusion of  the  foreign  body,  indicates  that  the  body 
has  probably  dropped  from  the  larynx  into  the  trachea. 
Dyspnoea  is,  of  course,  more  urgent  when  the  trachea 
is  occluded  tlian  when  the  foreign  body  stops  only  one 
bronchus.  The  boily  may  cliange  its  position,  passing 
from  one  bronchus  to  that  of  the  opposite  side.  A  body, 
small  when  swallowed,  may  become  more  dangerous 
through  increase  in  size,  eithej  by  imbibition  of  water 
or  by  fonning  the  nucleus  oi  a  concretion.  Physical 
signs  due  to  the  presence  of  a  foreign  body  in  the  lung 
may  be  altogether  wanting,  but  they  are  generally 
more  or  less  distinct.  They  are  the  following :  whis- 
tling  or  flapping  sounds  at  the  point  of  l^gment, 
decreased  fn'mitus,  and  absence  of  respiratory  murmur 
in  the  lung  beyond.  The  diagnosis  is  often  very  dif- 
ficult. At  or  about  the  bifurcation  the  body  may  be 
seen  with  the  laryngoscope.  The  lodgment  of  a  foreign 
body  in  the  lung  may  result  in  pneumonia,  tuberculosis, 
abscess,  or  gangrene.  Or  it  may  become  encapsulated 
and  do  no  apparent  hann.  Rarely  a  body,  generally  an 
ear  of  barley  or  oth(;r  grain,  having  fomied  an  abscess 
of  the  lung,  has  been  dlscliarged  through  the  wall  of 
the  thorax,  with  complete  recovery.'* 

Diagnoais. — The  fact  that  some  foreign  body  has  been 
inhaled  should  be  established  if  possible,  and  the  site  of 
the  body  determined.  In  children  and  incompetents, 
and  in  cases  in  which  the  dyspnoea  is  urgent,  this  may 
not  be  easy.  While  the  laryngoscope  may  fail  to  reveal 
the  presence  of  the  fon^ign  body  in  the  trachea,  it  can 
at  least  furnish  satisfactory  evidence  that  the  object  in 
question  is  not  located  in  the  larynx. 

The  progmms  is  serious;  it  depends  upon  the  nature 
of  the  foreign  body,  the  amount  of  dyspncea,  and  the 
organic  lesions  which  may  result.  The  danger  is  greatest 
at  the  first,  and  although  it  diminishes  in  varymg  de- 
gree as  time  passes,  it  is  never  entirely  absent.  Even 
after  expulsion  of  the  foreign  body  death  may  occur  from 
the  organic  disease  set  uj).  The  expulsion  of  one  ob- 
ject does  not,  especially  with  children,  preclude  the  pos- 
sibility of  others  remaining  in  the  lung. 

Treatiucht. — The  treatment  of  foreign  bodies  in  the 
trachea  must  lx»  determined  bv  the  circumstances  of  the 
case  and  ])v  the  nature  of  the  foreign  body.  When  the 
trachea  and  bronchi  are  filled  with  fluid  the  patient  should 
be  jilaced  upon  his  back,  the  head  and  shouldere  as  low  as 
possible,  the  mouth  should  be  forced  open,  the  tongue 
drawn  far  forward,  and  the  walls  of  the  chest  compres^d. 
Artificial  respimtion  should  be  instituted  the  moment 
the  trachea  is  sufficiently  free  to  allow  of  the  ingress  of 
air. 


160 


REFERENCE  HANDBOOK  OF  THE  3IEDICAL  SCIENCES. 


Air  PaMiase*. 
Alx-lea-Balns, 


The  treatment  of  solid  bodies  which  have  gained  access 
to  the  trachea  or  bronchi  is  one  of  the  most  difficult 
things  in  surgery.  In  brief,  if  the  object  be  smail  in 
size,  regular  in  contour,  and  of  smooth  surface,  it  appears 
that  better  results  have  been  obtained  by  waiting  for 
spontaneous  expulsion  than  through  operation.  When 
the  foreign  body  is  rough,  irregular,  or  very  large,  a 
low  tracheotomy  will  generally  give  the  liest  opportunity 
for  its  removal.  If,  as  sometimes  happens,  the  foreign 
body  cannot  be  reached  at  the  time  of  the  operation,  the 
wound  in  the  trachea  may  be  kept  widely  open  in  the 
hope  that  this  body  may  be  extruded  on  some  future  occa- 
sion. 

The  conditions  demanding  speedy  operation  are:  1. 
Urgent  and  dangerous  symptoms,  as  progressive  dysp- 
noea, or  frequently  occurring  attacks  of  dyspnoea,  or 
laryngeal  spasm,  when  laryngoscopic  examination  £ails 
to  reveal  the  object  or  shows  that  its  speedy  removal  by 
the  natural  passages  is  impossible.  2.  When  a  sharp 
and  irregular  body  is  impacted,  as  shown  by  the  larj-n- 
goscope,  in  such  a  way  tliat  immediate  extraction  is  im- 
possible, and  when  acute  inflammation,  and  especially 
oedema,  are  rapidly  developing,  as  evinced  by  increasing 
dyspnoea.  3.  In  the  case  of  a  foreign  body  of  any  na- 
ture which  lies  loosely  in  the  trachea,  and  the  move- 
ments of  which  excite  laryngeal  spasm  or  coughing  of 
dangerous  violence.  4.  In  the  case  of  a  foreign  IxHiy 
which  is  impacted  in  either  of  the  primary  bronchi,  as 
ascertained  by  the  rational  and  physical  signs,  particu- 
larly by  auscultation.  In  this  latter  condition  low  trach- 
eotomy and  immediate  direct  attempts  at  extraction  are 
often  successful.  Direct  examination  of  the  site,  and  de- 
monstration of  the  foreign  body  in  or  at  the  mouth  of  a 
bronchus,  by  means  of  the  finger  introduced  quickly  into 
the  trachea,  are  possible,  and  this  knowledge  renders  the 
subsequent  instrumental  removal  of  the  body  more  easy. 
The  entrance  of  a  foreign  body  into  a  bronchus  to  such 
a  distance  as  to  place  it  beyond  reach  through  the  natural 
passages,  is  an  accident  oi  the  gravest  danger.  A  num- 
ber 01  cases  have  occurred  of  late  years  in  which  surgical 
operation  has  been  attempted  by  entering  the  bronchus 
through  the  chest  wall  from  without.  All  have  proved 
fatal.  5.  Sharp-pointed,  hard,  and  irregular  bodies 
within  the  air  passages  will,  as  a  rule,  demand  bron- 
chotomy,  provided  they  are  not  so  locatc»d  that  they  may 
be  reached  and  removed  by  the  natural  pa.ssages  at  an 
early  moment.  The  plan  of  treatment  by  inversion  of 
the  patient  lias  of  late  years  fallen  into  disrepute,  and 
should  seldom  be  practised,  unless  tracheotomy  can  be 
done  at  once  if  required.  In  employing  it,  it  should  l)e 
remembered  that  the  supine  position  will  favor  exit  of 
the  body,  particularly  if  the  glottis  be  in  the  condition 
of  deep  inspiration.  In  all  cases  the  diagnostic  impor- 
tance of  a  thorough  laryngoscopic  examination  cannot 
be  too  strongly  insisted  upon,  nor  the  great  utility  of  the 
laryngoscope  be  overestimated. 
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AiX-LES-BAINS.— This  is  a  town  of  about  5,000  in- 
habitants, picturesquely  situated  in  a  beautiful  yalley 
on  the  east  shore  of  the  Lake  of  Bourget,  and  surrounded 
by  high  mountains  (the  Savoy  Alps) .  It  is  about  twenty 
hours  from  London  yia  Paris  and  Macon,  eight  hours 
from  Turin,  four  from  Lyons,  and  three  from  Geneva. 
Its  elevation  above  the  sea  level  is  850  feet,  and  100  feet 
abovo  Lake  Bourget. 

Thri  climate  is  soft  ami  mild,  the  average  temperature 
being  55°  F.  during  the  year,  and  the  mean  summer 
temperature  70"  F.  June  and  September  are  delightful 
months.  "Owing  to  its  excellent  atmosphere,"  saysi 
Linn,  "  people  rest  well  here. "  i 

The  thermal  sulphurous  waters,  known  to  the  Romans^ 
for  which  about  35,000  people  visit  the  town  annually,' 
are  derived  from  two  copious  spring  which  have  a 
temperature  of  from  lO?"*  to  112"  F.,  and  which  are  called 
"St.  Paul's"  and  the  "Alum."  They  yield  about  one 
million  gallons  of  water  daily.  They  are  nearly  devoid 
of  solid  constituents  and  contain  sufficient  sulphureted 
hydrogen  to  give  them  the  characteristic  odor.  "  The 
waters  of  the  two  springs  are  chiefly  used  for  baths, 
but  the  *Alum,'  spring  is  likewise  used  for  drinking. 
For  internal  use,  however,  the  stronger  cold  water  of 
Challes,  near  Chambery,  and  of  Marlioz  are  chiefly  em- 
ployed. 

"The  waters  and  the  various  methods  of  treatment 
employed  at  Aix  are  of  service  in  cases  in  wliich  indiffer-J 
ent  thermal  waters  are  of  use" :  the  methods  of  treatment 
are  probably  the  most  efficacious  in  producing  the  re- 
sults. "  The  diseases  which  receive  especial  benefit  from 
the  Aix  treatment  are  chronic  gouty  and  rheumatid 
affections,  muscular  rheumatism,  sciatica,  neuralgia, 
neurasthenic  conditions  in  arthritic  subjects,  chronic 
cutaneous  eruptions,  and  chronic  catarrhal  affections  of 
the  mucous  membranes. "  "  In  rheumatic  arthritis,"  says 
A.  B.  Garrod,  "  the  value  of  the  Aix  course  far  exceeds, 
according  to  my  experience,  that  of  any  other  known 
spa.''  Excellent  results  are  also  obtained  in  the  stiff- 
ness of  joints  arising  from  former  injuries  and  from 
gout}'  and  rheumatic  affections. 

The  large  bathing  establishment  is  the  proi>erty  of  the 
state,  and  is  one  of  the  most  efficient  of  these  institutions 
known.  There  are  swimming  baths  (piscines),  fifty 
douche  rooms  with  conveniences  for  administering  mas- 
sage; six  vapor  rooms  {bouillons);  five  hot  dry -air  rooms 
{eturex);  two  general  vapor  baths  {caisses)\  and  four  ap- 
paratuses (Berthol let's)  for  applying  vapor  locally. 

There  is  a  special  piscina  for  the  treatment  of  chronic 
skin  affections  by  prolonged  baths,  after  the  method  of 
LoCche-les-Bains.  Poor  people  are  cared  for  as  well  as 
the  rich.  The  especial  feature  at  Aix,  for  which  it 
is  so  famous,  is  the  "douche  massage,"  consisting  of  the 
methodical  application,  by  two  skilled  attendants,  of 
massage  combined  with  douches.  This  procedure,  which 
may  be  used  for  the  whole  body  or  especially  applied 
to  the  desired  part,  is  to  be  carried  out  in  the  following 
manner:  The  patient  is  seated  upon  a  wooden  stool, 
and  two  attendants,  male  or  female  as  the  case  may  be. 
pour  the  water  upon  the  body  from  a  hose,  while  at  the 
same  time  they  shampoo,  knead,  and  nib  according  to 
the  directions  given  by  the  physician,  wlio accompanies 
the  patient  to  the  douche  the  first  time,  to  give  instruc- 
tions as  to  temperature,  force,  duration,  and  pressure 
on  particular  parts.  The  masseurs  have  each  a  hose 
under  their  arms  from  which  they  direct  the  water  over 
the  bather.  The  "  douche  massage  "  may  be  combined 
with  passive  movements  of  special  joints,  to  be  followed 
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or  preceded  by  a  vapor  bath  Id  the  adjoining  bovillon. 
Id  many  cases  patients,  after  walking:  to  the  bathing  cs- 
tabliahment,  send  baclc  to  tiieir  liot^I  their  clothes,  and, 
at  the  close  of  the  bath  (which  last^about  tea  or  fifteen 
minutes),  they  an;  rubbed  dry.  wrapped  in  a  blanket,  and 
carried  in  bath  chairs  by  porters  bock  to  their  hotel  and 
put  to  bed  (see  Fig.  68).  "The  men  and  women  who 
perform  the  douche  massage  have  had  their  art  handed 
down  to  them  for  many  years,  as  their  fathers  and 
mothers  were  masseurs  and  masseuses  before  theni," 
The  Aix  waters  have  an  unctuous  quality  which  makes 
them  particularly  adapted  to  rubbing  and  kneading  the 


the  winter  season  the  distant  peaks  of  Monte  Clnlo, 
Rotondo,  and  d'Oro  are  capped  with  snow,  and  the 
chilly  northeast  wind  over  the  gulf  of  Qenoa  is  dried  aod 
broken  in  force  before  it  reaches  the  western  shore,  wliere 
il  is  again  arrested  near  Ajaccio  by  the  ehelt«ring  hills 
surrounding  the  town"  (A.  Tucker  Wise:  Transactiooa 
of  ibe  American  Climatological  Association,  1890).  The 
visitors'  quarter  is  along  tite  Course  Orsndival  in  the 
northwestern  portion  of  tne  town,  "  which  is  the  section 
most  protect^  and  best  sheltered  from  the  winds." 
~  Tlie  soil  at  Ajaccio  is  disintt-gratcd  granite,  and  allowa 
a  rapid  disappearance  of  the  heavy  sliowen 


B  which  fall 


niuKculiir  Htructnn^  a  <|uality  that  is  not  found  iti  oihi'r 
waters.  While  using  the  waters  the  patient's  diet  i.s 
carefully  regulated  by  the  (ihysician. 

Some  two  tliousand  ilouches  and  one  lliuusand  luillis 
arc  often  given  daily  during  the  season. 

The  sauitaiion  of  Ai.x  is  excellf-nl  and  tlw  accommoda- 
tions are  am|ile  and  .satisfactory.  The  season  extends 
from  April  to  NovcmlHT,  thougli  the  luths  are  open  the 
entire  yenr.  -Inly  and  Aujciist'  nnt  the  most  fn-ipiented 
months.  In  this'  countrv  tlie  Hot  t^prings  of  Vlrgimu. 
and  tlie  springs  of  ItichAeld  and  Sharon  iu  New  York 
State,  corrt'spimd  to  the  walei-s  of  Ai\  us  to  the  cltiss 
of  diseases  trcnicd,  and  the  Uitlitng  (-stjiblisbments  iit 
these  places  arc  miMlelled  after  Ihi)se  of  the  Kiini]H'iin 


F\)r  much  of  the  almve  di>si'ri|i 
the  writer  is  indebted  In  IVeln-r' 
Waters  of  Europe."  ISW;  m  Linn 
Europe";  and  to  thenrliciesin  tlio  ] 
Handbook. 

AJACCIO.- The  prim-ipnl  In>vn 
sica,  with  a  population  of  Jii.iKH). 
centre  of  a  iK-nutifii!  and  ivdl-pnii 
the  southwest.  "Fiftcrii  totweni 
Ajaccio  is  a  somicirculiir  mounii 
formation  slopinj;  down  lo  itndii 
presenting  a  glowing  inuiomina  u 
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of  Ai\-l(-s-n.nii 


Tii|iprd  in  hiankeu  onlj.) 


durin;rtlieauluui!i.     But,  uiilikelheltivieru,  Ihislocallty 
Imonly  asni:illniinr»ll  in  .Murrli." 

The  water  supply  H  of  a  piir<;  quality,  and  is  brought 
lolhe  town  from  Ciim/.d,  iwclvc  miles  distant.  "The 
dminuge  of  Ajaccio  is  ciriainiy  not  perfect,"  savs  Wise, 
-but  zvmotie  disi'ttsi'SAn'  very  tmcommon."  "The  town 
itself."  iiintinnes  the  sume'autlioritv,  "is  one  of  the 
dirtiest,  and  its  only  tiili'  now  (189IJ1  to  the  fame  of  a 
tiealth  resort  lii-s  iii  the  climate  solely."  "Invalids, 
lententionsly  adds,  "cannot  live  on  climate 


ahim'." 

The 


is  most  hixurianl.  and  all  tlie  principal 

■eil  with  avenues  of  acacia,  orange,  or 
iManas.  otanjies,  lemons,  a  variety  of 
oil  ]dant,   priekly   pear,  aloe,  lig,  and 

■  writes  D,  \V,  Freslitield  in  the  Alpine 
ii'tid  by  Bull,  -know  of  no  such  com - 
md  tooujituins,  of  tlic  sylvan  licanty  of 
le  rii'li  eiilors  of  the  South:  no  rpginn 

small  II  spaci-  Xuture  takes  so  many 
uMie  ayjK'cIs  as  she  does  in  Corrfca. 
ilhi-i,  vims  and  chestnuts,  the  niosl 
li   f[i[TsH,   the   iiobli-st   pine  wocnIs  In 

I'i'uks,   snows,   and   frozen    lakes— all 

iritii  I  he  eompiKfi  of  n  day's  journey." 
liiiiims  now   ii[)]Hiir  to  l)o  ample  and 

frinQ  rill-  slaud|iiii«l  of  lieallh  and  from 
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that  of  convenience,  whether  one  desires  hotel,  pension, 
or  villa. 

As  to  the  meteorology  of  Ajaccio,  the  mean  tempera- 
ture during  the  winter  is  about  55"  F.  with  a  small  daily 
variation  of  not  more  than  10**  F. ;  this  is  two  or  three 
degrees  higher  than  the  mean  temperature  of  the 
Riviera. 

"During  the  season  (November  to  April)  the  ther- 
mometer rarely  rises  above  59*,  or  falls  below  50"" 
(BeJl).  The  relative  humiditv  is  given  by  Wise  as  80 
per  cent.,  and  by  another  authority  as  varying  between 
70  and  78  per  cent.  The  average  number  of  rainy  days 
for  the  season  is  stated  by  Wise  to  be  30,  and  by  the 
writer  on  Ajaccio  in  Eulenburg's  "  Real-Encyclopftdie,  " 
for  the  months  from  October  to  April  inclusive,  40 
to  46.  During  the  three  rainy  months,  December, 
January,  and  February,  the  average  number  is  not 
more  than  14,  according  to  Ball.  The  prevailing  wind 
is  the  southwest,  which  is  "a temperate  and  soft  wind, 
with  genial  bright  weather,  and  prevails  as  a  high 
current  throughout  the  cheater  part  of  the  winter,  and 
in  spring  its  continuance  for  a  prolonged  period  is  almost 
a  certainty"  (Wise).  The  southeast  wind  ("* sirocco'') 
is  a  very  depressing  one,  producing  loss  of  appetite  and 
sleeplessness.  **From  my  own  personal  point  of  view." 
flays  Wise,  "I  regard  Ajaccio  as  the  most  comfortable 
climate  I  have  ever  visited,  with  the  exception  of  the 
winters  in  the  Bermudas,  and,  in  comparison  with 
Madeira,  it  is  certainly  more  bracing  and  agreeable  to 
the  able-bodied."  The  climate  can  be  cliaracterizcd  as  a 
moderately  moist,  mild,  marine  climate,  with  a  com- 
paratively large  number  of  sunny  days,  ranking  between 
Sladeira  and  the  Italian  Riviera,  but  warmer  and  more 
equable  than  the  latter.  On  account  of  the  hard  granite 
floil  there  is  no  dust,  and  winds  are  infrequent. 

"It  has  always  been  a  matter  of  surprise  to  me,"  says 
Williams  ("Aero-Therapeutics,"  1894),  "that  Ajaccio  has 
not  been  more  utilized  as  an  alternative  climate  by  the 
Riviera  medical  men,  when  their  own  has  proved  too 
stimulating  or  too  marked  by  radiation  extremes,  for 
this  mild,  moist  atmosphere,  with  its  freedom  from 
all  but  sea  breezes,  and  its  -good  hotels  and  quiet  sur- 
roundings, seems  to  supply  the  requisite  and  beneficial 
change." 

The  phthisical  patients  for  whom  this  climate  is  espc- 
pecially  well  adapted  are  those  who  can  afford  but  little 
physical  effort  in  order  to  exist — cases  of  "  phthisis  of 
advanced  life,  with  cardiac  feebleness,  where  the  powers 
of  resistance  to  cold  are  at  a  low  .ebb,  or  there  is  much 
emphysema  with  cold,  livid  extremities"  (Wise).  It  is 
also  beneficial  for  those  in  whom  "  the  breathing  powers 
are  greatly  diminished  or  when  a  stubborn  cough  is  a 
prominent  symptom. "  Certain  cases  of  incipient  phthisis 
which  are  unsuited  to  the  altit^ude  treatment  do  well 
in  Ajaccio ;  and  the  same  remark  applies  to  those  affected 
with  nervous  irritability  who  require  a  soothing  cli- 
mate. 

Ajaccio  is  reached  by  steamer  from  Nice  aud  from 
Marseilles  in  twelve  and  a  lialf  and  eighteen  hours,  re- 
spectively, kdicard  0.  (Jtu. 

AJOWAN.— (.4>/ra;  Bishop's  Weed.)  The  fruit  of 
PtycJwtis  Copticu,  D.  C.  (fam.  UnbeUifer(e). 

This  plant  is  supposed  to  be  indigenous  to  India, 
where  it  has  always  supplied  an  important  cultivatecl 
crop.  The  fruit — one  of  the  cremocarps  commonly 
called  " seeds  " — is  prized  for  table  use,  as  well  as  for  its 
medicinal  properties.  It  is  employed  in  all  eases  reqiiii:- 
ing  a  carminative,  and  its  action  is  powerful.  It  has  also 
been  much  used  in  cholera,  combined  with  camphor,  on 
account  of  its  powerful  stimulation  of  the  abdominal 
nerves,  and  for  its  antiseptic  effect.  These  uses  are  fully 
explained  when  it  is  known  that  the  plant  contains  four 
per  cent,  of  a  volatile  oil  rich  in  thymol,  and  that  it  is 
uurgcly  used  as  a  source  of  that  substance.  Its  properties 
and  uses  are  therefore  those  of  that  drug.  The  dose  is 
1  to  2  gm.  (gr.  xv.-xxx.). 

U.  H.  Husby. 


AKINESIA.    See  Paralyguf. 

AKINESIA  ALGERA.-;<a-*civ^«f,  without  motion ;  AAyof, 
pain.)  Moebius^  has  given  this  name  to  an  array  of 
symptoms,  among  which  the  most  characteristic  is  loss 
of  power  of  movement  as  the  result  of  accompanying 
pain,  while  no  sufiScient  cause  for  the  latter  symptom 
has  yet  been  found. 

The  cases  which  he  reports  were  persons  of  neurotic 
inheritance,  so-called  desegtiilibres,  in  whom  the  disease 
manifested  itself  after  mental  overexertion.  In  the  one 
case  neurasthenia,  in  the  other  hysteria,  was  present.  In 
both  cases  the  disease  was  quite  protracted.  The  first 
case  reported  by  him  occurred  in  a  man,  a  teacher  in  the 
gymnasium,  thirty-three  yeara  old.  The  father  suffered 
irom  paranoia.  The  patient  during  his  youth  was  very 
excitable  and  extremely  ambitious.  There  was  no  history 
of  sexual  perversion.  In  1887  he  suffered  from  headache 
and  insomnia.  In  the  spring  of  1888  he  was  unable  to 
carry  on  his  work,  and  was  sent  to  an  institute.  Sub-, 
sequently  to  this  there  occurred  a  loss  of  memory  for 
three  or  four  weeks.  After  everv  movement  the  patient 
experienced  a  heaviness  of  the  limbs  and  pains  in  the 
muscles.  Improvement  took  place  under  prolonged  rest, 
or  the  Weir  Mitchell  treatment.  Following  this  a  re- 
lapse occurred,  during  which  the  patient  abstained  from 
all  movement  of  the  hmbs.  The  skin  and  tendon  reflexes 
were  present,  the  patellar  reflex  was  quite  marked.  On 
the  right  side  the  ankle  reflex  was  weak ;  on  the  left  it 
was  marked.  There  was  found  h3'perapsthesia  in  the. 
hands  and  forearms;  no  points  of  pain,  however,  were 
discovered.  Organs  of  special  sense  were  normal.  Every 
voluntary  movement  of  the  limbs  and  trunk  was  accom- 
panied by  severe  pain,  lasting  for  hours.  These  pains 
were  most  marked  in  the  forearms.-  •  The  head  was  free 
from  pain,  and  there  was  no  difficulty  in  moving  it. 
There  was  a  very  slight  muscular  atrophy  of  the  left 
hand,  which  was  possibly  caused  by  the  pressure  of  paste- 
board splints. 

In  the  way  of  treatment,  bromide  of  potassium,  given 
in  the  evening  in  doses  of  from  three  to  four  grains, 
produced  rest.  Hypnotic  suggestion  was  without  result. 
Improvement  followed  after  several  months'  rest.  The 
tendon  reflexes  became  weaker  and  finally  normal,  there 
remaining  a  weak  ankle  clonus  on  the  left  side.  Sub- 
sequently to  this,  and  following  a  considerable  excite- 
ment, a  relapse  occurred,  with  subsequent  improvement. 
The  hands,  however,  remained  quite  painful. 

The  second  case  occurred  in  a  woman,  forty -tliree  years 
of  age,  by  oeeiii^ation  a  teacher  of  music.  A  neurotic 
family  history  was  given.  From  her  twentieth  year 
onwaVd  the  patient  had  suffered  from  tremors,  with 
semi-unconseiousness.  The  hands  were  painful,  and 
were  held  in  a  flexed  position.  She  also  suffered  from 
insomnia,  and  was  incapable  of  mental  work.  The  feet 
were  painful,  and  walking  was  impossible.  After  suf- 
fering in  this  way  f(»r  ten  years  improvement  set  in,  and 
the  f)atient  was  coniparatively  well  for  a  subsequent 
period  of  ten  years.  In  the  summer  of  1889,  probably 
as  the  result  of  overwork  and  excitement,  a  relapse 
occurred,  from  which  she  had  not  recovered  up  to  the 
time  of  the  report.  There  were  found  extreme  irrita- 
bility, a  forced  position  of  the  hands,  and  pain  in  tlie 
le^s.'  The  latter  could  be  moved,  but  they  soon  became 
tired,  and  suffered  from  quite  severe  after-pains.  Au- 
ditory and  visual  functions  were  normal.  Hypnotic 
treatment  was  without  result.  The  patient  twice  at- 
tempted suicide,  and  finally  gave  evidence  of  mental 
trouble,  with  hallucinations  of  persecution.  She  subsc- 
(juently  died  in  an  insjine  asylum. 

In  a  subse(|uent  publication'  Moebius  reports  another 
ca.se  in  which,  in  addition  to  the  absence  of  motion  re- 
sulting from  pain,  and  really  superseding  it  in  impor- 
tance, there  was  present  an  extreme  degree  of  photo- 
phobia. We  have  here  a  condition  very  similar  to  that 
which  has  occurred  in  regard  to  motion,  a  condition  in 
which  the  patient  will  not  sec  becau.se  of  the  attending 
pain. 
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Moebius  seeks  to  widen  the  term  by  calling  it  "apraxia 
algera,"  or  abeyance  of  the  function  of  any  or  all  organs 
because  of  the  pain  attending  their  functional  activity. 

In  the  last  case  this  was  very  well  illustrated  by  the 
very  severe  pain  in  the  head  attending  any  mental  effort 
whatever.  The  case  lias  a  further  interest  in  that  the 
report  is  taken  from  the  "  Autonosography  ^  of  the  dis- 
tinguished psycho-physicist,  Gustav  Theodor  Fechner. 

Congard*  reports  a  case  that  occurred  in  a  young  lady, 
aged  twenty- nine.  Her  mother  had  suffered  from 
arthritis  deformans;  her  father,  in  1874,  became  afflicted 
with  paranoia.  The  patient  had  for  years  previously 
suffered  from  pelvic  troubles  (pelvic  inflammation, 
uterine  fibroids,  metritis,  etc.).  The  symptoms  observed 
in  this  case  were  mental  excitement  and  peculiar  pains 
over  the  entire  bo<ly,  which  later  became  so  severe  as  to 
compel  the  patient  to  abstain  from  all  motion.  The 
psychical  excitement  also  increased.  During  the  later 
period  of  observation,  retention  of  urine,  marked  con- 
stipation, and  very  obstinate  insomnia  showed  themselves. 
Objectivel}',  an  increase  of  the  tendon  reflexes  was  found. 
The  course  of  the  disease  was  not  materially  altered  dur- 
ing six  months'  treatment  in  the  hospital.  Improvement 
occurred  later  as  the  result  of  improved  sun*ouudings. 

Longard  calls  attention  to  the  fact  that  these  ca.ses  of 
akinesia  algera  give  the  same  clinical  picture  as  was 
formerly  described  irnder  the  name  of  spinal  irritation. 

According  to  Moebius  the  affection  is  a  functional  or 
psychic  one,  and  is  not  due  to  organic  disease.  The 
pains  he  regards  as  hysterical,  or  pain  hallucinations. 
The  disea.se  itself  is  not.  however,  a  i>ure  hysteria,  but 
may  l)e  regarded  as  an  analogue  of  the  general' ana?stliesia 
described  by  Krukenberg,  Heyne,  and  von  Ziemssen. 
The  cases  reportcnl  by  W.  Neftell  in  1883,  and  called  by 
that  author  atremia,  are  regarded  by  Moebius  as  similar 
to  his  cases. 

The  prognosis  is  not  very  favorable.  In  the  matter  of 
treatment  the  best  thing  to  do  is  to  accede  to  the  wishes 
of  the  patient  for  rest.  S:  P.  Kramer. 

»  Deut.  Zeit.  fOr  Nenrenhellkunde,  1801,  vol.  I. 
«  Ibid.,  vol.  II.,  431. 
»  Ibid.,  vol.  il.,  455. 

ALASSIO. — A  winter  health  resort  on  the  Italian 
Riviera,  which  is  lately  claiming  an  increased  share  of 
attention.  It  is  prettily  situated,  but  owing  to  its  com- 
parative newness  the  accommodations  for  invalids  are 
far  from  perfect.  The  only  reliable  nieteorolo^ieal  data 
available  are  those  of  Dr.  Schneer  C'Alassio  and  Its 
Climate."  Turin,  1878)  and  a  synopsis  published  by  Dr. 
M.  G.  Foster  {Britinh  yfcdiral  Journal,  Novenilier  7, 
1891).  Dr.  Foster,  who  is  now  practising  at  San  Kemo. 
informed  the  writer  that  the  authorities  of  Alassio  ap- 
peared to  lack  energy  in  effecting  reforms,  more  particu- 
larly from  a  sanitary  point  of  view.  Dr.  Fo.ster  spent 
two  winters  at  Alassio.  and  did  not  ol)s<*rve  any  typhoid 
fever  there;  but  it  is  siiid  to  occur  there  every  siinmier. 
There  is  no  system  of  <lniinage.  the  excreta  being  col- 
lected in  cesspools.  The  drinking  water  is  hard,  but  as 
to  organic  impuriti<»s  reliable  data  an?  not  at  hand  to 

i'ustify  its  condemnation  or  acceptance.  Sparks  ("The 
tiviera,"  London,  1879)  claims  tluit  the  water  is  good 
and  potable. 

Alassio  is  on  the  north  shore  of  the  Me<litermnean, 
about  equidistant  from  Nice  and  Genoa.  It  lies  at  the 
head  of  a  curving  ])ay,  which  is  soni<'  live  miles  wide. 
The  town  has  about  (i.oiM)  inhabitants.  Its  latitude  is 
about  the  same  as  that  of  San  Henio.  Dr.  ^^>ster's  de- 
scription is  here  rej^roduced,  as  it  is  accurate  and  devoid 
of  local  bias : 

"Without  the  gates  of  the  city  proper  at  either  end 
stretches  a  suburb  composed  of  dwellings  of  the  Italian 
population  mingled  with  a  few  villas.  Each  of  these 
suburbs  contains  a  hotel  situate<l  facing  the  sea.  while  a 
third  is  placed  about  a  hundred  yards  behin<l  the  main 
street  of  the  town.  The  villas  of  the  Kniilish  residents 
are  dotted  over  the  lowermost  spurs  of  the  encircling 
hills.     The  hills  form  an  unbroken  semicircle  round  the 


town.  Their  greatest  elevation  is  on  the  north  (1,963 
feet).  Numerous  valleys  run  up  among  the  lower  spurs 
of  these  hills,  but  none  pierce  them. 

"  Alaasio  thus  secures  good  protection  from  the  north, 
west,  and  southwest.  The  seashore  is  generally  windy, 
but  in  the  valleys  running  up  among  the  hills  the  wind 
is  rarely  severely  felt,  and  on  most  <&ys  the  air  in  these 
situations  is  almost  entirely  still." 

The  records  of  temperature  (as  given  by  Foster)  are  as 
follows: 

"  October  has  a  mean  temperature  of  61. 9**  F. 


November 

u 

u 

54.3"  ** 

December 

u 

rt 

49.7°  " 

January 

a 

a 

47.3°  ** 

February 

u 

u 

48.2°  " 

March 

u 

u 

52.3°  ** 

April 

u 

u 

56.4°  ** 

May 

u 

u 

64.3°  " 

"  The  mean  temperature  of  the  three  winter  months  is 
therefore  48.4''  F.*^ 

If  we  turn  now  to  the  rainfall  observations,  we  find 
that  the  records  give  the  following  results: 

"  October  shows  an  average  of  7  days  on  which  rain 
fell,  an  average  rainfall  of  93.1  mm.,  and  a  mean  reUttive 
humidity  of  55.2. 

"November  shows  an  average  of  8.6  days  on  which 
rain  fell,  an  average  rainfall  oi  163.7  mm.,  and  a  mean 
relative  humidity  of  58. 

"December  shows  an  average  of  5.6  days  on  which 
rain  fell,  an  average  rainfall  of  43.3  mm.,  and  a  mean 
relative  humidity  of  55.4. 

"January  shows  an  average  of  4.3  days  on  which  rain 
fell,  an  average  rainfall  of  60  mm.,  and  a  mean  relative 
humidity  of  52.9. 

"February  shows  an  average  number  of  4.8  days  on 
which  rain  fell,  an  average  rainfall  of  70.9  mm.,  and  a 
mean  relative  humidity  of  55.7. 

"March  shows  an  average  of  6.6  days  on  which  rain 
fell,  an  average  rainfall  of  50.7  mm.,  and  a  mean  relatiTe 
humi<lity  of  57.9. 

"April  shows  an  average  of  10.8  days  on  which  rain 
fell,  an  average  rainfall  of  111.9  mm.,  and  a  mean  rela- 
tive hunndity  of  62.8. 

"  May  shows  an  average  of  5  days  on  which  rain  fell. 
an  average  rainfall  of  46.4  mm.,  and  a  mean  relative 
humidity  of  63.1. 

*•  Fog  has  been  Recorded  on  14  days  in  the  six  winters." 

In  his  sunnnary  of  what  class  of  cases  are  likely  to  de- 
rive iK'netit  from  a  winter  residence  at  Alassio,  Dr.  Foster 
expresses  the  following  opinions: 

"The  climate  of  Alassio  possesses  those  advantages 
which  a  tolerably  high  and  fairlv  equable  temperature, 
abundance  of  sunshine,  and  freetlom  from  fog  can  give. 
C'jvses  of  gout  and  chronic  rheumatism  do  well  there. 
Cases  of  heart  dis(»ase  certainly  appear  to  do  well ;  they 
eat  and  sleep  b<»tter,  and,  with  ordinary  precautions,  at- 
tacks of  secondary  bronchitis  can  Ik?  prevented.  Cases 
of  bronchitis  and  emphystMna,  with  care,  keep  very  free 
from  winter  cough.  Cases  of  phthi.sis  require  very  care- 
ful selection.  Karly  cases,  with  limited  consolidation 
an<l  only  slight  fever,  generally  do  well.  I^ter  cases 
with  cavities  seem  to  show  improvement,  the  cough  and 
expectoration  diminish,  and.  since  the  patients  can  gen- 
cndly  pass  a  fair  amoinit  of  time*  in  the  open  air,  the  ap- 
petite and  sleep  are  both  improved.  Cases  characterized 
by  friMjuent  hemorrhage,  with  only  slight  physical  signs, 
seem  generally  to  do  well.  Owing  to  the  proximity  of 
the  principal  hotels  to  the  sea.  the  elTect  of  the  climate 
vari<'s  in  dilTercnt  cases;  some  patients  sleep  badly  by 
the  sea,  and  thus  lose  much  of  the  benefits;  others,  again, 
sleep  better  there  than  elsewhere.  Weakly  and  stnimous 
children  certainly  show  great  improvement,  as  they  can 
pass  a  large  amount  of  time  on  the  seashore.  Finally, 
with  regard  to  that  numerous  class  of  cases  which  are 
sent  to  the  Riviera  under  the  generic  title  of  nervous 
breakdown,  some  cases  seem  to  show  great  improvement 


164 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


Akinesia  Alieenu 
AlblnUun. 


and  regain  their  lost  healtli,  while  in  other  cases  all  the 
symptoms  appear  to  become  aggravated." 

Alassio  is  a  somewhat  cheaper  place  to  live  in  than 
many  of  the  other  Riviera  stations. 

Edmund  C.  Wendt. 

[In  a  private  letter  from  an  intelligent  gentleman  who 
resided  at  Alassio  for  some  months,  I  quote  the  following: 

**  The  climate  in  December  and  January  is  somewhat 
severe  indoors  in  the  Italian  houses,  but  one  can  be  per- 
fectly warm  and  comfortable  in  the  hotels  on  the  sea- 
beach,  and  in  those  villas  which  have  been  rebuilt  or  re- 
modelled by  the  English.  But  the  climate  out  of  doors 
is  delightful  even  in  these  two  months,  when  it  does  not 
rain,  tliat  is,  for  more  than  half  the  time.  Early  in  Feb- 
ruary acres  of  violets  for  the  Paris  and  even  the  St.  Peters- 
burg market  perfume  the  open  air,  where  they  grow 
quite  unprotected,  and  we  liad  an  endless  supply  of  open- 
air  roses  all  through  the  winter. " 

The  reader  is  also  referred  to  "  Alassio  and  its  Flora  " 
by  Dr.  Vincenzo  Nam,  of  Alassio.  E.  0.  0.] 

ALBINISM.  —  (Synonyms:  Albinismus,  congenital 
achroma,  leucasmus,  leucoderma,  leucopathia,  leucism, 
leucosis,  leucynosis,  kakcrlakism ;  French,  Albinisine,  Al- 
binU ;  German,  Leucuthiopie,  Leukopathie,  AlMnismun.) 

The  term  albinism  (Latin,  albus,  white),  or  congenital 
leucopathia  (Greek,  Aev/aJf,  white,  and  ndbo^^  affection),  is 
used  to  designate  the  peculiar  condition  characterized  bv 
congenital  absence  of  pigment  in  the  skin,  hair,  choroid, 
and  iris,  and  which  is  classed  under  the  atrophies.  Al- 
though albinism  has  been  noted  from  the  earliest  his- 
torical period,  the  Portuguese  are  the  first  on  record  to 
have  named  this  lu$us  iiatur<r,  which  they  met  now  and 
then  among  the  negroes  on  the  western  coast  of  Africa. 
These  abnormal  individuals  they  called  albinoes.  In 
some  of  the  African  courts,  especially  in  Congo,  they  are 
venerated  and  are  known  as"dondos."  The  term  Leu - 
caethiopes,  i.e.^  white  negroes,  has  also  been  applied  to 
them. 

The  etiology  of  this  condition  is  absolutely  unknown. 
There  have  fik?n  numerous  theories  concerning  it,  many 
of  which  nave  been  thoroughly  unscientitic.  The  two 
which  seem  most  worthy  of  attention  are,  viz.,  those  of 
heredity  and  arrested  development.  Heredity,  as  the 
chief  etiological  factor  in  albinism,  lias  been  as  vigorously 
upheld  as  it  has  been  sharply  attacked.  There  are  in- 
stances on  record  of  families  of  albinoes.  These  are 
very  rare,  however,  and  have  been  said  to  be  observed 
only  in  the  tropics.  It  is  well  known  that  the  offspring 
of  an  albino  and  a  black  is  generally  the  pure  type — 
either  universal  albino  or  black ;  though  some  cases  of 
partial  albinoes  have  been  reported.  However,  the 
children  of  a  normally  pigmented  individual  and  an  al- 
bino are  usually  not  lacking  in  pigment.  Also  health}', 
normal  parents  have  had  albino  offspring.  In  several  in- 
stances families  have  been  observed  in  which  universall}' 
pigmente<l  children  have  alternated  in  birth  with  al- 
binoes. 

The  second  theory,  arrested  development  of  the  pig- 
ment layers,  would  seem  a  logical  explanation  of  this 
physiological  abnormality.  Kneeland  states  that  "there 
is  a  time  in  the  growth  of  the  embryo  when  there  is  no 
pigment,  and  albinism  would  seem  an  arrest  of  develop- 
ment in  this  direction  just  at  this  point,  the  other  charac- 
teristics going  on  to  development,  indicating  that  color 
is  rather  an  accidental  than  essential  characteristic  of 
races.  Other  facts  pointing  to  an  arrest  of  development 
are  the  uncommonly  downy  skin  and  the  persistence  of 
the  foBtal  pupillary  membrane  in  albinoes  beyond  the 
ordinary  time  of  their  disappearance."  According  to 
Jeaffreson,  "pigment  first  makes  its  appearance  in  the 
stnictures  of  the  foetus  about  the  sixth  or  seventh  week 
of  conception,  where  it  is  found  in  membranes  which 
later  form  the  choroid  coat  of  the  eye.  Ijater  it  is  de- 
posited in  the  rete,  but  not  fully  developed  here  till  after 
the  sixth  month."  There  is  still  much  to  be  leanied  as 
to  the  embryology  of  pigment. 


Albinism  lias  been  ascribed  to  certain  disturbances  of 
the  nervous  system. 

The  affection  has  been  said  to  be  endemic  in  some 
tropical  countries. 

^[aternal  impression  has  also  been  suggested  as  the 
cause. 

Some  investigators  have  attempted  to  attribute  to  al- 
binism a  pathological  origin.  Indeed,  in  early  times, 
albinoes  were  considered  a  sort  of  leper,  and  consequently 
were  avoided  and  shunned  in  life,  while  after  death 
the  bodies  were  thrown  on  a  dunghill  unburied.  On  ac- 
count of  their  faulty  vision  by  day,  and  their  custom  of 
appearing  most  frequently  at  twilight,  since  their  sight 
is  most  perfect  at  this  time,  they  were  contemptuously 
called  "cockroaches." 

Consanguinity  in  marriage  might  be  considered  an 
etiological  factor,  an  example  being  noted  by  Darwin, 
in  which  "  two  brothers  married  two  sisters,  their  firet 
cousins,  none  of  the  four  nor  any  relation  being  an  al- 
bino ;  but  the  seven  children  produced  from  this  double 
marriage  were  all  perfect  albinoes." 

A  theory  has  been  advanced  connecting  inactivity  of 
the  suprarenal  bodies  with  deficiency  in  pigment  and  so 
with  albinism. 

Also  excessive  function  of  the  carbon-eliminating  or- 
gans has  been  suggested  as  a  causative  factor,  as  well  as 
constitutional  insufficiency  of  iron. 

However,  all  theories  concerning  the  etiology  of  al- 
binism are  so  feebly  supported  that  we  are  forced  to 
conclude  with  Gould  that  "  the  failure  of  the  epiblast  to 
secrete  the  usual  pigment  cells  is  a  m3'stery  of  molecular 
physiology  that  the  future  must  solve." 

As  to  the  sex  in  which  albinism  most  frequently 
occurs,  both  male  and  female  seem  to  be  equally  repre- 
sented, different  authors  inclining  toward  one  or  the 
other  according  to  their  individual  observations. 

Albinoes  have  been  known  in  all  climates  and  among 
all  races. 

Albinism  may  be  universal  or  partial.  In  universal 
albinism  the  appearance  of  the  individual  is  very  strik- 
ing. The  skin  is  absolutely  lacking  in  pigment,  unless 
there  be  sometimes  a  slight  reddish  tinge  from  the  circu- 
lating blood  underneath  the  translucent  surface,  the  char- 
acteristic complexion  having  a  dull  waxen  pallor.  The 
skin  is  often  roughened,  scaly,  or  scurfy,  a  condition 
whi(!h  is  easily  explained  by  its  extreme  delicacy  of 
structure  and  the  consequent  effects  of  its  exposure.  It 
is  often  covered  with  a  soft  white  down,  though  some- 
times it  is  perfectly  smooth. 

The  whole  hairy  system  is  colorless.  This  may  be 
due  to  the  absence  of  iron  in  its  composition,  as  in  the 
chemical  analyses  of  hair  of  various  colore,  made  by  the 
French  chemist  Vauciuelin,  black  hair  has  been  proved 
to  contain  iron,  while  white  hair  lacks  this  element.  The 
texture  is  peculiarly  fine,  glossy,  and  silky.  Although 
the  hair  is  colorless,  its  appearance  is  not  that  of  hair 
whitened  by  age,  but  rather  that  of  flax  or  corn  silk. 
There  is  one  case  on  record  of  an  albino  having  red  liair 
(Folker).  In  the  albino  of  the  black  race,  the  hair, 
though  white,  is  as  woollv  and  the  features  as  character- 
istic as  those  of  their  black  brothere. 

Although  the  appearance  of  the  eye  in  this  condition 
differs  so  widely  from  the  nornwil,  "the  pathological sig- 
nifieance  of  albinism  lies  solely  in  the  fact  that  the  iris  or 
diaphragm  of  the  ocular  camera  is  transparent,  or  so 
nearly  so  that  it  does  not  act  as  a  true  photographic  or 
physiological  diaphragm  "  (Gould).  This  deficiency  of 
(x;ular  pigment  brings  in  its  train  much  pain  and  discom- 
fort. The  usual  coloring  matter  of  the  eye  being  absent, 
the  pupil  looks  bright  red  from  the  rich  background  of 
blood -vessels,  and  the  iris  light  pink  or  a  very  delicate 
blue,  the  variations  in  tint  depending  upon  the  angle  of 
obwTvation  and  the  nature  of  the  illumination.  Photo- 
phobia is  present  in  the  highest  degree,  the  characteristic 
position  of  the  albino  in  daylight  showing  him  with 
one  arm  held  up  as  a  shield  for  the  eyes.  There  is  per- 
petual nictitation — rapid  and  repeated  motion  of  the 
transparent  eyelids,  which  open  and  shut  continually  in 
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the  double  effort  to  see,  and  at  tlie  same  time  to  exclude 
the  overpowering  amount  of  light  which  has  free  access 
to  the  inner  parts  of  the  eye.  The  iris  Is  constantly  ex- 
panding and  contracting.  *  Nystagmus,  or  oscillation  of 
the  eyeballs,  which  is  present,  is  due  to  the  effort  to  ob- 
tain a  clearer  view  of  the  objects  of  vision.  Amblyopia 
is  a  serious  feature  in  albinism,  various  causes  cooper- 
ating to  produce  it — viz.,  ametropia,  which  increases  with 
the  age  of  the  albino,  and  which  is  due  to  pressure  on 
the  eyeball  in  the  effort  to  exclude  light,  retinal  exhaus- 
tion, and  nystagmus.     Myopia  is  also  common. 

It  has  been  generally  supposed  that  albinoes  are  weak 
both  in  body  and  in  mind,  but  this  has  been  proved  to  be 
a  mistake.  Often  the  albino  member  of  a  family  lias  been 
intellectually  the  strongest,  many  of  these  unfortunates 
being  particularly  shrewd. 

Partial  albinism  is  observed  as  one  or  more  patches, 
colorless  or  pinkish,  generallv  circumscribed  and  irregu- 
lar, of  any  size  or  lorm.  Instances  have  l)een  noted, 
however,  in  which  these  |>atches  were  symmetrically  dis- 
posed, corresponding  to  the  course  of  peripheral  nerves, 
as  similarly  happens  in  the  case  of  certain  pigmentary 
and  verrucose  nievi.  They  may  be  in  any  part  of  the 
body,  being  most  common,  however,  on  the  scalp,  face, 
dorsal  surface  of  the  hands,  nipples,  and  genital  region. 
The  hair  on  these  spots  is  generally  white.  Tlie  eyes  are 
usually  normal,  showing  tlie  ordinary  amount  of  jugiuent, 
though  they  may  be  bluish  or  pinkish.  Negroes  having 
this  affection  are  called  pied  or  piebald.  Tlie  hair  is  flaxen 
or  red.  These  patches  generally  remain  permanent 
through  life,  or  they  may  gradually  extend  till  they 
include  a  large  surface;  they  have  been  known  to 
change  to  a  normal  appearance  through  a  redeposition 
of  pigment,  although  this  is  rare. 

Albinism  has  been  noted  not  only  in  man,  but  also  in 
the  lower  animals,  and  among  plants,  a  very  common  ex- 
ample among  animals  bc^ng  the  pink-eyed  white  rabbit. 
It  is  seen  in  elephants,  ottei-s,  hoi*ses,  cows,  hogs,  dogs, 
cats,  squirrels,  mts,  mice,  niccoons,  ferrets,  hooting  owls, 
leather-wing  bats,  doves,  ducks,  chickens,  pigeons,  ])ar- 
rots,  blackbirds,  robins,  martins,  swallows,  sparrows,  and 
the  silver  variety  of  goldfish. 

It  has  been  suggested  that  the  etiolation  of  plants  kept 
in  the  dark  may  belong  in  the  sauK^  category,  but  this  dif- 
fers from  persistent  lack  of  pigment,  since  color  returns 
on  exposure  to  light. 

As  to  the  thempeuties  of  albinism,  there, is  absolutely 
no  remedv  for  the  atTeetion. 

Kiinn((  E.   Wnlkrr. 

ALBURGH  SPRINGS.— (Jrand  Isle  County,  Vermont. 

Post-Offick. — An)urgli  Springs. 

AccKss. — Via  Vermont  Central  Railroad  to  Alburgh 
Springs  Station:  thence  one  mile  to  Springs  hotels. 

AVe  have  been  unable  to  obtain  recent  information  of 
this  old-time  New  England  resort,  which  has  been  in  use 
since  the  vear  1816.  The  springs  are  located  on  the 
shores  of  Mis.«<is(iuoi  Hay,  and  are  surrounded  by  i)ictur- 
esque  lake  and  mountain  scenery.  The  situation  is  30 
feet  above  the  level  of  Lake  Chaniplain  and  about  80  rods 
from  the  water's  edge.  There  are  two  sj>rings.  one  of 
which  was  analyzed  by  Dr.  C.  T.  Jackson,  in  1808,  with 
the  following  results:* 

ONK   UXITKD  .STATKS  <i.\LI.OX   CONTAINS: 

Solids.  Grain.s. 

Sodium  sulphate 7.1 1 

Potassium  sulphate  with  potassium  sulphi<le 9..'iO 

Sodium  chloride 8.70 

Magnesium  chloride  — 5.<K 

Calcium  chloride  with  calcium  sulphate 4.h| 

Insoluble  matter (\.h) 

Organic  matter,  a*'Id.  and  loss "i.m 

Total ;W.<M) 

The  water  gives  off  a  large  quantity  of  sulpluireted 
hvdrogen,  and  may  be  placed  in  the  .st'iline  sulpluireted 
class  of  mineral  waters.  We  arc  informed  that  an  an- 
alysis by  Professor  Chandler,  of  New  York,  shows  also 


the  bicarbonates  of  lithium  and  strontium.     The  other 
spring  in  the  neighborhood  is  of  a  ferruginous  character. 

Jamefi  K.  Orook, 

ALCAPTONURIA.    See  DiabeUs  MeUitus. 

ALCOHOL. — A.  Ethylic  Alcohol. — Ethyl  hydrate; 
SpiHtus  Villi.  The  term  alcohol,  once  used  to  signify 
ethyl  hydrate,  is  now  generally  applied,  as  a  generic 
tenn,  to  a  series  of  organic  compounds  having  in  com- 
mon certain  chemical  characteristics,  the  representative 
of  which  class  is  ordinary  alcohol.  It  is  produced  by  (1) 
the  fermentation  of  all  saccharine  bodies;  (2)  synthesis  in 
the  laboratory.  In  composition  it  is  a  hydrate,  t.«.,  the 
combination  of  a  basilous  radical  with  HO,  and  possesses 
the  chemical  properties  of  other  hydrates,  in  forming 
salts  with  acids,  etc. 

Preparation. — Alcohol  is  produced  by  a  particular 
ferment  {TornUi  cerenaicp)  acting  upon  saccharine  sub- 
stances, causing  them  to  split  up  into  alcohol  and  carbon 
dioxide,  e.g.: 


Glucose 

c.n.,o« 


Alcohol         -h  Carbon  dioxide. 
2CJIftH0     +        2C0,. 


This  fermentation  is  called  the  vinous  fermentation. 
We  may  start  with  a  substance  already  containing  sugar, 
or  we  may  start  with  one  containing  starch,  and,  first 
ccmverting  the  latter  into  sugar,  add  the  fermentative 
process.  The  resulting  liquid,  containing  the  alcohol, 
contains  also  carbonic  acid  gas,  and  is  known  as  a  fer- 
mented liquor.  It  may  be  used  in  this,  the  carbonated 
or  "sparkling  "  condition,  all  the  effects  of  the  alcohol 
exhibiting  themselves,  or  it  may  be  left  until  the  COj 
has  escaped;  or  the  alcohol  may  be  distilled  oflf  in  a 
more  or  less  impure  condition,  giving  us  a  distilled  alco- 
.holic  liquor  or  spirit. 

Cane-sugar  and  milk-sugar  undergo  a  conversion  first 
into  glucose  and  then  into  alcohol.  Minute  quantities 
of  acetic  and  succinic  acids,  also  traces  of  aldehyde,  fusel 
oil  (amyl  alcohol),  and  glycerin  are  produced  at  the  same 
time.  It  is  an  interesting  and  important  fact  that  the 
fermentation  giadually  ceases  as  the  alcohol  produced 
nears  eighteen  per  cent,  strength,  and  when  the  latter  is 
reached  further  action  ceases.  This  is  due  to  the  action, 
on  the  ferment,  of  the  alcohol  itself;  the  strength  named 
above  being  just  able  to  precipitate  it.  In  the  grape 
juice,  when  this  strength  is  reached,  if  there  still  be 
unfermented  sugar,  a  *' sweet"  wine  results;  if  none,  a 
*'(lry  "  wine. 

When  any  of  tlie  fermented  liquors  are  distilled,  al- 
cohol mixed  with  water  passes  over  into  the  receiver. 
Repeated  distillations  free  it  from  the  greater  portion 
of  higher  alcohols  and  water.  Its  degree  of  concentration 
can  then  be  determined  by  taking  its  specific  gravity  and 
comparing  the  result  with  a  fixed  and  official  table  in 
which  the  strength  for  each  specific  gravity  is  worked 
out.  The  last  amounts  of  water  can  be  gotten  rid  of 
only  with  the  greatest  difficulty ;  as,  for  example,  by  dis- 
tillation over  quicklime  out  of  contact  with  air  (from 
which  it  rapidly  abstracts  moisture). 

In  a  diluted  ccmdition,  under  the  influence  of  another 
ferment,  alcohol  is  changed  to  acetic  acid  by  a  process 
of  oxidation;  thus,  e.g.,  white  wine  vinegar  is  produced. 


Alcohol 


=    Acetic  acid    4-     Water. 
(>,     =     CH^O,     -f     H,0. 


Alcohol  occurs  in  connnerce  and  pharmacy  in  varying 
degrees  of  concentration.  When  absolute  alcohol  is  re- 
(juired.  it  should  be  freshly  prepared,  that  of  the  shops 
being  often  only  of  OS  per  cent,  strength.  Absolutely 
pure  alcohol  is  a  colorless,  limpid,  pleasantly  smelling 


it  from  the  air  when  the  bottle  is  not  securely  corked,  if 
it  be  mixed  directly  with  water,  heat  will  be  produced, 
the  volume  of  the  mixture  being  less  than  the  sum  of  the 
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Albarcli  Springs, 
Alcohol. 


volumes  of  the  components,  thus  showing  that  combina- 
tion has  resulted.  It  is  a  solvent  of  great  power,  ad- 
vantage of  which  is  taken  both  in  the  arts  and  in  medi- 
cine, e.g. ,  in  the  solutions  of  the  fijtid  active  principles  of 
drugs,  called  tinctures,  or  the  solutions  of  the  volatik 
active  principles,  called  spirits.  It  dissolves  the  alka- 
loids, essential  oils,  many  resins,  some  fats,  and  CO3 
freely. 

Its  distinguishing  chemical  properties  are:  (1)  its  affin- 
ity for  water;  (2)  its  coagulating  power  on  albuminoids: 
and  (3)  its  antifermentative  power  when  stronger  than 
eighteen  per  cent.  Advantage  is  taken  of  the  first,  in 
the  mounting  of  microscopical  sections,  to  abstract  all  the 
water  before  immersing  them  in  the  oils  and  Imlsams ;  of 
the  second,  in  the  hardening  of  the  tissues  for  study  and 
section ;  of  the  last,  in  the  preservation  in  bulk  of  ana- 
tomical specimens,  and  those  medicinal  agents  which 
undergo  change  in  other  media. 

Alcohol,  U.  8.  P.,  is  defined  as  ''a  liquid  composed 
of  about  91  per  cent,  by  weight,  or  94  i)er  cent,  by  vol- 
ume, of  ethvl  alcohol,  and  about  9  per  cent.,  bv  weight, 
of  water."  '  It  lias  a  specific  gravity  of  0.820  at  60^  F. 
and  boils  at  1%"  C.  (172.4°  F.). 

Alrohol  Absolutum,  U.  S.  P.,  is  "ethyl  alcohol,  contain- 
ing not  more  than  1  percent.,  by  weight,  of  water."  Its 
specific  gravity  and  boiling  point  are  stated  al)ove. 

AlcoM  Dilutum,  U.  S.  P.,  is  "a  liquid  composed  of 
about  41  per  cent,  by  weight,  or  about  48.6  per  cent,  by 
volume,  of  absolute  ethyl  alcohol,  and  about  59  per  cent., 
by  weight,  of  wat^»r."  It  has  a  specific  gravity  of  0.938 
at  60'  F. 

AlctyJtol  Deodoratum,  U.  S.  P.,  is  **a  liquid  composed 
of  alK)ut  92.5  per  cent,  by  weight,  or  95.1  per  cent,  by 
volume,  of  ethyl  alcohol,  and  al)out  7.5  per  cent.,  by 
weight,  of  water."  It  has  a  specific  gravity  of  0.816  at 
60**  F. 

Physiological  Action. — The  extraneous  effects  of 
alcohol  are  of  high  importance.  By  the  creation  of  a 
partial  vacuum  upon  the  cooling  of  an  enclosed  space 
previously  heated  by  burning  it,  glasses  are  affixed  in 
cupping.  It  is  a  powerful  disinfectant,  especially  anti- 
zymotic,  being  thus  one  of  the  best  and  most  generally 
used  preservatives. 

Its  local  effects  are  even  more  important.  Externally, 
it  is  cooling  by  its  evaporation,  although,  if  the  solution 
have  a  strength  of  fifty  per  cent,  or  more,  it  becomes  a 
rubefacient,  especially  if  rubbed  into  the  surface,  or  if 
its  vapor  be  confined.  It  is  slightly  locally  ansesthetic, 
especially  in  relieving  itching,  and,  through  the  contrac- 
tion of  the  vessels  by  its  cooling  effect,  may  locally  check 
perspiration.  Its  solvent,  combined  with  its  disinfectant 
and  stimulant  properties,  render  it  a  useful  lotion  for 
cleansing,diseased  surfaces.  If,  however,  the  solution  be 
strong,  it  acts  rather  as  an  irritant,  and,  by  the  abstrac- 
tion of  water,  and  the  partial  and  temporary  coagulation 
of  the  albumen,  as  an  astringent.  It  acts  very  promptly 
upon  mucous  surfaces,  being,  as  upon  denudcKl  tissues, 
stimulant  to  irritant  and  more  or  less  astringent.  Its 
presence  in  the  mouth  stimulates  the  secretions,  not  only 
of  the  mouth,  but  of  the  stomach.  Even  a  few  drops 
applied  at  the  base  of  the  tongue  have  been  seen  to  pro- 
duce an  almost  immediate  fiow  of  gastric  juice.  The  in- 
tellectual functions  are  thus  refiexly  stimulated  also, 
though  later,  by  direct  contact  with  the  cells,  the'  op- 
posite effect  is  producc»d.  both  upon  the  salivary  glands 
and  the  brain.  If  held  in  the  mouth,  it  produces  a 
numbing  effect. 

Small  quantities  of  alcohol,  properly  diluted,  taken 
Into  the  stomach,  produce  an  agreeable  sensation  of 
warmth.  A  turgescence  of  the  capillarv  plexus  of  the 
mucous  membrane  occurs,  which  is  speedily  followed  by 
a  free  secretion  from  the  gastric  follicles,  due,  in  all 
probability,  to  (a)  the  increased  supply  of  blood,  and  (/?) 
the  stimulation  of  their  glandular  orifices.  The  move- 
ments of  the  stomach,  as  well  as  its  secretions,  are  in- 
creased, and  absorption  of  the  products  of  digestion  is 
neatly  hastened.  It  is  therefore  one  of  our  most  f)<)wer- 
lal  stomachics  and  digestive  stimulants.    These  effects 


are  not  lost  upon  tlie  absorption  of  the  alcohol,  but  ap- 
pear, upon  the  contrary,  to  be  still  further  increased  by  its 
presence  in  the  circulation.  Its  presence,  however,  in 
any  considerable  quantity  in  the  food  mass  inhibits  pro- 
teolysis, while  in  concentrated  form  it  acts  rather  as  an 
irritant,  and  its  favorable  action  upon  digestion  is  want- 
ing. The  direct  irritation  may  result  even  in  vomiting. 
Continued  concentrated  doses  tend  to  produce  chronic 
gastritis  and  gastric  catarrh.  Moreover,  the  crontinued 
recourse  to  this  artificial  aid  to  digestion  tends  to  neces- 
sitate it;  and  in  increasing  degree.  Larger  and  larger 
amounts  are  required,  and  the  natural  powers  of  digestion 
iHJCome  permanently  and  seriously  impaired,  and  at 
length  are  almost  completely  lost.  Aside  from  the  effects 
upon  digestion  already  described,  the  action  of  alcohol  in 
the  stomach  is  one  of  refiex  stimulation  of  the  heart  and 
of  the  respiration,  provided  that  the  drug  is  not  txx> 
much  diluted.  In  the  intestine,  peristalsis  is  directly 
stimulated,  and  an  astrigent  effect  protiuced. 

Alcohol  is  very  promptly  absorbed,  and  circulates  as 
alcohol,  in  which  form  it  comes  into  contact  with  the 
tissues  and  exerts  its  pc»culiar  activities. 

The  liver,  being  the  first  to  receive  the  blood  freshly 
charged  with  alcohol,  in  a  more  concentrated  condition 
than  after  dilution  by  the  general  circulation,  is  the  first 
to  feel  its  stimulating  effect,  and  the  first  to  undergo 
pathological  changes.  The  liver  cells  are  stimulated, 
and  as  a  result  we  have  an  increased  flow  of  bile.  Later, 
the  cells  enlarge  and  become  infiltrated  with  fat  globules. 
The  stronger  drinks,  particularly  if  taken  undiluted,  and 
if  the  practice  be  persisted  in  for  any  considerable  period, 
cause  an  irritation  of  the  connective-tissue  cells  in  the 
liver  suiTounding  the  portal  radicles.  A  proliferation  of 
the  same  occurs,  and,  as  a  final  effect,  contraction  of  this 
newly  formed  tissue — ^as  is  the  case  with  all  newly  formed 
connective  tissues— ensues,  producing  the  so-called  cir- 
rhotic or  hob-nailed  liver.  With  the  primary  new  forma- 
tion there  is  naturally  an  increase  in  the  size  of  the  organ, 
while  the  secondary  contraction  causes  an  atrophy  of 
the  liver  cells,  (a)  by  direct  pressure,  and  (/S)  by  diminish- 
ing their  normal  blood  supply.  In  those  countries  where 
the  more  dilute  alcoholic  drinks  (wines  and  beers)  are  the 
national  beverage,  the  cases  of  cirrhosis  are  unusual; 
while  the  contrary  is  tnie  where  the  more  concentrated 
drinks  (brandy,  whiskey,  gin,  or  rum)  are  largely  con- 
sumed. Finally,  the  portal  radicles  become  so  narrowed 
by  the  contraction  of  the  connective  tissue  in  which  they 
lie  that  the  portal  circulation  is  interfered  with,  thus 
producing  a  mechanical  congestion  of  the  intestinal,  per- 
itoneal, and  gastric  capillaries,  with  ascites  and  watery 
stools. 

Kidneys. — The  alcohol  being  in  a  much  less  concen- 
trated condition  on  reaching  the  kidneys  than  is  the  case 
with  the  liver,  the  effects,  both  physiological  and  patho- 
logical, are  less  marked.  The  watery  portion  of  the 
urine  is  increased;  the  solid,  at  least  so  far  as  urea 
is  concerneil,  is  diminished.  The  increased  amount  of 
water  excreted  is  a  natural  result  of  the  increased  blood 
pressure ;  the  diminution  of  urea  is  due  to  the  les.sening 
of  oxidation  of  the  nitrogenous  tissues.  In  these  organs, 
also,  the  irritating  results  manifest  themselves  more 
slowly  than  in  the  liver,  but  in  an  exactly  similar  man- 
ner.  *  Eventually  the  cirrhotic  kidney  is  produced. 

The  effect  of  alcohol  upon  the  skin  is  moderately  to 
increase  perspiration.  This  is  a  natural  residt  of  the 
cutaneous  turgescence,  but  it  is  not  known  whether  there 
is  also  a  direct  stimulation  of  .secretion. 

The  temperature  of  the  skin  is  temporarily  raised  bv 
this  turgescence,  and  the  nerve  endings  are  thus  warmea. 
There  is  thus  a  false  impres.sion  of  warmth  created,  the 
general  temperature  actually  falling  quickly,  and  the 
individual  being  especially  exposed  to  the  evils  of  cold. 
In  chronic  alcoholism  there  is  apt  to  be  interstitial  thick- 
ening of  the  integument. 

In  spite  of  the  great  amount  of  effort  which  has  been 
concentrated  upon  the  investigation  of  the  s\'steniic 
effects  of  alcohol,  our  conclusions  are  doubtful  to  a 
greater  extent  than  in  the  case  of  almost  any  other  drug. 
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There  seems  to  be  little  room  for  question  as  to  the  ulti- 
mate net  results,  but  a  great  deal  of  it  as  to  the  tutrtiaa 
opemmli.  The  indications  are  those  of  a  drug  which  for 
a  very  brief  period  stimulates,  then  depresses  the  tissues 
upon  which  it  acts.  As  to  the  depression,  there  is  no- 
where any  question,  but  it  is  claimwl  by  high  authority 
that,  but*^  for  the  retlex  stimulation  alrt*ady  noticed,  its 
effects  upon  the  nervous  system  are  wholly  depressing, 
the  apparent  stimulation  resulting  from  depression  of 
the  inhibitory  and  (controlling  functions.  Undoubtedly 
this  weakening  of  will  power,  and  of  the  higher  functions 
of  coordinati(m.  play  a  very  important  part  in  the  ap- 
parent manifestations  of  stimulation,  and  account  for 
tlie  great  lack  of  uniformity  in  them  in  different  indi- 
viduals; yet  it  does  not  seem  possible  to  account  so  well 
in  any  other  way  for  the  symptoms  as  by  assuming  the 
existence  of  a  primary  stimulation.  In  a  practical  study 
like  the  present,  it  seems  more  protitable  to  discuss  the 
conspicuous  net  results,  and  to  avoid  extenckMl  discussion 
of  the  mechanism. 

The  peculiar  interaction  between  the  effects  of  alcohol 
upon  the  circulation  and  those  ujxrn  the  nervous  system 
renders  it  difficult  to  consider  either  without  having  first 
taken  up  the  other. 

As  a  result  of  the  systemic  effect  of  alcohol,  the  mte, 
and  to  a  greater  extent  the  force,  of  the  heart,  are  in- 
creased, and  this  sufliciently  to  increase  the  blood  pres- 
sure, in  spite  of  the  fact  that  there  is  marke^l  arterial 
dilatation.  This  period  is  followed  by  one  of  depression, 
and  the  first  stage  is  shorter,  even  abnost  altogether 
wanting,  in  proportion  as  the  dos<;  is  increas<*(l.  How 
far  this  result  is  due  to  depres.sion  of  inhibition  is  one  of 
the  questions  of  greatest  dissension  among  physiologists. 

The  same  obs<Tvation  of  an  increase  in  respiration,  and 
the  same  dispute  as  to  its  (aiuse,  are  to  Ik*  recorded.  In 
any  case,  it  seems  clear  that  the  result  is  not  due  to  any 
direct  cent  ml  stimulation. 

The  chief  nervous  effects  of  alcohol  are  upon  the  brain, 
especially  upon  thecerebruni.  Its  action  is  delirifacient, 
there  being  a  preliminary  j)enod  of  stimulation  running 
into  excitement.  Even  this  stimulation  is  a  narcotic  one, 
being  unecjual,  and  resulting  fnmi  the  first  in  an  inter 
ference  with  ('([uilibrium.  It  is  because  this  increased 
activity  is  due  largely  to  inhibit i<m  of  the  powers  of  s<*lf 
control  and  restraint  that  th(;  claini  has  Ikh-u  advanced 
that  this  is  the  sole  cause,  and  that  alcohol  does  not 
directly  stimulate  at  all.  It  is  quite  evident,  however, 
that  such  a  result  would  neeessjirily  follow  the  increased 
cerebral  circulation  due  to  general  circulatory  stimulation, 
even  if  th(*re  were  not,  as  there  appears  to  be.  a  direct 
primary  stimulation  of  the  cerebnil  cells.  Only  at  the 
very  beginning  are  the  mental  processes  (juickened.  but 
after  they  have  become  slowed,  and  the  mental  processes 
blunted,  the  individual  still  believes  them  to  be  grejitly 
improved.  Despondency  and  mental  pain  are  tliusde 
creased,  but  the  subject  loses  his  judgment  and  becomes 
talkative  and  otherwise  dem<mstmtive  and  self  asserting. 
Intellectual,  followed  ])v  sensorv  and  motor  nanilvsis 
then  comes  on.  and  the  coma  stage  follows  that  of  dc 
lirium.  J^imlysis  of  respimtion  and  ])articulurly  of  cir- 
culation may  become  complete,  resulting  in  death.  Dur- 
ing the  stage  of  dej>ression.  vomiting  of  central  origin 
usually  ap])ears. 

Alcohol  is  itself  oxidized  as  a  food,  but  <lecreases 
tis.sue  oxidation.  This  may  to  sonic  c.\t<nt  account  for 
the  reduced  temperature,  though  this  is  chietly  due  to 
the  increased  heat  radiation  rcsultinu:  from  engorgement 
of  the  superficial  vessels.  It  is  more  nipidly  oxidized 
under  the  influence  of  exercise,  exposure  t()  cold,  and 
in  fever.  This  is  regarded  as  the  normal  method  of  its 
elimination,  only  five  or  ten  per  cent,  of  it  being  ex(  reted 
by  the  kidney  and  lungs  as  alcohol.  It  is  iM'lieved  that 
this  nutrient  function  d<K'S  not  at  all  relieve  the  deniand 
for  nitrogenous  nutriment,  but  may  to  a  great  extent 
supply  that  for  carlM)naceous.  The*  latter  fact  explains 
the  accumulation  of  fat  in  alcoholic  subjects,  though 
their  obesity  is  also  favored  by  the  decreased  elimination 
of  wat«r  which  finally  takes  place. 


The  remote  effects  of  alcohol  may  be  good,  but  are  far 
more  likely  to  Ixi  harmful,  due  to  excessive  use,  or  to  use 
continueil  b(*yond  the  period  required.  The  general  rule 
should  be  to  use  alcohol  only  temporarily.  If  used 
only  to  the  extent  of  stimulating  the  digestion,  it  can 
result  in  great  improvement  of  nutrition.  But  it  may 
result  in  the  complete  destruction  of  digestion.  If  prop- 
erly proportioned  as  to  dosage,  it  is  an  excellent  food  in 
fever,  but  it  may  be  uschI  so  as  to  exhaust  the  system. 
It  can  be  used  to  benefit  the  excretory  processes  of  skin 
and  kidneys,  but  it  may  destroy  either  or  both,  resulting 
in  cutaneous  hypertrophies,  or  in  nephritis.  It  is  very 
apt  to  induce  obesity,  partly  by  interfering  with  the  elimi- 
nation of  water,  and  partly  by  checking  the  oxidation  of 
fat.  It  has  a  tendency  to  'dc»8tn)y  tine  cell  structure 
everywhere.  This  is  specially  seen  in  the  destruction  of 
the  liner  moral  and  intellectual  functions,  in  sensory  and 
motor  paralysis,  and  in  reducing  the  parench^^matic  liver 
tissue,  with  an  increase  of  \\s  fibrous  portions.  A  pecul- 
iar kind  of  mania  is  induced  by  it.  Known  as  delirium 
tremens,  chiefiy  characterized  by  hallucinations  and  de- 
lusions of  snakes,  demons,  and  other  terrifying  subjects. 
This  appears  to  be  connected  with  some  peculiar  form  of 
malnutrition,  as  it  never  appears  until  after  the  loss  of 
appetite  has  iK'Come  pronounced.  The  ability  of  the 
svstem  to  withstand  exposure,  fatigue,  or  disease  is 
slowly  but  most  surely  destroyed  by  alcoholism.  This 
is  especiallv  noticed  in  pneumonia,  which  is  almost  cer- 
tainly fatal  to  drunkards,  although  alcohol  is  one  of  the 
surest  reliances  in  supporting  pneumonic  patients  who 
have  not  lK»en  addicted  to  its  use.  Fatal  acute  poisoning 
by  alcohol  is  not  unknown,  the  effects  pertaining  espe- 
cially to  respiration  in  some  cases,  to  circulation  in  others. 

Various  accidents  are  frequently  .mistaken  for  intoxica- 
tion, especially  apoplexy,  coma  fnmi  blows  upon  the 
head,  and  opium  poisoning,  and  many  scandals  have 
originated  from  wn)ng  diagnoses.  The  greatest  care 
.should  be  taken  in  the  differential  diagnosis  of  these 
cases. 

The  therapeutic  local  uses  of  alcohol  are  sufficiently 
indicateil  by  our  account  of  its  local  effects.  Its  uses  as 
a  digestant  arc  un(h>ubtedly  its  most  important  ones,  if 
we  regard  the  frequency  of  employment.  Here  the 
metluKl  of  administration  is  of  the  utmost  importance. 
It  should  not  be  us4'd  when  any  inflammation  or  irritation 
of  the  stomach  exists  The  smallest  possible  dose  con- 
sistent with  effectiveness  should  l)c  employed  A  tea 
spoonful  to  a  tablespoonful  of  bmndy  or  whiskey  should 
suffice.  The  strength  as  hnbibed  should  not  be  greater 
than  five  to  fifteen  f)er  cent.  It  should  be  taken  quickly 
just  at  the  beginning  or  during  the  early  part  of  the 
meal.  If  taken  too  soon,  the  effect  is  lost,  and  the  liver 
may  sulTer.  If  taken  too  late,  it  interferes  with  diges 
tion.  Diluted  alcohol  is  prefemble  to  liquors,  if  one 
regards  the  danger  of  forming  a  liabit.  The  administra- 
tion should  be  carefully  watched  and  skilfully  controlled, 
and  an  effort  n)ade  to  decrease  the  dose  almost  from  the 
begiiuiing,  and  alumdon  it  just  as  soon  as  possible.  This 
is  not  only  to  avoid  the  formation  of  drinking  habits, 
br.t  to  avoid  inducing  the  stomach  to  depend  upon  the 
artificial  stinuilus. 

Its  next  niost  important  use  is  as  a  fo(Kl.  This  may 
be  at  such  times  as  ordinary  food  is  not  desired  or  not 
borne,  but  when  food  is  imjieratively  required.  It  mav 
then  be  taken  by  the  stomach  or  the  rectum.  It  will 
often  aid  in  th<*  digestion  and  as.similation  of  milk,  be- 
sides contributing  its  own  portion  of  nutriment.  There- 
fore a  milk  j)unch  is  one  of  its  most  usi'ful  forms,  but 
one  of  the  most  dangerous  as  to  habit.  In  fever,  it  is 
useful  in  one.  injurious  in  another  class  of  ca.s<*s.  In  a 
typical  case,  it  should  not  only  nourish  the  patient,  but 
calm  him.  and  reduce  the  fever  If  the  opj)osite  effects 
are  induced,  it  shoidd  not  be  used.  Alcohol  is  a  fairly 
good  carminative,  and  brandy  is  a.stringent  in  many  cases 
of  diarrluea;  it  is  very  ditficult  to  say  why  Insomnia 
naiy  be  relieved  by  alcohol,  though  there  is  a  tendency 
to  rcipiire  its  continued  and  increasing  use,  and  this 
shouhl  under  no  circumstances  be  permitted.     Gin  is  an 
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excellent  diuretic,  but  the  alcohol  plays  probably  a  sub- 
ordinate part. 

Alcohol,  if  taken  in  full  dose  and  very  early,  especially 
with  an  abundance  of  water,  is  most  valuable  in  break- 
ing up  an  impending  cold.  It  is  readily  conceivable  that 
the  most  disastrous  results  may  be  thus  avoided,  when 
we  consider  the  consequent  transfer  of  blood  from  the 
viscera  to  the  skin.  The  effect  of  the  alcohol  must  in 
such  cases  be  promptly  supplemented  by  warm  external 
applications,  or  at  least  protective  covenngs. 

The  various  forms  of  alcohol  can  profitably  be  here 
considered,  rather  than  to  take  them  up  in  their  regular 
alphabetical  order  in  the  different  parts  of  this  work. 
The  alcoholic  liquids  of  the  different  classes  are  as  follows : 

Carbonated. — Kumyss  is  the  weakest  of  all  in  alcohol. 
It  is  simply  fermented  milk.  Mare's  milk  was  originally 
used,  but  it  is  now  very  often  substituted  by  cow  s  milk 
variously  modified.  It  was  originally  fermented  by  the 
action  of  a  special  ferment,  but  yeast  Is  now  generally 
employed.  It  should  be  used  while  fresh,  never  more 
than  four  or  five  days  old.  It  should  contain  about  one 
and  a  half  or  two  per  cent,  of  alcohol,  and  be  strongly 
carbonated.  There  are  also  traces  of  unknown  ethers 
developed  in  the  fermentation.  It  is  estimated  to  contain 
about  twelve  per  cent,  of  solid  nutriment.  It  is  sooth- 
ing to  the  stomach,  without  in  any  degree  retarding  di- 
gestion. Its  primary  stimulating  effect  is  followed  by 
a  slight  soporific  tendency. 

Beer,  Stout,  Ale,  and  Porter  are  made  from  barley,  the 
starch  being  first  converted  into  sugar  by  the  action  of  the 
diastase,  under  the  influence  of  heat  and  moisture.  In 
this  condition  it  is  Malt.  The  malt  is  subjected  to  a  vin- 
ous fermentation.  In  making  beer,  this  is  done  slowly 
at  a  low  temperature,  in  the  others  more  quickly,  at  a 
high  temperature.  The  darker-colored  stout  and  porter 
are  made  so  by  a  partial  burning  of  the  materials.  The 
percentage  of  alcohol  ranges  from  two  to  nine,  ordinarily 
about  four  or  five.  These  liquors  are  abundantly  car- 
bonated and  they  contain  more  or  less  digestible  nutri- 
ment. They  appear  also  to  exercise  a  small  amount  of 
digestive  enect  upon  some  foods.  Hops  or  lupulin  are 
added  to  genuine  beer,  but  a  great  variety  of  bitter  sub- 
stances are  in  use,  many  of  them  selected  without  the 
slightest  regard  to  their  injurious  effects  upon  the 
system,  so  that  beer,  if  prescribed,  should  be  always  of 
a  brand  of  known  composition 

Various  other  seeds,  especially  rice  and  peanuts,  are 
similarly  used,  as  well  as  many  other  starchy  substances. 
Some  savage  tribes  are  ahead  of  us,  in  that  they  use  sub- 
stances which  contain  distinct  medicinal  constituents,  to- 
gether with  the  alcohol-yielding  portion. 

Wine,  Cider,  Pulque. — These  are  fennented  vegetable 
juices,  wine  from  the  grape,  cider  from  the  a|)ple.  and 
pulque  from  the  century  plant.  If  used  while  still  in 
the  carbonated  state,  they  are  called  ** sweet"  or  spark 
ling,  otherwise  they  are  "  haixl "  or  '*dry."  In  addition 
to  the  carbonic  acid  and  alcohol,  there  are  considerable 
amounts  of  sugar.  "When  this  amount  is  larpe,  they  are 
specially  called  "sweet."  There  are  also  considerable 
amounts  of  tartaric  and  acetic  acids.  When  this  is  the 
case  the  wines  are  called  **sour."  A  variable  amount 
of  tannin  is  present  in  red  wines.  Wines  which  have 
had  the  percentage  of  alcohol  artificially  increased  are 
called  "heavy  "  or  "  fortified,"  as  port  and  sherry. 

Vinum  Ruhnnn,  or  Red  Wine,  U.  S.  P.,  is  made  from  the 
entire  grapes. 

Vinuin  Alhum,  or  White  Wine.  U.  S.  P.,  is  made  from 
grapes  from  which  the  skins,  seeds,  and  stems  have  been 
remove<l.  Each  contains  from  ten  to  fourteen  per  cent, 
of  alcohol.  A  very  Uirge  number  of  sugary  fruits  are 
utilized  in  the  manufacture  of  special  wines. 

Distilled  Spirituous  Liquors. — Any  fermented  al- 
coholic liquor  may  have  its  alcohol  distilled  off.  In  this 
process  various  other  substances  are  certain  to  come  away 
with  the  alcohol,  and  their  complete  removal  is  very  difl^- 
cult,  so  that  each  kind  of  spirit  will  possess  its  cliaracter- 
istic  color,  odor,  and  taste.  For  the  most  part,  however, 
these  associated  matters  have  not  a  high  degree  of  physio- 


logical importance.  Medicinall}',  the  liquors  are  used 
chiefly  for  their  alcohol,  and  there  is  little  choice  among 
them.  The  physician's  responsibility  in  prescribing 
brandy,  whiskey,  and  other  pleasant  forms  of  alcohol, 
and  thus  tending  to  promote  alcoholic  habits,  is  very 
great.  In  most  cases,  dilute  alcohol  or  diluted  deodorized 
alcohol,  variously  admixed  so  as  to  obscure  its  character 
or  to  make  it  less  palatable,  can  frequently  be  employed 
with  equal  advantage.  Because  this  is  now  so  generally 
done  by  the  more  cautious  class  of  ph3'sicians,  and  as 
there  is  so  little  genuine  prescription  demand  for  brandy 
and  whiskey,  it  is  seriously  proposed  to  drop  them  from 
the  Pharmacopoeia. 

Sinritum  Vini  Gallici,  or  Brandy,  is  distilled  from  wine, 
and  contains  thirty-nine  to  fort3'-seven  per  cent.,  by 
weight,  of  alcohol.  There  must  be  no  admixture  or 
modification  of  any  kind,  and  it  must  be  at  least  four 
years  old.  With  the  ordinary  properties  of  its  alcohol, 
it  combines  a  distinctly  astringent  effect  upon  the  bowels. 

Spintvs Frumenti,  or  Whutkey,  U.  8.  P.,  is  similarly  dis- 
tilled from  the  fermented  product,  "mash,"  of  grain, 
either  rye  or  corn  (the  latter  "Bourbon  Whiskey"),  or 
mixtures  of  them.  It  should  be  at  least  two  years  old 
and  contain  from  forty-four  to  fifty  per  cent,  of  alcohol. 

Gin  is  the  equivalent  of  the  compound  spirit  of  juniper, 
already  considered. 

Upon  keeping  spirituous  liquors,  various  ethers  de- 
velop in  them,  which  tend  to  make  them  pleasanter  to 
the  taste,  but  which  do  not  materially  modify  the  action 
of  the  alcohol. 

The  principal  impurity  of  alcohol,  especially  of  whis- 
key, is  fusel  oil,  or  Am3'lic  Alcohol,  next  considered. 

B.  Amylic  Alcohol. — (Fusel  Oil ;  Grain  Oil;  Potato 
Spint  Oil.)    (CftHuHO.) 

In  speaking  of  the  alcoholic  liquors,  reference  was 
made  to  fusel  oil  as  one  of  the  commonest  of  impurities. 
It  can  be  obtained  from  all  crude  alcoholic  liquids,  and 
is  removed  from  them  in  purification.  It  is  chiefly  ob- 
tained during  the  later  portions  of  their  distillation,  and 
is  much  more  abundant  in  spirits  obtained  from  some 
sources  than  from  others,  notably  from  potato  spirit.  It 
is  considerably  heavier  than  pure  ethyl  alcohol  (specific 
gravity  0.818)  and  its  boiling  point  (128-130"  C.)  is  very 
much  higher.  It  has  an  oily  consistency,  is  colorless, 
has  a  powerful  odor  and  a  burning,  acri(l  taste,  the  in 
halation  causing  headache.  Although  amylic  alcohol 
has  very  powerful  physiological  properties,  it  has  never 
been'  much  utilized  in  medicine,  and  it  is  used  chiefly  as 
a  solvent  in  manufacturing  operations  It  i.^  a  very 
powerful  poison,  the  symptoms  being  those  of  great 
depression. 

C.  Mktiiylic  Alcohol. — {Methyl  Aleoh^l ;  Wood  Al- 
coftol :  Wo<xi  Sin r it;  W'p*xi  Naphtha;  Proxylic  Spirit, 
CII3OH.) 

In  the  crude  pyroligueous  acid  distilled  from  wood 
(see  Acdic  Acid)  there  is  about  one  per  cent,  of  methyl 
alcohol,  which  is  obtained  by  light  distillation,  after  tho 
addition  of  lime,  and  is  then  purified.  It  comes  first  in 
the  series  of  alcohols,  that  is,  it  is  the  simplest  of  them. 
It  has  iK'cn  found  somewhat  sedativi*,  especially  to  the 
cough  of  consumptive  j)atients.  in  doses  of  1  to  3  c.c.  (15  to 
45  minims),  vet  it  can  scarcely  be  regarded  as  a  medicinal 
substance.  As  it  cannot  l)e  use<l  as  a  beverage,  ten  per 
cent,  of  it  is  added  to  alcohol  in  England,  to  allow  of  the 
use  of  the  latter  in  the  arts  without  (langcr  of  defrauding 
the  customs  laws  relating  to  spirituous  beverages.  This 
mixture  is  known  as  Methylattd  Spirit.  Methyl  alcohol 
is  excellent  for  burning  purposes,  owing  to  its  large 
percentage  of  carlK)n,  and  is  relatively  very  cheap.  It 
is  one  of  the  substances  used  in  the  manufacture  of  ether, 
and,  through  its  a<"etone,  of  which  it  always  contains 
considerable,  of  chloroform.  Its  chief  uses  are  for  the 
manufacture  of  formaldehyde  and  methyl  chloride. 

jftnry  II.  But^. 

ALDEHYDE. — The  aldehydes  form  a  genus  of  chemical 
compounds.  Of  this  genus,  aretic  aldehyde  is  the  com- 
monest example,  and  accordingly  the  word   aldehyde. 
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when  used  singly,  is  understood  always  to  mean  that 
substance.  Acetic  aldehyde,  CsH^O,  is,  from  the  point 
of  view  of  cliemical  composition,  tlie  first  outcome  of  the 
oxidation  of  common — ethylic — alcohol.  It  resembles 
alcohol  very  closely  in  plu'sical  and  ph^'siological  pro|)er- 
ties,  beinga  thin,  colorless  fluid  of  pungent  smell  and 
taste ;  inflammable,  miscible  in  all  proportions  with  water, 
alcohol,  and  ether;  antiseptic,  irritant,  and  narcotic.  It 
is  not  used  in  medicine.  Eihcnrd  Curtis. 

ALDER,  ALNUS.— (Brook  alder;  tag  alder.)  Alnus 
Tournef.  is  a  genus  of  a  dozen  or  more  species  in  the 
family  JietHla/'eff,  distributed  through  the  north  temper- 
ate zone,  and  extending  along  the  mountains  into  the 
tropics.  The  bark  and  leaves  are  rich  in  tannin,  and 
therefore  strong  a.stringents,  without  special  character. 
They  are  used  in  tanning,  and  have  numerous  domestic 
medicinal  uses,  all  depending  upon  the  af;tion  of  the 
tannin.  Finely  powdered,  they  have  been  found  very 
useful  by  travellers  for  applying  to  chafed  surfaces. 
The  wood,  deprived  of  the  bark,  makes  a  favorite  char- 
coal for  powder  manufacture  //.  JI.  Rm^y 

ALDER,  BLACK..— (Prinos  winterUTry.)  The  bark 
of  IkJT  rertirilbtta  Gray  (fam.  Aquifoliae^(f').  (For  the 
properties  of  other  species  of  this  large  and  interesting 
genus,  the  reader  should  consult  ^f(lte,  Ilollf/,  and  (W*- 
sine.)  The  i)lant  under  considerutitm  is  a  large  shrub, 
growing  in  hedges  and  borders  of  forests  in  the  North- 
eastern rnited  States,  and  displaying  in  fall  and  early 
winter  slender  bnineh("S  densely  covered  with  shining 
scarlet  berries. 

The  bark  is  smooth,  grayish  or  whitish  ash-colored, 
and  when  dried  for  medicinal  use  is  in  '^thin,  slender 
fragments,  about  1  mm.  thick  (.^V  inch),  fragile,  the  outer 
surface  brownish  asli-colored,  with  whitish  patches,  and 
blackish  dots  and  lines,  the  corky  layer  easily  separating 
from  the  green  tissue;  inner  surface  pale  greenish  or 
yellowish:  fracture  short,  tcingentially  striate;  nearly  in- 
odorous, bitter,  slightly  astringent." 

It  contains  tannin,  resin,  and  an  amaroid.  No  special 
physiological  properties  are  known,  but  it  has  iK'cn  used 
as  a  tonic  and  mild  astringent  The  do.se  is  2  to  4  gm. 
(3ss.  toi).  jr.  JI.  Jlufi^y, 

ALEPPO  BOIL.— (Oriental  boil;  Sahara  chancre ;  Kan- 
dahar sore ;  Peud  jet  sore ;  Natal  sore ;  Fr. ,  Bouton  de  Bis- 
kni;  Ger..  Orientbeule.)  Under  these  various  titles 'has 
been  described  an  affection  endemic  in  certain  districts  of 
tropical  and  subtropical  climates,  the  local  names  indi- 
cating manv  of  the  localities,  chiefly  in  Algeria,  Egypt, 
Syria,  and  llindoostan,  where  it  most  connnonly  occurs. 
The  disease  is  a  local  one.  conflned  chiefly  to  the  uncov- 
ered parts  of  the  liody,  especially  tlie  face;  the  cheeks, 
angles  of  the  mouth,  eyelids,  and  ahe  of  the  nose  l)eing 
the  favorite  seats.  The  scalp  is  never  attacked,  and 
while  it  ma\'  occasionally  be  located  on  the  extremities, 
particularly  the  back  of  the  hand  and  foot,  it  is  mrely 
found  on  the  trunk  or  j)ubes.  In  the  vast  majority  of 
ca.ses  usually  but  one  lesion  manifests  itsttlf:  but  the 
lesions  mav  be  multiple.  As  manv  as  fifty  have  been 
counted  scattered  over  the  face  and  body  (Crocker).  All 
who  are  brought  within  its  influence  are  liable  to  the  dis- 
ease. It  is  most  common  in  children  between  the  second 
and  seventh  year,  and  in  Aleppo  it  is  considered  almost 
as  a  matter  of  course  that  native  children  should  have 
their  '^boil,"  few.  if  an>',  escaping. 

It  is  more  prevalent  in  autunm,  when  many  insects  are 
about,  and  Laveran  has  mther  plausibly  considered  infec 
tion  to  be  conveyed  in  this  way.  Others  have  considered 
the  infecting  agent  to  be  contained  in  the  water  of  the 
district,  it  gaining  access  to  the  body  through  some  abra- 
sion while  washing  or  bathing,  not  by  drinking  the  in- 
fected water.  It  has  been  definitely  proven  to  be  inocu- 
lable  in  both  men  and  animals.  It  has  not  Iwen  shown, 
nor  is  there  any  reason  for  believing  it  to  be  hereditary 
One  attack  does  not  protect  from  recurrence  (►r  fresh 
inoculation      Recovery  is  the  rule,  but  always  with  a 


more  or  less  disfiguring  cicatrix,  depending  upon  how 
early  ti-catment  is  instituted. 

The  pathology  is  obscure,  and  nothing  very  definite 
has  been  <Iem(mstrated ;  and  though  there  is  a  certain 
amount  of  evidence  showing  it  to  be  an  infective  and 
destructive  inflammation,  due  to  a  vegetable  organism, 
the  special  or^nism  has  not  as  yet  haon  isolat^xi  As 
has  been  said,  it  is  a  purely  local  disease  unaccompanied 
by  constitutional  symptoms,  but  liaving  a  period  of  in- 
cubation varying  from  three  or  four  days  to  several 
months;  hence  it  may  appear,  in  one  who  passes  but  a 
few  days  in  the  district,  only  after  he  has  left  it  and  is  far 
dLstant  from  the  place  of  contamination. 

The  first  thing  noticed  is  an  itching  in  the  part  to  be 
affected;  then  appears  a  reddish  s|X)t  like  a  mosquito 
bite,  developing  in  the  centre  a  papule,  which  soon  be- 
comes conical,  gradually  enlarging  to  the  size  of  a  pea 
or  bean  and  remaining  of  a  terracotta  red.  smooth,  and 
shining  for  some  weeks  or  months.  Then  is  noticed  from 
the  centre  an  oozing  of  clear  serum,  which  dries  into  a 
yellowish-brown  crust,  extremely  adherent.  This  crust, 
surrounded  by  a  re<l  areola,  gradually  enlai'ges  as  the 
process  of  disintegration  beneath  goes  on,  forming  itself 
from  the  serum  as  it  exudes  from  beneath  the  edges  of 
the  crust  already  formed. 

This  process  of  idceration  may  go  on  until  an  area  of 
sevend  inches  in  diameter  is  reached,  but  usually  half  an 
inch  or  an  inch  in  diameter  is  the  average  size  attained. 
If  the  scab  be  removed,  a  round  ulcer  is  disclosed  with 
red  indumt(Ml  areola  and  more  or  less  irregular,  sharp-cut 
edges,  base  uneven,  showing  numerous  yellowish  points 
of  ulceration  with  fungating  granulations  scattered  un- 
evenly over  the  surface.  Ulceration  may  extend  into  the 
subcutaneous  ti.ssues.  The  ulcer  secretes  a  thin,  sero-pur- 
ulent,  offensive  discharge,  which,  if  allowed  to,  forms  the 
thick  adherent  crust.  After  a  period  of  some  weeks  or 
months  extension  ceases,  and  cicatrization  takes  place  be- 
neath the  scab,  which  finally  drops  off,  leaving  a  more  or 
less  puckered,  brown,  pigmented  scar,  the  process  from 
beginning  to  end  lasting  fi*om  six  montlis  to  a  year,  some- 
times longer.  Lymphangitis,  erysipela.s,  and  neighboring 
glandular  enlargements  are  occasional  complications. 

The  iK'st  thing  in  the  way  of  treatment  is  to  let  the 
thing  alone,  i)reserving  the  scab  carefully  in  fdtu,  and  al- 
lowing healing  to  take  place  under  it.  If  the  scab  fall, 
the  ulcer  should  be  treated  with  the  methods  u.sual  when 
dealing  with  a  simple  ulcer.  If  seen  in  the  early  **  mos- 
quito-bite stage."  which  is  sehlom,  the  actual  cautery 
has  been  reconunended.  By  way  of  prophylaxis,  one 
should  carefully  l(M)k  after  any  possible  excoriations  of 
the  integument,  avoiding  the  infected  water  for  toilet 
purposes,  unless  previously  boiled. 

Charles  T.  Dade. 

ALETRiS. — (rnicorn  root ,  star  grass;  mealy  starwort ; 
colic  nxyX.     Sometimes  erroneously  called  blazing-star.) 

The  rhizome  of  AUtris  farinosa  L.  (fam.  Liliace/p). 
This  plant  is  a  low,  slender,  erect,  perennial  herb,  com- 
mon in  swamps  and  low  lands  east  of  the  Mississippi 
Uiver.  It  has  been  much  used  in  domestic  practice  as  an 
alMlominal  stimulant.  It  contains  an  unknown  bitter 
principle,  soluble  in  alcohol  and  somewhat  in  water. 
The  u.se  of  the  drug  is  purely  empirical — in  colic  and 
rheumatism.  The  fiuid  extract  is  the  best  form  of  ad- 
ministration, and  is  given  in  doses  of  0.5  to  1  c.c.  (ni  viij.- 

XV.). 

Seven  other  species  of  Aletris  are  known,  one  in  the 
Southern  States  and  six  in  >}astern  Asia,  but  their  prop- 
erties have  not  been  investigated.  //.  //.  Jiuiby. 

ALGIERS.— Algiers,  the  largest  town  and  capital  city 
of  the  French  colony  of  Algeria,  lies  almost  due  south  of 
^Marseilles,  u])on  the  ^Meditermnean  coast  of  Africa  (lat. 
36^  47  20"  N.,  long.  :V  4'  32"  E).  The  population  in 
1860  was  52,614.  As  seen  from  the  deck  of  an  approach- 
ing steamer,  the  appearan(!e  of  the  city  is  exceedingly 
picture.s(|ue  and  striking,  its  compact  ma.ss  of  dazzlingly 
white  houses  having  the  form  of  a  triangle,  whose  Imsc 
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rmU  upon  the  western  shore  of  tlic  bay,  while  its  apex 
climbs  almost  to  the  suinmit  of  the  range  of  hilU  ahutliog 
Id  the  bay  od  that  side,  and  culminates  at  the  Kasboli,  or 
former  palace  of  the  deys,  uorae  Ave  himdreil  feel  above 
the  level  of  the  eea. 

Running  along  the  water  line  of  the-  city  is  a  well-built 
quay,  backed  bj'  a  series  of  stone  arches  which  support  a 
wide  and  handsome  promenade  terrace,  or  boulevard. 
The  Place  du  Gouvernement  and  the  neighboring  streets 
constitute,  togei her  with  this  quay  and  csplanatte,  the 
newer  part  of  the  town  built  by  the  French,  and  occu- 
pied by  public  building.  warubouscH,  and  the  residences 
of  some  of  the  foreign  inhabitants.  Miistapha  Superior, 
B  very  pretty  suburb  lying  on  the  hillside  east  of  the  city. 
contains  muuy  villas,  and  is  probably  the  most  desirable 
place  of  residence  fur  invalids  iuteudmg  to  iiass  a  winter 
at  Algiers.  Another  suburb,  lying  also  lo  llie  east  of  the 
town,  \e  known  as  Mustopha  Inferior,  just  beyond  which, 
at  a  disUnce  of  two  miles  from  Algiers,  is  situated  Ibe 
great  Jardtn  d'Essai,  an  experimental  garden  under  the 
management  ot  the  French  government,  wlierein  many 
Tarietics  of  palms  and  other  tropical  plants  arc  to  be  seen 
growing  in  the  open  air.  8te.  Eugenie,  another  suburb 
of  Algiers,  also  contains  villas,  but  of  a  residence  in  these 
Dr.  Bennct  ("  Winter  and  Spring  on  the  Shores  of  the 
Hnlitcrranean  ")  speaks  unfavorably,  stating  that  "  they 
are  decidedly  objectionable,  being  at  the  cKlreniity  of  Ibe 
western  promontory  that  contributes  lo  form  the  bay  of 
Algiers,  and  exposed,  consequently,  both  to  the  ao'rtb- 
west  and  northeast  winds,"  Ah  to  that  portion  of  the 
city  proper,  the  old  quarter,  which  climbs  the  hill  tiock 
of  the  French  quarter  previously  describi-d,  it  is  not  for 
a  moment  to  lie  thoiigbt  of  as  a  residence  for  invalids. 
cansisling.  as  it  does,  of  a  compact  mass  of  low.  flat- 
roofed  wliiiewashed  houses,  intersected  by  the  narrow. 
crooked,  dark,  and  dirty  streets  characterislic  of  an 
Oriental  town.  Picturesque,  indeed,  this  portion  of  the 
city  may  Justly  be  considered,  and  a  ramble  through  its 
dingy  streets  will  well  repay  the  traveller  for  whom  the 
typical  scenes  of  Eastern  life  possess  a  faiwination;  but 
with  its  picluresqucness  its  attraction  for  the  visitor  cer- 
tainly ends. 

From  its  low  htitudcand  its  situation  within  the  great 
Mediterranean  basin,  as  well  as  from  its  proximity  to  tiie 
desert  of  Sahara,  the  climate  of  Algiers  is  necessarily  a 
mild  one  in  winter  and  a  hot  and  very  dry  one  in  sumnier, 
having  Its  rainfall  confined  almost  esclualvely  to  the 
colder  months  of  the  vear,  as  is  the  case  with  all  places 
lying  in  the  suhtro|]ical  region  of  tiie  Old  World.  The 
greater  mildness  ot  its  winter  climate,  aa  compared  with 
that  of  the  Genoese  Riviera,  is  ascribed  by  Dr.  Bcniiel. 
in  large  measure,  to  the  higher  temperature  of  the  hours 
between  sunset  and  suuriw,  llie  temperature  along  the 
Riviera  being  lowered  at  night  '  by  down  -dniiights  from 
the  mountains  tliat  protect  it  from  the  nortli.  the  Mari- 
time Alps."  Another  ek-uienl  in  producing  this  more 
equable  temperature  at  Algitrrs  is  probably  the  fact  that 
winds  blowing  from  the  noHb  must  jiasH  over  tlie  warni 
waters  of  tiie  Mediterranean  before  llicy  can  reach  the 
African  coast,  whereas  on  the  northern  shores  of  this  sea 
all  such  winds  partake  ot  the  character  of  continental 
winds,  and.  notably  in  the  case  of  the  much -dreaded  miii- 
tral  ot  the  Rhone  valley  and  of  the  /n/iii  of  the  upper 
Adriatic,  tlicy  arc  accompanied  by  sudden  and  most  un- 
comfortable depression  of  the  atmospheric  temperature. 

The  following  data,  representing  the  climatic  features 
of  Algiera,  have  been  cflltected  from  various  sources: 
The  mean  annual  temperature  ia  66.ii°  F,,  according  to 
the  writer  in  the  Eneyclopccdia  Britannlca;  87. MB'  F,, 
according  to  Martin  and  Follcy.  quoted  by  Dr.  II.  C. 
Lombard,  in  his  "Traile  de  climatologie  niedicaie''; 
64.58°  F..  according  to  Angol.  quoted  by  Dr.  .lulius 
Hann.  in  his  -  Haiidbuch  der  Klimatologie  " ;  flH.13^  F.. 
according  to  the  author  of  the  article  on  'Cliitiatc,"  in 
the  "  Nouvcau  Diclionnaire  de  medecine  et  de  chirurgie  " 
(Jules  Rochard)r  and,  finally,  about  B8-  F..  aeconling  to 
Dr.  Herman  Weber,  The  mean  of  all  these  figures  would 
five  us  67,33'  F.  as  the  mean  annual  temperature  of 


Algiers.  On  jiage  446  of  bis  work  almvc  cited.  Dr.  Hann 
states  as  follows:  "Entirely  erroneous  mean  temjiera- 
tures  have  hitherto  [ltiU3]  been  given  for  Algiers,  which 
showed  especially  a  winter  temperature  by  far  too  high. 
Ttie  figures  of  our  table  are  quoled  from  a  recently  pub- 
lished work  by  Angot,  and  relate  to  the  period  between 
1860  and  1879."  For  the  eight  montiis  of  August,  Octo- 
ber. November,  December,  January.  February,  March, 
and  April  the  figures  of  Dr.  Hann  a'rc  as  follows; 
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The  mean  absolute  minimum  lempenitui'e,  he  slates  {on 
the  authority  of  Angot}  to  be  88.48'  F.  Deducing  from 
the  above-givcD  flgures  the  mean  tcinpcrHlure  of  the  t  iiree 
winter  months,  we  find  it  to  be  54.88'  F.,  while  lliat  of 
the  seven  colder  months  of  the  vear  (October  to  April) 
is  58.48°  F.  The  duration  of  tlie  season  for  invalids 
C  Kurzelt "),  according  to  Weber,  is  from  Noveinlier  un- 
til Ibe  end  of  April;  ^r  this  period  of  six  months  the 
average  temperature  of  Algiera.  calculated  from  these' 
same  figures.  Is  5fi.»8°  P.  There  apjieara  to  be  much  dif- 
ference of  opinion  respecting  the  degree  of  variability  of 
temperature  exhibited  from  day  today.  Thus,  the  writer 
in  F.ulenhurg's''EncyciopBdie"  remarks  Lhal  the  changes 
in  temperature  during  the  course  of  a  single  day,  from 
one  day  to  another,  and  froni  one  month  lo  anotlicr,  are 
considerable  in  their  amount,  and  frequently  sudden  in 
Ibeir  manner  of  occurrence  (sind  schr  bedc-ulend  und 
fallen  oft  schr  platzlich  ein).  Weber  (/w.  cit.)  says  the 
dailv  variations  are  from  10.8'  to  14.4'  F.  («=  lo  H°  C). 
Kocliard  (loe.  df.)  states  lliat  the  annual  mean  of  the 
variation  from  dav  lo  day  does  not  exceed  11.34'  F.  (6.8" 
C),  while  the  difference  between  the  day  and  night  tem- 
peratures (variations  nycthfimeralea)  is  given  by  hiiin  at 
from  5.4'  to  9"  P.  (8°  to  5'  C).  Lombard  remarks  that  ihc 
furmcr(variationsdiumes}arc  not  extreme,  not  exceeding 
1.45°  F.  in  whiter,  2.03"  F.  in  spring,  2.M°  F.  in  summer, 
and  I.  A"  P.  in  autumn.  The  absolute  minimum  tempera- 
ture oliserved  at  Algiera  during  a  period  of  twenty  yeara 
was  35,6'  F.,  acconling  to  the  author  last  quoled. 

The  following  ligures  for  tin-  relative  liuinulity  are 
given  liy  Dr.  Hann: 
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The  extreme  figures  representing  tliis  factor  of  climate 
during  the  whole  year  are  given  as  sixleen  per  cent,  and 
eielity  percent,  (Slitchell,  quoted  by  Rocliard). 

The  annual  rainfall  at  Algiers  is  abiiul  Sfi  inches:  I^m- 
bard  puts  it  at  from  91.40  to  83.7  inches,  and  gives  the 
following  extreme  quantities:  21.9  and  42.3  inclies.  As 
illustrating  Ibe  seasonal  distribution  of  Ihe  rainfall,  the 
following  tables,  quoled  by  Dr.  Bennet,  will  lie  of  inter- 
est to  the  reader: 


necemlier .  - 

JSOUBI?.    -- 

February . . ■ 


Total 31  inches. 
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It  will  be  observed  that  the  mean  rainfall  for  Ootolwr 
given  in  Table  A  is  but  little  less  than  that  for  March, 
thus  bearing  out  the  statement  made  by  Dr.  Hann  that 
the  duration  of  the  dry  season  for  places  lying  on  the 
Algerine  coast  is  but  five  months.  The  average  number 
of  fair  days  in  the  course  of  a  year  at  Algiers  is  two  hun- 
dred and  thirty-three.  The  prevailing  wind  for  the  year 
is  the  northwest,  which  frequently  blows  with  great  vio 
lence.  The  west  is  the  rain-l)earing  wind,  and  is  the  one 
which  is  of  commonest  occurrence  in  the  winter  season. 
North  and  northeast  winds  aiv  those  which  blow  most 
frequently  during  the  spring  and  summer  months.  The 
sirocco,  taking  its  origin  over  the  heated  sands  of  the 
great  Sahara  desert,  is  most  commonly  felt  at  Algiers 
during  the  hot  season,  at  which  time  it  is  greatly  dreaded. 
This  wind,  blowing  from  the  southeast,  occurs  somewhat 
less  frequently  during  the  colder  months,  at  which  sea- 
son it  is  far  less  oppressive,  and  is  more  easily  borne. 
The  sirocco  at  Algiers  is  always  a  dry  wind :  it  is  accom- 
panied by  clouds  of  dust,  a  portion  of  which,  consisting 
of  extremely  fine  particles  of  sand,  it  brings  with  it  from 
the  great  desert.  Dust,  it  may  be  remembered,  is  one  of 
the  pests  of  the  Algerine  climate;  in  great  part  it  is  of 
purely  local  origin,  the  character  of  the  soil  and  the 
heat  of  the  sun,  together  with  the  almost  constant  prev- 
alence of  wind,  favoring  rapid  evaporation  of  the  rain- 
fall, and  the  rainfall  itself  occurring  chiefiy  in  the  form 
of  heavy  and  not  very  protracted  showers  A  fall  of 
snow  at  the  city  of  Algiers  itself  is  an  extremely  rare 
phenomenon,  in  the  elevated  country  back  from  the 
coast,  known  as  the  Hants  Plateau.x,  snow  falls  quite 
frequentl}',  and  at  times  to  a  considerable  depth.  The 
water  supply  of  the  city  of  Algiers  is  abundant.  Con- 
cerning the  character  oi  the  water,  the  writer  has  no 
exact  information ;  but  from  the  absence  of  adverser  com- 
ments in  the  works  of  the  various  authors  consulted, 
he  deems  it  probable  thtit  it  possesses  no  deleterious 
qualities. 

The  mildness  of  its  winter  climate,  together  with  the 
mcKlerate  percentage  of  relative  humidity  in  the  atmos- 
phere, ana  the  great  preponderance  of  clear  skies  and  of 
bright,  sunny  weather,  which  it  enjoys  at  all  sea.sons, 
combine  to  render  Algiers  a  desirable,  pleasant,  and  ben- 
efiftial  plac(;  of  residence  during  the  winter  and  early 
spring  months,  for  invalids  suffering  from  pulmonary 
phthisis  and  from  certain  other  affections  of  the  respira- 
tory system.  For  such  cases  its  climate  is  recommended 
by  I/omlmrd,  Hoclmrd,  and  AVelxT.  The  last -mentioned 
writer  sp<*aks  of  the  climate  as  exercising  also  a  beneficial 
influMicc  upon  chronic  diarrlueas  and  upon  the  sequela* 
of  dyH<'nt(Ty.*  Lombard  sj)ecirtes  chronic  bronchitis, 
asthma,  and  phthisis  as  diseases  likely  to  be  benefited  by 
a  sojourn  at  Algiers,  and  he  calls  attention  to  the  remark- 
abl<*  immunity  froni  pulmonary  phthisis  enjoyed  by  the 
native  population,  as  well  jis  by  the  soldiers  of  the  French 
army  Ktationed  in  Algeria.  This  immunity  is  greater 
upon  the  waeoast  than  it  is  on  the  higher  ground  lying 
farther  inland.  The  writer  on  Algiers  in  Eulenbiirg's 
**  Kn(!yelopUdie  "  speaks,  on  the  contrary,  in  very  unflat- 
tering t<*rms  both  of  the  climate  of  the  city  and  of  its 
desirability  as  a  winter  residence  for  invalids.  He  lays 
great  stress  u]>on  the  variability  of  the  climate  and  its 
liability  to  sudden  changes  of  weather,  and  warns  all  in- 
valids who  are  unpleasantly  affected  by  such  changes,  all 
asthmatics  and  persons  subject  to  attacks  of  diarriuea. 
rheumatism,  and  intermittent  fever,  that  they  would  do 
well  to  avoid  the  place.  How  far  the  unfavorable  com- 
ment h  of  this  writer  may  be  justified,  the  writer  is  not  in 
a  position  to  know  from  personal  experience,  but,  judg- 
ing fnnn  the  meteorological  data  cjuoted  from  reliable 
sources  in  the  present  article,  and  from  the  favorable 
comments  made  by  l^nnbard  and  other  writers  of  rej)ute. 
ho  deems  it  not  improbable  that  the  contributor  of  the 

•  Chronlwhe  BronchltLs,  beaondere  mil  ReizhiLsten,  Emphysem, 
r©berrwit<»  von  Pneumanle  und  Pleuritls  und  Pbttiisis  Im  ersten 
Anfanir  bllden  das  geeiffncte  Material:  auch  cbroniscbe  1)iarrb<>n 
und  ynlfft*susUU)de  von  Dysenterien  sind  geeignet  (Ziemssen's  Uand- 
tuch  d«r  allgemelDeD  Theraple,  Bd.  11.,  S.  80). 


article  in  Eulenburg's  "  Encylopftdie  "  has  overestimated 
the  unpleasant  features  of  the  Algerine  climate. 

Huntington  Richards. 

[Dr.  Charles  Theodore  Williams,  in  **  Aero-Therapeu- 
tics," 18d4,  speaks  as  follows  from  his  personal  experi- 
ence: 

"  Of  the  dozen  consumptive  patients  of  whom  I  have 
notes  who  have  wintered  once  or  oftener  at  Algiers,  the 
large  majority  improved  greatly,  and  number  at  least 
two  cases  of  arrest ;  but  I  note  that  the  greatest  improve- 
ment took  place  when;  patients  residSl  in  villas  with 
gardens,  and  not  in  hotels.  In  one  case,  where  a  young 
lady,  a  member  of  a  very  consumptive  family,  developeci 
the  disease  and  a  considerable  cavity  had  formed  in  one 
lung,  complete  contraction  of  the  cavity  took  place  with 
arrest  of  the  disc>ase  in  two  winters,  and  the  lady  has 
since  married  and  has  resided  for  the  last  nineteen  yeare 
in  England  without  any  signs  or  symptoms  of  relapse. 
Another  lady,  with  well-marked  tuberculosis  of  one  lung, 
spent  two  winters  in  a  villa  at  Mustapha  Superieur,  with 
the  result  that  the  disease  became  arrested,  and  since  that 
date  she  has  been  able  to  pass  twelve  winterc  in  Scotland 
with  impunity." 

Strictly  speaking,  no  moderately  moist,  warm  marine 
climate  like  Algiers  can  l)e  considered  especially  curative 
for  phthisis,  except  on  Dettweiler's  general  principle  that 
phthisis  can  be  cured  in  any  climate  where  there  is  pure 
air  and  a  freedom  from  dust  and  wind.  Undoubtedly, 
such  a  climate  has  its  value  for  certain  cases  of  phthisis  of 
low  vitality  and  nervous  irritability,  and  also  for  those 
patients  who  aiC  unable  to  adapt  themselves  to  the  cli- 
matic conditions  of  the  high  resorts. 

Such  a  climate  is  also  valuable  for  patients  with 
chronic  bronchitis,  and  with  emphysema,  and  for  those 
who  are  in  the  early  days  of  convalescing  from  pneumo- 
nia. *  E.  0.  O.] 

ALHAMBRA  SPRINGS.— Jefferson  County,  Montana. 

Post  Offick. — Alhambra 

Access. — Via  Northern  Pacific  or  Great  Northern  Rail- 
road.    Hotel. 

These  springs  are  located  fifteen  miles  from  Helena,  at 
a  level  of  3.786  feet  above  the  sc»a,  the  surrounding  coun- 
try being  broken  and  mountainous.  A  dry  and  salubri- 
ous climate,  with  varied  and  picturesque  scenery,  charac- 
terizes this  region.  The  hills  and  mountains  are  covered 
by  dilTerent  varieties  of  pine,  fir,  and  cypress,  while  the 
bottoms  are  dotted  with  groves  of  alder,  willow,  moun- 
tain ash,  poplar,  and  other  trees.  Many  varieties  of 
plants  have  Ix'cn  found  in  the  neighborhood,  which,  it  is 
said,  have  never  yet  been  clas.sified.  Game  is  still  abun- 
dant, consisting  of  grouse,  pheasants,  deer,  elk,  moun- 
tain lions,  and  a  few  bisons.  The  springs  are  situated  in 
an  angle  formed  by  the  junction  of  two  creeks,  in  which 
mountain  trout  al)ound.  They  are  twenty-two  in  num- 
Iwr,  and  vary  in  temperature  from  90"  to  134"  F.  A 
complete  analysis  has  never  been  made,  but  Dr.  Stein, 
the  proprietor,  supplies  the  following  partial  qualitative 
analysis  made  bv  himself: 


Sodium  carlvmate. 
Pota»sium  carlx)nate, 
Calcium  carbonate. 


Lithium  carl>onate. 
Sodium  chloride, 
Potoi^ium  sulphate. 


One  spring  is  said  to  be  strongly  chalybeate,  while 
another  is  heavily  impregnated  with  fluoride  of  cal- 
cium. We  are  unable  to  classify  the  waters  bv  the 
above  analysis  A  sufficient  quantity  from  some  of 
the  springs  produces  mild  purgiitive  effects  in  most 
people. 

Dr.  Stein  states  that  tin*  internal  use  of  the  waters  is 
markedly  advantageous  in  cases  of  chronic  articular 
rheumatism,  and  in  other  disordei*s  for  which  the  Carlsbad 
waters  of  Bohemia  have  become  famous.  Mild  attacks 
of  albuminuria  usually  disappear,  and  even  advanced 
cases  of  Bright *s  disease  are  benefited.  Abundant  facili- 
ties for  hot  and  cold  bathing,  with  a  plunge  and  swim- 
ming bath,  are  provided.  James  K,  Crvofu 
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Alhambra  Sprtnca* 
Allmeiit. 


ALHUELICAN  SPRING.-^ituation,  west  of  the  city 
of  Tehuacan,  capital  of  the  district  of  the  same  name,  in 
the  state  of  Puebla,  two  and  a  half  kilometres  from 
Tehuacan.  Transportation,  by  way  of  the  Mexican 
Southern  Railroad. 

Chemical  composition  (Dr.  F.  Villaseilor) : 

Hydroinetric  degrree 52® 

Hydrometrlc  deflree  after  boilinK ao** 

Gm. 
Solids.  per  Litre. 

Sulphate  of  lime 0.0770 

Sulphate  of  magnesia 0.2876 

Carbonate  of  lime 0.2215 

Carbonate  of  earthy  salta 0.5860 

Chloride  of  sodium 0.1675 

Traces  of  iron,  inorganic  matters,  silica,  and  undeter- 
mined substances,  differential  0.0845 

SaUne  residue  dried  at  120«  C 0.8380 

Total 2.3820 

Gases  at  0<*  and  at  0.76®  C. 

Gases.  c.c 

Carbonic  acid 27.730 

Oxygen 13.499 

Nitrogen 3fl.«00 

Total 76.829 

Uses. — The  composition  of  these  waters  being  similar 
to  that  of  the  Carlsbad  waters,  they  have  been  employed 
in  the  treatment  of  the  same  conditions,  and  more  particu- 
larly for  the  relief  of  cholelithiasis;  and  from  time  im- 
memorial they  have  enjoyed  a  great  reputation  in  the 
treatment  of  the  latter  condition.  Several  physicians 
recommend  them  highly,  but  perhaps  the  one  who  has 
done  most  to  generalize  their  use  is  Dr.  D.  Mejia,  pro 
fessor  of  internal  medicine  in  the  Medical  School  of 
Mexico.  Dr.  Martinez  Frey,  resident  practitioner  in 
Tehuacan,  prescribes  them  in  the  following  manner: 

From  130  to  160  gra.  per  dose  four  times  a  day  as  fol 
lows:  the  first,  on  an  empty  stomach,  lukewarm;  the 
second  at  10  a.m.  ;  the  third  at  5  p.m.  ;  the  fourth  at  bed- 
time. All  these  doses  are  to  be  taken  in  small  mouthfuls, 
the  patient  furthermore  being  at  liberty  to  take  them  at 
meal  times  as  well,  under  certain  restrictions.  An  ex- 
cessive use  of  the  water  is  to  be  avoided.  By  pursuing 
this  method  and  by  regulating  the  patient's  diet.  Dr. 
Frey  has  bi*ought  about  many  cures  within  periods  vary 
ing  from  three  to  four  months. 

During  the  first  few  days  the  water  lias  a  purgative 
effect,  but  the  system  rapidly  acquires  tolerance  for  it, 
to  such  an  extent  indeed  that  in  spite  of  its  composition 
it  serves  as  the  drinking  water  of  Tehuacan,  where  the  in 
habitants  generally  enjov  good  health  and  are  long-lived. 

It  appears  that  its  prolonged  use  tends  to  produce  con 
stipation. 

Among  the  inhabitants  of  Tehuacan,  cholelithiasis  is 
of  rare  occurrence,  a  circumstance  which  may  perhaps 
be  attributed  to  the  fact  that  they  never  drink  any  other 
water.  N.  J.  Ponce  de  Leon. 

ALICANTE.— Spain.  This  city  of  36.000  inhabitants 
lies  upon  the  shore  of  the  bay  bearing  the  same  name,  on 
the  eastern  or  Mediterranean  coast  of  Spain,  and  about 
forty  miles  south  of  the  middle  point  of  tliat  coast  (lat. 
38"  20'  N.,  long.  0°  30'  W.).  Extending  in  the  form  of 
a  crescent  along  the  northern  shore  or  head  of  the  bay, 
and  dominated  by  a  rocky  hill,  some  four  hundred  feet 
high,  the  town  is  tolerably  well  sheltered  from  the  north 
and  northwest  winds,  the  bay  being  open  only  to  the 
westerly  winds.  "The  landward  environs  are  dreary," 
says  Baedeker;  "but  the  distant  mountains,  the  caistle, 
the  harbor,  and  the  sea  combine  to  form  a  memorable 
picture."  "The  view  from  the  cast  mole  of  the  harbor," 
continues  the  same  authority,  "  with  its  white,  flat-roofed 
houses,  its  palms,  and  the  bare  and  tawny  cliffs  of  the 
castle  hill,  has  probably  no  parallel  in  Europe." 

The  climate  is  a  mild  and  dry  one,  drier  than  the 
Riviera,  the  annual  rainfall  being  only  1^).93  inches,  of 
which  (according  to  Ijorenz  and  Rothe,  quoted  by  Dr. 
Weber,  in  Ziemssen's  "Handbook  of  General  Therapeu- 
tics") 20.7  per  cent.,  or  the  extremely  small  quantity  of  I 


3.5  inches,  falls  during  the  winter  months.  The  percent- 
age of  clouds  prevailing  in  the  sky  of  that  portion  of 
Spain  in  which  Alicante  is  situated  is  much  lower  than 
is  found  in  any  other  part  of  Europe,  Italy  and  Greece 
included.  The  relative  humidity  of  Alicante  the  writer 
has  not  been  able  to  ascertain;  but  at  Valencia,  some 
eighty -five  miles  north  of  Alicante,  the  mean  yearly  rel- 
ative humidity  is  66°,  and  it  is  probably  somewhat  less 
at  Alicante.  The  mean  annual  temperature  is  64.4*  F. ; 
that  of  winter  being  53.5°  F.  Another  authority  gives 
the  mean  winter  temperature  as  60^  F.  There  is  no  mis- 
tral or  dust. 

The  present  condition  of  the  water  supply  is  not 
known  to  the  writer;  it  is  probably  the  same  as  when 
Dr.  Bennet  wrote  of  it  in  1875.  which  consisted  then  of  a 
large  spring  and  rain  water  tank.  The  accommodations 
are  said  by  Dr.  Weber  to  be  good.  The  wine  of  Alicante 
is  famous,  and,  l)esidesa  large  commerce,  the  town  pos 
sesses  an  extensive  tobacco  factory,  which  employs  four 
hundred  Spanish  girls. 

Dr.  Weber  speaks  from  personal  experience  of  a  few 
cases  of  arrested  phthisis  without  pyrexia  doing  well 
here  during  a  sojourn  of  several  months.  When  a  mild, 
dry,  and  sunny  climate  is  considered  desirable  for  early 
pulmonary  tuberculosis,  Alicante  would  seem  admir 
ably  to  fulfil  these  conditions.  Cases  of  latent  scrofula, 
asthma,  bronchorrhoea,  albuminuria,  and  rheumatism  are 
also  said  to  do  well  here.  EdicaM  0.  Otis. 

ALIMENT. — Food  or  aliment  is  matter  which,  in  con- 
junction with  the  air,  supplies  the  elements  necessary 
for  the  maintenance,  growth,  and  development  of  the 
organism,  and  is  thus  the  source  of  the  power  on  which 
the  vitality  of  the  organism  is  dependent — i.e.,  the  source 
of  the  heat,  mechanical  work,  and  other  forms  of  energy 
liberated  in  the  body.  Hence,  in  the  broadest  sense,  true 
aliment  is  a  mixture  of  food  stuffs  and  drink,  together 
with  the  air,  from  which  comes  the  oxygen  necessary  for 
the  oxidation  of  the  former  and  by  which  energy  is  lib- 
erated. Again,  physiologically  considered,  true  aliment, 
especially  in  the  animal  kingclom,  is  to  be  distinguished 
from  so  called  "'food  "  as  being  only  that  portion  of  the 
food  which  is  either  directly  available  for  absorption,  or 
convertible  by  the  digestive  juices  of  the  body  into  sol- 
uble and  more  or  less  diffusible  products,  capable  of 
being  absorbed  by  the  blood  and  lymph. 

The  food  of  vegetable  organisms  is  quite  different  from 
that  of  animal  organisms.  Moreover,  the  nature  of  the 
processes  involved  is  likewise  quite  different.  *  The  vege- 
table organism,  by  a  synthetical  process — ^a  building  up 
of  more  complex  bodies  from  simpler  ones— derives  its 
nourishment  from  the  inorganic  world ;  its  cells  appro 
priate  such  of  the  inorganic  principles  as  are  need^  for 
its  growth,  and  convert  them  under  the  influence  of  the 
sun's  rays  into  organic  compounds  which  enter  into  its 
own  structure. 

The  animal  organism,  on  the  other  hand,  does  not  pos- 
sess this  power,  and  thus  we  look  to  the  creative  power 
of  the  vegetable  kingdom  as  the  source,  either  directly 
or  indirectly,  of  the  aliment  of  animals.  Moreover,  the 
vegetable  matter  which  thus  serves  as  food  not  only 
furnishes  the  material  necessary  for  the  growth  and  life 
of  the  organism,  but  it  contains,  in  addition,  stored  up 
within  its  molecules,  a  certain  amount  of  latent  force  de- 
rived from  the  solar  force  originally  used  in  its  construc- 
tion. 

Animal  organisms,  by  a  process  of  transformation  quite 
the  reverse  of  synthetical,  convert  the  preformed  animal 
or  vegetable  organic  matter  into  allied  or  simpler  forms, 
which  are  absorbed  into  their  own  tissues.  Animal  food, 
approximating  more  closely  in  composition  with  the  body 
to  be  nourished  by  it.  is  perhaps  more  easily  appropn- 
ated,  and  probably  with  less  expenditure  of  energy,  than 
vegetable  products.  Animal  food,  moreover,  possesses 
stimulating  properties,  due,  without  doubt,  to  the  crys 
talline  nitrogenous  bodies  contained  in  muscle  serum. 
Organic  matter  once  entered  as  a  part  of  an  animal  organ 
ism  and  applied  to  the  purposes  of  life  is  decomposed  or 
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broken  apart,  and  its  decomposition  products  are  ulti- 
mately reconverted  into  inorganic  principles.  There  is 
thus  a  complemental  relationship  between  vegetable  and 
animal  life  and  the  inorganic  world.  The  plant,  by  a  se- 
lective action,  appropriates  as  an  element  of  nutrition 
certain  kinds  of  mineral  matter,  together  with  nitrogen 
in  the  form  of  ammonia  and  nitrates,  from  the  soil  in 
which  it  grows,  at  the  same  time  drawing  from  the  air 
carbon  in  the  shape  of  carbonic  acid,  while  hydrogen  and 
oxygen  are  supplied  to  an  unlimited  extent  in  the  form 
of  water.  The  vegetable  products  thus  formed  serve  in 
turn  as  the  food  of  animals,  while  the  latter  at  every 
breath  pour  forth  carbonic  acid  and  water,  which  ulti- 
mately find  their  way  again,  more  or  less  modified,  into 
the  tissues  of  plants.  These,  together  with  the  nitroge- 
nous excreta,  products  of  the  metabolism  of  life,  and  the 
post-mortem  decompositions  which  follow,  continually 
serve  in  their  variously  modified  fonns  a.s  agents  by 
which  the  conservation  and  transference  of  energy  is 
accomplished. 

Now.  since  food  is  the  source  from  whicJi  the  various 
elements  of  the  body  are  supplied,  it  is  evident  that  to 
fulfil  its  purposes  food  must  contain  all  of  the  elements 
present  in  the  body.  These  are,  of  course,  not  free,  but 
in  a  state  of  combination,  for  it  is  only  in  the  latter  case 
that  they  are  of  service  as  food,  and,  as  Pavy  remarks, 
**  the  conibiiiation  must  have  been  formed  by  the  agency 
of  a  living  organism — the  combination  must,  in  other 
words,  constitute  an  organic  product. ''  Aside  from 
the  elements  which  appear  as  inorganic  salts,  there 
are  in  the  body  at  the  most  but  six  elements,  two 
of  which  are  present  only  in  small  (juantity  and  are 
apparently  less  important.  These  six  elements  are 
carbon,  hydrogen,  nitrogen,  oxygen,  sulphur,  and 
ph()S])honis.  Any  substance  which  as  food  is  to  sat- 
isfy the  requirements  of  life,  must  contain  at  least  the 
first  four  of  these  six  elements,  in  addition  to  inor- 
ganic salts  and  water. 

The  alimentary  products  found  in  nature  can  be  sepa- 
rated by  chemical  analysis  into  several  well-defined  sub- 
stances, none  of  which  are  usually  found  free  in  nature. 
These  chemically  distinct  substances  are  termed  the 
alimentary  principles.  Many  of  them  are  found  in  both 
animal  and  vegetable  foods,  as,  for  example,  certain  fats 
and  some  forms  of  proteid  matter,  although  in  the  case 
of  the  latter  example  there  would  appear  to  be  some  few 
minor  points  of  difference  both  in  percentage  composi 
tion  and  in  chemic:al  reactions  between  the  correspond 
ing  substances  of  animal  and  vegetable  origin.  Others 
are  to  be  found  only  in  one  kingdom,  as  starch  in  the 
vegetable,  or  collagen,  the  gelatin -forming  substance,  in 
the  animal. 

Various  cla.ssitications  of  food  have  been  from  time  to 
time  proposed,  l)a.sed  mainly  upon  either  physiological 
or  chemical  grounds.  Popularly,  aliment  is  frecjuently 
divided  into  food  and  drink,  without,  however,  any  suit 
able  reasons,  since  the  mere  fact  of  a  food  being  in  solu- 
tion (h>fs  not  preclude  the  possibility  of  the  presence  of 
even  a  large  amount  of  solid  matter,  as,  for  example,  in 
the  case  of  milk ;  while,  on  the  other  hand,  butcher's  metit 
contains  on  an  average  sixty  to  seventy -two  per  cent,  of 
water.  Hence  food  should  be  considered  as  including 
both  liquid  and  .solid  matter.  The  most  natuml  and 
comprehensive  classificjilion  of  fu<Hls  is  that  based  pri- 
marily on  chemical  com])()sition  and  oriirin,  viz..  oriranic 
and  inorganic — that  Is,  chemical  combinations  of  elements 
producible  chiefly  through  the  agency  of  living  cells;  and 
secondly,  inorganic  com])oun(ls  al)sorl)e(l  from  the  min- 
eral kingdom,  and  thus  intimately  mixed  with  the  former. 
The  inorganic  portion  of  food  consists  simply  of  water 
and  various  saline  compounds.  T\w  organic  portion  may 
be  advantagetmsly  sulxlivided  into  two  groups,  nitroge- 
nous and  non-nitrogenous,  based  mainly  on  the  presence 
or  absence  of  the  element  nitrogen.  The  nitrogenous 
alimentary  principles,  represented  chiefly  by  ])rotei(l  or 
albuminous  substances,  contain  carbon,  hydrogen,  oxy- 
gen, and  nitrogen  combined  in  varying  jiroportions.  and 
generally  also  small  (piantitics  of  sulphur  and  frequently 


of  phosphorus.  The  non -nitrogenous  principles  contain 
only  the  three  elements,  carbon,  hydrogen,  and  oxygen. 
These  are  in  turn  further  subdivided,  according  to  the 
relative  proportion  with  which  the  carbon  and  hydrogen 
unite  with  oxygen — viz.,  into  fats  and  carbohydrates; 
the  former  consisting  of  carbon  and  hydrogen  united  to 
only  a  small  amount  of  oxygen,  as  in  the  case  of 
tripalmitin,  CftiHsvOa;  the  latter  of  carbon,  with  the 
hydrogen  and  oxygen  always  in  such  proportion  as 
to  form  water,  as  in  the  case  of  cane  sugar  or  sac- 
charose, CisHasOii;  hence  the  name  carbohydrates. 
These  two  divisions  of  the  non-nitrogenous  principles 
not  only  differ  in  percentage  composition,  but  they 
are  likewise  widely  divergent  both  in  chemical  and  in 
physical  properties.  Following  is  a  partial  classifica- 
tion of  foods: 


< 
c 

a: 
o 


(a)  water. 


(b)  salts. 


calcium  sulphate  and  pbospbate. 

ma^esium  sulpbate. 

potassium  chloride,  phosphate,  and  carbonate. 

sodium  chloride,  phosphate,  and  carbonate. 

iron  salts. 

silica,  fluorine. 


(o)  non-nitroge- , 
nous. 


< 
o 
es 
O 


(b)  nitrogenous. 


fats. 


cartwhy- 
drates. 


gelatinous 


I 


tiistearin. 

tripalmitin. 

triolein. 

amylaceous. 


saccharine. 


collagen. 


I 


albumin. 

fibrin. 

syntonln. 

globulin. 

Ducleo-proteldfl. 

casein. 

elastin,  etc. 

*°**        (  leucln,  etc 
nitrogenous  S  xanthin. 
bases.        *)  hypoxanthin,  etc 


albuminous 
principles. 


I  animaland 
*"  vegetable. 

starches, 
gums, 
dextrins. 
cellulose, 
grape  sugar, 
cane  sugar, 
milk  sugar, 
maltose. 


animaland 
vegetable. 


Examination  of  this  cIa.ssification  leads  us  first  to  notice 
the  importance  of  water  *  as  food.  According  to  Voit,* 
the  body  of  a  fully  developed  man  contains  63  per 
cent,  of  water,  while  the  body  of  a  growing  child 
contains  nearly  06.5  per  cent.  Any  great  alteration  in 
the  content  of  water  in  the  animal  body  is  always  attended 
with  disastrous  results:  thus,  in  diarrha?a,  cholera,  etc., 
such  large  (juantities  of  water  are  lost  as  to  render  the 
blood  (|uite  thick,  and  even  the  muscles  may  lose  as  much 
as  six  per  cent,  of  water.  Such  loss,  if  loiiig  continued, 
soon  results  in  loss  of  vitality  and  consequent  death.  It 
is  noticeable,  moreover,  that  a  ciTtain  proportion  of  the 
water  contained  in  the  tissues  of  the  bmiv  can  be  removed 
without  difiiculty,  while  a  smaller,  residual  portion,  ap- 
parently more  elosi'ly  united  to  the  organic  matter,  can 
i)e  separated  only  with  great  difiiculty;  this  is  well  illus- 
trated in  the  simple  drying  of  dead  muscle  tissue.  Re- 
moval of  the  water  from  low  forms  of  animal  life,  by 
drying  them  at  the  onlinury  temperature,  or  at  a  tem- 
|)eniture  below  the  eriagulating  point  of  their  baly  pro-  \ 
toplasm,  causes  them  to  lose  all  appeanincc*  of  life;  but 
in  such  condition  they  will  again  absorb  the  water  lost, 
and  return  to  their  former  ap])eanuiee  and  vitality.  In- 
crease of  water  in  the  organism  beyond  the  normal 
amount  is  usually  as.soeiated  with  an  unhealthy  condition 
of  the  body.  Various  investigators  have  likewise  dem- 
onstrated that  there  is  a  close  eounection  Ixitween  the 
percentage  of  water  in  the  body  and  the  diet,  irrespective 
of  the  water  taken  as  drink.  Thus  Voit  has  shown  that 
a  hrinid  diet,  continued  for  some  time,  renders  the  bo<ly 
more  watery  than  normal.  In  one  exjierinient  with  a  cat, 
the  amount  of  water  in  the  bmin  and  muscles  was  in- 
creased three  to  four  per  cent.  Increase  of  fat  in  the 
Ixxly  is  usually  attended  with  a  diminished  percentage  of 
water.*    A  vigorous,  well-nourished  man  possesses  or- 
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nns  much  poorer  in  water  than  a  badly  fed  person. 
ForsleT*  has  flgured  tliat  under  Domial  con<1itionB  a  per- 
son living  oQ  aa  average  diet  takes  daily  from  2.215 
U)  8,538  gm.  (about  S.'t  pounds  avolrdupoiR)  of  water. 
It  is  easy  to  sec.  however,  tliata  great  variety  of  circum- 
atances,  OS  variation!)  of  dk-t.  exercise,  lemperature,  ett,. 
may  have  a  modifying  inlliienecon  the  uinoiintof  water 
taken  into  tbe  ByHleni  during  the  twenty-four  liours. 
The  figures  just  given  do  uol,  however,  represent  all  of 
the  water,  aiure  a  variable  amount  is  fiimied  within  the 
body  by  oxitlaiion  of  Ihe  hydrogen  contained  in  the 
organic  alimeutary  principles.  Thus,  according  to  Voit, 
In  the  owe  of  a  iiungry  inan,  33  ^.  of  liydrogen  in 
the  fomi  of  iirgnnie  tiiatler  were  UMdi7.«l  to  288  gm.  of 
water  during  twenty-four  hours. 

It  is  thus  plainly  evident  from  the  fiircgolng  that  water 
fa  a  necessary  conVlituent  of  the  body,  and  us  one  of  the 
ijimentary  principles  is  a  decidedly  important  one;  yet 
we  need  to  understand  its  true  sign iQ cane.  It  dues  not 
itself  undergo  any  chemical  cliange.  and  is  not  a  source 
of  energy,  though  it  aids  clicndcal  change  in  supplying, 
by  its  presence,  a  conditiim  absolutely  necessary  for  its 
occurrence  in  other  b<Mli<w. 

The  inorganic  salts,  as  I'avy  reniarks.  "stand,  if  not  to 
the  full  extent,  nearly  so,  in  the  same  position  as  water, 
as  regards  the  non- possession  in  Itself  of  force- uniducing 
properties."  Tlie  mineral  matters  are  moreclosely  con- 
cerned in  the  structure  of  the  organism  than  in  the  liber- 
ation of  energy,  and  this  is  true  both  of  animal  nnd  veg- 
etable organisms.  Further,  inorganic  salts  appear  to 
play  an  important  part  in  regulating  and  contn>lling  in 
some  mensure  the  various  metaliolic  proet^Kses  c>f  the  boil^', 
although  they  Ihemielves  contain  little  or  no  potential 


big  anhnal  body,  and  of  all  tliG  forms  of  mineral 
none  is  so  impiirtani  and  so  widely  distributed  as  calcium 
phosphate.  This  salt  is  seldom,  if  ever,  absent  from  any 
structural  elenicnt  of  the  body,  and  Its  intimate  union 
with  many  of  the  nitrogenous  principles,  particularly  the 
albuminous  bodies,  is  so  decideil  tlmt  only  with  Ihe  great- 
est care  can  this  Halt  be  completely  removed  without 
changing  the  nntureof  the  albuminous  body:*  Indeed,  in 
many  ca.*'B  there  would  appear  to  be  a  ch'cmi(»l  combi- 
nation between  the  prot<'id  body  and  the  inorganic  salt. 
Mineral  matter  Is  neede<l  not  only  for  the  growth  and 
nutrition  of  the  skeletal  portions  of  Ihe  iKxIy.  but  it  is 
also  needed  In  the  structuni  of  lire  softer  tissues,  as  well 
*B  in  the  formation  of  secretions:  thus,  the  acid  of  tbe 
gastric  Juice  has  Its  origin  in  the  chlorine  uf  sodium 
chloride,  or  common  salt,  while  t lie  alkalinity  of  the  pan- 
cretktic  secn-tlon.  ai  well  as  tlint  of  some  of  the  other 
fluids  of  (he  body.  Is  due  mainly  In  inorganic  salts,  as 
tbe  alkali  phospliates  and  |>crluips  bicarbonates.  )lon - 
over,  tbe  removal  of  carltonic acid  by  the  lungs,  through 
tbe  agency  of  ilie  venous  blood,  coiild  bardiv  Ih'  accom- 
plished were  It  uol  for  tlie  alkalinity  of  that  liuid.  In 
many  juices  of  tlie  IxhIv.  inorganic  elements  are  liekl  not 
only  In  solution,  but  ifuite  lirndy  uniUNj  wlih  the  more 
characteristic  matter,  as  in  tlu-  siHllum  salts  of  iIh: 
bile  acids,  and  in  simic  iiisinnci-s  lliey  c-un  !«•  removed 
only  by  deeomposition  of  the  conipciimd.  The  excess 
of  salts  taken  into  the  IkmIv,  by  iIm-  fiH«l  or  other 
means,  and  that  which  Ix-iintieH  free  by  decomposition 
whhin  the  body,  is  easily  removed  through  the  urine 
and  fieces. 

There  is  slill  other  evidenw  that  the  various  iuorgsnic 
sails  of  U*>i\  s<-rve  dc-linile  purposes  i[i  the  hiKiy.  Th.> 
two  alkalies,  potash  and  s(hIu,  so  wiilely  distrlliul<-d  and 
so  closely  allied  in  their  cliemi<-al  projierlles.  cannot  Iw 
made  to  replace  each  otlwr  in  the  living  iirgaidsm.  while 
the  same  Is  likewise  true,  tua  certain  extent,  of  the  alkali 
earths,  lime  and  magnesia.  Thus  a  ipiuliiuiive.  and  also 
a  iguan Illative,  Kelection  of  i[iorgiini<-  matter  Is  notlceidile 
In  Ihe  boilv,  parlieulorly  in  the  MimmI.  where  Ihe  corpus- 
cles contain  the  greater  pc)r1i.iii  of  Ihe  |mla.*iium  soils 
and  pliosplifltes,  while  in  the  senim.  smlium  sails  and 
chlorides  are  hi  excess.  Again,  it  is  quili'  noliiralile 
tbat  potassium  salts  prcdotniuale  in  the  formed  tissues 


of  the  body,  while  sodium  salts  are  characteristic  of  tbe 
fluids. 

Forster's' experimenla  on  pigeons  with  food  poor  lo 
salts,  and  on  dogs  with  powdered  meat  from  which  the 
greater  portion  of  Inorganic  matter  liad  been  removed  by 
extraction  with  hoi  water,  fat  and  carbohydrates  being 
afterward  added,  showed  that  these  animals  could  not 
bear  the  loss  longer  tlian  four  to  Ave  weeks  without  great 
suffering,  and,  Ilnally,  death.  lu  fact,  it  is  evident,  from 
physiological  experiment,  that  an  organism  supplied 
with  all  organic  food  stulTs  and  waU^r  can  live  only  for  a 
limited  time  without  ndncral  nialter  For  a  time  the 
body  draws  upon  the  inorganic  matter  storetl  up  in  ita 
own  tissue;*  but  Ibis  failing,  and  that  nalurally  present 
in  the  organic  foods  being  removed,  death  soon  results 
from  lack  of  Inorganic  aiinient.'  In  the  onliunrv  diet  of 
men  and  animals,  suttlcient  salts  are  generally  contained 
in  the  non -nitrogenous  and  iiroleid  foods  to 'furnish  the 
requireii  omount  of  mineral  iiuiltcr.  As  to  the  actual 
quantity  of  inorganic  matter  neede<i  to  count erlnlance 
tlmt  withdrawn  from  the  body  in  twentyfour  hours,  we 
can  Itardly  say.  The  content  of  ash  contained  in  Ihe 
smallest  amount  of  food  necessary  to  keep  up  the  vitality 
of  on  organism  would  give  an  approximate  answer  lo 
this  i[u<-sl ion.  This  Bischoffand  Volt  attempleil  toaa- 
certain  by  experinientitig  with  a  dog  weighing  31  kgni. 
(08.1)  pounds),  the  4t>>ly  foo<l  in  ihis  («se  containing  6.S 
gm.  (gr.  tO(I.B)  of  ash.  The  excreti<mof  mineral  matter, 
however,  as  Voit  has  pointed  out,  is  iiulte  ililTcrcnt  in 
the  hunger  condititm  from  wliat  it  is  during  u  plentiful 
diet:  for,  In  the  case  of  hunger,  the  inorganic  matter  of 
Ihe  organs  is  drawn  upon,  the  salts  passing  into  the  ex- 
creta, thus  ko'ping  Ihe  percenlagc  composition  of  these 
fluids  for  a  time  constant. 

The  importance  of  iron,  or  iron  salts,  as  aliment,  la 
hardly  second,  certainly  not  iti  the  ca.se  of  Ihe  higher 
animals,  to  lime  salts.  The  position  which  it  occupies 
in  Ihe  hwmoglobin  molecule,  on  which  tli<-  IiIihkI  depends 
for  its  power  of  carrying  oxygen,  would  alone  indicate 
this.  Boussingault  '*  has  determined  Ihe  amount  of  Iron 
in  a  sheen  of  33  kgm.  weight  tolJcl-SH  gm,.  =  OAHl  per 
cent,"  It  is  to  be  Imrnein  mind,  however,  (hat  much  of 
the  iron  taken  as  food  is  cimsume<l  in  the  form  of  organic 
compoumls.  as  in  hiemoglnbin,  ferruginous  nuclco-pro- 
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ing  table  "  shows  the  nniounl  of  inorganic 
)n>wiit  in  some  foiHls.  the  figures  expressing 
hiindri'd  of  the  ili-i/  substance: 
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Of  the  non-nit rogi'tious  foods,  the  fats  which,  accord- 
ing to  the  old-time  classification  of  Liebig.  come  under 
Ihe  liea<I  of  respiratory  or  calorifaclent  principles,  are 

nriicularly  applied  lo  the  pro4lu<'tlon  of  heat  and  other 
■ms  of  euergv.  Thev  also  appear  lo  be  concerned,  to 
a  cirluin  exient.  in  tissue  development.  Tlie  neutral  fats 
alone  are  important  as  foiKls.  Tlii'  free  fatly  odds  ami 
glyceriu  are  seldom  present  in  siillicieut  ((uanllly  (u 
nave  any  signiHcance.  The  mori'  important  fats  are 
trislearin  and  tripalmitin  among  tlie  sotid,  while  among 
the  nu)Te  easily  melting  fats  triolein  is  the  chief  repro- 
senlHlive.  These  are  sitnply  nrul  ml  cimpouiiiN.  formed 
by  the  union  of  a  trialoniic  ah'uliol.  glycerin,  wiih 
tl'iri'e  molecules  of  a  monalomic  fiitlv  aeiii.  '  The  tluiUitv 
of  a  Sal  depeii.ls  on  tlie  iun..nnl  c.f  olii.i  pri'senl ;  thus, 
l«-ef  fat,  which  coin 
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table  gives  some  idea  of  tlie  amount  of  fat  contained  in  a 
few  common  foods : 

Per  cent,  of  fat. 

Fat  tissue  of  swine 92.21 

Fat  tissue  of  beef 88.88 

Fat  tissue  of  mutton 87.88 

Butter 85.0to90.0 

Eggs 12.0 

Fat  meat 5.0  to  12.0 

MUk 3.0  to   4.0 

Cheese 8.0  to  30.0 

Vegetables Oto   3.0 

Nuts 53.0  to  06.0 

All  animal  fats  show  a  remarkable  uniformity  in  ele- 
mentary composition,  containing  on  an  average  76.5  per 
cent.  C,  11.9  per  cent.  H,  and  11.6  per  cent.  O.  The 
chemical  composition  of  fats  indicates  the  importance 
of  these  principles  as  heat-producing  agents.  In  the 
carbohydrates  and  other  alliwl  principles,  the  hydrogen 
and  oxygen  are  present  in  such  proportion  as  to  form 
water  (starch  CeH,oOa),  while  in  the  fats,  as  in  tripal- 
mitin  (C6iH»(,0e),  only  twelve  atoms  out  of  ninety -eight 
have  their  combining  equivalent  of  oxygen  contamed  in 
the  compound,  and  hence  the  remaining  hydrogen  atoms, 
as  well  as  all  of  the  carbon,  are  free  for  oxidation.  And 
since  the  quantity  of  heat  produced  is  dependent  upon 
the  amount  of  chemical  action  or  oxidation,  it  follows 
"that  a  given  quantity  of  fat  will  have  the  power  of  ap- 
propriating about  2.4  times  as  much  oxygen  as  the  same 
quantity  of  starch,  or,  in  other  words,  will  develop 
about  2.4  times  as  much  heat  in  the  process  of  oxidation, 
and  hence  has  al>out  2.4  times  as  much  value  as  a  heat- 
producing  agent "  (Pavy).  But  while  the  fats  are  espe- 
cially important  for  the  pnxiuction  of  heat,  and  for 
forming  the  basis  of  adipose  tissue,  they  are  likewise 
essential  for  tissue  development  generally.  The  great 
importance  of  fat  in  food  and  of  that  deposited  in  the 
body  is  to  be  found  in  the  aid  which  it  furnishes  to  the 
hungry  organism  in  developing  its  wasted  tissue.  A 
purely  proteid  diet  for  a  person  poor  in  fat  necessitates  a 
lar^e  amount  of  the  former  to  sustain  the  weight  of  the 
body,  ind(?ed  more  than  the  intestines  are  capable  of  ab- 
sorbing. But  a  mixture  of  fat  with  the  proteid  matter 
diminishes  both  the  amount  of  circulating  albumin  in  the 
body  and  the  proteid  metal)olism.  The  proteid  food  is 
needed  to  sustain  the  bodily  wants,  and  at  the  same  time 
to  prevent  the  loss  of  fat.  Still,  it  is  not  possible  to  con- 
vert a  poor  body  into  a  body  rich  in  fat  and  proteid  ma- 
terial by  a  simple  albuminous  diet ;  fats  or  carbohydrates 
are  needed,  admixture  of  which  diminishes  the  work  of 
the  organism.  The  energv  of  the  active  cells  of  the  body 
is  then  only  in  part  used  for  the  decompo.sition  of  albu- 
min, the  remaining  energy  l)eing  applied  to  the  decom- 
position of  fatty  matter.  This  is  well  illustrated  by  the 
increased  metabolism  of  fatty  matter  during  muscular 
exertion.  In  the  words  of  Voit,  "  muscular  work  ren- 
ders the  cells  capable  of  decomposing  more  material, 
and,  after  the  use  of  the  disposable  albumin,  the  fat 
is  brought  into  requisition.  Thus  nothing  is  of  greater 
influence  upon  fat  metamorphosis  than  work."  (See 
Nntniion.) 

The  carbohydrates,  being  especially  found  in  the  vege- 
table kingdom,  belong  (essentially  to  a  vegetable  diet. 
A  few.  however,  occur  in  animal  food,  as  glycogen  and 
sugar  in  the  liver,  lactose  in  milk,  and  the  sugar  presc^nt 
in  small  quantities  in  muscle  tissue.  In  composition,  the 
carbohydrates  are  all  alik(^  in  containing  hydrogen  and 
oxygen  in  such  proportion  as  to  form  water  Tliey  may 
be  divided  into  three  main  groups.  \  iz. :  monosticeharidcs, 
including  such  sugars  as  (Icxtrose  orghicoso.  whicli  liave 
the  formula  CeHmOe;  disjucharides.  includiiig  sucli  bod- 
ies as  cane  sugar,  having  the  formula  CialUaOn.  which 
break  down  into  two  molecules  of  ji  mf)nos}ir(liaride ; 
and  iK)lysaccharides,  as  starch  and  dextrins.  having  the 
formula  (CeHioOa^n-  -^s  a  cluss  they  constitute  very 
easily  decomposable  material,  readily  breaking  down 
into  carl)onic  acid  and  water,  and  as  food  stutTs  they  are 
especially  prominent  in  causing  an  accnimulation  of  gly- 
cogen in  the  liver.     They  are,  moreover,  without  doubt. 


the  source,  in  part,  of  the  fat  in  the  body.  Sugar  or 
starch  is  always  present  in  fattening  foods,  and  although 
it  is  doubtful  whether  the  fat  is  formed  directly  from  &e 
carbohydrates,  still  the  association  of  fat  and  glycogen 
in  the  hepatic  cells,  and  the  fact  that  the  former  is  in- 
creased by  such  diets  as  tend  to  increase  the  latter, 
would  naturally  suggest  a  connection  between  carbohy- 
drates and  the  production  of  fat.  (For  a  discussioD  of 
this  question  see  NutriWrn.)  ('arbohydrates,  like  the 
fats,  tend  to  diminish  proteid  decomposition,  and  even 
more  decidedly ;  and  as  they  are  likewise  able  to  prevent 
the  withdrawal  of  fat  from  the  body  (according  to  Voit 
175  parts  of  carbohydrates  accomplish  as  much  as  100 
parts  of  fat),  it  is  evident  that  they  possess  the  power,  in 
a  high  degree,  of  taking  the  rCle  of  the  fats.  Moreover, 
while  the  carbohydrates  are  being  oxidized,  the  fat 
formed  from  albumin  is  spared,  and  Voit  '*  considers  that 
in  both  carnivorous  and  herbivorous  animals  the  main 
action  of  carbohydrate  food  (so  far  as  its  connection  with 
fat  is  concerned)  is  to  protect  the  fat  already  formed,  and 
that  in  no  case  does  the  fat  itself  have  its  origin  in  the 
carbohydmtes.  but  in  the  carbon  surplus  of  proteid  food 
(see  Nvtrition).  Carlwhydrates  differ  from  fats  in  that 
they  contain,  weight  for  weight,  less  potential  enercy 
than  the  latter.  They  differ  likewise  in  being  more  ea^y 
digestible. 

Under  the  head  of  nitrogenous  principles,  those 
classified  as  proteids  or  albuminous  bodies  are  by 
far  the  most  important.  Of  less  importance  dietetic- 
ally  are  the  so-called  albuminoids  or  gelatinous  prin- 
ciples, and  of  still  less  value  are  the  various  nitrog- 
enous extractives,  so  conspicuous  in  many  foods  of 
animal  origin. 

The  proteid  or  albuminous  and  gelatinous  principles 
are  all  very  much  alike  in  general  composition,  sliowing, 
however,  some  decided  differences  in  their  content  of 
nitrogen.  Most  of  the  proteid  bodies  occur  in  solid 
form,  in  both  the  animal  and  the  vegetable  kingdom, 
though  a  few  are  to  be  found  dissolv^  in  the  fluids  of 
the  organism.  Voit  **  has  estimated  from  analyses  by 
Bischoff  that  in  a  fully  developed  human  body  weigh- 
ing 68.65  kgm.  (151.3  pounds)  there  would  be  contained, 
when  dry  (at  100*  C),  22.4  per  cent,  of  albuminous 
matter,  and  14.8  per  cent,  of  colla^nous  tissue.  The 
excretory  products  of  animal  organisms  contain  such  a 
large  percentage  of  nitrogen,  it  is  evident  that  the  nitrog- 
enous principles  must  play  an  important  part  in  sup- 
plying the  needs  of  the  body.  Of  these  the  albuminous 
principles  are  the  most  important,  and  for  man  and  ani- 
mals albumin,  in  its  various  forms,  constitutes  a  vital 
food  stuff,  without  which  life  cannot  be  long  sustained. 
As  the  content  of  albuminous  or  proteid  matter  in  the 
body  is  large,  and  as  all  the  active  cells  of  the  body  are 
protoplasmic,  it  follows  that  albumin  must  l)e  supplied 
in  considerable  quantity  to  take  the  place  of  that  used 
up  in  the  ordinary  processes  of  life.  It  is,  however, 
widely  distributed  tbrough  both  the  animal  and  vege- 
table kingdoms;  notably  in  the  ca.sein  of  milk,  ^gg  albu- 
men, and  myosin  of  muscle  in  the  animal  kingdom,  and 
in  the  coagulable albumin,  vegetable  ca.sein,  legumin,  and 
congluten  of  the  legumins.  and  gluten  of  wheat  and  rice, 
etc.,  in  the  vegetable  kingdom.  The  albuminous  prin- 
ciples, moreover,  in  view  of  their  containing  all  of  the 
organic  elements  necessary  to  life,  are  capable,  when 
used  in  conjunction  with  the  inorganic  principles,  of 
supplying  alone  all  the  needs  of  the  bmly;  still  such  a 
diet  would  not  be  an  economical  one  for  the  system, 
owing  to  the  large  amount  of  proteid  matter  which  the 
system  would  be  obliged  to  work  over,  together  with  the 
subsequent  removal  of  the  nitrogen,  in  onler  to  obtain 
th(»  retjuisite  amount  of  carbon.  This  is  easily  seen  from 
the  coin])<)sition  of  ])ureegg  albumin  with  its  52  percent, 
of  carbon,  when  compared  with  a  fat,  as  tripalinitin  with 
76  ])er  cent,  of  carbon,  or  with  a  carbohydrate  as  saccha- 
rose with  40  per  cent,  of  carbon  and  51  per  cent,  of  oxy- 
gen. It  is  evident,  from  these  tigures,  that  a  judicious 
mixture  of  an  albuminous  f(K>d  stuff  with  a  carbohydrate 
or  fatty  food  stuff  would  give  a  food  containing  the  re- 
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quired  carl)onand  nitrogen,  assimilable  with  less  expense 
to  the  body.  Liebig's  theory,  that  nitrogenous  food  is 
used  wholly  in  building  up  albuminous  tissue.s,  as  the 
muscle  and  other  forms  of  protoplasm,  is  now  known  to 
be  incorrect, and  that  in  reality  j)roteid  food  stuffs  may  not 
only  be  utilized  in  the  construction  and  re|>airof  muscular 
tissue,  but  may  likewise  give  rise  to  the  storing  up  of 
fat.  In  fact,  in  the  decomposition  of  proteid  matter 
within  the  bo<ly  into  the  ultimate  product,  urea,  which 
is  excreted,  there  results  a  complementary  hydrocar- 
bonaceous  residue,  which  can  be  utilized  apparently  for 
the  pnxJuction  of  heat  or  other  forms  of  energy.  At 
the  same  time,  the  chemically  distinct  oleaginous  and 
saccliarine  principles  which  are  together  especially  con- 
cerned, either  directly  or  indinrtly,  in  the  production  of 
heat,  are  likewise  of  us<'  in  the  pKxluction  of  other  forms 
of  energy,  and  thus  any  classitication  of  the  alimentary 
principles  based  on  the  physiological  grounds  originally 
advanced  by  Ixiebig  is  wholly  untenable.  It  is  to  be 
remembered  that  according  to  the  law  of  the  conserva- 
tion of  energy,  the  sole  cause  of  animal  heat  isacheuncal 
process  in  which  fcxid  substances  are  oxidized.  The 
chemical  energy  of  the  ingested  focwl  manifests  itself 
mainly  as  hcjit  and  motion,  and  there  is  no  gocwl  ground 
for  a.ssuming  that  the  oxidation  of  proteid  may  not  give 
rise  to  heat,  as  well  as  the  oxidatiim  of  fat,  etc.  Hence, 
to  a  certain  extent,  the  two  groups  of  nitrogenous  and 
non -nitrogenous  alimentary  principles  are  qualitatively 
alike,  in  that  both  may  be  concerned  in  the  development 
of  heat  and  the  storing  up  of  fat,  although  the  non- 
nitrogenous  are  not  distinctly  provocative  of  metabolism. 
Further,  there  is  no  reason  why  the  energy  of  muscular 
contraction  may  not  come,  in  some  mciisure  at  least, 
from  the  decomposition  of  nitrogenous  matter  as  well  as 
from  the  oxidation  of  non-nitrogenous  matter.  The 
nitrogenous  principles  are,  however,  indispensable  to  the 
CTOwth  of  the  tissues  of  the  body,  and  are  likewi.se  in- 
dispensable in  the  production  of  the  nitrogenized  en- 
zymes, on  the  pR\sence  of  which  the  digestive  juices  of 
the  body  depend  for  their  special  action. 

Collagenous  tissue,  comprising  the  gelatinous  prin- 
ciples (organic  basis  of  bone,  cartilage,  tendons,  and  con- 
nective tissue),  cannot  supply  the  phice  of  the  ulbumi- 
nous  principles;  still,  Voit'*lias  found  that  nitrogenous 
equilibrium  is  established  at  a  lower  level  of  proteid  food 
when  gelatin  is  added,  and  Forster  "  appanntly  considers 
that  in  the  metabolism  of  gelatin  it  rapidly  splits  up 
into  a  urea  and  a  fat  moiety,  but  is  unable  to  imitate  the 
other  fuucti<m  of  proteid  matter,  or  to  take  part  in  the 
formation  of  living  protoplasm.  (For  nitrogenous  met- 
abolism see  yfitn'tiou,) 

There  are  a  number  of  crystalline  nitrogenous  sub- 
stances, amidoacids  and  nitrogenous  ba.ses,  occurring  in 
both  the  animal  and  vegetable  kingdoms,  which  are  pres- 
ent in  greater  or  less  quantity  in  food,  such  as  creatin 
and  other  like  proteid  decomposition  pro<lucts,  contained, 
for  example  in  srmie  quantity,  in  Liebig's  txtractum 
eariiU ;  also  the  vegetable  alkaloids.  None  of  thes<', 
however,  are  of  anv  great  value  as  food;  the  majority 
of  them  pass  quickly  out  of  the  ])ody,  but  little  if  any 
altered,  although  one  or  two,  as  as])aragin.''*  are  said  to 
diminish  slightly  proteid  metabolism.  The  more  highly 
complex  lecithin,  present  in  the  yolk  of  the  e\!^^,  in  the 
brain,  etc.,  may  pos.sil)ly  be  placed  among  the  true  foods, 
though  no  dirtKrt  experiments  have  been  tried  to  demon- 
Btiate  its  action.  It  is  not  improbable,  however,  that 
the  various  amido  acids  and  nitrogenous  bases  which  are 
Boabundant  inaninuU  tissues  do  have  some  indirect  value 
as  alimentary  substances,  though  they  contain  little 
potential  energy,  and  we  may  reasonably  consider  that 
these  various  nitrogenous  extractives  have  some  power, 
possibly,  in  influencing  the  rate  of  metabolism  or  in 
modifying  other  nutriticmal  process<'s.  The  main  ac- 
tion of  the  alkaloidal  substances,  as  the  caffeine  of 
coffee,  is  that  of  a  stimulant,  acting  esp<*cially  upon  the 
fatigued  nervous  system,  though  many  of  the  common 
alkaloidal  infusionsmade  from  roots,  leaves,  and  berries 
nay  be  somewhat  nutritious  from  the  albuminous  and 
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fatty  matters  which  they  contain,  as  is  the  case  with 
cocoa. 

The  drinks  commonly  used  as  food  may  be  divided, 
aside  from  water,  into  the  alcoholic,  acidulated,  sac- 
charine, gaseous,  and  infusions  of  various  sub.stances, 
such  as  tea.  The  alcoholic  drinks  contain  from  forty  to 
sixty  per  cent,  of  alcohol,  as  in  rum,  brandy,  and  whis- 
key, to  from  two  to  ten  per  cent.,  as  in  Ix.'cr  and  light 
wines.  Malt  licjuors  contain,  perhaps,  the  largest  num- 
ber of  constituents,  among  others  there  being  sugar, 
dextrin,  gluten,  and  various  substances  from  the  hops. 
The  exact  value  of  alcohol  as  a  foinl,  broadly  considered, 
is  uncertain.  Recent  experiments,  carefully  made  on 
man,'*  however,  clearly  show  that  when  moderate 
amounts  of  alcoliol  are  ingested,  the  alcohol  is  burned 
up  in  the  body — i.e.,  oxidized  like  any  non-nitrogenous 
food.  The  potential  energy  of  the  alcohol  is  transformed 
into  kin(;tic  energy,  and  consequently  alcohol  is  to  be 
considt.Ted  as  having  some  food  value.  It  may,  therefore, 
be  classified  with  tlie  non-nitrogenous  foods.  Further, 
as  a  non-nitrogenous  food,  alcohol  may  re])lace  an  iso- 
dynamic  amount  of  fat  or  carbohydrate  in  the  diet  with- 
out change  in  the  balance  of  income  and  outgo.  Alcohol 
serves  to  protect  body  protein  and  fat  from  oxidation; 
i.e.,  like  a  typical  non-proteid  food  it  diminishes  the  oxi- 
dation of  tissue  proteid  by  being  itself  oxidized.  These 
facts,  however,  do  not  imply  that  alcohol  is  necessarily 
a  desirable  food  or  that  it  is  physiologically  economi- 
cal. It  is  to  be  remembered  that,  prior  to  its  oxida- 
tion in  the  body,  alcohol  may  produce  deleterious  ef- 
fects of  various  kinds,  more  than  counterbalancing  any 
gain  which  may  result  from  it  oxidation.  It  may  like- 
wise give  ris(j  to  changes,  either  directly  or  indirectly, 
in  the  various  metabolic  processes  of  the  body,  which 
must  of  necessity  influence  more  or  less  its  value  as  a 
food.  Alcohol  has  a  direct  and  an  indirect  influence 
upon  the  secretion  of  ga.stric  juice.*^  In  this  direction  it 
acts  as  a  stimulant.  It  likewise  stimulates  the  secretion 
of  saliva.*' 

Food,  as  eaten  by  man  and  animals,  is  a  natural  mix- 
ture of  the  various  alimentary  principles  described. 
Seldom  are  the  isolated  principles  eaten  by  them.selves, 
other  than  in  the  case  of  sugar  and  salt,  or  pure  fat.  It 
Is  the  function  of  digestion  to  separate  the  individual 
principles  from  this  natural  mixture,  by  which  means 
they  are  separately  absorbed.  The  behavior  of  animal 
and  vegetable  food  is  quite  different  in  the  alimentary 
canal,  which  difference  is  dependent  more  upon  the 
quality  of  <lry  substance  contained  in  the  latter  food 
than  upon  its  quantity.  Vegetable  food  yields  a  much 
larger  percentage  of  indigestible  residue,  and  is  in  Itself 
much  less  easily  digestible,  owing  to  the  fact  that  it  is 
more  or  less  enclosed  in  the  difficultly  soluble  Cffllulose, 
while  animal  food  is  free.  Moreover,  vegetable  food,  as 
a  rule,  is  less  easily  absorbed,  and,  as  it  contains  usually 
a  less  ])ercentage  of  nitrogen,  a  much  larger  quantity  is 
needed  to  furnish  a  certain  amount  of  this  element  than 
in  the  ca.se  of  animal  food.  Again,  the  large  quantities 
of  starch  contained  in  a  vegetable  diet  tend  to  produce 
an  acid  fermentation  in  the  small  intestines,  with  forma- 
tion of  butyric  acid,  together  with  marsh  gas  and  hydro- 
gen, which  causes  the  frequent  intestinal  excretions  of 
herbivorous  animals. 

In  a  determination  of  the  food  value  of  a  given  food 
stuff,  or  of  a  given  diet  composed  of  a  mixture  of  food 
stuffs,  it  is  necessary  to  ascertain  its  chemical  composition 
with  special  reference  to  the  content  of  protei<l,  fat,  car- 
bohydrate, and  inorganic  salts;  its  caloric  or  heat  value; 
and  lastly  its  digestibility  or  availability.  In  an  ordi- 
nary mixed  diet,  proteid  matter  is  usually  present  in  the 
proportion  of  one  part  to  about  Ave  parts  of  non-proteid 
matter — i.e.,  fats  and  carbohydrates.  The  proportion  of 
fat  to  carbohydrate  is  usually  exceedingly  variable,  rang- 
ing anywhere  from  one  part  of  fat  to  from  Ave  to  twelve 
parts  of  carbohydrate.  While  thes<?  statements  are  to  be 
a(;cept(fd  as  a  general  expres.sion  of  the  ordinary  propor- 
tion of  the  three  primary  varieties  of  food  stuffs  con- 
tained in  an  average  diet,  it  is  to  be  remembered  tliat  the 
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element  of  cost  or  the  rase  of  proturiug  frequeotiv  ik-- 
Icmiiiiea  the  relative  amniiut  of  Ihe  llirt-e  classes  of  food 
stuffs  in  tlie  daily  diet.  Tliun,  in  coimtries  where  meat 
Is  plentiful.  OS  in  South  Aiiieriea.  protcid  food  is  con- 
Bumcd  in  much  larger  propurlion  than  above,  whereas 
in  Bomc  Asiatic  couulries.  the  prevalence  al  riec.  cereals, 
and  fnilta  loads  to  a  dtiily  diet  in  vliicli  non-protcid 
foods  are  especially  conspicuous,  and  tile  proportion  of 
proteid  is  reduced  to  the  minimum  ni'cessary  for  life. 
Further,  for  similar  reasons,  the  rotio  of  fat  to  carboliy- 
dntc  undergoes  ivi<le  variation  aiiton^  different  races  or 
Id  different  countries.  Thus,  iu  Ibefar  north,  fat  (ani- 
mat)  constitutes  thegreaterproijortionof  the  non-protcid 
part  of  the  diet,  while  in  countries  where  cereals  abound. 
carbohydrates,  nuinly  in  tlie  fomi  of  starch,  make  up  the 
greater  portion  of  the  non-nitrogenous  food. 

For  the  ordluary  purposes  of  food  analysis,  the  amount 
of  proteid  present  is  usually  a-sceriaiued  by  dctermiuing 
the  content  of  nitrogen,  and  multiplyinj;  this  figure  by 
the  empirical  factor  II.  Sj,  on  the  assumption  tliat  proteitls 
contain  on  an  average  16  per  cent,  of  nitrogen.  In 
recognilloD  of  the  fact  that  the  value  so  obtaiiied  is  not 
always  an  accurate  mensuru  of  the  aminint  of  tme  pro- 
teid  present,  the  word  'pit/Uiii "  i?j  employed  as.  an  arlii- 
tmry  term  to  designate  a  group  assumed  to  include  all 
the  nitrogenous  matter  of  the  f'XMl  except  the  nitroLrenous 
fats.  True  proteids  contain  15  to  IT  per  cent,  of  nitro- 
gen and  BO  to  S4  per  cent,  of  carbon.  It  is  very  diffl. 
cult,  however,  to  determine  iiecurately  the  amount  of 
true  proteid  in  a  misture,  and  so  chemists  are  practically 
forced  to  rely  upon  the  content  of  nitrogen  as  a  nieasnii.' 
of  the  amount  of  proteid  present.  The  abovf?  variation 
in  the  percentage  of  nitrogen  in  different  pmtcids,  how- 
ever, iulroiiuces  a  possible  error  when  the  nitrogen  con- 
tent is  multiplied  by  6.25.  This  error  is  probably  \vfR, 
however,  tlian  that  which  comes  from  the  fact  that  in 
some  food  stuffs,  as  in  meat  for  example,  there  is  a  cer- 
tain amount  of  nitrogen  in  the  form  of  amido-acids,  etc. 
Still,  even  here  the  error  is  probably  not  very  great. 
Thus,  beef  entirely  freed  from  fat  contains,  when  dried. 
49.6  per  cent,  of  carbon,  19.d  per  cent,  of  nitrogen,  and 
5.3  per  cent,  of  ash."  While  protein  is  thus  seen  to  be 
not  strictly  equivalent  to  proteid,  yet  the  content  of  so- 
called  protein  gives,  as  a  rule,  a  fair  measure  of  the 
amount  of  true  proteid  present.  In  special  cases,  how- 
ever, it  is  necessary  to  make  use  of  more  ehilHirate 
mctho<ls  of  analysis,  and  to  differentiate  between  the 
nitrogen  of  proteid  and  the  nitrogen  of  amids  and  amido- 
acids,  etc. 

Under  tlic  head  of  fats  is  included  the  total  ether  ex- 
tract of  the  food.  This  is  onlinarily  made  up  of  ucutml 
fats,  but  free  fatty  ai'lds  are  somt-iimes  present,  likewise 
aueh  phosphori^efl  fats  ns  K'cithin  nnd  prolagon,  and  also 
bodits  like  clmlesleriii  and  [ligiuents. 

Carhoiiyrlmtes  nn.-  usimlly  lictermined  by  difference, 
after  the  asli  unil  wntiT  liin  !■  turn  estimated,  allhniigh 
frequi'mly  sliirtli,   siiiiiir,  and  'illulose  arc  determined 

Efjunlly  imporliiiit  wiili  cliemienl  cnnipnsilion  Is  the 
determiiialiun  of  tlie  lieiit  value  of  food  stuffs.  This  is 
done  by  multiplying  the  nunilwr  of  gmms  of  prnli-id, 
fat,  or  carbohydrate  l>y  a  nuuilier,  asciTlsined  Iiy  direct 
esperiment.  n'presL'iUi'n:.'  ilic  .imnuiii  nf  lient  pro<liiei'd 
by  thcoxidatii 


teid,  t 


ndo 


i.indard.i 


g  1  he 


calorimetric  obscrvMlinn- 

found  that  Igm.  of  prol'-i'l  <<ii  .in  . 

(small  calories),  or  4.1  kgm.  degree-*  y\ariiy 
Similarly  1  gm.  of  fut.  nxidi/.cd  to  earb'inii' 
water,  yields  B,8S1  gm.  degrees  of  heat  Ismult  i- 
9.8  kgm.  degrees  (large  caloriesi,  while  !  i;iii. 
hydtate.  as  starch,  yields  4,116  smn1l  cuioric.-i,  " 
degrees  of  heat. 

The  following  table  gives  the  pcri'i'Mtagc  compoBiti'in 
of  a  few  common  foods,  together  with  the  heat  viiliics 
expressed  in  the  form  of  kilognim  degri.'ps  of  Ueiit  (large 
calories)  per  pound. 
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As  to  the  amount  of  food  required  by  an  adult  during 
twenty-four  hours,  niuch  depends  upon  the  condition  of 
tlielxxly,  and  especially  upon  the  amount  of  muscular 
work  being  done.  Voit,  in  Germany,  has  given  for  a 
ntan  of  loO  pounds  body  weight,  doing  ten  hours  of 
muscular  work,  the  fallowing  diet  as  requisite: 

M..  X  t.l  =    430 lu^ cak>rlca. 


8,010    '■ 

Atwater,"  in  this  country,  from  a  large  number  of  ob- 
servations, considers  B  somewhat  mure  liberal  allowance 
of  proteid  desirable,  and  a  little  larger  beat  value  for  a 
man  doing  severe  muscular  labor;  say  125  gm.  urotekl 
and  a  total  heat  value  of  S.'tW  large  calories.  LAjing 
aside  minor  points  of  variation,  it  is  safe  to  assumo  that 
a  healthy  workiugman,  of  average  body  weight,  requires 
in  his  daily  diet  at  least  1(HJ  gm.  of  pure  proteid.  together 
withsullicieni  futauilivrl)ohydnite  togivca  hcfltvalucof 
S.DIH)  large  talories.  No  doubt,  a  man  can  maintain  him- 
self in  perfect  health  on  a  somewliat  smaller  allowance  of 
proteiil,  but  in  onler  lo  do  tliis  he  must  increase  very 


itof  n 


greatly  the  a 
carbiiliydrutes. 
TakinK  tlic  iil 


there  woulil  lio  nipiirii 
of  fata  or  Hirbohydrali 
(he  numlier  of  crams  of 
to  furnish  IhciiuilyrL'ijii 


n-proteid  food  taken,  especially 

nf  Vnii  's,  and  assuming  that  in 
L'di  ..|  -L-siniilable  proteid  118 
11.(1.  we Und  that  this 
-  I'  L-'in.  of  nitrogen  and 
Il  1  iJiin.-v,  since  the  118  gm. 
■>  ;;mi,  .,1  „irbon,  it  is  plain  that 
;3Im  ^iu.  of  carbon,  in  the  form 
;.■"  The  following  table  gives 
non  funds  necessary 
1  and  nilmgen: 


For  IM  (im.  Mi™™.                       FurasH  r.m.  Csrhon. 

, ,„ 'S  ,.« °a 

li'nt  that  no  one  nf  these  substances  Is  in 
"111.  J,i';iii  meat,  for  example,  mast  l»ave 
ir  curliolij-dniie,  or  both;  while  potatoes. 
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Atlmentarr  Tract. 


U  an  example  nf  a  carbonaceous  food,  require  an  ailmix- 
turc  nf  niiroKenouB  matter.  Hence  a  JuilitJoiis  mixture 
of  all  the  alimentary  principles  from  Liotli  tlic  animal 
and  ve^lable  kingdoms (»D3tituteH  the  foo<l  best  adapted 
lo  tlic  wiinia  of  mankind.  Fiually.  emphasis  must  be 
laid  upon  the  great  difference  in  Ijeat  value  between  fais 
on  the  one  hand,  ami  protelds  and  carboliydrates  on  tlie 
otlier;  fata  liavinj^  per  gram  a  lieat  value  more  than 
twice  that  of  proteids  or  tarbohydrales. 

Ji.  II.  Chittenden. 


\<:  bkiloelqw 


II..  18H, 


•  WeUe ;  Zf llvbrift  fflr  Bli>l<«le.  v 

*  Fonler :  ZeltiKlirItt  (tir  Hh>]<>iilr.  v 

"Compi™  IteD*       '"■" "    """ 


"  Compare  Homliiirger 


UH'lirltl  IQr  pb)%[oloK.  Cbem. 

>■  BuDge:  Zeltwhrirt  phvBlol.  Cbetn..  Ii..  p.  40. 

"  Bunge:  li'lirbui-h  li.  ptiv«Uil.  u.  ijaihul.  Cbem..  1889,  p. : 

'•  HerniBnn'a  Huidburb  Jer  PbyBlulut{l«.  vL.  M). 

'•  IbM.,  H.. »« 

'•  ZellKbrin  rar  BhiUvle.  vlll..  ZBT. 

"  Te»l-Booli  "[  I'buluLiiBy.  p-  «7. 

'■  ZelUfbriri  tar  BIciKwIe.  xv..  SHI. 

'*  AtoBKr  uud  Beimllrl:  Uullelln  89.  t'DlIfd  SUtoi  Pep* 
Affrirullure. 

"  CblUenden.  Mendel,  and  Jscksna:  Anter.  Juuni.  rbyal 
164. 

X  Cblunulen  and  Ellrharilii:  Amfr.  Jonrn.  rbyslol..  I.,  p.  i 

"  ArguUnoBy:  pnngrr's  Arrblv  1.  Pbynlul ,  Iv,.  p.  «45 

"  SN  AiwKler  and  W.uda :  Bulletin  No.  40,  L'n]|«d  HtsMi 
IDMit  al  Aartrulture,  p.  «l. 

•'  Volt :  Heniiarn-B  Handhiirli  der  PhTalologie,  •!..  487, 


ALIMENTARY    TRACT.-nEvi 


-Tlie  ali- 
frocn  the  inner  jjerm  layer,  reinforced 
by  llle  viscetnl  liiyer 
of  tlic  midclic  germ 
layer.  Tlie  inner  (jerin 
layer  fumlslics  theepi 
tliclium  of  tlie  entire 
alimentary  tract  and 
its  Bceessory  organs, 
the  liiiigs.  fiver,  pan 
cri'us,  etc.  The  vis- 
ceral layer  of  the  mid- 
dle germ  layer,  uu  llie 
iitlwr  liaoil,  gives  orl- 
i;in  to  all  thn  mnnles 
uiid  cnnDective -tissue 
layers,  and  nlwi  to 


the  I 


By  a 


..  l>n>c- 
fs.s  of  folding  there 
!.i  grailuiitly  fornie<l  : 


rhiell 


t  llrst  is 


tlie  dorsal  wall  of  the 
enilirvo  along  lis  i>ii 
lire  "length  immetll 
alely  ventrad  lo  llie 
uotiMilionl.  Ill  this 
lid>e  we  can  dislin- 
giiiKli  three  divisimiH. 
diieh  liiu-o  receiv.-d 
le  names  of  fiire. 
lid,  and  hind  gul, 
Kc  Seilher  the  fore  gnt 
It  or  tho  nor  the  hind  gutopi  ns 
o  the  exterior  at  llrst ; 

_,,,.., iewi'tbih    they      enii    litindlv. 

laaulk:   In.  tm  mit:  A,    During   the  eitrlier 

.'Ki.Af.K  E'iiJ'vrri  ;;««•■«  "I  "";* ' 

-""^  "■'•■"■"■  ;;;« "'iff ,.;;: "« 

MC  (Fig-  88).  I'y  a  wi<lc  comnnmieation.  Init  h«  deviloji- 
nu^Dt  progresses  this  eommunieiil  ion  lireomes  mori'  and 
more  constricted.    This  eoustriction  is  brought  ulHiut  by 


e  growth  caiidnd,  < 


I!  Iinnd.  of  the  folil  which 


Fio.  TO.— Human  Embryi 


Eeenel's  pucliet ;  yn.  yolk  ate. 


commtmicatioQ  of  the  mitt  gut  with  the  yolk  B)IC  beenmcs 
smaller  und  smaller,  until  finally  there  remains  only  a 
narrow  commiinicatloD  between  the  mid  gut  and  yolk 
sac— the  vitelline  duct  or  fliiflii*  ottiphiilo-fiitenniK. 

On  the  ventral  side  of  the  fore  gut  the  heart  is  situated, 
while  from  tlie  hind  gut  a  diverticulum  grows  outwhiidi 


a  IhiL'k  walli-<l  stalk.  This  shilk  l. 
lie  slillk.  or  llie  Ih'-rh'lirl  of  lli- 
liriimile-'  Ihis  rllverlieiiloiii  uIvmivh  i 
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not.  72  and  7.L— Dlngnmia  of  tbe  Devi-lopnipiit  ft  tbo  llumun  AllnwntBry  Canal 
■ml  Id  Mvsrntery.    Fin.  TS.  airller.  Flit.  TA.  IMer  slaoe.    iAICkt  Hvrtwlii.)    gn, 

" — ■— eiituoi.  whlidi  li  developed  Inmi  (be  mcmiBiiiUiiiiiii.   The  arronr  Itull- 

. ._  .. ._„,  (imjH,  qiiK^iUllji) :  DC  grntn-  cu — ' '  "— 


.  „. in  diirteikiPliuii:  ilu.diTodmnni;  mriMiii'aenlerlum  1 1 

mlon:  itit.  sniull  Intintini!!  dl.  tarsB  Intcatlne  (nrioni;  mil.  rnnum;  riff,  Tlb-lllne 
duct;  Mil,  nivum :  ii'f.  appendix  viTnillnmilH ;  t.-.  plire  vIhtp  Ibe  l«>iia  ot  Uie 

Idteslliits  CTOBS  eai-li  oUiiT.    The  oulun  wllU  lis  niewwoUm  r "■-  -' — ' 


EveDtualty,  by  llie  bending  venlrally  of  the  fustd  oultr      One  is  dirccteil  ventrally  and  somewliat  backward,  while 

germ  layer  and  parietal  layer  of  Iho  middle  perm  layer  on      the  other,  which  is  situated  caudHil  to  it,  runs  dorsaUy 

each  side,  tlic  vitelline  duct  and  allantoic  Btalk  become   \  and  is  again  bent  near  the  vertebral  column.     From  thu 

latter  bend  it  passes  caiiilad  toward  tbe  anus. 
The  convex  end  of  the  long  loop  thus  formed 
extends  beyond  the  body  into  tbe  umbilical 
cord  nithin  which  there  is  an  excavation  for 
Its  reception.  The  vitelline  duct,  which  is 
now  undergoing  degenerative  changes.  Is 
connected  with  the  intestine  at  tiic  vcuItbI 
end  of  the  long  loop  just  described,  A  short 
distance  from  Ihc  vitelline  duct,  on  the  caudal 
end  of  the  loop,  a  second  evaginalion  can  be 
seen  This  latter  develops  into  the  ciecum, 
and  llifrctore  iiiilicutes  the  boundary  between 
the  UiTpe  and  the  small  intestine.  "  In  con- 
seqiience  of  these  first  foldings,  four  regions 
of  the  Intestine  can  be  distinguished  even 
nou  Thescarcmorc  sharp] v acpara ted  later. 
The  short  portion  running  from  the  stomach 
to  the  Inckbonc  anil  provided  witli  a  small 
mewntery  becomes  the  duodenum  <Fig.  74, 
Dii)  the  anterior  dpsreiidfng  arm  (/*),  to- 
gether with  tbo  bend  in  tlie  loop,  furnishes 
the  small  intestine.  The  posterior  BGcending 
arm  is  developetl  into  the  colon  iC],  and  tlie 
terminal  part,  embracing  the  last  bend,  into 
the  sigmoid  flexure  and  rectum  {H).  In  em- 
bryosof  the  thinl  and  following  months  there 
iceur,  in  connection  with  a  further  increase 
n  length,  iniporlant  changes  in  the  position 
of  Ihc  stomach  and  the  intestinal  loops.  The 
siDmui.'b  undergoes  a  double  twisting  about 

approximated,  an<I  tbere  is  then  formed  the  umbilical  j   two  diHercnt  axes,  and  thereby  early  acquires  a  form 

cord,  which  contains  not  only  theabove-uientionedstrue-  |   and  position  (Figs.  T2andT3),  which  correspond  approxl- 

tures.  but  also  the  umbilical  arteries  and  vein.  .  maiely    to    tbe 

In  embryos  2  to  8  mm.  in  length,  the  Qlimentary  tube  is 

nearly  straight,  but  in  embryos  of  about  4  mm.  length 

there  is  a  remarkable  ventral  flexure  (Fig.  TO),    i 

With  tlie  wheel-like  bending  of  the  body  of  the  em- 
bryo,  the    head  and  tail  approach  each  oilier  (Fig.  Tl), 

and  the  entire  alimentary  tmct  becomes  bent  together. 

This  bending  takes  place  gradually.     The  ventral  Hexure 

disappears  and  the  embryo  iM.'Conies  straight.     With  the 

increase  in  size  of  the  eiiibryo,  the  alimentary  tube  also 

Icngtitcns,  and   wo  cnn   now  distiuguisli   anteriorly    a 

pharj-ngeal  portion,   while  posteriorly  to  this,  and  ex- 
tending as  far  as  the  ntdiments  of  thu  liver  anil  imncrcas. 

Is  tlial  part  of  the  alimentary  tubowhich  gives  origin  to 

the  a-so))hagus,  stomach,  anil  duodenum.    Posteriorly 

to  the  riidimi'niary  liver  we  liavti  that  portion  of  the 

alimentary  tube  which  gives  rise  to  the  jejuntun,  the 

ileum,  and  the  dllTerent  aubdivisious  of  the  large  Intes- 
tine.   At  first  this  iiorlion  shows  only  a  slight  anterior 

convexity  near  the  vitelline  duel,  but  later  it  gives  rise 

to  the  very  complex  arrangenient  of  ilie  sm^tll  and  large 

intestines.    Tlw  iiwst  jiosteriorjMiriion  of  all,  the  himl- 

gut.  gives'  rise  to  the  rectum  anil  ends  bliuillv  by  means 

of  the  transitory  post-anal  gut  in  the  tail  of  tlie  embryo. 
Fig.  Ti  shows  the  digestive  tract  of  a  human  embrvo 

4.3  mm.  lung.     Tbo  wide  communication  between  t'bc 

mill  gut  and  yolk  sac  is  shown;  so  Isi   is  tt  lara 

tively  straight  course  of  the  inlcs 
In  Fig.  73.  taken  from  an  em 

Stomach  shows  a  slight  indiciilion 

curvatures,  and  (he  general  couf  m 

aeli  can  be  made  out,     A  loop  of 

ventrally,   and  the    now  narroi        n 

yolk  sac  is  shown,     Tbe  nidlni  n 

pancreas  can  be  seen  arising  respi  n  r>i 

and  ventral  sides  of  the  duiidenu 
At  a  somewhat  later  stage  of  pm        F 

the  form  of  the  stomach  is  mor         -a  T 

duodenum  caudod  to  the  pylorus  p  >a  k 

it  comes  close  to  the  dorsal  boi  bi 

around  sliarply  venlrally  and  for  g   m 

veiity  of  wliich  is  directed  forwa         T 

of  two  nearly  parallel  anna  runn    g     -a    eac        h 
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AltntcDUrr  Tract. 


a  torsion  around  its  loDgltudinal  nxit  bf  wlilcli  llie  orig- 
inal left  aide  becotni-s  uie  irtml  and  llie  liKl't  tl'c  back. 
CoDsuqueDtly  the  gn?atC'r  curvature  coincB  lo  lit'  below, 
Iliv  IcsMT  above.  Tlie  terminal  luirt  of  tlic  (esophagus 
)s  also  afTecIwI  by  tlie  torsion.  U 
unilergocs  a  spinal  twisting  by 
which  this    left  side  bocomca  the  ^ 

"  Th<!  inleslinal  lanp  with  its  mes- 
entery pastN-s  throuKli  a  no  less 
fiiiidatiifnlHl  Iwisthig  around  its 
placo  of  attaehnient  in  the  lunilmr 
n-giiin  lliHn  llie  Motiuieh  dcx'S.  The 
descending!  and  I'k"  iwi-eiidinjj  arms 
at  first  lie  side  liy  side,  then  the 
bitter  (whieh  beciiines  the  ciilon) 
lays  Itself  <ibli<|iiely  over  (lie  form-  p  y 
vT  ami  acniss  the  beginning  of  the 
small  intustiuo  Irunsvursely  (Fig. 
72,  X). 

"  Both  i>arts,   but   eHp<'eiBlly  the         "■ 
timall  intestine,  continue   fnitn  the 
end  of  the  second  month  to  inen^ase 


initinl  part  of  the  <-ulon.  called  the 
cecum,  which  exhihhscvi-n  In  tl>c 
Ihint  month  a  curved  sickle  shajH'd 
vermiform    appendage,    conies    to 
lie  wholly  on  the  right  side  of  the 
bmly   up  under  the  liver  (Fig.  Ti, 
lAd).    Fn>m  lierc  it  runs  in  a  trans- 
verse direction  across  the  tlundciuini 
under  tl)c  stonkaeh  lo  the  re^hni  Of  the  Spleen;  lliei) 
it  bends  sliarply  nboiil  and  dcsociKls  to  llie  left  pelvic 
region,  where  it  is  continued  into  the  BiRmnid  ncixiin' 
and  rectum.       Therefore   there  mi-   tli'-Hti'.-ni'irriiilr' 

in  the  colon,  even  in  tlic  tli!r«l  hi'iiiili    <i 

trans  verse  and  the  descending  c<i|<<ii       \ 
colon  Is  still  wanting.     It  Is  fiiriii'   i  i  . 

Ingmontlis  (Fig.  7.1,  A)  by  thcgr.Kln  ,1  -kiMil  i  .  wi 
of  the  wpcum,  which  was  at  lirat  uiitliT  ihe  liviT, 
until  in  tlic  seventh  month  it  is  Iwlow  llie  riglii  kid- 
ney, and  from  the  elghlli  mouth  onward  desccmls 
past  the  crest  of  tlie  ilium. 

"Meanwhile  the  ca-cum  luis  increased  in  length, 
and  toward  the  en<l  of  gestation  is  a  rather  large 
appendage  at  the  place  of 
transition  from  the  small 
to  the  large  intestine.  It 
early  exposes  the  want  of 
uniformity  In  development 
(Figs.  73  and  73,  W</).  The 
t4>nnlnal  part,  whieh  oflen 
embraces  more  tlian  hulF  its 
length,  dm-s  not  kee|i  luiie 
in  its  gmwlh  with  thi'  m«ri- 
rapidly  enlarging  proxiniid 
niriiim.  The  former  isde-i- 
Igtutled  as  the  apl>enilix 
vir-rniiformis;  the  kiter  iw 
the  c.-cciim.  At  the  lime  of 
hi  nil  the  vermiform  np- 
p<'n<lMffe  is  still  not  so 
slmrplv  dilTereniiaiMl  from 
the  (livum  as  it  is  a  few 
\tfa%  later,  wlien  It  hiii 
iK-en  converted  into  an  ap- 
pendage the  size  of  a  goos<-  quill  niiii  ft-S  cni.  long. 

-  Wilhhi  tlie  region  enibiucid  liv  llie  hem  Is  of  tlie  large 
intestine  the  small  intestine,  whfch  is  derived  rnini  llie 
descending  arm  of  the  loop,  is  dispiimii  in  mure  and  more 
numerous  folds,  owing  to  itsexlensive  growth  in  length 
(Fist  73).-    (Mark.) 

The  permanent  mouth  is  developed  n«  a  pit  (slomo- 
dteuml  on  the  under  surface  of  the  rudinientiiry  head 
(Fig.  ai>)-  This  pit  extends  until  il  mwls  the  bUnd  end 
of  the  fore  gut,  being  separaU^  from  it  at  first  by  a  thin 


leet  of  tissue  composed  of 
id  known  as  the  pliaryngi 
ire  of  this  niemlirane,  e<i 
ith  the  exterior.    The  format! 


icr  and  inner  serm  layers, 
membrane.    By  the  nip- 

'cation  is  esiabllslied 

of  the  anus  is  much 
more  complicated 
tlinu  that  of  the 
mouth,  and 
fully  under 

U  BL. ._  __. 
itral  side  of 
the  body,  in  'front 
of  the  neurcuteric 
canal.  There  is 
here,  as  with  the 
imiutli,  a  thiunin^ 
of  the  tia 


dslBiuue  euDXlwit  puiol* 


this  thinning  of  tlic  tissue  tak<-s  place  gives  rise  extor- 
nully  lo  a  pit  (pnM'lodeiiiii),  whieli  hiler  bifConi<«  con- 
niH-d-il  with  llie  hind  gut  by  ihc  rupture  of  the  above- 
deserilK-d  anal  membrane.  The  process  is  therefore 
siiniliir  to  tliat  by  whieh  the  mouth  is  esial>lishe<l. 

Intil  within  a  few  years  the  growth  and  arrange- 
ment of  the  coils  of  the  small  iniestiue  were  but  little 
understood.  The  first  atlcinpt  lo  llnd  a  tvpi<-al  ar- 
raiLgemcnt  of  llie  coils  was  made  bv  Ilenke,"  followed 
by  SernolT,  ^Veiiiberg,  and  Mall,    in  the  eusuing  de- 
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scriptioD   I  shall  fullow  tlic  latpxt  Invc^atigatinQs,  those 
of  Mull. 

As  the  inlcsthic  ftroiv<i  it  pushta  itself  out  of  the  IhxIv 
■'      'ltd  llii-  uiubiliml   conl.      Tliig  extra  (-mbryonic 
of  the  inteeline  liwl  alreadj  been  noticcil  bj- 


t(i  tho  axis  of  the  tmbryo  m  Mall's  figures,  white  ia 
Toldt's  it  is  pamllel.  His  lias  also  (iescribed.  id  his  "  An- 
Btoiiiie  incnschlicher  Enibn'oneti."  similar  relations  of 
tile  intestines.  Another  point  to  which  Mall  calls  sperial 
ntlention  is  that  the  large  intestine  lies  in  the  sarittal 
plane  of  the  binbryo.  and  retain!)  this  position  undl  the 
T(;tura  of  the  intesllne  into  the  peritoneal  cavity. 

The  Tight  ami  of  the  loop  jFly.  Tfl)  lias  a  number  of 
short  bends,  which  liove  an  imfHirtant  relation  to  the 
futiin^  L-onvnluIions  of  the  inlesiioc.  The  omphalo- 
moscnleric  rcssels  which  lie  in  the  mesfntery  of  the  loop 
In  (he  mid-line  serve  as  a  landmark  for  comparison  with 
older  embryos. 
The  vascular  supply  of  the  loop  corresponds  to  that  of 
" '" '"  "' '""  JmphalomeBt'uteric  artery  supplies  in 


portion  of  the  inteatine  that  the 
ijipliea  in  the  adult.  The  same  t* 
le.siinf.  Tliat  part  which  llesat right 
nuglvM  lo  the  long  axis  of  the 
body  is  supplied  by  tlie  superior 
nteseiileric,  and  that  which  lies 
parallel  to  the  long  axis  by  the 
inferior  mesenteric. 

In  a  aotnewhat  older  embryo 
(Fiy.  T8),  Ihe  coils  of  Figs.  76and 
77  are  more  sliarpiy  denned,  and 
ill  Kcncnil  it  may  he  said  that 
Ihe  eoila  nearest  the  cxecum  an 


numlwrs 

Meckel  in  1S17.  The  sin 
tine  is  composeil  nt  Uii<i  tii 
tretions  forming  Fig.  76,  v\ 
of  an  cmbrvn  of  about  I] 
tliat  in  Stall's  liguru  ili<'  <■■ 
make  up  the  iDtcHtiniil  I' 
that  of  Toldt.  which  U  ii 
In  the  flgun-  of  Toldt  (Fi 
dorsal  ariu  lo  Iho  loop,  wl 

The  mesentery  between  the  two  lieaatrigiiti 
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one  IliinI      The  Inrgc  size  of  the  liver  (k'servcD  G[>efiitl 
uolifv      I  shall  refer  to  tliis  point  aguin. 

Tlie  next  older  embryo  tvliich  MhII  flf^iirm  lioil  n 
vertex  brcacli  meiwuremeiit  of  24  mni.  The  tiirge  iiit**- 
tine  occupies  Ilio  fULine  j>iiKilir>n:  it  ban  incrtiiHoil  in 
It'njElh,  Imt  not  ill  liiiunclcr,  A  well  dfliueil  pri)ei-Nsiis 
veniiiformi*  i*  pri'st-iit  mi  the  cieciiiii.  A  tompnrisi)ii  of 
Figs,  78  ami  77  will  slii.w  tlic  pniwtH  of  llie  coils  of  ilie 
iiiU'stine.  While  tliis  );ri>wlh  U  nipiil.  tlie  relntions  of 
tiie  coils  In  one  an 


<ither 


1  pn 


tlinmgli 
For  exampli 


tin,- 


,  wll'i 
liuirkfl  Die  end  of 
h-op  3.  occupies  in 
all  four  cmbrvis 
(FiKH.  7tland77)tlie 
same  relation  to  the 
ciecum  and  umliili- 
cal  vessels.  This 
point  seems  to  Iw  a 
luntlniurk  for  de- 
termining the  loops 
on  the  right  side  of 
the  mesentery,  just 
as  a.  in  correspond- 
ing views  of  the  left 
slile.  Is  for  the  in- 
testinal loops  on 
Ibat  side  of  the 
mesentery  (Figs.  75 
and  76). 

Tbc  DCCaatOD  of 
the  intestine  being 
forcol  out  into  the 
umbilical  cord  lias 
been  previously  <le- 
t«rmiDed  by  Mull 
to  be  llie  "L'retit 
amount  of  shifting 
which  lakes  pLipc 
from  the  head  tow- 
ard the  tail  on  the 
Tentnl  Bide  of  the 
embryo  during   its 


mm.  long.  Up  to  this  tiin<^.  the  lower  jmrt  of  tlu*  I^Kly 
lias  not  grown  as  fast  as  the  up))cr.  but  now,  owing  loiia 
rapid  grovrlh,  the  peritoneal  eavltv  Ix'conies  mncli  larger 
and  the  iuU-stioesaredrawn  back 'to  1)11 1  Lis  place.  This 
seems  ti)  be  tliu  prolmble  exjilaiwtinit. 

While  llH-se  clmnges  have  Imi'ii  lakinir  place  in  the 
small  inlcstiue.  the  large  intestine  frrini  the  left  llexure 
ot  tlic  colon  lo  ilie  rectum  has  reiniiineil  i|niie  straight  in 
;.-  I.         ..  .     jjijjj  flexure,  however, 


agonally  bcdsb  tl»e 
body  cavity  from 
'  '■   '-•  right,  until 


The  III 


alsi 


i'lu-  iilidiiir 


erv  rapidly 

I  pics  nenrlv 
tlic  entire  alMioini- 
nal  cavity,  ilius 
forcing  the  intes- 
tine into  llie  ca>toni 
of  tlieumblllcal 
cord.    That  this     ^"'"^.^^"iTJlIf,,!^;^,"^ 

Elexter  lias  demon- 
8trait.-<l  in  his  study 
of  the  same  ques- 
tion in  the  develop- 
ment of  the  cat.  and  I  have  formetl  the  same  ojiinion  in 
my  study  of  tlio  <levelopmcnt  of  the  intestine  iu  the 
turtle.  V.  infill. 

Willie  tbc  forces  which  compel  theinlesline  lo  leave 
the  periloni!al  cavity  and  pass  Into  tlieeo-lom  of  Ilie  cord 
are  well  established,  it  is  quite  ilillieiilt  lo  undersiand 
whv.  at  a  later  neriiHl.  Iliev  n'lum  into  Ihe  abdominal 
cavil  V.  At  the  time  when  thev  Inivetli.'ubilomen  fort  lie 
coni.'tticcommuninilion  iH^rween  the  IkkIv  I'.ivilv  and 
the  cfrlom  of  the  cord  is  wide,  but  at  lln-  (inir  of  Ilieir 
return  iolo  the  alfdomen  it  is  narrow  and  oilers  a  seem - 
log  impediment  to  their  n'lum. 

The  return  into  the  b(«iy  ejivily  of  (lie  inlesline  is 
quite  rapid,  and  takes  plai-e  wiieu  tlie  embryo  is  iilioulW 


the  I 
to  lie  In  till-  right 
Iliac  fossa.  It  is 
during  this  change 
of  position  tliat  the 
appendix  n'aches 
its  full  stage  of  de- 

ToroiinAiMiiCAi, 

ANATOMV     oy    TIIK 

Intebtink,— We 
have  now  followed 
the  (rrowlli  of  the 
intestine,  and  it  re- 
mains to  describe 
tlic  posirion  which 
tlic  coils  occupy  In 
tbc  aduli.  As  can 
be  easily  inferred, 
the  embryonic  con- 
dition foresliadowe 
that  of  the  adult. 

Mall  studied  the 
arrangement  of  the 
intestinal  c<'ils  in 
the  abdomen  of 
forty-one  adults. 
In  twenty -one  cases 
the  coils  were  ar- 
ranged in  the  same 
manner.  This  may 
be  taken  as  tlie  nor- 
mal arrangement  of 
the  Intestine,  and 
the  other  cases  as 
variations. 


In 
jTnur 


tbel 


FuuikI  hy  Mall  In  Xl  ot  the  II 

m  )argn  liiIislliK'  Isfxp-ibhI 
UmiwdUdiwiIihi  iif   [III' iliiu- 


(^>ils. 
which  occupy  the 
left  hypochondriac 
region.  Each  of 
these  groups  de- 
scribes mori!  tlian  a 
coinpk'le  circle,  and 
,  both  are  in  conlacl 

ullli  the  anterior 
wall  of  the  aMomen  (Figs.  70  and  8<l|.  The  intestine 
llicn  crosses  througli  the  unihilical  region  to  llie  right  side 
of  Ibe  iHHiy.  Ii  ilien  makes  a  turn  and  again  crosses  llio 
miiiiaii  line  caudad  lo  Ihe  first  arm.  and  foniis  a  loop  in 
Ihe  left  iliac  fossa,  Fnun  here  it  [msses  inlo  the  pelvis 
and  Ihe  lower  (Hirtiimot  IhealHlimien.  U'twix-n  the  jtsoas 
muscli-s.  Fig.  HO  givw  the  ddaila  of  the  loops  as  above 
ilewrilM-<l. 

L.tmiE  Intbstisk.— Tlie  large  intestine  is  dividi-il  Into 
Xhfc-fHm.  the  iiM-ruiliu'i.  Ir-ii.ni'-nr,  •1,-mmliiin.  nnd  «> 
moi,l  n-/:i,.  bikI  (be  ri-rli',,11.  The  various  divisions  of  the 
lion  form  a  liorseslKK-shapeil  border  aliuut  llie  small 


(Fiir.  my 
;«w.— tlieca-e 


..ti  in  the  ri 


iliae  fossa 
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&□<]  is  about  60  nm.  iu  I«nglh  ami  73  mm.  In  bnaidtli. 
It  includes  tliat  part  of  llie  large  iiitt.'$tii)c  wliicli  lies  be- 
low tlic  entmncc  of  tlie  small  inlesline,  and  also  its  pro- 
longation. liicappcDdU. 

The  ciecuitilicainfroDtof  the  iliopsoas  muscle,  and  its 
rolationa  to  the  walls  of  tlie  abdoiucn  and  Uie  other  divl- 
aloDS  of  the  alimentary  traet  vary,  according  as  they  are 
-  distended  or  collapsed.  Wbeu  the  CKCUiii  is  soniewliat 
dislendetl  and  the  small  intestine  nearly  cinjily,  it  eoiiics 
into  direct  contact  with  the  anterior  alidoniiDul  wall  and 
comes  at  once  into  view,  tugetlter  with  a  jioriion  of  the 
ascending  colon,  when  Ilie  alidonien  is  opent^l  hy  means 
of  a  crucial  inrisiiin  and  the  flaps  drawn  hack.     In  lliis 


tbla  lulcgllnt 


>niia1  type,    rAIKrUalJ.l 


case  it  lies  iiliove  the  outer  half  of  Poiipart's  ligament. 
On  the  other  liand.  when  tlie  small  ititestiiies  are  dlH- 
tended  or  wlien  tliey  liave  iKt'n  pushed  to  the  right 
by  a  distl■^d^'d  sigiiMld  colon,  the  cipciim  is  covere<l 
by  the  coils  of  the  Hinnll  intestine,  ivliich  arc  interposed 
betweeu  it  and  tlie  alxlnminal  wall  in  froul. 

Appendix  Vermifi'i-iiiiD. — The  npiu'iidix  arises  frtim  the 
inner  and  liack  jmrt  of  the  ciecum.  It  rarles  In  sliie.  the 
extremes  iH'in^r  1  or  -i  mm.  us  llie  shortest  and  33  mm.  as 
the  longest,  lis  average  knglli  U  0.3  mm.  and  its 
dlametei  G  mm.  The  place  where  the  appeudix  unito!< 
with  ttic  ciec urn  enn  Iw  found  by  following  any  two  of 
the  three  tougiliidinalhandsof  muscle  which  clianiclerize 
the  large  iutestinc.  Into  the  right  iliac  fi>ssa. 

The  course  which  the  appen<llx  lakes  varies  greatly. 
It  may  be  drawn  out  straight.  It  may  hv  wound  into  a 
spiral.  Its  position  also  varies,  Inil  it  will  generally  1ie 
found  passing  from  behind  the  caecum,  either  upward  and 
to  the  left  behind  the  ileum  and  mesentery,  in  the  direc- 
tion of  the  spleen,  or  downwanl  and  to  the  left  so  as  to 
lie  on  the  brim  of  the  pelvis,  or  even  project  into  tliat 
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cavity.  Sometimes  it  is  situated  entirely  behind  the 
ea>cum.  Tlie  ap|iendfx  is  usually  hollow  throughout 
Its  entire  extent.  The  opening  into  the  ceecum  is  often 
described  as  being  guarded  by  a  valve.  Berry  haa, 
however,  sbown  tliat  iliis  valve  is  inconstant  aao  wiUt- 
out  any  importance. 

Atcfiiiiing  Coiiin. — The  ascending  colon  extends  from 
tlie  ciecum  below  to  the  fieJ-tira  evli  dalra  above.  It 
passes  at  first  obliquely  Wkward  to  the  dorsal  wall  of 
the  abdomen.  It  then  takes  nearly  a  vertical  directioo, 
and  in  its  upper  ponioD  tien<ls  forward  toward  the  ab- 
dominal wall.  Its  posterior  circumference  borders,  on 
this  median  bIiIc,  upou  the  psoas  muscle.  After  it  lias 
left  the  right  iliac  fossa,  it  lies  first  upon  the  quadiatua 
lumborum  and  then  on  tlie  lower  portion  of  the  right 
kidney.  laterally,  it  touches  theabuomlnal  wall:  above, 
it  is  completely  covered  b^'  the  coils  of  the  small  intes- 
tine. When  it  is  liighlv  distended.  It  may  push  the  small 
ink'Stlne  so  far  to  Hie  feft  that  a  small  portion  is  visible 
on  opening  the  abdomen. 

The  an^e  which  the  ascending  colon  makes  with  the 
transverse  colon  is  qniu-  dislinet.  In  the  flexure  the 
large  intestine  does  not  pass  directly  across  the  abdomen, 
but  bends  somewhat  toward  the  anterior  wall  of  the  ab- 
domen, on  account  of  the  adjoining  organs.  From  the 
kidney  the  large  intestine  must  pass  toward  the  ventral 
side  of  the  abdomen,  iu  order  tliat  it  may  get  in  front  of 
the  duodenum  and  pancreas. 

Tlie  Tmiiiittnc  (Von.— la  front  the  flexure  is  covered 
by  the  liver,  and  bi-low  it  rests  upon  the  coiLs  of  tlie  in- 
tt'stiae.  In  the  normal  condition,  when  the  at>domea  Is 
opened,  the  transverse  coloii  cannot  be  seen,  being  cov- 
ered by  the  great  omentum  (Fig,  79).  If  one  ruts  oft 
the  omentum  or  turns  it  up,  the  transverse  colon  is 
brought  into  view.  In  the  latter  case  it  appears  to  run 
directly  from  the  right  to  the  left.  This  is,  however,  a 
false  apiHsraiice,  due  to  Hie  fact  tliat  the  colon  is  drawn 
upwani  out  of  its  normal  position.  In  its  normal  condi- 
Blighl  bend,  with  ita 


tlian  its  right,  because  the  right  flexure  of  the  colon  Is 
prevented  by  the  liver  from  rising  as  high  as  the  left 
fiexun'.  In  front  of  Ihe  transverse  colon  lies  the  great 
omentum,  and.  since  this  is  a  thin  membmnc,  we  tan  utj 
thai  the  transv<rrsc  colon  is  in  contact  with  the  venintl 
wall  of  the  alMlonien.  The  left  portion  of  the  transverse 
colon  t)i>rders  upon  the  great  curvature  of  the  stomach 
in  such  a  manner  that  the  lower  convex  bend  of  the  In- 
lesline  neariv  corresponds  to  llic  line  of  curvature  of  the 
siomai'li.  "f  his  elose  relation  tietween  Uie  stomach  and 
the  transvenie  colon  makes  it  often  ditlicult  to  determine 
their  respective liouudaries  by  (icreussion, 

Tlie  left  flexure  of  the  coton  forms  a  continuation  of 
the  transverse  colon,  ll  lies  behind  the  fundus  of  the 
slomaeh.  In  front  of  the  left  kidney,  and  extends  as  for  as 
the  liasal  surface  of  ili<-  spleen,  Theanglc  which  thetrans- 
ven>e  colon  an<l  the  desceiiiting  colon  form  willi  each  other 
in  this  flexuri' is  much  iimreacutetlian  that  which  is  jires- 
ent  in  Ihe  right  flexure.  Xot  infrequently  the  adjoining 
ponioiisuf  the  two  arms  of  the  flexure  lie  close  beside 
i.-ach  oiIht.  The  relaiiou  of  the  transverse  colon  to  the 
adjoining  viscera,  and  of  the  arms  of  the  flexure  to  each 
oilier,  may  be  considerably  cliangrd  by  a  distended  or 
collapsetl  'coiiilltiou  of  llie  intestines. 

DmffmUiifi  Cul"H. — The  dcueeiiding  colon  bears  much 
the  same  relation  to  Hie  iHxly  wall  as  does  the  ascending 
colon.  Above,  It  rests  upon  IheccmvexlHinierof  the  left 
kidney,  and  then  passi-s  slightly  toward  the  median  line. 
It  extends  U-low  to  the  left  iliac  fossa,  wlierc  it  Joins  tlie 
sigmoid  colon.  It  is  overlaid  by  the  small  int4«tioe,  and 
in  Its  normal  coiidilion  is  not  exposed  to  view  when  the 
abdomen  is  opened. 

l^ijiU'iml  f'"l</H. — Tin-  sigmnid  colon  occupies  a  very 
eonsideral.ile  portion  of  llii'  iliac  fossa.  It  is  connected 
above  with  the  descending  colon,  and  below  it  passes  over 
a  brim  of  the  pclviiiand  joins  Ihe  rectum.  The  upper 
portion  of  Ihe  sigmoid  colon  is  usually  firmly  fixed  In  the 
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fossa;  but  the  lower  part  is  quite  movable,  in  con- 
sequence of  which  it  may  at  times  form  a  loop,  which 
hangs  down  into  the  true  pelvis. 

Iketum, — The  rectum  is  the  last  division  of  the  lar^e 
intestine,  and  in  situated  entirely  within  the  true  pelvis. 
It  extends  from  the  sigmoid  colon  to  about  the  anus. 
From  the  brim  of  the  pelvis,  where  it  joins  the  sigmoid 
colon,  it  passes  downward,  backward,  and  to  the  right 
in  order  that  it  may  reach  the  median  line.  In  general 
it  follows  from  this  point  the  curve  of  the  sacrum  and 
coccyx,  and  ends  in  the  anal  canal.  The  anterior  wall 
of  the  rectum  is  longer  and  more  curved  than  the  pos- 
terior. In  children  the  rectum  has  a  strai^hter  course 
than  in  adults,  and  is  of  a  relatively  larger  size. 

Vanatiom. — The  remaining  twenty  cases  examined 
can  be  divided  into  five  groups.  The  first  group  consists 
of  six  cases  in  which  loop  4  (Fig.  80)  extended  to  the 
left  side  of  the  body.  The  remainder  of  the  small  intes- 
tine occupied  the  position  given  above. 

The  second  group  also  consisted  of  six  cases.  In 
these  cases  the  loop  4  was  also  on  the  left  side,  and  in  ad- 
dition the  loops  1  and  2  were  pushed  to  the  right  side 
of  the  abdomen ;  tliat  is,  all  the  upper  portion  of  the 
jejunum  formed  coils  which  were  situated  on  the  right 
side  of  the  abdomen. 

In  the  third  group  there  were  five  cases.  The  variation 
here  was  occasioned  by  a  supernumerary  coil  from  that 
portion  of  the  small  intestine  which  is  situated  in  the 
hypogastric  region,  extending  up  into  the  umbilical  and 
right  lumbar  regions.  Semoff  has  also  described  sim- 
ilar cases. 

The  fourth  group  consisted  of  two  cases  in  which 
coil  4  was  again  carried  to  the  left  side,  and  the  space 
which  it  should  occupy  was  filled  by  two  coils,  one  of 
which  came  from  the  upper  part  of  the  jejunum,  while 
the  other  came  from  the  lower  portion  of  the  ileum. 

The  fifth  and  last  variation  w^as  found  but  once. 
Loop  4  was  elongated,  and  its  place  was  occupied  by  a 
large  loop  which  came  up  from  that  part  of  the  ileum 
which  is  situated  in  the  hypogastric  region.  A  similar 
case  has  been  described  by  Henke. 

It  is  interesting  to  note  that  in  four  of  these  five 
groups,  loop  4  takes  some  part  in  the  variation. 

WiUiam  S.  Miller. 
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ALIMENTATION,  RECTAL.— Rectal  alimentation  is 
employed  whenever  nutrition  in  the  ordinary  way  (by 
the  mouth)  is  either  impossible  or  not  desirable.  This 
method  of  alimentation  was  already  used  in  the  Mid- 
dle Ages  and  in  ancient  times.  Aetius*  occasionally 
mentions  such  method  of  feeding.  The  value  of  this  way 
of  nourishing  a  patient,  however,  was  believed  to  be 
very  slight,  until  extensive  experimental  researches  with 


reference  to  absorption  of  food  from  the  large  bowel 
had  been  made.  These  definitely  showed  that  digestion 
to  a  great  extent  can  proceed  in  the  colon  if  the  ingested 
food  is  suitably  prepared.  Among  the  earliest  investiga- 
tors in  this  direction  were  HoocP  and  Steinhauser.' 
Hood  observed  that  a  piece  of  mutton  introduced  into 
the  rectum  and  retained,  after  some  time  showed  evident 
signs  of  digestion.  Steinhauser  experimented  on  a  pa- 
tient with  a  fistula  of  the  ascending  colon,  and  found  that 
pieces  of  albumen  introduced  into  the  fistula  could  not 
be  discovered  in  the  faeces.  Pieces  of  smoked  beef  and 
apples,  on  the  other  hand,  were  found  either  slightly 
altered  or  entirely  unchanged  in  the  stool. 

Eichhorst^  stated  in  1871  that  absorption  of  albumi- 
nates from  the  bowel  is  facilitated,  if  not  made  possible,  by 
the  addition  of  common  table  salt.  He  experimented 
principally  with  egg  albumen  mixed  with  the  yolk  and 
with  milk.  Some  years  later,  £wald  *  observed  the  very 
interesting  fact  that  raw  eggs  were  much  better  absorbed 
from  the  large  intestine  than  artificially  peptonized  foods 
(Kemmcrich's  peptone). 

Filippi*  experimented  on  animals  by  resecting  portions 
of  the  intestinal  canal.  He  found  tliat  after  extirpation 
of  seven-eiglithsof  the  small  intestine  in  a  dog,  there  was 
no  appreciable  decrease  in  the  absorption  of  foods  con- 
sisting of  albuminates  and  carbohydrates,  while  nineteen 
per  cent,  of  the  ingested  fat  returned  with  the  faeces. 
This  clearly  shows  tliat  the  colon  can  vicariously  do  the 
work  of  the  small  intestine.  It  further  demonstrates 
that  albuminates  can  be  absorbed  from  the  large  intestine 
and  enter  the  lacteals  without  previous  peptonization. 
These  remarkable  statements  have  been  confirmed  by 
Aldor.'  This  writer  experimented  principally  with 
milk,  and  ascribed  the  coagulation  of  the  milk  in  the 
large  bowel  to  the  action  of  bacteria,  not  to  enzymes. 
He  found  that  after  tlie  injection  of  from  ten  to  itieen 
ounces  of  milk  into  the  bowel,  intestinal  lavage,  performed 
one  to  one  and  a  half  hours  later,  showed  only  minute  par- 
ticles of  milk.  The  spontaneous  evacuation  resulting 
thereafter  likewise  contained  but  very  small  portions 
of  coagulated  milk. 

Aldor,  in  his  paper,  arrived  at  the  following  conclu- 
sions : 

1.  A  quart  of  milk,  injected  by  means  of  a  fountain 
syringe  into  the  bowel,  produces  no  pains  either  during 
the  injection  or  afterward.  No  irritation  of  the  intestine 
follows,  and  milk  is  most  suitable  for  a  nutritive  enema. 

2.  The  coagulation  of  the  milk,  which  is  due  to  the 
action  of  the  bacterium  coli  commune,  is  rather  detri- 
mental to  absorption.  This  coagulation  can  be  pre- 
vented, (a)  by  thorough  lavage  of  the  bowel  before  giv- 
ing the  nutntive  enema,  (ft)  by  adding  1  to  1.5  gni.  (gr. 
xvi-xxiv.)  of  sodium  carbonate  to  one  quart  of  milk. 

3.  No  digestion  takes  place  in  the  large  bowel. 

4.  Carbohydrates  are  absorbed  in  an  excellent  manner, 
albuminates  in  a  great  measure,  and  fats  but  poorly. 

5.  After  an  injection  of  a  quart  of  milk  into  the  bowel, 
there  was  never  found  either  albumin  or  sugar  in  the 
urine. 

In  America  the  attention  of  the  medical  profession  was 
first  directed  to  rectal  alimentation  by  Austin  Flint,"  who 
read  an  extensive  and  important  paper  on  this  subject 
before  the  New  York  Academy  of  Medicine  in  December, 
1877.  Flint  mentioned  a  case  in  which  a  woman  was 
almost  w^ holly  nourished  per  rectum  for  five  years. 
After  emphasizing  the  importance  of  rectal  alimentation 
in  instances  in  which  the  usual  mode  of  nutrition  fails  or  is 
impossible,  he  gives  directions  as  to  the  mode  of  employ- 
ment of  the  nutritive  enemata.  From  three  to  six  ounces 
of  fluid  or  semi-fluid  foods  may  he  injected  at  intervals 
of  from  three  to  six  hours.  lie  did  not  deem  it  neces- 
sary to  wash  out  the  rectum  prior  to  each  administra- 
tion of  the  nutritive  enema.  Flint,  as  well  as  Peasley, 
Fordyce  Barker,  A.  H.  Smith, '<>  and  G.  M.  Smith.*  who 
took  part  in  the  discussion  of  the  above  paper,  had  all 
practised  this  method  of  feeding  with  best  results.  A. 
H.  Smith  mentioned  several  instances  of  gastric  ulcer  in 
which  nutrition  had  been  successfully  maintained  by 
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rectal  alimentation  for  from  eleven  to  sixteen  and  twenty- 
one  days.  He  was  the  first  who  suggested  the  use  of 
detibrinated  blood  for  this  purpose. 

Very  sliortly  afterward  Sv.  Bodenhamer "  published 
an  instructive  monograph  on  rectal  medication,  in 
which  he  also  laid  stress  upon  the  practical  value  of 
rectal  alimentation  as  deserving  much  more  frequent  ap- 
plication than  heretofore. 

Stillmau,'*  in  his  paper  on  rectal  alimentation,  says: 
"  The  clinical  fact  remains  that  certain  foods,  digested  or 
undigested,  are  taken  into  the  system  when  thrown  into 
the  rectum;  that  the  power  of  absorption  lliere  maj:  be 
good  when  the  stomach  is  weak  and  rebellious;  that  it  is 
assimilated,  for  the  body  gains  in  tlesh  and  power,  and 
that  there  may  be  merely  the  customary  evacuation  as  an 
excretory  resultant.  As  far  as  I  am  aware,  no  danger 
attends  feeding  by  the  rectum,  when  conducted  with 
ordinary  care  and  intelligence  on  the  part  of  nurses  or 
attendants."  In  this  paper  Stillman  calls  attention  to 
the  use  of  supplementary  rectal  feeding,  i.e.,  to  the  use 
of  nutrient  enemata  while  the  stomach  is  yet  performing 
its  functions  to  quite  a  considerable  extent,  as,  for  in- 
stance, in  chronic  gastritis,  gastralgia,  nausea,  etc.  He 
used  principally  enemata  of  milk  according  to  the  follow- 
ing formula:  5  grains  of  Fairchild's  pancreatic  extract 
and  15  grains  of  bicarbonate  of  soda  to  a  pint  of  milk. 

The  writer  has  had  extensive  experience  with  rectal 
alimentation  and  is  fully  convinced  of  its  great  practical 
value.  The  indications  for  this  mode  of  alimentation 
may  be  summarized  as  follows : 

1.  In  conditions  in  which  the  passage  of  fooii  from  the 
mouth  to  the  stomach  or  to  the  small  intestine  is  impeded 
or  made  impossible  (strictures,  benign  or  malignant,  of 
a  high  degree  of  the  a»sophagus  or  cardia,  spasmo<lic 
or  paralytic  conditions  of  the  oesophagus,  pyloiic  or 
duodenal  stenosis). 

2.  In  ulcer  of  the  stomach  accompanied  by  consider- 
able hemorrhage,  or  when  the  usual  methods  of  treat- 
ment have  failed. 

3.  Incessant  vomiting,  no  matter  to  what  cause  it  be 
due. 

4.  In  all  conditions  in  which  absolute  rest  for  the 
stomach  seems  to  be  imperative  (intense  pains  soon  after 
ingestion  of  food;  persistent  hy perch lorhydria  of  a  high 
degree;  intense  chronic  continuous  gastro-succorrhcra; 
pronounced  ischochymia). 

5.  In  ty]>h()id  fever  and  other  severe  lesions  of  the 
small  intestine  necessitating  a  complete  rest  of  this  por- 
tion of  the  bowel. 

For  how  long  a  period  rectal  alimentation  should  be 
administered  depends  upon  the  condition  necessitating  it. 
In  ulcers  and  irritating  affections  of  the  stomach,  rectal 
alimentation  should  be  administered  alone,  without  anv 
additional  nourishment  through  the  mouth,  for  a  period 
varying  from  one  to  two  weeks,  when  the  natural  mode 
of  nutrition  may  be  cautiously  resumed.  In  cases  in 
which  there  is  an  organic  obstacle  within  the  oesophagus 
or  at  the  pylorus  preventing  the  passage  of  food  into  the 
intestine,  rectal  feeding  must  lx»  carried  on  as  long  as  the 
impediment  exists  (in  operative  cases  until  a  few  days 
after  the  operation  has  been  performed;  in  inoperable 
castas,  indefinitely).  Here,  whenever  possible,  besides  the 
enemata,  small  quantities  of  liquid  foods  may  also  be 
given  bv  way  of  the  mouth. 

Shortly  after  ojx'rations  on  the  oesophagus,  stomach, 
and  small  intestine,  rectal  alimentation  must  be  admin- 
istered for  a  period  varying  from  four  days  to  a  week  or 
ten  days. 

Mode  op  Admimstuatkvn. — Before  administering  the 
feeding  enema,  a  cleansing  injection  (consisting  of  a  quart 
of  water  and  a  teas])oonful  of  stilt)  should  be  given  early 
in  the  morning,  in  order  thoroughly  to  evacuate  the 
bowel.  One  hour  later  the  first  rectal  alimentation  may 
be  administered.  The  fecdinir  enema  is  best  injected  by 
means  of  a  fountain  or  Davidson  syringt*,  or  a  ]^lain  hard- 
rubber  piston  syringe,  and  a  soft  rubber  rectal  tube, 
which  is  introduced  into  the  anus  for  a  distaine  of  about 
five  to  seven  inches.    The  injection  should  be  aciministered 


slowly  and  without  much  force.  After  the  withdrawal 
of  the  tube  from  the  rectum,  the  patient  is  told  to  lie 
quietly  and  to  endeavor  to  retain  the  enema.  The  quan- 
tity of  the  feeding  enema  may  he  from  five  to  ten  ounces. 
From  three  to  five  such  enemata  may  be  given  daily. 

The  following  substances  may  be  used  as  feeding 
enemata : 

{a)  The  different  kinds  of  peptones  and  propeptones 
in  the  market  (Rudisch's  or  Kemmerich*8  peptone, 
somatose,  sanose),  of  which  about  two  to  three  ounces 
dissolved  in  from  six  to  eight  ounces  of  water  are  to 
be  injected.  The  different  beef  juices  (Valentine's  beef 
juice,  bovinine,  Mosquera's  beef  jelly,  etc.)  inay  also 
be  dissolved  in  water  and  injected  in  corresponding 
quantities. 

{b)  The  milk  and  egg  enemata;  these  are  the  most 
commonly  used.  Their  composition  is  as  follows:  six  to 
seven  ounces  of  milk,  one  or  two  raw  eggs  well  beaten 
up  in  it,  one  teaspoonful  of  powdered  sugar,  and  one 
third  of  a  teaspoonful  of  common  table  salt. 

Pancreatin  (one  tube  of  Fairchild's  pancreatin)  may 
be  added  to  such  an  enema,  to  facilitate  its  assimila- 
tion. 

(e)  Meat  pancreas  enema.  Leube  **  employs  enemata 
consisting  of  well-chopped  meat  (five  ounces),  fresh  pan- 
creas (two  ounces,)  one  ounce  of  fat  (butter)— nail  these 
ingredients  being  thoroughly  mixed  with  about  six 
ounces  of  water. 

Instead  of  always  using  one  and  the  same  nourishing 
enema,  the  above  combinations  may  be  alternately  ad- 
ministered. 

In  conjunction  with  these  food  enemata,  injections  of 
water  into  the  l)owel  are  made  in  order  to  increase  the 
amount  of  fluid  in  the  system.  These  injections  of  water 
for  absorption  are  of  great  importance.  Usually  saline 
solutions  are  employed,  in  quantities  varying  from  a  pint 
to  a  quart,  which  may  be  given  twice  a  day. 

Jmix  Einhom. 
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ALKAKENGI.    See  Sdanacece. 

ALKALIES,  ANTACIDS.— These  are  medicines  which 
are  {uhiiiiiistored  for  the  purpose  of  correcting  acidity. 
The  terms  are  ahnost  synonymous,  but  it  will  be  found 
that  the  drugs  arrrange  tiieniselves  into  two  groups, 
according  to  their  solubility,  which  in  a  great  measure 
detennines  tlieir  therajKiitic  uses.  lu  one  we  have  potash, 
soda,  and  litliia:  in  tlje  other  lime,  magnesia,  ct^rium. 
The  fr)rmer  are  irenenillv  employed  as  alkalies,  the  latter 
as  antacids.  Anmionia  is  intermediate;  its  character 
would  ]Uaee  it  in  the  first  grou]).  hut  its  therapeutic  use 
makes  it  belong  nit  her  to  the  seer)nd. 

Potash,  soda,  and  litliia  stilts  are  very  soluble,  and  are 
readily  absorbed  and  as  readily  excreted;  they  pass  from 
the  system  in  a  very  short  time.  Thev  are  normal  con- 
stituents  of  the  ]>loo(l.  and  tijeir  presence  in  increased 
amount  tends  to  render  the  plasma  more  alkaline. 

The  second  group.  eom])rising  lime,  magnesia,  and 
cerium,  an-  much  less  soluble,  and  even  their  more  solu- 
ble stilts  (as  the  sul|)hates  of  magnesia,  etc.)  are  but  slowly 


186 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


Alkakenct* 
Allantols. 


absorbed.  In  consequence  their  action  is  almost  entirely 
limited  to  the  digestive  tract.  Such  portions  as  do 
enter  the  circulation  act  upon  the  blood  in  the  same 
manner  as  do  the  more  soluble  alkalies,  and  are  exccted 
bv  the  same  channels.  Their  power  of  rendering  the 
blood  alkaline  is  so  inferior  to  that  of  the  more  solul)le 
alkalies  that  they  are  never  selected  for  this  purpose. 
Many  of  their  soluble  salts,  as  the  chlorides,  ])hosphates. 
and  hypophosphites,  are  only  mildly  alkaline,  and  are 
of  vahie  more  for  the  acids  in  combination  than  for  the 
alkaline  base. 

The  action  of  alkalies  u])on  the  secretions  of  the 
stomach,  as  formulated  by  Kinger,  has  been  confirmed 
by  subsequent  experience.  His  view  is  that  the  contact 
of  weak  alkaline  solutions  with  glands  secreting  an  alka- 
line fluid  causes  a  lessening  of  the  ^-cretion,  while  on 
acid-secreting  glands  the  elTect  is  to  c^iuse  an  incrwise  of 
the  acid  secretion.  Advantage  has  been  taken  of  this  in 
gastric  disturbances,  when  there  is  a  deficiency  of  acid 
during  digestion.  The  administration  of  alkalies  just  be- 
fore meals  has  proved  most  serviceable  in  relieving  this 
defect.  They  must  Ik'  given  well  diluted  and  in  moderate 
doses.  The  bicarbonate  of  soda  or  the  bicarbonate  of 
potash  is  generally  selected:  it  is  to  be  given  in  five- 
grain  doses.  Ammonia,  in  the  fonn  of  the  aromatic 
spirits,  is  often  cond)ined  with  some  stomachic,  as  tinc- 
ture of  rhubarb,  tincture  of  cardamons,  capsicum,  gin- 
ger, or  peppermint,  and  in  addition  a  vegetable  bitter. 
This  combmation  has  l>een  found  to  be  valuable.  In  ad- 
dition to  the  local  effect  thus  prcKlucctd  upon  gastric  di- 
gestion, a  further  benefit  is  derived  by  the  action  of  al- 
kalies after  absorption.  They  mpidly  pass  into  and 
improve  the  blood,  and  during  excretion  they  c^iuse  a 
general  stimulation  of  all  secreting  organs.  As  alkalizere 
of  the  blood,  they  are  ust^i  in  gouty  and  rheumatic  con- 
ditions, in  lithiasis.  and  in  many  disorders  of  the  skin  in 
which  there  is  supposed  to  be  an  excess  of  uric  acid  or 
allied  acids  in  the  blood.  Their  purpose  is  to  keep  these 
morbid  products  in  solution  until  they  are  carried  out 
of  the  system.  The  potassium  salts  are  preferred,  as 
their  rapid  absorption  renders  the  blo(Ki  more  quickly 
alkaline,  while  their  equally  mpid  excretion  prevents 
any  accumulation.  For  immediate  action  the  solution  of 
potash  or  the  bicarl)onate  salt  is  selected;  but  when  a 
prolongini  use  is  required,  the  citnit(\  ac<>tate,  or  tartrate 
18  preferred,  as  these  salts  produce  less  irritating  effects 
upon  the  stomach.  Sodium  sidts  are  more  slowly 
absorl»ed  and  are  less  powerful  alkalies.  The  normal 
alkaline  state  of  the  blood  is  due  chiefly  to  scxlium  salts, 
and  as  they  are  less  depressing  than  potassium  salts, 
tliey  offer  many  advantages  when  a  prolonged  course 
of  treatment  is  necessjiry.  In  treating  rheumatism  with 
the  alkalies,  they  rcipiire  to  be  given  freely  until  the 
unne  bt!Comes  alfealine,  and  then  they  should  be  reduced. 
enough  being  given  simplv  to  maintain  this  reaction. 
There  may  be  given  a  dnu!hm  and  a  half  of  bicarbonate 
of  soda  and  half  a  drachm  of  the  acetate  of  potash 
every  three  or  four  hours,  well  diluted,  for  four  or  five 
doses;  following  this,  fifteen  or  twenty  grains  will  usu- 
ally be  suflicient.  Lithia  is  very  similar  to  potash  in 
the  rapidity  of  its  absorptirai  and  excretion.  It  has 
been  extolled  as  superior  t^)  the  other  alkalies,  and  is  now 
\eTV  generally  used.  Later  observations,  however,  t<'nd 
to  lessen  this  estimate.  It  has  Wvn  shown  that  its  sol- 
vent action  is  not  remarkable,  and  it  is  probable  that  its 
value  lies  in  its  diuretic  properties.  The  acti(»n  of 
ammonia  is  very  evanescent;  it  is  never  employed  to  re- 
place the  other  alkalies,  as  its  effect  is  to  incn-ase  the 
acidity  of  the  urine. 

The  alkalies  are  excreted  rapidly  by  all  the  secreting 
org:ans.  Their  effect  is  most  evident  on  tin*  kidneys,  and 
during  excretion  they  render  the  urine  alkaline.  At  the 
game  time  they  augment  the  watery  flow  through  an  in- 
creased activity  of  the  renal  cells.  The  secretion  of  all 
origans  is  increa.se<l,  as  is  also  the  secretion  of  \hv  mucous 
Burfaces. 

The  action  of  alkalies  upon  the  blood  and  tissues  is 

jet  imperfectly  understood.     We  know  that  they  pro- 


mote tissue  change  and  favor  elimination.  AVealso  know 
that  they  prevent  the  deposition  of  uric  acid  in  the 
ti.s.sues.  I  low  this  is  effected  is  uncertain,  but  their 
action  depends  upon  something  more  than  simply  render- 
ing the  bloiMl  alkaline.  I'ntil  the  true  cause  (»f  gouty 
and  rheumatic  affections  is  discovered,  an  explanation 
will  be  dirticult.  We  seem  further  from  a  solution  than 
ever,  now  that  the  existence  of  any  excess  of  uric  acid  in 
these  attacks  is  being  called  in  question. 

Alkalies  are  all  powerful  depressors.  Potash  and  lithia 
are  the  ujost  injurious,  and  soda  is  the  least.  They  re- 
duce the  blo*)d  corpuscles  and  the  protoplasmic  tissue!  In 
large  doses  they  are  cardiac  poisons,  and  their  prolonged 
use  in  moderate  doses  cruises  ana?mia,  loss  of  body  weight, 
and  loss  of  muscular  |>ower. 

The  alkalies  are  also  of  l)enefit  when  ap])lied  to  the 
surface  of  the  body.  In  rheumatism  a  hot  lotion  of  air- 
bonate  of  soda  with  opiimi  often  afTonls  relief  to  the 
pain  fid  joint.  In  all  fonns  of  cutaneous  disease  accom- 
panied by  a  troublesome  itching,  an  alkaline  wash  of 
carbonate  of  soda  or  potash,  half  a  drachm  to  the  pint, 
is  of  service,  and  in  eczema  during  the  early  stage,  with 
an  alkaline  watery  discharge,  the  same  solution  is  cura- 
tive. Burns  and  scalds  may  be  treated  in  the  same  way. 
the  solution  In-ing  constantly  applied.  The  alkali  re- 
moves the  heat  and  pain  and  allays  inflammatory  action. 
The  bites  and  stings  of  insects  and  the  urticaria  produced 
by  poisonous  plants  are  also  benefited. 

The  oxides  and  carlxinates  of  lime  and  magnesia  are 
the  most  serviceable  .salts  as  antaci<ls.  on  accoimt  of  their 
insolubility.  If  these  drugs  are  given  in  small  quanti- 
ties their  action  may  be  limited  to  the  stomach;  when 
they  are  freely  administered,  their  action  is  continued 
into  the  intestines.  They  neutralize  all  acids  with  which 
they  come  in  contact,  and  by  ccvntact  with  the  mucous 
surface  they  exercise  a  soothing  and  sedative  effect.  In 
addition  to  neutralizing  the  Iwal  acids,  thev  are  of  value 
as  antidotes  in  poisoning  by  acids,  and  also  in  poison- 
ing by  vegetable  poisons,  the  alkali  pn'cipitating  the  poi- 
sonous alKaloids  and  retarding  their  absorption.  In 
the  intestine  the  antacid  action  is  continued,  but  the 
ultimate  effects  of  lime  and  magnesia  differ;  the  former 
acts  as  a  mild  astringent,  while  the  latter  l)ecomes  con- 
verted into  the  bicarbonate  and  acts  as  a  laxative. 

The  soluble  alkalies  are  not  so  useful  as  antacids,  and 
are  of  little  service  when  an  effect  in  the  infest iiies  is  re- 
quired. Sodium  bicarbonate,  however,  is  a  well-known 
antarid.  Its  distidvantnges  are  that  it  tends  to  generate 
a  large  amoimt  of  carbonic  acid  gas.  and  is  stimulating 
instead  of  soothing  to  the  mucous  surface.  The  aromatic 
spirits  of  ammonia  is  similar  in  its  action  and  more  rapid. 
Cerium  oxalate  and  bi.smuth  are  both  useful  antacid.s, 
their  chief  value  being  due  to  the  local  soothing  action 
which  they  exert  upon  the  mucous  membrane.  The  ce- 
rium sidt  iias  prolmbly  a  sedative  action  on  the  terminals 
of  the  nerves.  Beanmont  iSmall. 

^lK^nET.—(0rc/1ne(fe.)  The  fleshy  root  of  Alk/inna 
tinrtoiin  (L.)  Tausch.  (fam.  Bffra^in/j/'4'(r),  a  small  per- 
ennial herb  of  P^urope  and  Asia  Minor,  largely  culti- 
vated for  its  coloring  matter.  The  dried  root,  a* foot  or 
more  in  length  and  about  a  half  inch  in  thickness,  its 
bark  purple  red  without,  deep  red  within,  its  wood 
pinkish  white,  is  sometimes  marketed  entire,  but  more 
frequently  as  a  stringy,  shredded,  tough  mass.  Its  only 
value  is  for  coloring  purposes,  the  coloring  matt<*r  ba- 
ing  alkannin  or  alhinmi  red. 

Afkannin  is  a  dark,  brownish-n»d.  resinous  mass,  in- 
soluble in  water,  but  soluble  in  alcohol  and  el  her.  Acids 
intensify  the  red  color,  alkalies  convert  it  to  a  bluish 
green,  in  which  respect  it  acts  like  JuFinatoxiiUn. 

if.  II.  liiiHby. 

ALLANTOIS.— (FVom  N.  L.,  alhintmihH;  Greek.  a/7A^ 
(a/P.arr),  a  sausage,  and  eMof.  form :  siiusage  shaped.)  The 
allantois  is  one  of  the  fa*tal  mend>nuies  pectdiar  to  the 
group  of  higher  vertebrates  in  which  the  end>ryo  is  en- 
veloped in  an  amnion,  the  Amniota. 
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It  is  homoloeoua  with  the  liiglily  vascular  uriiiarf 
bladder  of  the  Amphihia. 

In  the  Amoiota  the  embryo  Is  formed  from  a  compar- 
Btlvely  Bmall  part  of  the  hlastoderm  (sec  Ana  Em- 
bryonalu).  At  an  early  stage  of  development  the 
meBoderm  becomes  divided  into  two  Uyen  of  cells,  with 


FIQ.  SI. 


I :  ]>.  plKenln; 


a  cavily  between  known  as  the  eal^riii,  a  part  of  which 
becoiUL-s  the  bodv  cavity.  The  outer  layer  unites  with 
the  ectoderm  to  lonn  the  imaalopltun,  which  gives  rise 
to  the  body  wall,  the  amnion  (see  Amaiun)  and  the  false 
amnion,  or  chorion;  while  the  inner  layer  unites  with 
the  entoderm,  or  hypoblast,  to  form  the  rjJanekntijdettre. 
which  gives  rise  to  the  wall  of  the  digestive  tract  and  its 
appendages  and  to  the  wall  of  the  yolk  sac  (sec  Fatiia). 
Dunne  the  formation  of  the  tail  fold  of  the  embryo,  the 
splancnnopleure  folds  in  more  rapidly  than  the  somat- 
opleure,  bo  tliat  a  Cfelomic  space  is  left  between  the 
two  beneath  the  newly  formed  posterior  end  of  the  in- 
tealinc.  From  the  ventral  wall  of  iliia  part  of  the  In- 
testine a  pocket  prows  out  into  the  cielom.  This  pocket 
is  the  aUaalinf.  It  is  made  u]i  of  two  layers  of  cells. 
entoderm  and  splanchnic  mesoderm.  It  grows  out  rap- 
idly as  a  thin-walk-d  sac  between  the  amnion  and  the 
vcitk  sac,  and  blood -vessi;ls  develop  In  its  mesodermal 
tissue.  In  Hie  phiceiital  niainmals  the  diatal  portion  of 
the  allantols  fuses  with  Iheciioriou  and  fomisllu-  essential 
part  of  the  fietal  portion  of  the  placenta  (see  I'Uiftnta), 
while  the  proximal  part  becomes  diiale<l  to  form  the 
urinary  bladder,  and  a  part  of  (lie  middle  portion  finally 
loses  its  lumen  and  persists  an  tlieuraehiis,  connecting  the 
bladder  with  ibe  umbilicus. 

In  regard  to  the  details  of  itsorigiu,  ila  structure,  and 
Its  relations  to  adjacent  pnrrs.  the  iilhmtois  varies  greatly 
In  different  groups  of  nuimals.  Among  the  mammals  the 
most  diagrammatic  amingement  is  to  lut  found  in  the 
mole,  one  of  the  Insectivom.  a  croup  that  shows  many 
primitive  characlers.  Acronling  In  Strahl,  in  a  cross 
section  of  a  gravid  uterus  of  llio  uiole.  Tulpn  I'lr-i/itii 
(Fig.  81),  one  may  see  tlie  embryo  surroundeil  by  ibe 
amnion,  except  on  the  ventral  side,  where  the  volk  sue  and 
Ihie  allantois  arc  aitached.  The  allantois  fias  a  lurge 
lumen,  which  occupies  the  greater  pari  of  the  space  1h'- 
tween  the  embryo  and  the  chorion.  Its  outer  wall  fuses 
with  the  rborioo,  and  the  greater  imrt  of  it  gives  rise  tii 
the  thickened  placenta.  On  llie  opposite  side  the  smaller 
yolk  sac  apreada  out  in  a  ^milar  way  and  likewise  fuses 
with  the  dioiion,  but  its  outer  surfiuy!  dm^s  not  become 
vascular  like  that  of  the  allantois.  Except  for  tlie  in- 
crease in  the  aUe  of  Ute  embrj-o  and  the  corresponding 


reduction  in  the  lundna  of  tlie  allantois  and  yolk  ate,  tbew 
relations  persist  until  the  end  of  gestation. 

Going  downward  in  the  scale  from  the  InsectiTOia  to 
the  Marsupials,  in  which  the  young  are  bom  in  a  very  im- 
perfect condition  and  no  true  placnita  is  formed,  we  find 
the  relation  between  allantois  and  yolk  sac  reveised.  In 
this  group  tlie  allantois  remains  comparatively  aiuAlI, 
and  in  the  opossum,  according  to  Selenka,  it  does  not 
even  touch  the  chorion;  and  it  begins  to  degenerate  be- 
fore birth.  The  yolk  sac.  on  tlie  other  hand,  is  large, 
fliling  most  of  the  space  between  the  embryo  and  Ute 
chorion.  It  fuses  with  the  latter,  becomes  highly  vascti- 
lar,  and  serves  durinc  ftetal  life  both  as  an  organ  of 
nutrition  and  as  one  of  respiration. 

In  the  most  primitive  of  living  mammals,  the  Mono- 
tremes.  which  lay  eggs,  the  relation  of  the  fietal  mem- 
branes is  essentially  similar  to  what  obtains  in  the  fliuir- 
opsiila,  the  birds  and  the  reptiles. 

We  may  take  the  common  hen  as  a  type  of  the  Sanrop- 
sida.  At  about  the  tliirty-gixth  hour  of  incubation  the 
rudiment  of  the  allantois  nrst  appearaasa  shallow  pocket 


in  the  entoderm,  at  the  extreme  posterior  end  of  the 
embryo.  As  the  formation  of  the  tail  fold  progresses, 
Ihis  comes  to  lie  on  the  ventral  side  of  the  hind  gut 
(Fig.  tfi).  By  the  end  of  the  lifth  ilay  it  has  grown  out 
between  the  yolk  sac  and  theanuiion.'aa  a  ve^cle  of  con- 
siderable size.    It  then  grows  rapidly  until,  uniting  with 
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AllBBIOl*. 


Uie  chorioD,  It  epreada  out  as  a  large,  thin-wallod,  highly 
vascular  boc,  and  comjileii^ly  siirrouuds  tliv  uniniiin  and 
yolk  sac.  It  serves  as  the  orgun  of  respiration  fur  ilic 
embryo.  Fiually  a  part  of  it  n<'arly  Hiirrounds  llic  rem- 
DOnt  of  the  albumen  and  protiahly  af»>Ms  io  its  a1»orp- 
tlon  {Fig.  H3).  A  aliort  time  before  liatihlng.  Ha  vessels 
are  cut  oft  by  the  ctosuro  of  tiie  unilillicus.  it  drios  up, 
ftnd  is  left  behiDd  when  the  chick  emerges  from  tin-  shell. 

Tlie  allAntois  lias  essentially  the  sunie  history  in  most 
reptiles.  In  alixard  (LaceHa'),  aecording  to  Strahl.  con- 
flrmcl  by  Coming  and  Janosik.  it  arises  in  a  peculiar 
way  Independently  of  the  gut  and  comes  into  cxmnecliua 
with  it  secondiLrily.  Anil  Uiaeoniini  found  titat  In  an- 
other lizarrt,  which  brings  furlh  its  young  alive,  ityi* 
ekalfidt*.  it  proltably  has  a  nutritive  as  well  as  a  resiiira- 
torv  function.  In  this  s|ieeics  both  tliu  allanlois  and  the 
yofk  sac  fuse  with  the  chorion,  fumiingan  allanto-chorion 
and  an  omplialo-chorion.  The  egg  is  very  small,  with- 
out envelopes,  and  the  nllanto-chorion  Iktoiik-s  fiildi-d 
Into  a  series  of  ridges  and  hollows  wlii<-li  fit  Into  corre- 
sponding inequalitK^  in  the  wall  of  the  oviduct,  form- 
ing a  kind  of  pliLcenla.  A  similar  but  less  perfect  con- 
Bet-'tion  Is  fonntii  by  the  oniphalo- chorion. 

Starling  again  from  the  dlBgrammnlic  form  of  altnntois 
found  in  the  mole,  and  going  upward  in  ihc  scale,  we 
find  In  the  Ruminants  a  large  allantois  of  comparatively 

Acconling  to  Bonnet,  the  nidlinent  of  the  allantois  ap- 
pMia  in  the  stieep  at  alxiiit  the  end  of  the  fifteenth  day 
after  oopulatinn.  The  lail  fold  lias  not  vet  rormcil.  and 
tbe  allantois  appears  as  a  sac-like  posienor  prolongation 


Fjo.  83.— Diagram  ot  Uie  FMa]  HiMsliraiwi  Id  a  Rei 

lteniiMQl..tllie»ltiumen:  AILMtoUM:  ^m,«ninlon. 

B,  ibell  membrane;  Y,  jaLk.    <ARer  U.  Vlrcbow,  [rom  SUubi 


_.. ., wlnetlw  DevPliipmpnt  ol  the  KrrWI  MeniMmi 

Hon ;  B,  (hlrteontti  dSTlC.  ■bout  tbe  mme  »(b-;  Ii.\'-" — ' 

F,  dlairmn  of  Uie  tiEtal  iDpmbnuin  at  the  fnil  i>[  [h« 

•nmluD  \  ana.  amnlcHi  tMi ;  co.  taffitAaa ;  rcl,  oMiiima ;  tiul. 


on  tSe  Ivrtftl)  ilaT  aRir  copula- 


IIEFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


normal  iiusilinii  as  un  ttppriitlagi.'  of  the  liind  ^t.  Very 
80OD  tlic  ,voiiii);nilii]iI<>is  U'gjns  Ui spread  latli-rly,  bo  tlial 
by  Ilie  en'ii  of  tlif  sixlifiilTi  day  it  lias  bcciimt  a  half- 
moon-sliu]ji-d  a)ip<.'ii<kge  tu-arly  lialf  us  krgi;  aa  tlic  (.-iii- 
bryn.  From  this  tinu;  ou,  ils  growth  is  ra|)id  until  it 
extends  Ilic  whole  length  of  the  chorion.    As  it  Iteuomes 


Flo.  BS.— Tnniverae  SenloD  ibrousb  ibe  GnTld  Ul«rui  of  ■  Rabbit  at 
(be  End  ot  Uie  NlDplernili  iwy  or  i^tsiailnn.  X  1^.  aa,  AIIhdIoIc 
tnoT.  all.  allanbile;  am,  anmt  n  r  rl  voeLot  M  apare  mm  mn- 
omplrlum  w,  plai«nla;  M  csTltj  ol  yolk  aac  whkh  la  codiIduuiw 


diHteoded  with  liquid  its  mesodermal  lajer  la  pressed 
closely  against  that  of  the  cbonim  a:id  the  tn  o  fuse  anil 
form  the  important  plaitnlal  stnicturLs  At  the  tnenti 
first  day.  when  the  embrjo  is  about  a  third  of  an  luch  m 
leugth.  tlioalloutois  is  a  largi  sausage  slmpiHl  bag  ineasur 
infc  mom  Ihnn  a  foot  from  lip  to  tip  TIil  [mlir\o  in 
velop<Hl  in  its  relatively  «niu1l  amnion  lus  m  a  dipnssion 
at  the  centre  of  the  allautoi*  aud  IIk  lolk  sue  has 
dwindled  to  n  holhiw  tlmad  like  siniaun  hing  in  a 
groove  in  one  side  of  the  allamow  and  e\ti  ndiii^  in  both 
direelinns  to  the  ends  of  the  chorion  (Fig  B4  !• ) 

The  Curnivom  have  liUwivtan  albintois  wilhalar^rc 
lumen.  1'hcallantoisat  tir>it  bi  tids  dorsal  I  \  and  enlargis 
Into  a  miislirooni-shape<l  sue  lis  outer  null  uniiis  uiih 
theehiirion  uiid  forms  at  IIM  a.  di>4oidal  tilamilR  But 
the  nllantois  continues  to  enUrgi  iiiitll  It  lias  futied  u  illi 
(he  whole  inner  siirfucL  of  tin  tlionon  It  coinphtih 
Mirrounds  the  amnion,  con  lam  ins  ihi  <m1irio  amllinulh 
encloses  also  the  ynlk  sac  At  tin  Mtnietinie  the  plan  nra 
exienils  around  the  eiiuator  of  Iht  i^g  as  a  broad  band 
and  tinallv  iiei|nin-s  its  clianittinstic  /oniirt  form 

In  the  Rodentia  the  allanl'  is  unilcs  w  ilh  onl\  a  jiart  of 
the  ehorinn  on  the  (lorKiil  sidi  of  ih<  t  mll^^  o  the.  ri-4t  of 
tlie  chorion  iN'ing  fiinil  utth  tin  \arpL  llutleiiHl  \ulk  sa< 
In  this  gnHip  ihen-  an  two  t\  p-s  i  t  allanlois  One  ( f 
these  is  repn<senteil  b\  tin  nbbit  ami  hat  a  Inrtce 
persistent  liinien.  In  the  oth(r  t\  fv  ripre^ntrti  bi  tin 
rat  and  the  giilnen-pig  the  himen  is  Mri  small  or  nia\ 
disappear  nltngelher.  \(-cimlini;  to  lliis^hmann  the 
squirrel  presfiiis  a  form  of  alliinti  is  intf  riniiliaie  be 
tween  these  two  types  \sidi  from  iIiim  ditfinuiesin 
thenllanlois.  the  foilenlsan  )rinera11\  ahki  in  ha\ing  a 
iirgc  omphalo  chorion  a  snialli  i  disci  nlal  plan  nta  a 
small  amnion,  and  a  larce  eolomic  <-aiLt%  tllUil  with 
fluid,  separating  Ihe  a11inl<ii'(  from  thi  Milk  <ai  (Fig  K*)) 

In  man  the  allantois  isahiirhU  spiiiali/id  --triKinri 
and  the  lirst  stsees  in  Iti  di  m  lop  in  nl  mcvir  ai  a  \it\ 
«ar1y  pertod.     When  the  amnion   is  fiilh    firuKd  and 


separated  from  the  chorion,  the  posterior  end  of  the  em- 
bryo remains  attnchi-d  to  the  chorion  by  a  thick  cord  of 
mt-scKlerinal  cells,  in  which  the  allantoic  vessels  are 
formed,  and  which  may  bi-  regarded  as  the  precociously 
developed  wall  of  the  alUintois.  The  early  stages  are 
not  well  known,  but  eventually  the  lumen  of  the  allau- 
tois  Is  developed  within  this  cord  aa  a  narrow  tube  lined 
with  cntodemial  cells,  extending  backward  from  the  end 
of  the  hind  gut  to  the  chorion.  It  is  formed,  then,  in 
the  same  position  as  in  the  sheep,  but  its  subsequent 
history  is  very  different,  for  it  persists  as  a  small  tube 
usually  until  the  end  of  fiptal  life:  while  the  allantoic 
vessels  spr«kd  fur  from  the  lumen  into  the  mesodermal  lin- 
ing of  the  chorion  and  supply  the  fietai  circulation  of  the 
placenta  (Fig.  8tt.l 

The  allantoic  Ituid  of  the  cow  has  been  shown  hy 
DMcrlein   to  differ   from   the   amniotic  fluid   in  being 

Crer  in  salts  of  sodium  and  richer  in  nitrogen.  The 
er  increases  with  tile  age  of  the  fa?tus.  indicating  th&t 
it  is  an  encretory  product ;  and  according  to  Foster  and 
Balfour  urates  are  abundant  in  the  allantoic  fluid  of  the 
chick  by  the  sixteenth  day. 

The  circulation  in  the  ullantois  takes  place  primarily 
through  two  pairs  of  blood-vessels,  the  allantoic  or  um- 
bilical arteries,  aud  Itie  allantoic  veins  and  their  branches. 
The  allantoic  arteries  arise  as  direct  prolon^tions  of  the 
primitive  forks  of  the  aorta.  When  the  hind  limba  bud 
out.  the  exteniul  iliac  arteries  arise  as  branches  of  the 
allantoic  arieries.  In  the  chick  the  right  allantoic  art«Ty 
does  not  grow  so  fast  as  the  left,  and  it  finally  dwindles 
and  disappears  altogether.  In  man  the  two  arteries  per- 
sist. They  may  be  traced  from  the  posterior  end  of  the 
aorta  through  the  umbilical  cord  (see  Cmbilieal  Cord)  to 
ilin  placenta,  where  they  branch  freely. 

The  two  allantoic  veins  In  the  chick  are  formed  during 
the  fourth  dav  They  unite  in  the  body  of  the  embryo, 
becoming  tin  re  a  sin 
gk  allantoic  vtin 
nhuh  passiB  for 
nurd  on  th<  left  side 
and  joins  the  left  \1 
tillmi.  vim  In  man 
and  other  mammals 
the     luo    allunloic 


the    I 


h  Ii  till 


di-(inicl    wilhm     the 
inihrto  in  thi  alUin 

tOlC    Htulk    tll<\     fuse 

wl     During    the 

fourth  V 


all  ill 


t<  lIlTK   % 


1-) 


Willi  tiu  pirlil  \  111  /  I  ipr  ()  .  oniiDkalo-meaeiilvrtc 
(formed  b\  tin  lliii  m  'Hn  i  allmit  1  voln  ik  julkwc 
ofth)   % 

(  nighton  1111%  di-jTilHd  niinth  (IfttW)  a  series  of 
hniphaiu  ciliinlirs  miil  (U)suhs  burriiuudiug  certain 
nllmti  ic  ksmIs  in  ihi  ihiik  t\u\  are  found  upon  tlie 
\(smK  nliin  the  ill mlois  and  amnion  conte  Into  cod- 
tait  and  an  •.\\\  p)vid  lo  aid  in  tin  ntisorplion  of  the 
\t  Ik  imd  idliunii  n  (tor  a  li  >^iiplion  of  tin  circtihitiOD 
in  III    piK    ml   |)  111)11    fill     iltintois   sec /Vnn'N/'i) 

Tin  priini[ai  adull  slrutluii  diM loped  from  the  al- 
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lantois  h  tlie  uriDaiy  bladder,  Uf  that  part  of  tlic  allan- 
tois  which  lies  wiihin  ilic  body  of  lUe  embryo,  the  proxi- 
mal ponion  begins  to  enlarge  during  the  second  month 
to  form  tbe  bladder,  while  the  tupering  distal  portion 
flnally  loses  its  lumen  and  becomes  the  uracbus,  or  liga- 
mcDtum  vealcie  medium,  conuectiiig  tlic  bladder  with 
the  umbilicus.  The  portions  of  the  allantoic  arteries 
within  the embryoarc  called  the hvpogastrjc  arteries,  and 
are  more  or  less  homologous  with  arteries  of  the  same 
name  in  lower  vertebrates.  At  birth  the  distal  part  of 
the  hypogastric  on  eoeh  side  loses  its  lumen  and  becomes 
a  soliil  cord  enclosed  in  the  superior  ligament  of  the 
bladder,  while  the  proximal  part  persists  aa  the  com- 
mon iliiu,  internal  iliac  (as  far  as  the  bifurcation),  and 
superior  vcaieal  arteries.  The  rcmaiDiiig  allantoic,  or 
umbilical,  vein  loses  its  cavity  at  birth  and  becomes  the 
ligamentum  teres,  or  round  ligament,  conncrting  Uic 
liver  with  the  umbilicus  (seo  fittuf), 

Bvbert  Pnj/nt  Bigelmc. 

ALLEGHANY  SPRINGS.— Montgomery  County,  Vir- 
ginia. 

PoBT-OFFiCE.^Altegliany  Springs. 

Access, — Via  Norfolk  and  Western  Railroad  to  Sliaivs 
Tille  station,  thence  by  carriage  or  omnibus  three  and  a 
half  miles  to  springs.     Hotel  and  cottages. 

This  well-known  resort  is  located  on  the  eastern  slope 
of  the  Allcghaniea,  on  the  head  waters  of  the  Roanoke 
Biver.  The  hotel  and  principal  range  of  cottages  oc- 
cupy smooth  and  undulating  hills,  gently  sloping  to  ii 
brood,  grass-coTered  lawn  o!  forty  acres,  extundmg  lo 
the  banks  of  tbe  river.  The  accommodations  here  are 
first  cla-ti,  affording  every  convenience  and  comfort  to 
the  pleasure  seeker  as  well  as  the  invalid.  The  hotel  is 
large  and  spacious,  and  is  supplied  with  all  requisite  im- 
provements. Contiguous  to  the  hotel  are  one  hundred 
and  fifty  double  cabins,  arranged  with  a  view  to  tbe 
comfort  and  good  health  of  the  guests.  The  scenery  in 
the  vicinity  is  not  excelled  for  picturesque  loveliness  and 
variety  at  any  watering  place  in  the  Old  Dominion. 
Only  one  spring,  which  flows  about  thirty  gallons  per 
hour,  is  in  use  at  the  present  lime.  The  water  is  limpid, 
and  has  a  temperature  of  50°  F,  The  following  analysis 
was  made  some  years  ago  by  Dr.  F,  A,  Qenlii,  of  Phila- 

(INE  rNTIXD  STITKB  GALLON  CONTAINS: 

Solids.  Gralm. 

(^IdDm  i«rl>onnte a.rtl 

HuDHtum  csrbiinau- (1.30 

uaiuin  «rboi»le Trare. 

BCrontlum  carbamU; 0.06 

■VDeiiuin  nrbaliMe o!oe 

Inn  artnnate 0.18 

Cobalt  wmnuie Trace. 

fXmix  cubonale TTU«. 

Lnd  eartonile Tmce. 

Sodium  ralpbale. I.re 

CUcium  lubitutH llfi.^ 

Hajntnlum  nilobUe U>^ 

ncuilam  futpriata g.m 

MagnMina  DltrBle 3.2S 

Aluminum  Dltnt« OM 

JklomlniUD  pbmplule D.oa 

Aluminum  illlrate 0.21 

Sadlam  cIilDrlde ass 

CWduiD  OuorWe. O.OS 

AnUmoDlnm  oxide. Tnuv. 

BUkA 0.88 

Cirah!  srld Tnire. 

Apaeranlc  Kid Traro. 

Ursmlo  maSbiT £.00 

TotAi isa.oa 

Cub.  fn. 
J,  iraTlMinlciidd,,,..,...,,...,..,.,,,.,,,..,,.  0.56 
uun.    ■,  gujpj)ur,,ii<i  hjdnitrBn Trace. 

According  to  the  author's  classitieation,  this  water  may 
be  denominated  a  magnesic  snip  hated  saline.  It  is  dis- 
tinguished for  the  great  variety  of  its  mineral  constilu- 
enta.  When  taken  in  iargc  rtijses  it  is  actively  diuretic 
And  cathartic,  operalini;  with  special  activity  im  the 
raucous  membrane  of  the  lower  intestines.     In  smaller 


doses  Its  action  may  \te  descrll)ed  as  tonic,  alterative,  and 
detergent.  The  water  has  \wva  found  particularly 
beueticijil  in  the  treatment  of  dyspepsia,  for  which  it  has 
a  wide  reputation.  Excellent  effects  arc  also  observed 
in  oen-ous  affections  and  in  diseases  of  the  liver  and  kid- 
neys. It  is  recommended  in  small  doses  by  many  phy- 
sicians in  the  treatment  of  antemia  and  clilorosis.  general 
debility,  and  other  conditions  in  which  tonic  and  recon- 
Biructive  effects  are  sought.  The  water  is  used  com- 
mercially. Jaiuet  K.  Crook. 

ALLEN  SPRINGS.— Ukc  County,  California.  These 
valuable  springs  ore  situated  in  the  Coast  Range  Moun- 
tains, three  mites  east  of  Barllelt  Springs,  and  some  forty 
miles  west  of  the  town  of  Williams.  The  location  is  in 
a  CBiion  at  the  head  of  Cache  Creek,  at  an  elevation  of 
eighteen  hundred  feet  above  [be  Pacific  Ocean.  The 
grounds  are  delightfully  sliaded  by  huge  oalcs  and  tower- 
ing pines  and  surmounted  by  evergreen  hills.  The  usual 
excellent  climatic  conditions  of  Lake  County  prevail  here. 
Good  hunting  and  fishing  will  be  found  in  the  ncighbor- 
hoixl,  Thereare  five  springson  the  place,  twocontaining 
eonsideratile  iron,  while  three  arc  of  the  alkaline  Batine 
type.  All  the  waters  contain  carbonic  acid  ga.s  and  are 
cool  and  sparkling.  The  following  analysis  of  the  soda 
spring  was  made  by  Dr.  Winslow  Anderson  in  18tB: 

ONS  i;i(ttED  SUTM  Gallon  Contains: 

Sal  Ids.  Grains. 

sodium  chloride. 23.18 

liodlum  blcuiiiHiBl£ iS6 

Sodium  But  pbale 0.T8 

Polualum  foloride 1.(0 

MigDMlum  bicarbonate 27,40 

Potutlum  blnrboruie O.TG 

Uagoealum  rbtorlde fHJ» 

Calcium  bicarbonate 20.14 

Calrlum  pltoapbale 0.(6 

FemHu  carbonate O.QS 

Organic  matter Trace. 

ToUl 142,80 

Cub.  In. 
Carbonic  aeld  gai aLOD 

According  to  Professor  Weniell's  analysis,  silica  is  alw 
present.  These  waters  are  gently  aperient  in  action,  and 
have  gained  consiUerable  reputation  in  chronic  hepatic 
and  renal  affections,  aBsoeiatwl  with  dropsy.  The  resort 
has  ampk!  accommodations  for  guests,  besides  good 
bathing  facilities.  J.  K.  C. 

ALLIGATOR    PEAR.  — (.4r«VHfD,-    Abngnte ;     FtiUa; 

Midthipiii'iii'ii  Butler.) 

The  above  are  the  names  of  the  fruit  of  Pertea  gra- 
timiiiri  Ouertn,.  a  large  tree  of  the  Lanraetir.  and  they 
are  also  applied  to  the  seeds,  which  have  distinct  medid- 
nal  properties.  The  genus  is  very  closely  related  to  that 
yielding  cinnamon.  It  contains  about  a  dozen  spedea, 
which  grow  in  the  tropics  of  both  continents,  but  the 
one  under  discussion  alone  possesses  the  properties  hero 
di'scribed.  It  is  native  in  many  parts  of  the  Americ&n 
trop[c»<,  and  Is  largely  cultivated  in  all  tropical  countries 
tor  its  fruit,  which  is  common  in  northern  markets. 
This  is  inequilaterally  eloo  gat  ed-pyri  form,  and  as  large 
as  the  very  largest  pears.  The  skin  has  a  leathery,  rusty- 
green  appi'arancii.  Tbe  solitary  ovoid  seed  fills  half  of 
the  interior,  the  remaining  space  being  occupied  by  a 
creimiy  while  pulp,  penetrated  by  numerous  gray  or 
gns'uish  veins,  of  the  finest  and  smoothest  fatty  texture, 
highly  nutritious  and  of  peculiar  flavor.  On  first  trial, 
it  is  disgusting  to  most  persons,  Ijut  they  usually  be- 
come extravagantly  fond  of  it.  on  continuing  lo  use  it. 
The  juice  of  The  seeds  miikes  iiidrlihlr'  -ipiinn  on  linen, 
and  is  used  for  this  purpri^r.      '|!i.   -.,,|-  iiv  l„rj;ely  used 

in  the  tropics  as  a  loeul  n\ iiiiiiilismand 

neuralgia,  and  some  pby<-i<    '  iiml  tbefiuid 

exlmct  of  servict'.  ThVs  m.  i:~  ■  ■  i-.|i!..!  \- ilh  anlhel- 
miritic  pmperlies,  and  dosi."!  i.t  ii,  1 1.  nt  (iir-  Hiiid  exlmct 
have  been  used  to  expel  t*nia.  11.  11,  liutby. 


AllQBCa  n%n,  apfgrn. 
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ALLOUEZ  MINERAL  SPRINGS.  — Brown  County, 
'WitKnatin. 

Pobt-Okfice. — GrePD  Bny.  Hotels  in  Green  Bay, 
The  Alloiicz  SpriiiKS  arc'  beanlirully  localed  near  Ibe 
base  of  Hii  ek'vation  (Aslor  Heights)  in  tiiu  Hiuttii-i^  part 
of  the  cily  of  Green  Buy.  Tlmcliamiingcity,  wliieli  lieg 
at  the  liwul  of  llie  bav  of  llie  «ime  uumc,  is  one  of  tlic 
oUiest  »e»lemput'<  .if  "Uic  Nonlnvcst.  In  llu-  vcarlflflS 
Fftllicr  Mhnn-y.  :<u,U\i.\..'.\  n  i.iiliiMry  siH.i,.,i  "Ikt.-  iim! 
from  tliat  i"'i  ii^  I  i'  .1.  -  ri,,  rii  -.■  --,  1, 1,  ir.  1  ■  ,,i  ri..  1  ir\ , 
Tbespriugs  ur.  1   ■       ■.  1  -..'..      ■  ■   .r, 

nf  Uieoliinii-i .  ;   ■! 

anil  worlliy  fminii.  i      Tiii    ii..ii  1  i.-;iii.i.  ■■  .'.ir   r, ii,. 

tiilUiile  at  Ik  iiiiirorm m(e  nil  (lie  jrnr.  It  Iiiik  ii  Uiiljutii- 
ture  (>(  Mi'  F.  A  jiretly  imrk  Bnrrounils,  nnil  an  orna- 
inenlal  jiavilion  tiivers  the  spring,  wliieli  giisbcH  tiji 
tlirniiL'h  ;in  <te[u!;r)nn1  mnrblu  banin.  An  allentUnL  in 
rlinrL'i'  ^nt'"!!-"  "■^'••r  to  tile  viidtorR.     ll  is  hclipved  Ilmt 

tlic  \|.  I li.r  .1I-;  used  the  sprinK  tor  ineiiiciiiiil 

piin.  I    w[iH  nnulyzi-<l  in   18»»  by  Prof. 

\\'.  V\ W  isconsin  State  University,  ivilh 

One  LMiKU  Statm  Raixov  CosTiiss: 

Soliila.  Grain). 

(Mlurn  rl.K.rtilc' I.3n 

PuUMilum  auliitiute 0.[2 

Bodluni  »uli>lititt' 3.lrt 

Sodliim  phosplialf Truce. 

BUgrnwIiiniNoiirtioiiut.' :.',';;!!!.',';.'.'.".'.. *...!.' "!!!".'     s'.W 

Wll'^a^iiia>uiab]eTwidaa\l\y/..'..'.\y^]'/..'.'.'.'.'.'.'.'.       LUT 

Tnlal IHS.SI 

In  lii-  "-.Ilk  ..11  iluMoinr.nil  unicra of  tiic  United  States 
Ibi-  1'  I  !■!  r  h  I-  I  l-i-^Kii  1!  :  III-  ;ii  till  alkaUne-aaline-enlcie 
mill'  I  <>  lorliinalecDiiibhialinn 

of  rj.  ;■  ■  I        I  liiuipal  component,  the 

biimli'iMii'  1  I  iiii_ii-i:  LI.  -ll  viiiuable  ttultu-id  and 
laxaliic  [iropiTiii'^.  The  liiliiTai'tion  isakleilBomewliBt 
by  the  piescucc  ot  atilphute  of  Bodiiini,  Authorities  are 
agreed  that  the  carlMiualc  of  luagnesiu  is  an  excellent 
antililliic  in  llin«e  dises  in  wliicli  tirie  aciil  is  too  Bbiin- 
dnnt.     Till'  sin.ill  |.ri.|.iirilnn  „r  lilr-nrlKiniii,.  nf  iron  wliicli 


island  of  Jamaica,  both  wild  and  cultivated,  uid  has  been 
introduced  into  Asia  and  other  tropical  places. 

This  Bjiice  has  been  used  in  Europe  for  more  than  two 
centuries,  and  Is  still  in  great  demand,  both  there  and 
here,  ils  a  domestic  condiment.  It  eomcs  almost  entirely 
from  Jamaica,  where  it  is  obtained  in  enormous  quanli- 
tics,  from  both  wild  and  cultivated  trees.  The  fruits — 
like  those  of  pepper  and  cubebs— arc  collected  just  be- 
fore tliey  are  ripe  and  dried  in  the  open  air.  When  fully 
rifK-.  a  portion  of  the  fragrance  is  lost. 
The  dried  fruits  are  sliglilly  smaller  Ihaa 
the  fresh  1  spherical  or  nearly  so.  finely 
wrinkled  or  tubcrculated  upon  the  siir- 
tacv,  at  a  brown  or  gTsj'ishlinmn  color, 
and  linrinK  a  strong,  iign^cable,  aromat- 
ic, clove  like  oilor.  The  limb  of  the 
calyx  is  uRuully  nibtx-d  uway,  leaving'  a 
circular  projecting  niar)^n.  or  crown,  at 
the  apex  of  the  fruit,  enclosing  a  sluU- 
low,  suuccrshaped  calyx  cup.  from  the 
middle  of  vhich  rises  the  style,  usually 
broken  off  at  the  top.  Th'o  seeds  are 
lirowu,  tliittlsli,  exalbuminous,  the  em- 
bryo spindly  coiled.  A  section  of  tbe 
fruit  rev chIh,  just  Iwlow  the  surface,  nu- 
Fifi  tw  Lcinitltii-  ■"""'IS  large  oil  cells,  some  of  which, 
iliiiirsertiim  "t  projecting  outward,  form  the  small  cor- 
sameteDlBrgHl).  rugations  to  l*c  seen  upon  the  outside. 
These  cells  contain  moat  of  tlie  oil ;  in 
the  seeds  arc  fewer  and  smaller  oil  cells. 

The  nil  of  alUpire  (OfcHW  JH'airnIa,  U.  8.  P.),  which  b 
its  only  valuable  constituent,  can  Iw  obtained  to  the  ex- 
teut  of  two  to  four  per  cent.  Willi  this,  occur  fixed  oil, 
resiu,  tannin,  and  gum.  Allspice  is  little  used  medici- 
nally, in  doses  of  O..!  to  2  gm.  (gr.  vHj.-ixx.).  as  an  ordi- 
nary aromalie.  similar  to  cloves,  but  weaker.  Tliere  is 
no  ulliciai  |i reparation,  though  it  enters,  as  a  carminative 
and  flavor,  into  several  oftlcial  preparations. 

W.  P.  B«IU». 


On, 


iif  Piinenla.)— "A  volatile  oil 
r.aP.).  ThU  is  a  thin,  trans- 
■I  li.'ss,  becoming  yellow  or  even 
'■   '    a  the  odor  and 


lit,  rlieiimatisiii.  and  v 
nd  sparkling.  Bud.  as  i 
r  vegi-inble  matter,  i,- 


fr.-liii  .  ■!■  !■      ■ 

the  liny  at  Itiis  |"iiiil,  is  f 

Btreela'arc  embowcriHl  wi 

and  there  are  excpllcnt  di 

around.      Bmnll  steam  n  ,:,   .  . 

burden'!  nf  pleasurcT  seekers,  jily  tin-  placid  waters  of  the 

bay.  fonning,  during  the  spring  mid  summer  months. 

picture  of  surcne  anil  rent  Tut  beiiuly. 

.Tiini'"  K.  Vivik. 


eniica  of  grauil  old  ti 
in  all  ilin'i'iions  for  11 

achls,  with  their 


i;iii  f.'i' 


ALLSPICE  (PuiENTA).  - 

Pimeiila  offieimilin  l.inrll 
The  source  of  this  fruit 
giant  tree,  about  1(1  ni 
sito,  dark-green,  sliininir  liiiM-;  tun 
The   fniit   is  a  nitli-r   .In     -i',. 
drupe,  from  O.-l  to  1  <ni  ■ 
diameter,  nearly  spherii;'! 
parted  calyx  arid  short  i>  I'mIi  II  ii 

The  allspice  tree  is  a  iiiiliic  "t  tl 
and  Central  America,  and  Mexico. 
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lit.  with  opi«i- 


It  is  abuuduut  in  the 


riiiiiliydrin,   tribrompro- 

ilii'  fiction  oi  bromine 
)n  I'll  I  ■■   .  .   ■  I  ■  j-i  ft  heavy,  colorless, 

jrfiiiiii'  .    ■-■   I  .   1   i-i  insoluble  in  water 

Hid  -I  !■.    .    ..ll"    ■■' ^..!atilu  and  Hied  oils. 

I.;. .1:1.;    .       ..Iirinry   t^-in]HniMirc,   it  solidifies  at  10°  C. 

"  '    i  I  :  .-  rrinc-tiy.  coiitiiining  as  it  does  eighty-flvo 

1.   .  '.niiiiine,  innv  well  replace  the  alk^inc  bro- 

,  ..1.  I-  -  '1;  ivcnndnntfspnsniodif.  In  asthma,  perlUB- 
•  i.,  I.ii  ,  ■  ..  ■.Triniilii-  i"Tv-iMi*irninli|litv.  and  espe- 
L'jalh  in  ■      I,  .,-■.  ir  1 1.,-  I,.|,i  ■Liii.iFk...i  I  iV'-  I        In  hysteria. 

in  x\\v  !.■ iTsdoseia  3 

to  III  ti:i  ...    II    n\o  orthree 

linie-iU'ln  .■!  i"  I  i.r.  I.-  l  i' .:.  In  |..  ..I.Trnii /illv  dissolved 
in  l().>r-Jii  1 iiiis  111  i-iiiii-  uriiil.  H.  A.'Ih<»trdo. 

ALMONDS.    BITTER     AND    SWEET.  — Amvod.ila 


,r 


i.f  p>}, 


myg- 


lia  to  as  feeijin  height, 


..■■(U.S.P.). 

iii  US  .^Tli  ill'  Aliy^mia  and 
lias  Ni-n  cultivated  also  in 
liiue  iuitnemorial.  It  Is  veiy 
nn;  lis  well  us  leaf  and  flower, 
,  growing  from  Ti  to  10  metrra 
with  gracefnl  brBncbing  top. 
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The  leaves  are  oblong,  lanceolate,  finely  serrated,  simple, 
and  give  when  bruised  a  peachy  odor.  The  flowers  are 
large,  pale  rose  colored,  almost  cxAvt  counterparts  of 
those  of  the  peach.  But  the  fruit,  although  structurally 
similar,  develops  diflPerently:  that  part  (the  sarcocarp) 
which  in  the  peach  becomes  juicy  and  edible,  in  the 
almond  dries  up.  splits,  and  falls  awav.  leaving  the  .stone 
(putamen)  attached  to  the  tree.  This  is  then  gathered 
and  makes  the  almond  of  commerce,  while  the  seed,  re- 
moved from  the  stone,  is  the  oiHcial  almond. 

The  fonner  is  oblong  ovate,  pointed,  yellow,  somewhat 
flattened,  with  blunt  or  sharpish  borders,  and  a  roughish 
surface,  perforated  with  numerous  pores  and  depressions. 
The  shell  is  variable,  usually  hard  enough  to  require  a 
light  hammer  to  break  it;  m  some  varieties  it  is  easily 
cnished  between  the  thumb  and  forefinger.  The  sf^ed  is 
sometimes,  in  some  varieties  always,  imported  witfiout 
the  shell.     It  is  solitary  and  exalbuminous. 

Long  cultivation  has  prwluced  many  horticultural 
varieties  of  almonds,  depending  mostly  upon  their  size, 
sliape,  and  thickness  of  shell;  but  the  most  important 
distinction  is  that  of  taste  and  composition,  in  respect  to 
which  thest^  varieties  fall  into  one  or  another  of  two 
series,  namely,  those  with  bitter,  and  those  with  sweet 
or  bland  seeds.  The  trees  producing  them  do  not  differ 
from  each  other  much,  excepting  in  the  character  of  the 
seeds,  but  yet  appear  to  be  distinct,  both  existing  in  the 
wild  state. 

The  chief  source  of  almond  production  is  the  Mediter 
ranean  region,  though  it  may  be  cultivated  in  almost  any 
warm,  temperate,  or  subtropical  country.  There  are  so 
many  varieties  of  both  almonds,  and  these  differ  so  greatly 
in  size  and  form,  that  comparative  descriptions  are  difti 
cult.  Those  used  as  drugs  are  about  an  inch  in  length, 
ovoid,  with  strongly  rounded  base  and  obtusely  pointed 
apex,  flattened  so  as  to  be  three  times  as  broad  as  thick, 
and  about  one-lialf  longer  than  broad.  The  surface  is  of 
some  sliadc  of  brown,  more  or  less  wrinkled,  scurfy,  with 
a  dense  covering  of  short,  thick,  microscopical  hairs,  and 
with  numerous  lines  radiating  from  the  base.  The  ker- 
nel consists  entirely  of  two  oily  cotylwlons  of  the  same 
form  as  the  seed,  in  contact  by  their  flat  faces,  and  of  a 
nearly  white  color.  They  have  a  faint  characteristic 
odor. 

In  general,  the  bitter  almond  is  of  a  darker  color,  a 
little  shorter,  broader,  and  flatter,  and  a  little  less  wrinkled 
than  the  sweet.  It  has  a  characteristically  bitter  taste, 
the  sweet  ones  being  entirely  bland,  sweet,  oily,  and 
nutty. 

Or  sweet  almonds,  the  important  constituent  is  fifty  per 
cent,  or  more  of  a  fixed  oil  (see  Ohum  Ainygdal^r  Ew- 
premium),  which  occurs  with  al>out  three  per  cent,  of  gum 
and  six  percent,  of  sugar,  and  a  large  amount  of  albumi- 
noid matter.  There  is  a  very  small  amount  of  tannin  in 
the  seed  coat.  Their  properties  are  purely  demulcent 
and  nutritive.  We  have  an  official  eniulsion  and  a  syrup 
which  are  used  as  vehicles. 

In  composition,  bitter  almonds  have  about  one-sixth 
less  of  the  same  fixed  oil,  and  contain  from  om\  to  three  per 
cent,  of  the  peculiar  glucoside  (soi^  Ami/ffdahii  and  EntuI 
irin)  which  yields  hydrwyauic  acid  and  benzaltichyde, 
as  described  under  Hi/ffrtMyanir  Arid.  The  yield  of 
oil  of  bitter  almond  is  aix)ut  one  per  cent.,  that  or  prussic 
acid  about  .06  to  .18  of  one  per  cent.,  of  the  weight  of  the 
seeds. 

It  is  evident  that  the  bitter  almond  combines  the  prop- 
erties of  sweet  almonds  and  pru.s.sic  acid,  and  that  an 
ounce  of  the  drug  is  equivalent  to  almost  one  gniin  of 
the  latter.  It  does  not  follow  that  the  effect  would  be 
the  same  as  that  dose,  inasmuch  as  the  development  of 
the  acid  would  be  neither  so  sudden  nor  so  complete. 
Nevertheless,  bitter  almonds  must  be  regarded  as  poison- 
ous. Even  a  small  number  of  them,  if  eaten,  are  apt  to 
produce  a  slight  gastric  irritation  as  an  after  effect. 
There  is  no  ofhcial  preparation  of  bitter  almond,  except 
that  a  little  of  it  enters  into  the  composition  of  Si/rupns 
Amj/gdalas.  Its  chief  use  is  as  a  flavoring  agent,  tliough 
small  doses  arc  used  for  their  sedative  effect. 

Vol.  I.— 13 


Peach  seeds  are  often  used  to  adulterate  bitter  almond, 
and  their  composition  is  very  similar.  Sweet  almonds 
are  also  used  as  an  adulterant.  H.  II.  Rtuby. 

ALOES. — The  inspissated  juice  of  the  leaves  of  various 
species  of  AW,  a  genus  of  nearly  a  hundred  species,  in 
the  family  Liliac^ce,  widely  distributed  thn)ugh  tropical 
Africa,  on  the  continent  and  islands,  and  at  least  two 
species  extending,  through  introduction,  into  Asia,  and 
one  into  Southern  Europe  and  the  West  Indies. 

They  are  plants  of  desert  or  arid  regions  and  strongly 
succulent,  as  is  common  among  plants  of  such  localities. 
They  have  large,  fleshy,  bayonet-like  leaves,  densely 
arranged  in  a  distichous  or  tfistichous  manner,  and  tail 
spikes  of  fleshy  flowers,  often  similarly  arranged.  All 
methods  of  producing  aloes  from  them  are  btSed  upon 
the  fact  that  they  contain  two  distinct  juices,  the  one 
thin  and  flowing  at  once  when  the  leaves  are  cut,  the 
other  thicker  and  not  readily  flowing  except  under 
pressure.  It  is  the  former  of  tlu^se  juices  which  yields 
the  drug,  and  which  is  therefore  allowed  to  flow  from 
the  cut  leaves  without  pressure. 

This  juice  is  then  inspissated,  either  spontaneously  or 
by  boiling,  and  yields  a  j'cllow,  j^ellow -brown,  gray- 
brown,  green-brown,  or  nearly  black  mass,  which  may  be 
hard  and  brittle  or  of  a  .soft,  tarr^-  cH)nsistency,  or  of  any 
intermediate  degree.  It  may  be  dull,  waxy,  or  glassy, 
and  opaque  or  translucent,  and  its  odor  varies  greatly. 
It  is  thus  seen  to  be  unfitted  for  any  general  description. 

The  places  of  manufacture  give  the  names  to  the  dif- 
ferent commercial  sorts.  It  is  one  of  the  oldest  of  medi- 
cines; valued — ^according  to  tradition — long  before  the 
Christian  era.  Certainly  it  was  known  to  the  Greeks 
and  Romans  of  the  first  century,  and  to  the  rest  of 
Europe  during  the  Middle  Ages.  It  has  always  been  ex- 
tensively used  and  highly  prized,  as  the  fanciful  names 
given  to  many  of  the  older  aloes  compounds  testify. 
The  variety  earliest  known,  socotrine  aloes,  is,  singularly 
too,  the  same  which  is  still  considered  the  best  in  Eng- 
land and  America,  and  is  nominally  obtained  from  the 
same  little,  ob.st?ure.  out-of-the-way  island  that  Alexander 
*is  reported  to  have  peopled  with  Greeks,  in  order  to  pro- 
tect and  improve  its  production.  Of  all  the  known 
commercial  varieties  of  aloes,  the  U.  8.  P.  recognizes 
but  two.  «s  follows: 

Aif>e  BarlMidt'nHiH  {Barbddae^  Alf)es  or  Cnraqoa  AloeM)  Ls 
yielded  by  AVk  cera  (L.)  Webb.  The  name  ''Barbadoes 
aloes"  indictates  the  former  rather  than  the  present  geo- 
graphiwil  source,  which  latter  is  better  expressed  in  the 
term  **CuraVoa  al(x*s."  It  was  formerly  produced  in 
both  islands,  the  Cura^oa  coming  in  large  blocks,  run 
into  boxes,  the  Barbad(K\s  in  gourds.  Later,  the  latter 
article  largely  disjippeared  from  commerce.  Still  more 
recently,  the  other  has  been  put  up  in  gourds  after  the 
Barliadoes  style.  It  would  appear,  therefore,  that  prac- 
tically all  of  our  so-called  Barbadoes  aloes  is  now  of 
Curavoa  production.  The  difference  is,  however,  chiefly 
technical,  as  the  parent  plant,  the  process  of  manu- 
facture, and  the  properties  are  identical  in  the  two 
articles.  This  plant  is  the  most  widelv  distributed  of 
the  genus,  growing  through  Northern  Africa,  Southern 
Europe,  and  the  East  Indies,  as  well  as  in  the  West  Indies, 
where  it  is  cultivated  for  the  production  of  aloes.  It 
grows  to  a  height  of  nearlv  two  feet,  with  a  thick  head 
of  bluish-green,  blotched  Vave.s,  and  a  dense  spike  of 
greenish -yellow  flowers,  each  a  little  more  than  an  inch 
in  length,  and  of  an  elongated,  contractcd-campanulate 
form.  From  the  Pharmac<Mjraphia\\\i^  following  account 
of  the  preparation  of  Barbadoes  aloes  is  quoted: 

"The  cutting  takes  place  in  March  antl  April,  and  is 
performed  in  the  heat  of  the  day.  The  leaves  are  cut 
off  close  to  the  plant,  and  placed  very  qftirkly,  the  cut 
end  downward,  in  a  V-shape<l  wooden  trough,  alK)ut 
four  feet  long  and  twelve  to  eighteen  inches  deep.  This 
is  set  on  a  sharp  incline,  so  that  the  juice  which  trickles 
from  the  leaves  very  rapidly  flows  down  its  sides,  and 
finally  escapes  by  a  hole  in' its  lower  end  into  a  vessel 
placed  beneath.     No  pressure  of  any  sort  is  applied  to 
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the  leaves.  It  takes  about  a  quarter  of  an  hour  to  cut 
leaves  enough  to  fill  a  trough.  The  troughs  are  so  dis- 
tributed as  to  be  easily  accessible  to  the  cutters.  Their 
number  is  generally  five,  and  by  the  time  the  fifth  is 
tilled,  the  cutters  return  to  the  first,  and  throw  out  the 
leaves,  which  they  regard  as  exhausted.  The  leaves  are 
neither  infused  nor  boiled,  nor  is  any  use  afterward  made 
of  them,  except  for  manure. 

**  When  the  vessels  receiving  the  juice  become  tilled, 
the  latter  is  removed  to  a  cask  and  reserved  for  evapora- 
tion. This  may  be  done  at  once,  or  it  may  be  delayed 
for  weeks,  or  even  months,  the  juice,  it  is  said,  not 
fermenting  or  spoiling.  The  evaporation  is  generally 
conducted  in  a  copper  vessel ;  at  the  bottom  of  this  is  a 
large  ladle,  into  which  the  impurities  sink,  and  are  from 
time  to  time  removed  as  the  boiling  goes  on.  As  soon 
as  the  inspissation  has  reached  the  proper  point  (which 
is  determined  solely  by  the  experienced  eye  of  the  work- 
man), the  thickened  juice  is  poured  into  large  gourds,  or 
into  boxes,  and  allowed  to  harden." 

This  product  varies  from  an  orange  brown  (Cura^oa 
aloes,  usually)  to  a  chocolate  brown.  The  latter  when 
broken  up  exhibits  the  orange-brown  color  also.  It  is 
commonly  of  a  waxy  lustre,  dry  and  brittle  or  friable, 
but  is  occasionally  hanler  and  of  a  glassy  lustre.  Its 
peculiar  odor  constitutes  its  most  characteristic  feature. 
It  is  the  chief  source  of  Af^nn,  and  is  regarded  as  a  very 
good  article,  though  cheaper  and  less  desiretl  than  the 
next.  A  large  amount  of  it  is.  however,  sold  under  the 
title  of  the  next. 

Aloe  Sifcotriim  {Sttrotrine  Aioea)  is  yielded  by  Al*>e 
Perryi  Bak(T.  From  Hocotra  the  drug  was  formerly 
brought  into  Europe  via  the  Red  Sea  and  Alexandria. 
After  the  discovery  of  the  route  around  the  Cape  of  Good 
Hope,  it  followed  the  course  of  commerce  in  that  direc- 
tion; at  present,  Socotrine  aUx^s  is  apt  to  go  to  India, 
and  from  there  to  England,  with  the  enormous  mass  of 
Indian  products. 

It  comes  from  various  parts  of  Intern  Africa.  The 
preparation  of  Socotrine  aloes  is  said  to  differ  from  that 
of  Barbadoes,  in  that  the  heat  of  the  sun  is  relied  upon 
for  its  evaporation.  Although  sometimes  imported  in. 
large  barrels,  it  is  usually  in  small  kegs  or  small  skins. 
The  latti^r  is  a  cheaper  grade,  dry  and  brittle,  the  former 
a  soft-solid,  at  least  at  the  centre,  where  it  is  frequently 
very  soft,  so  as  to  flow.  Socotrine  aloes  is  typically  of 
a  brownish  yellow  or  yellow  brown,  rather  than  an 
orange  brown  like  the  last,  but  it  is  occjisioiially  darker, 
nearly  of  a  brown  black.  There  should  never  be  any 
hint  of  green  in  its  color.  If  exposed  to  the  atmosphere, 
it  at  length  becomes  hard,  through  evaporation.  Its 
odor  is  much  finer  than  tlmt  of  Barbadoes.  Although 
not,  strictly  speaking,  less  strong,  it  is  less  rank  an<l 
heavy.  It  is  its  odor  which  is  relied  upon  for  identifica- 
tion, as  well  as  for  an  indication  of  its  (|uality. 

Both  official  varieties  are  described  as  ha  vine:  a  saffron 
like  odor.  It  is  said  that  if  the  nearly  licjuid  varieties 
are  allowed  to  stand,  they  will  separate  into  a  nearly 
black  upper  stratum  and  an  orange-brown  crystalline 
sediment.  It  is  assumed  that  the  darker  or  lighter 
colored  varieties  depend  upon  varying  proportions  of 
these  two  component  parts.  Both  varieti(;s  are  mostly 
soluble  in  alcohol  and  water,  the  Socotrine  more  slowly 
in  the  latter. 

Both,  on  being  dissolved  in  water  or  alcohol,  yield  a 
crystalline  sediment  of  aloin.  Both  consist  chiefly  of  a 
resin-like  substance  which  is  solubl**  in  alcohol  and  hot 
water,  but  precipitated  from  the  latter  solution  by  boil- 
ing. A  small  amount  of  volatile  oil  is  found  in  both. 
Atoin  is  about  five  times  as  active  as  aloes. 

Aloe  Pnriju'ata,  V.  S.  P.,  is  Socotrine  aloes  which 
has  been  heated,  dissolved  in  alcohol,  strained  through  a 
No.  60  sieve,  evaporated,  cooled.  an<l  broken  up. 

Considering  its  immense  importance  as  a  drug,  the 
action  of  aloes  is  a  remarkably  simple  one.  Aside  from 
its  action  in  the  mouth  and  stomach  as  a  sinqfle  bitter. 
its  operation  is  almost  entirely  confined  to  the  lower  part 
of  the  large  intestine,  wherts  by  its  irritant  properties,  it 


powerfully  stimulates  peristalsis  and  moderately  stimu- 
lates secretion.  It  is  therefore  a  very  dilatory,  but  quite 
active  cathartic.  Its  action  is  quite  apt  to  be  griping 
and  painful,  especially  to  those  affected  with  hemor- 
rhoids. Although  it  lias  been  claimed  that  this  condi- 
tion can  be  relieved  by  the  skilful,  continued  use  of  aloes, 
this  is  doubtful;  while  it  is  certainly  true  that  the  con- 
dition is  thus  frequently  aggravated  in  a  serious  degree. 
A  diuretic  effect  frequently  accompanies  the  purgation, 
and  is  probably  in  chief  part  due  to  a  mere  extension  of 
the  irritation.  The  same  is  to  be  said  of  its  emmena- 
gogue  effect,  and  it  is  to  be  remembered  that  this  may 
lead  to  abortion.  The  intensity  of  the  action  of  aloes  is 
quite  variable,  not  only  in  different  individuals,  but  in 
the  same  individual  at  different  times,  and  this  is  espe- 
cially true  when  aloin  is  used  alone.  This  is  belie ve<l  to 
be  due  to  variations  in  the  solution  of  the  aloin.  The 
bile  is  its  natural  solvent.  Glycerin  acts  similarly,  and 
either  of  these  solvents,  injected  into  the  rectum  with 
aloes,  will  cause  it  to  take  effect.  Taken  internally, 
alkalies  increase  its  activity,  as  does  iron.  Aloes  can  be 
absorbed  by  the  subcutaneous  tissue,  excreted  into  the 
bowel  and  become  active.  Because  of  its  slowness,  and 
its  limited  fieki  of  action,  it  is  usually  preferred  to  com- 
bine it  with  some  differently  acting  cathartic.  Its  pecul- 
iar mode  of  action  indicates  that  aloes  is  especially  use- 
ful in  those  cases  of  consti])ation  which  result  from 
torpidity  of  the  intestinal  muscles. 

The  dose  of  aloes  is  exceedingly  variable,  according  to 
the  patient  and  the  effect  desired,  being  from  0.03  to  0.6 
gm.  (gr.  ss.-x.). 

The  Pharmacopceia  provides  no  preparation  of  Barba- 
does aloes,  but  a  large  number  of  the  purified  Socotrine 
alcx'S,  as  follows: 

Liquids. — Tincture  Aloes,  containing  10  per  cent,  of 
aloes  and  20  per  cent,  of  licorice  root,  made  with  50  per 
cent,  alcohol,  dose  1  to  4  c.c.  (fl.  3  i-i);  Tinctura  Aloes 
et  Myrrlue,  containing  10  per  cent,  each  of  aloes,  myrrh, 
and  licorice  root,  made  with  75  percent,  alcohol;  dose 
the  same  as  of  the  last. 

Solids. — Extractum  Aloes  (Aqueous),  dose  0.03  to  0.3 
gm.  (gr.  ss.-iij.);  Extractum  Colocynthidis  Compositum, 
containing  aloes  50  per  cent.,  extract  of  colocynth  16  per 
cent.,  resin  of  scammony  and  soap,  each  14  per  cent., 
canlamom  6  per  cent.,  dose  0.06  to  1.0  gm.  (gr.  i.-xv.): 
Piluhe  Aloes,  each  containing  0.13  gm.  (gr.  ij.),  each  of 
aloes  and  soap ;  Piluhe  Aloes  et  Asafcetidie,  each  contain- 
ing 0.(^9  gm.  (gr.  iss.)  etu'h  of  aloes,  asafa^tida,  and  soap; 
Piluhe  Aloes  et  Ferri.  each  containing  0.07  gm.  (about 
gr.  i. )  each  of  aloes,  dried  sulphate  of  iron,  and  aromatic 
powder,  with  a  little  confection  of  rose;  Pilulae  Aloes  et 
Mastiches.  each  containing  0.13  gm.  (gr.  ij.)  of  aloes,  0.04 
gm.  (gr.  if)  mastic,  and  0.03  gm.  (gr.  s.s.)  of  red  rose; 
Piluhe  Aloes  et  Myrrha'.  each  containing  0.13  gm.  (gr.  ij.) 
aloes,  0.00  gm.  (gr.  i.)  myrrh,  and  0.04  gm.  (gr.  |)  of 
aromatic  powder,  Pilul;e  Hhei  Composit^e,  each  contain- 
ing 0.13  gni.  (gr.  ij.) rhubarb.  0.1  gm.  (gr.  iss.)  aloes,  0.06 
gm.  (gr.  i.)  myrrh,  and  a  little  oil  of  peppermint. 

Unoffk  i.vil  Variktiks  of  Aloks. — Aloe  Vapennjt,  or 
Cape  aloes,  is  the  hardest  and  most  brittle  variety,  with  a 
strong,  usually  glassy  lustre  and  a  very  conchoidal  frac- 
ture. It  is  usually  blackish  (brown  black  or  greenisli 
brown  black),  occii^ionallv  dark  reddish  brown.  It  has 
a  very  unpleasiint  (nlor,  is  not  crystalline,  and  contains  no 
aloin,  and  is  mostly  used  in  veterinary  practice. 

AI>t(  ydtahnxi,^,  or  Natal  aloes,  has  a  dull  surface  and 
a  grayish-yellow  brown  color.  It  is  crystalline  and  con- 
tains aloin,  but  is  weak  in  odor  and  ta,s*te. 

]h'l>ii(ic  (iIh's  is  a  name  which  has  come  to  be  applied 
to  any  form  having  a  distinct  liver-brown  color. 

//.  //.  i?w%. 

ALOPECIA.— Alopecia  is  a  partial  or  general  loss  of 
hair,  from  any  cause  whatever,  and  that  in  sufldcient 
quantity  to  be  noticeable  to  the  naked  eye. 

The  word  "  alopecia  "  is  derived  from  the  Greek  'Kkomj^^ 
meaning  fox.  Why  this  word  has  lK»en  used  to  ex- 
press baldness,  it   is  difficult  to  say.     One  explanation 
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might  be  that  the  fox  is  said  to  have,  normally,  two  bald 
spots  over  his  eyes,  and  another,  that  he  is  especially 
liable  to  the  disease. 

The  term,  as  it  is  used  to-day,  covers  a  broader  field 
than  it  did  formerly.  It  includes  not  only  all  varieties 
and  degrees  of  dystrophies  and  atrophies  of  the  hair  of 
the  scalp,  causing  baldness,  but  also  similar  conditions 
of  the  hair  upon  any  other  part  of  the  body. 

In  text-books  the  alopecias  are  usually  divided  into 
two  main  classes,  congenital  and  acquired.  In  the  pres- 
ent  article  this  classification  is  not  followed,  but  we  will 
attempt  to  give  a  more  scientific  one  instead. 

Alopecia  may  be  due  to  a  local  disease  of  some  hairy 
part  of  the  body,  and  in  this  case  it  would  be  limiteu 
throughout  its  whole  course  to  the  part  in  which  it 
commenced,  or  it  may  be  the  result  of  disease  elsewhere, 
and  then  the  consequent  baldness  is  only  incidental  to 
the  other  aflPection. 

This  line  of  thought  also  evolves  two  principal  classes: 

(1)  Alopeciee    essentiales,    idiopathicse    sive    primarise; 

(2)  Alopeciae  symptomaticae  sive  secundarise.  The 
first  class  includes  the  congenital  and  senile  forms,  and 
those  primary  aflPections  of  the  liair  that  are  premature, 
comprising  alopecia  presenilis,  alopecia  pityrodes,   alo- 

eicisL  areata,  folliculitis  decalvans,  and  dermatitis  papil- 
ris  capillitii. 

{Note. — We  are  well  aware  of  the  fact  that  strict  logic 
would  really  not  permit  alopecia  pityrodes  to  be  placed 
in  this  clai^,  but  it  stands  out  so  prominently  among 
those  diseases  causing  baldness  that  for  practical  pur- 
poses it  may  be  classed  among  the  essential  alopecite. 
Similar  objections  could  be  made  against  the  placing  of 
alopecia  areata  among  the  "^  idiopathic  premature  alo- 
pecite," and  yet  we  find  it  there  by  the  consent  of 
many  good  authorities.) 

The  second  class  contains  first,  alopecia  toxica,  which 
includes  those  instances  of  alopecia  caused  by  the  use 
of  drugs,  like  mercury  and  acetate  of  thallium  and 
also  those  causetl  by  the  toxins  of  systemic  infections 
such  as  syphilis,  typhoid  fever,  etc. ;  second,  alopecia 
dynamica  give  destructiva,  in  which  loss  of  hair  is  prin- 
cipally due  to  atrophy  caused  by  meclianic  force,  such 
as  pressure  atrophy  (lupus  erythematosus),  or  to  the  de- 
struction of  tissue  the  result  of  suppuration  (gummata, 
epitheliomata,  sycosis,  etc.),  or  to  severe  local  inflamma- 
tions (acute  eczema,  erysipelas,  etc.);  and  finally,  alopecia 
neurotica,  which  follows  traumatic  or  functional  nerve 
injuries. 

The  following  represents  a  brief  schedule  of  this  classi- 
fication : 

L  AlopecuB  Essentiales,  Idiopathicce  sice  Pnmaria. 
1    Congenita. 
2.  Senilis. 
3    Prematura. 
U.  Alopecias  SymptomaticcB  site  Secundancs, 

1.  Toxica. 

2.  Dynamica  sive  destructiva 

3.  Neurotica. 

I.  AlopeciaB  Essentiales  Idiopathicse  Sive  PrimariaB. 

1.  Alopecia  Congenita i  Depilatio  Congenita; 
Atrichia;  Oligotkichia. 

1.  Congenital  alopecia  is  a  rare  aflFection.  It  may 
be  complete,  the  new -bom  babe  being  wholly  devoid  of 
hair,  even  of  lanugo  ones.  After  some  time  has  elapsed, 
from  a  few  months  to  a  few  years,  let  us  say,  lanugo 
liairs  may  begin  to  form,  and  later  on,  full -sized  normal 
hairs  may  make  their  appearance.  It  may,  however,  be 
the  case  that  growth  of  hair  never  takes  place.  This  has 
been  frequently  found  to  be  true  where  there  was  only 
a  partial  alopecia  at  birth  In  an  instance  like  this  the 
individual  bald  patches  may  multiply  in  number  until 
they  spread  over  the  entire  scalp,  and  they  often  show  a 
tendency  to  increase  in  size. 

In  connection  with  this  malady,  anomalies  of  the  teeth 
and  nails  are  often  observed.  Crocker  reports  the  case 
of  an  individual  who  who  had  only  four  molar  teeth, 
and  was  never  known  to  have  perspired  or  shed  tears. 


Etiology. — Alopecia  congenita  represents  one  of  the 
evidences  of  arrested  development;  there  is  a  marked 
hereditary  tendency,  and  more  tlian  one  member  of  the 
same  household  may  suffer  from  it. 

Pathology. — Scheae  is  apparently  the  only  one  who 
has  published  a  complete  microscopical  examination  of 
this  disease  {Archie  fur  klin.  Chir.,  Bd.  xiv.).  He  found 
the  selmceous  glands  well  developed,  in  many  places 
sending  their  open  ducts  through  the  somewhat  atrophic 
epidermis ;  in  some  of  these,  rudimentary  liairs  could  be 
observed,  in  others  the  papille  were  merely  indicated. 
The  cutis  surrounding  this  region  was  changed  into  a 
coarse  areolar  tissue  interspersed  with  granules  and  fat 
cells. 

The  prognosis  in  the  universal  congenital  alopecia  is 
said  to  be  not  as  bad  as  in  the  partial  affection. 

Treatment  can  only  be  hygienic,  and  is  limited  to  aid- 
ing the  general  nutrition  processes. 

2.  Alopecia  Senilis;  Calrities  Senilis. — With  the  ad- 
vent of  old  age,  a  loss  of  hair  not  only  of  the  scalp,  but 
also  of  the  ey  brows,  the  genital  and  the  bearded  region 
is  observed.  Women  are  not  as  extensively  affected  as 
men.  While  it  is  true  that  at  the  decline  of  human  life 
an  increase  in  the  growth  of  hair  is  often  seen,  it  is 
equally  true  that  this  growth  never  takes  place  upon  the 
scalp. 

As  a  rule  the  hair  becomes  gray  before  there  is  any 
sign  of  senile  baldness,  which  begins  upon  the  top  of 
the  vertex,  at  its  junction  with  the  occiput.  The  coarse 
hairs  begin  to  fall  out,  at  first  from  a  small  circular  area 
only ;  this  loss  of  liair  spreads  at  the  periphery,  present- 
ing a  picture  like  the  full  moon  shining  through  the 
clouds,  and  later  on  assuming  the  form  of  the  tonsure  of 
a  friar.  The  disease  spreads  forward  along  the  vertex, 
and  descends  laterally  upon  the  temples  and  the  region 
above  the  ears,  and  finally  also  invades  the  occiput.  As 
a  rule,  it  leaves  a  small  nm  of  normal  hair  encircling  the 
lower  lateral  and  posterior  parts  of  the  scalp.  The 
coarse  hairs  are  replaced  by  lainugo  hairs,  but  these  also 
finally  drop  out.  The  scalp  is  then  left  as  a  smooth, 
shining  surface,  thinner  and  tenser  than  before,  but  still 
freely  movable  over  the  cranium.  The  moutlis  of  the 
follicles  may  still  be  seen  for  some  time,  but  they  too 
shortly  disappear 

Pathological  Anatomy. — The  whole  process  is  incidental 
to  the  retrogressive  nutrition  changes  of  senility.  The 
prime  factor  is  an  obliterating  endarteritis,  which  here 
means  occlusion,  lack  of  blood  supply,  atrophy,  and  death 
of  these  structures. 

Treatment. — From  the  pathology  of  this  condition  it  is 
plain  tliat  treatment  is  of  no  avail  in  averting  the  loss  of 
liair. 

8.  ALOPECiiE  Prematura.. — (re)  Alopecia  Pi*esenilis. — 
When  the  symptoms  of  the  last -described  malady  appear 
in  younger  persons  who  do  not  show  any  other  evidences 
of  the  degenemtion  of  old  age,  it  is  called  "alopecia 
presenilis."  Its  course  and  pathology  are  the  same  as  in 
the  senile  form,  and  thempeutic  efforts  are  as  useless. 
The  wearing  of  stiff  headgear,  such  as  derbys  and  silk 
hats,  is  considered  by  some  as  a  cause  of  this  affection. 
They  argue  not  only  that  the  liartl  brims  impede  the 
circulation,  by  pressure  upon  the  blood-vessels  encircling 
the  scalp,  but  that  on  account  of  their  tight  fit  the  air 
from  expiration  becomes  so  deteriorated  as  to  be  obnox- 
ious. This  factor  may  be  remembered  when  a  case  pre- 
sents itself.  Invigorating  treatment,  and  the  avoidance 
of  injurious  diet  and  habits,  may  in  some  degree  retard 
the  progress  of  the  disease.  Active  cell  metabolism 
should  be  encouraged. 

{b)  Alopecia  Pityrodes  sive  Alopecia  Furfvracea  Capil- 
litii.— Our  reasons  for  placing  this  affection  among  the 
essential  premature  diseases  of  the  hair  causing  baldness 
have  already  been  given.  Its  true  nature  is  by  no  means 
definitely  settled,  as  shown  by  the  various  designations 
given  to  it,  e.g.  sebon'ficeal  eczema,  inflammatory  seborrTuea, 
seborrhceal  deimmtitis^  besides  those  that  are  now  obsolete, 
as,  seborrhcea  sicca,  and  oleosa  capitis,  acne  oleosa,  and 
others.    It  is  one  of  the  most  frequent  causes  of  bald- 
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ness.  It  is  not  confined  to  any  particular  age,  but  still 
is  oftenest  seen  in  persons  who  are  at  the  end  of  the 
second,  or  at  the  beginning  of  the  thirti  decade  of  life. 
Women  suflfer  from  it  more  frequently  than  men.  El- 
liot gives  the  relative  frequency  of  the  disease  in  the  two 
sexes  to  be  as  five  women  to  four  males.  31ichelson 
states  that  women  are  not  as  often  attackeil  as  men. 

One  of  the  tirst  conditions  noticed  by  a  patient  is  an 
increased  scaliness  of  the  scalp  commonly  known  as  dan- 
druff. Associated  with  this  is  an  obstinate  itching,  and 
a  sensation  of  burning  heat.  The  pityriasis  increases  as 
the  years  go  on,  when  the  sufferer  complains  that  more 
hairs  than  usual  fall  out  when  combing.  A  woman  will 
soon  notice  that  her  braids  grow  thinner  at  the  ends,  and 
that  hairs  commence  to  project  from  them.  This  phe- 
nomenon is  due  to  the  fact  tliat  the  life  duration  of  the 
individual  hairs  (a  duration  which,  normally,  is  about 
four  years)  has  become  less  than  normal;  therefore  they 
do  not  attain  the  usual  length. 

The  hairs  taking  the  place  of  the  shorter-lived  ones 
grow,  in  the  course  of  lime,  not  only  smaller,  but  also 
thinner.  They  lose  their  lustre  and  natural  curliness, 
and  finally  are  replaced  only  by  lanugo  hairs.  An  as.so- 
ciated  senile  alopecia  may  ha.sten  their  disappearance. 
During  all  this  time  the  dandruff  increases  in  quantity, 
but  at  the  appearance  of  the  lanugo  condition  it  stops 
suddenly,  as  if  the  disease -had  spent  its  energy.  The 
pityriasis  consists  of  whitish  scales  made  up  of  epi- 
thelium, sebaceous  matter,  and  dirt.  According  to  the 
proportion  of  sebum  in  them,  they  may  feel  greasy 
or  comparatively  dry.  The  amount  of  dandruff  is  a 
good  indication  of  the  severity  of  the  disc^ase. 

In  addition  to  the  sensations  of  itching,  and  heat,  and 
headache,  there  is  now  experienced  a  feeling  of  tension 
all  over  the  scalp.  Michels(m  has  observed  increased 
perspiration  in  some  cases  at  this  period. 

Although,  strictly  speaking,  the  loss  of  hair  begins 
simultaneously  over  the  whole  scalp  (I'incus.  Michclson), 
there  are  certain  areas  that  are  more  rapidly  and  more 
intensely  invaded  than  others.  As  a  rule,  there  are  two 
piincipal  centres  of  development,  and  both  lie  in  the 
median  line  of  the  top  of  the  head;  the  anterior  one  be- 
gins about  one  half  inch  behind  the  border  of  the  hair, 
and  runs  backward;  the  other  one  starts  from  the  junc- 
tion of  the  vertex  and  occiput,  and  progresses  forward, 
so  that  there  remains  a  bridge  of  hair  between,  which 
connects  both  parietal  regions,  and  still  remains  even 
when  the  disease  is  far  advanced ;  but  it  also  tinally 
breaks  down.  The  occii)ut  and  lateral  jmrtions  of  the 
hairy  scalp  are  not  seriously  attacked.  The  .•?mall  bunch 
of  hair  in  front  of  the  anteiior  !)ald  spot  is  also  cjuitc 
jK'rsistent.  The  anterior  temporal  regions,  "the  corners 
of  the  hair,"  may  form  two  additional  starting  points. 

Pa1hoh>(jical  Anatomy. — Aeeording  to  the  dfseriplion 
given  by  Pincus  the  epidermis  is  not  thickened  but 
made  rather  thinner  than  normal.  Elliot  (Morrow's 
"System  of  Genito-Urinary  Diseases,  JSyphilis  and  Der- 
matology." vol.  iii..  1H94)  has  found  processes  of  vacuo 
lation  in"  the  epidermic  cells,  and  infiltration  with  "Wan 
derzellen."  The  granular  layer  was  .si'cn  to  be  slightly 
increasi'd.  The  subcutis  is  the  seat  of  marked  in  Hani - 
matory  changes,  as  shown  in  the  dense,  small,  round- 
cell  infiltration  which  is  arranged  especially  around  tin; 
blood-vessels,  particularly  around  those  supplying  the 
hair  follicles  and  their  papilhv.  The  haii*s  in  themselves 
show  nothing  characteristic.  They  diff(T  in  no  way  from 
those  that  have  undergone  the  i)roeess  of  physiologiciii 
death,  except  that,  in  some  instances  the  roots  are  smaller, 
atrophied,  and  liave  pointed  ends,  in.stend  of  showing  the 
hollowed-out  knob  of  the  healthy  hair.  Increased  brittle- 
ness  may  also  be  observed;  but  this  probably  occurs 
only  in  bad  cases,  and  then  only  in  the  advanced  stages 
of  the  disease.  Later  on.  as  evidences  of  a  chronic  in 
flammation  make  their  appearance,  the  small  round -cell 
infiltration  is  replaced  by  a  dense  network  of  fibrous 
tissue,  which  gives  the  feeling  of  tightness  to  the  scalp. 
and  prevents  its  being  lifted  up  between  the  fingers. 
The  subcutaneous  fat  is  greatly  increased  in  quantity. 


Etifplogif. — Some  diseases,  such  as  syphilis,  diabetes, 
typhoid  fever,  etc.,  are  predisposing  factors.  French 
writers  consider  **arthritisme"  as  an  important  cause. 
Heredity  also  plays  quite  a  role  here.  Any  condition  or 
malady  that  leaves  the  system  in  a  weakened  state  must 
naturally  be  looked  upon  as  furnishing  a  favorable 
chance  for  the  invasion  of  the  disease.  jBad  hygienic 
surroundings,  defective  cell  metabolism,  neglect  of 
proper  care  of  the  scalp,  general  malnutrition,  increased 
ingestion  of  sugare,  loss  of  sleep — ^all  of  these  have  to  be 
looked  upon  as  probable  predisposing  factors.  How 
really  sensitive  the  liairs  of  the  scalp  are,  is  shown  by 
the  foss  of  their  healthy  lustre  and  oiliness  after  a  single 
protracted  dissi^mtion,  with  its  attendant  loss  of  sleep 
and  subsequent  general  depression. 

Numerous  are  the  organisms  described  by  those  who 
liave  attempted  to  verify  the  parasitic  nature  of  the  dis- 
ease. Malassez  considennl  his  fiask-shaped  bacillus 
(called  by  Sabouraud  "  bacillus  asciformis")  as  the  cause 
of  alopecia  pityrodes.  Unna  holds  tliat  alopecia 
pitvrodes  is  identical  with  his  eczema  seborrhoicum, 
and  is  caused  by  the  morrococcus  or  mulberr}-  coccus. 
Merrill,  in  connection  with  Elliot,  has  found  a  diplo- 
coccus  with  surticient  frequency  to  be  able  to  attach  to 
it  some  etiological  imi)ortance  (  Ntw  York MedicnlJour- 
mil,  1895,  vol.  Ixii).  Sabouraud  {Aunale^  de  Vin^titut 
Piuttur,  1807.  and  Annates  de  derm,  et  de  syph.,  1897), 
after  some  painstaking  experiments,  believers  that  he 
has  established  the  identity  of  some  follicular  affections 
hitherto  regarded  as  separate  diseases — *.<?..  comedones, 
acne,  seborrha'a,  alopi'cia  pityrodes,  alopecia  senilis,  and 
alopecia  areata.  He  descrilx^s  a  punctifonn  bacillus  al- 
most resembling  a  coccus,  1  //  in  length  and  0.5  n  in 
diameter.  It  has  the  power  of  penetrating  deeply  into 
the  hair  follicles  and  into  the  sebaceous  glands,  while, 
according  to  him,  the  fiask-shaped  bacillus  of  Malassez 
is  confined  to  the  funnel-shaped  enlargement  of  the 
mouths  of  the  disc»ased  follicles.  He  sums  up  his  ex- 
planation of  the  pathogenesis  of  alopecia  pityrodes  by 
stating  that  the  presence  of  the  micro-organism  described 
by  him  fii*st  causes  an  irritation,  and  thus  a  hyi>er8ecre- 
tion  of  the  sebaci»ous  glands;  then  there  follows  a  hyper- 
trophy, and  by  further  invasion,  a  progressive  papilmry 
atrophy,  with* malnutrition  and  atmphy  of  the  hair-pro- 
ducing cells,  hence  dt^th  of  the  hairs  that  are  formed, 
and  cessation  of  the  growth  of  new  ones. 

Kight  here  it  would  seem  appropriate  to  mention  the 
fact  that  the  parasitic  theory  of  alopecia  pityrodes  was 
first  advanced  by  I^assar  and  Bishop  {Monatsfiefte  fur 
praktiatclu  Ihrniatojofjiv,  vol.  i.,  1882)  after  some  experi- 
ments in  which  alopecia  followed  the  inunction  of  a  mix- 
ture of  vaseline  and  finely  cut  hairs,  taken  from  a  typical 
cas<^  of  this  disease.  In  the  case  just  mentioned  alopecia 
appeared  in  the  third  week,  and  could  be  transmitted 
from  the  tii*st  series  of  animals  to  others.  Miclielson 
remarks  that  he  was  able  to  produce  the  same  effects 
with  mneid  olive  oil. 

Saalfeld  (Virehow's  Airhir,  1899.  vol.  clvii.),  repeated 
the  experiments  of  I^iisstir  and  the  bacteriological  studies 
of  Unna  and  Saboumud.  He  was  able,  like  Lassar,  to 
produce  a  loss  of  hair,  but  not  a  typical  alopecia  pity- 
rodes. He  also  succeeded  in  pnHlucing  the  same  con- 
ditions with  sim[)le  non-rancid  oil,  and  even  with  the 
somewhat  vigorous  strokes  of  a  brush.  Using  rancid 
oil,  he  obtained  the  ssime  effects  as  Miclielson.  He  has 
found  micro-organisms  which  may  be  considereil  identical 
with  those  of  Unna  and  Sabouraud.  but  he  looks  upon 
them  as  incidental.  lie  was  unsuccessful  in  proving 
that  they  produced  alopecia  pityrodes. 

Duif/No;<in, — The  disease  may  be  readily  recognized  by 
its  occupying  usually  the  median  portion  of  the  scalp, 
the  lateral  and  posterior  parts  being  comparatively  free, 
from  the  furfuraceous  scales  always  present,  in  greater 
or  less  (|uantities,  and  from  the  si'nsations  of  itching  and 
heat. 

It  is  distinguished  from  senile,  and  more  especially 
from  presenile  alopecia,  in  that  these  two  forms  begin 
upon  the  vertex  of  the  head,  while  the  anterior  portions 
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enough  cement  substance  to  hold  the  individual  cells  to- 
^tlier.  The  lower  parts  of  tlic  hairs  show  iiii  iucw-ase 
in  nuclei  and  pigment. 

Besides  the  local  treatment,  which  consists  of  invigor- 
ating hatlis.  as  for  instance  those  of  salt  water,  and  that 
special  treatment  described  under  the  local  form  of  this 
affection,  particular  attention  is  to  be  directed  to  the 
general  nutrition,  which  must  be  improved. 

Alopfria  SimpUx, — Pincus  lias  ileRcribed  Instances 
in  which  there  is  a  general  loss  of  hnir  of  the  sealu;  the 
crop  of  hair  becomes  thinuer  and  thinner,  just  as  ft  does 
in  alopecia  pityrodes.  hut  there  is  no  pityriiiHis  in  con- 
nection with  the  loss  of  Iiair.  This  latter  fact  made  it 
seem  proper  to  give  this  special  fonn  of  the  (ti.'«')i«e  a 
separate  name.  The  treatment  Is  similar  to  Ijint  in  alo- 
pecia pityi-odes,  only  the 
shampooing  lo  remove 
dandruff  may  he  omitted 


(e)   Atojierin    Areata, - 
(Synonj-m 


The  term  "alopecia  are- 
ata," as  it  is  used  to-dav, 
is  rather  vague  and  ill 
defined.  Several  disi'asi-H 
are  probably  included 
under  it. 

The  affection  is  a  dis- 
ease of  the  hairy  )Hirts  <if 
ttic  body,  producing  n 
loss  of  'hair  In  circuin- 
Bcribed  areas,  whl<h  com- 
mence as  suial)  spolB  and 
gradually  increase  at  the 
periphery,  tlie  underlying 
skin  being  apiiarentlv  lit- 
tle or  not  at  all  afTeeted. 
The  regions  most  fre- 
quently attacked  are  llie 
Bcalp.  the  beanl.  and  the 
eyebrows.  The  diseiisi' 
may  occur  on  any  part  of 
the  body  whiTi?  Imir  i- 
found.  The  loss  of  hair 
may  be  partial  or  com- 
plete. The  mild  ciisi's 
arc  usually  limiU'd  to  the 
heail.  bmrd,  and  eve- 
bn.ws. 


tliut  they  can  be  removed  very  easily  and  wholly  with- 
out pain.  Afterward  the  hairs  may  fall  out  spontane- 
ously along  the  periphery  of  the  small  patch  first  seen. 
The  patch  grows  larger,  rapidly  or  slowly,  and  in  all 
directions.  The  increase  in  size  may  progress  mora 
rapidly  in  one  direction  tlian  in  another,  thus  creating 
oval  or  ircgular  patches.  There  may  be  only  one  patch, 
or  tliere  may  be  severs),  beginning  at  the  same  time,  or, 
as  is  usually  the  case,  there  may  be  successive  crops  of 
bald  spots. 

The  areas  of  baldness  are  from  one-half  lo  two  incbea 
in  size,  but  by  the  coalescence  of  several  areas  very 
large  patches  are  sometimes  formed.  Individual  areas 
arc  not  always  very  sharply  defined  from  the  surround- 
e  first  stages  of  the  malady. 
The  periphery  is  sur- 
rounded for  a  short  dis- 
tance by  a  thinner  crop 
of  hair.  There  may  be 
few   healthy   hain 


left  C' 


n  then 


«or 


the  bald  areas,  hairs  which 
cling  to  their  papills. 
Biiine  broken  -  off  hairs, 
projecting  from  their  fol- 
licles, are  often  noticed 
upon  close  inspection. 
The  skin  at  the  seat  of 
the  affection  is  smooth, 
shiny,  thin,  and  can  read- 
ily be  lifted  up  between 
the  fingers.  It  looks  paler 
than  the  normal  skin,  and 
on  being  pricked  with  a 
needle  blood  oozes  less 
readily.  There  are  no  yes- 
ieles,  crusts,  or  scales,  no 
efflorescences  of  any  kind. 
In  some  few  cases  I  have 


lit  the  beginning  of  the 
disease.  The  level  of  the 
affected  skiu  is  felt  to  be 
below  that  of  tlic  Beigh- 
l)oring  normal  skin.  Iliis 
is  due  to  the  fact  tliat  the 
Hkiu  has  sunken  In,  on 
ncc<iunt  of  the  absence  of 


a  the  n< 


(From  a  pbotograph  o[  one  of  n 


ICWOI 


I.  ha! 


Ill    Otll 


more  fre(|ucnt  in  those  countries  when'  Ilic 

vails  (France  and  Knglauil  i.  whili-  liotli  affections  are  far 

less  frequent  in  Ucnimny  and  Aniericn.     ilcn  an-  more 

often  attacked  tluin  women,  pcrsmis  iK'twi-en  tin-  ages 

of  ten   and   twenty-one   more   In'nuenily  iliitii   otlieri: 

flark-haired  persons  suffer  more  frniii  the  affin  linn  lliun 

blondes. 

Constitutional  or  local  prodromal  syiiipifiniNare  alisi-nt 
as  a  rulci  there  may  lie  scmie  malaisi',  loss  of  iiiipiiiiv, 
headache,  slight  itching,  and  oiln-r  jiar^i'sthesiri',  II. 
Schultze  (Vircliow"a  Archv:  vi.l.  I\.\.\..  |s<-«i),  wlici 
observed  the  disease  <m  himself,  mwde  note  in  hi-;  (asi' 
of  a  unilateral  headuchc  U|Min  tliat  siile,  wliiili.  latiTiiti. 
became  invaded  by  alopecia  areata. 

The  parts  of  the  scalp  mi>st  pcniTnlly  iilTi-itcd  an' 
those  aurroimding  the  junction  c>f  tlir  iK'ciput  ami  tin- 
parietal  bones.  There  is  no  synimi'lry  in  tlic- lisinns  as 
a  nile.  The  formation  of  the  iiuiiviiiual  piitehi's  i^  alioiit 
as  follows:  A  patient  may  notice  that  in  a  iiTliiiii  sjiot 
bis  hair  comes  out  very  frifly.  He  obsiTvcs  a  IbiIiI 
space.     He  attempts  to  pull  oiit  suine  liairs,  and  llndi 
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col  lapsed  liair  follicles, 
and  not,  as  some  believe, 
lo  an  atrophy  of  the  cutis. 
The  nervous  inipreudons 
are  not  impainnl.  The 
liietile,  temperuturc,  and 
nri'ssure  si-nses  may  lie  slightly  increased  (Michelson). 
Neumann,  however,  ha»  »l>serv(il  anu'stliesia.  When  tbs 
disvuse,  at  a  given  tnitch,  has  come  to  a  standstill,  the 
lialTS  at  the  periphery  iNtiime  more  iiomial  in  number, 
and  omnot  lie  asiiisilv  plucked  out  ashctori';  the  affect- 
iil  anil  is  now  sliarply  di-fincil.  The  \K.-r'vn\  of  baldness 
"       '  -  '    ^  '       ■■        nil  w,.(.hs'  duration. 


1  if,  II 


nil  ol  tins  time,  Ihcif  are  no  signs 
iliflicult  to  determine  when  the 
lea ]i[H*»rn lice.  The  malady  may 
us.  Hecovery  has  been  observed 
■ears,  and  even 
ver,  never  take 


:  it  n 


,  how 


1       HipriHliicliim  of  liraltliy   liair  begins   almost  always 

I   at  till'   piTijiIiiTv  an<i  ]iriigrc«M.'s  from  without  inward. 

Fir>(,  xiiiiU  liitiiigii  Imirs  bcL'in  to  appear.     These,  after 

:  a  shi.it  strtigirle  f"r  c\isli-inc,  nuiv  full  out  again,  to  be 

repliicerl  bj-  slrongerand  longer  hairs.     This  replacement 

iif  Ihe  new  hairs  by  otiiers  may  n'peal  itself  several  times 

I   Iw'foiv  till'  normal  hairs  finally  make  Iheir  appearance, 

I  anil  these  latter  may  even  tlieu'lack  color  for  a  long  time. 
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The  affected  area  may  long  after  be  recognized  as  the 
site  of  a  previous  alopecia  areata. 

Alopecia  areata  of  the  other  liairy  regions  presents  an- 
alogous phenomena.  The  beard,  eyebrows,  axillary  and 
pubic  hairs  may  fall  out.  All  the  hairs  of  the  body  may 
disappear,  thus  constituting  the  alopecia  maligna  of 
Michelson. 

Pathology, — Nothing  characteristic  of  this  affection  can 
be  obtained  from  an  examination  of  the  hairs.  They 
show  the  same  simple  atropliy  as  seen  in  the  hairs  shed 
in  the  physiological  way.  In  some  the  roots  are  not 
bulb-shaped,  but  pointed,  a  fact  to  which  we  have  already 
called  attention,  in  connection  with  the  pathology  of  alo- 
pecia pityrodes. 

I  liave  given  mv  observations  of  the  microscopical 
changes  of  the  skin  before  the  Ninth  International 
Medical  Congress  at  Washington  (1887).  Many  pieces 
of  skin  were  taken  from  seven  different  patients.  In 
spite  of  the  clinical  appearance  of  the  disease,  the  pres- 
ence of  an  inflammatory  process  in  every  case  could  be 
observed.  8.  Giovannini  {Ann.  de  derm,  et  de  syph., 
1891)  and  Sabouraud  (ibid.,  1896)  have  also  found  peri- 
vascular small  round-cell  infiltration,  consisting  of  ^  Mast- 
zellen''  and  mononuclear  leucocytes.  This,  accord- 
ing to  Sabouraud,  goes  to  show  the  presence  of  an 
agent  with  decided  chemotactic  influences  upon  these 
cells,  an  agent  probably  emanating  from  a  micro-organ- 
ism. In  my  sections,  the  subcutaneous  tissue  was 
normal,  the  lymphatics  were  somewhat  dilated  and  con- 
tained micrococci.  Whether  they  have  any  etiological 
relationship  to  the  pathological  phenomena,  I  have  so 
far  been  unable  to  demonstrate. 

Some  hair  follicles  showed  replacement  of  the  normal 
hair  by  lanugo.  The  hairs  in  some  were  broken,  or 
stubbed  and  split.  The  lower  parts  of  the  follicles  were 
devoid  of  pigment,  this  explaining  the  loss  of  color  of 
the  returning  hairs  during  convalescence.  In  cases  of 
permanent  alopecia  of  long  standing,  hair  follicles  and 
sebaceous  glands  had  been  destroyed.  The  blood-vessels 
showed  a  thickening  of  their  walls. 

Etidogy. — There  is  in  dermatology  hardly  a  single  dis- 
ease whose  nature  is  so  much  disputed  as  tliat  of  alope- 
cia areata.  Three  views  are  held  in  regard  to  it:  first, 
that  it  is  a  trophoneurosis;  second,  that  it  is  of  parasitic 
origin;  third,  that  what  we  understand  under  alopecia 
areata  to-day  is  not  a  clinical  entity  at  all,  but  that 
under  this  name  are  grouped  several  diseases,  some  of 
which  are  neurotic,  while  others  are  parasitic.  Truth,  I 
believe,  rests  with  those  who  uphold  the  last-named 
theory. 

In  my  opinion,  every  case  of  alopecia  that  commences 
as  a  small  spot  and  gradually  increases  in  area  by  exten- 
sion at  the  periphery  and  snows  the  clinical  cliaracters 
I  have  described,  is  due  to  the  local  action  of  an  organism. 

In  support  of  the  first  view  are  cited  the  nervous  pro- 
dromal symptoms,  such  as  neuralgia,  headache,  and  the 
various  panesthesiae,  and  the  fact  that  loss  of  hair  in 
patches  often  follows  nerve  injuries.  Kaposi  enumerates 
many  instances  of  this  kind.  Best  known  are  the  ex- 
periments of  Joseph  and  Mibelli,  who  observed  alopecia 
following  the  excision  of  the  second  cervical  gitnglion. 
Moskalenko  and  Ter-Gregoryanitz  {Vrach.,  1899)  have 
produced  typical  alopecia  areata  in  dogs,  cats,  and  rabbits 
by  performing  the  same  operation,  and  also  by  cutting 
the  nerve  roots.  Injury  to  the  peripheral  nerves  pro- 
duced no  typical  alopecia  areata,  as  the  patches  that 
showed  themselves  were  not  round.  If  the  disease  were 
always  due  to  nerve  injuries,  the  triangular  form,  corre- 
sponding to  the  area  of  supply  of  a  given  nerve,  should 
be  more  frequent.  Besides,  there  are  undoubted  cases 
in  which  the  lesions  spread  without  regard  to  blood-vessel 
or  nerve  supply. 

According  to  my  view  of  the  subject,  the  cases  of  cir- 
cumscribed loss  of  hair  following  nerve  injuries  are  not 
instances  of  alopecia  areata,  if  we  understand  this  term 
to  mean  an  affection  in  which  the  hair  falls  out  in  round 
patches,  which  spread  at  the  periphery;  this  being  al- 
ways the  true  progress  of  a  parasitic  disease. 


The  fact  that  regeneration  progresses  from  without 
inward  has  been  brought  forward  as  an  argument  against 
the  theory;  if  justly  so,  remains  to  be  seen.  Another 
argument  against  it  is  the  absence  of  all  inflammatory 
symptoms  usually  seen  upon  tlie  surface — i.e.,  vesicles, 
scales,  crusts,  etc. ;  but  as  already  mentioned,  an  inflam- 
matory process  is  always  present. 

Numerous  organisms  liave  been  found.  As  early  as 
1843,  Gruby  had  described  his  "Microsporon  Audouini," 
but  it  was  found  that  it  represented  one  of  the  forms  of 
the  ringworm  fungus.  Others  who  called  attention  to 
parasites  are  Malassez  (1875),  Thin  (1881,  bacterium  de- 
calvans),  von  Sehlen  (1884,  areacoccus),  myself  (1887), 
and  Vaillard,  Vincent,  Nunier  (1889),  etc.  In  1896 
Sabouraud  {Ann.  deim.  et  syph.,  1896,  i.)  brought  to 
notice  an  organism  which  he  named  "  microlmcillua 
alopecise  areatae, "  and,  not  being  certain  as  to  its  etiological 
importance,  " le  microbacille  de  I'utricle  peladique."  He 
admits  tliat  it  may  be  identical  with  Unna's  and  Hodam's 
organism  found  in  comedones,  and  in  acne.  In  the  fol- 
lowing year  (1897,  Anntil^sde  VimtitiU  Past^ur)he  stated 
that  in  his  opinion  comedones,  acne,  seborrhoea,  alopecia 
pityrodes,  and  alopecia  areata  are  all  caused  by  the  same 
organism,  varying  only  in  intensity  and  location. 

In  support  of  the  parasitic  theory,  frequent  reference 
is  made  to  the  instances  of  contagion  as  cited  by  Crocker, 
many  French  authorities,  and  by  Bowen  and  rutnam  of 
this  country  (Jo^im.  of  Out.  and  Genito-  Urinary  Diseases, 
1897,)  and  again  by  Bowen  in  1899,  in  the  same  journal. 
In  France  the  disease  has  been  observed  especially  in  the 
army,  and  is  believed  to  have  been  due  to  having  used 
the  same  hair-clipping  machines,  or  to  having  worn  the 
same  caps  and  helmets.  Sabouraud  {loe.  cit. )  has  observed 
that  many  cases  applying  for  treatment  at  the  Hdpital 
St.  Louis  came  from  tlie  same  section  of  the  town,  and 
that  some  had  employed  the  same  hairdresser.  The 
epidemic  in  an  asylum,  described  by  Putnam,  is  remark- 
able. Sixty-three  out  of  sixty-nine  girls  were  infected, 
and  there  was  no  trace  of  ringworm.  A  girl,  who  was 
believed  to  have  spread  tlie  disease,  left  the  institution, 
and  went  home,  where  in  a  short  time  her  stepfather  be- 
came infected.  In  the  mean  time  the  epidemic  at  the 
asylum  liad  come  to  a  standstill.  A  few  years  after, 
this  same  girl  was  again  received  at  the  institution,  and 
in  a  very  short  time  twenty-six  out  of  forty -five  children 
showed  evidences  of  the  disease.  Hutchinson  and 
Crocker  think  that  there  is  some  relationship  between 
ringworm  and  alopecia  areata. 

Diagnosis. — A  typical  ca.se  can  be  readily  recognized 
by  the  lesions  being  roiuid  and  spreading  at  the  periphery, 
l^he  thin,  smooth,  shiny  skin,  sunken  beneath  the  niveau 
of  the  surrounding  healthy  skin,  and  showing  no  signs 
of  an  inflammatory  process,  makes  the  diagnosis  easy. 
Alopecia  areata  has  to  be  differentiated  from  ringworm, 
favus,  sycosis,  syphilis,  folliculitis  decalvans,  and  the 
loss  of  hair  after  traumatism.  Alopecia  maligna  must 
be  distinguished  from  alopecia  pityrodes  universalis  (vide 
above). 

In  ringwonn  we  find  dermatitis,  broken -off  hairs,  and 
the  ringworm  fungus  under  the  microscope;  in  favus, 
also,  the  organism  producing  it,  as  well  as  the  yellow 
cups,  scar  tissue,  and  a  grayish  discoloration  of  the 
atrophied  hairs.  Folliculitis  decalvans  presents  evi- 
dences of  follicular  inflammation  and  scar-tissue  forma- 
tion. Alopecia  syphilitica  shows  irregular  patches,  not 
depressed,  especially  affecting  the  outer  portions  of  the 
scalp  and  the  eyebrows;  lK\sides  these,  there  are  con- 
comitant symptoms  of  the  disease. 

Cases  of  the  falling  out  of  hair  in  patches,  in  con- 
sequence of  nerve  injuries,  have  been  observed,  and  the 
characteristics  of  the  resulting  bald  spots  were  similar 
to  those  of  the  ordinary  cases  of  alopecia  areata.  The 
clinical  history  of  the  manner  of  formation  of  the  patch 
is,  however,  different.  I  consider  those  cases  only  to  be 
true  examples  of  alopecia  areata  in  which  the  patches 
grow  by  extension  at  the  periphery. 

Prognosis. — As  alopecia  areata  tends  to  a  spontaneous 
recovery  in  the  majority  of  cases  the  prognosis  is  favor- 
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able.  Even  if  regenoration  does  not  show  itself  for 
years,  hope  should  not  be  entirely  almndoned,  for  regener- 
ation may  ultimately  take  place.  This  was  true  in  several 
instances,  where  new  liairs  ^mvf  even  after  a  decade  or 
more  from  the  beginning  of  the  malady.  It  is  my  ex- 
perience, however,  that  if  a  patch  remains  quite  free  from 
mnugo  hairs  for  several  months,  it  shows  that  the  follicles 
are  probably  destroyed  and  tliat  there  will  be  a  permanent 
alopecia.  The  older  the  patient,  and  the  longer  the  area 
has  been  affected,  the  graver  becomes  the  outlook  as  to 
recovery.  The  possibility  of  relapses  must  not  be  for- 
gotten. 

Treatment. — On  account  of  the  fact  that  recovery  is 
often  spontaneous,  it  is  exceedingly  difficult  to  appre- 
ciate the  value  of  any  therapeutic  agent  otherwise  than 
by  means  of  a  long  series  of  observations.  A  host  of 
remedies  has  been  recommended.  Internally,  arsenic, 
cod-liver  oil,  tonics,  and  jaborandi  should  be  tried  in  con- 
nection with  dieting,  physical  and  mental  hygiene. 
While  such  a  therapy  may  not  have  any  direct  effect 
upon  the  cause  of  the  lesions,  it  may  help  to  render  the 
system  more  resistant  to  the  disease.  Tinctura  jabo- 
randi is  administered  to  produce  a  local  hypenemia  of 
the  pale  patches  whose  blood-vessels  are  abnormally  con- 
tracted. 

The  older  methmls  of  local  treatment  were  addres.sed 
to  stimulate  the  nutritive  processes  of  the  part;  to-day, 
when  the  parasitic  theory  prevails,  parasiticides  are  us<*d. 
Chrysarobiu,  in  my  opinion,  stands  out  far  above  any 
other  remedy.  It  is  most  effectual  when  incorporattMl 
in  va.seliu  or  lanolin ;  much  more  so  than  when  com- 
bined with  li(|Uor  gutta  percha  or  traumaticin.  As  a 
rule,  a  six  to  ten  percent,  preparation  is  applied  daily 
for  one  or  two  weeks,  and  then  stopped  for  a  short  time 
to  obs(,Tve  if  the  disease  has  stopped.  If  lanugo  hairs  do 
not  appear  soon,  or  if  the  hairs  at  the  periphery  continue 
to  fall  out  or  can  be  easily  pulleti  out,  the  treatment  is  con- 
tinued. Care  should  be  taken  that  the  application  does 
not  reach  the  eyes,  as  a  severe  conjunctivitis  might  fol- 
low. Because  of  this  possible  danger  it  cannot  be  used 
upon  the  eyebrows.  Jessner  {Moruitshefte  f.  prakt. 
Derm.,  1900)  recommends  for  these  that  carbolic  acid  be 
applied  bi-weekly.  The  slight  mahogany  discoloration 
observed  around  the  neck  and  in  the  face,  after  the  use 
of  chrysarobin,  is  the  first  danger  signal  of  an  approach- 
ing dermatitis.  The  remedy  should  now  either  be 
stopped  at  once,  or  the  strength  of  the  ointment  be  re- 
duced. The  hairs  around  the  p<'riphery  should  be  re- 
moved as  soon  as  thev  become  loose.  Croton  oil.  which 
is  a  pure  irritant,  may  be  of  benefit  in  chronic  cases.  It 
should  be  used  with  olive  oil,  equal  parts,  and  applied 
every  day  until  a  dermatitis  is  produced. 

Balzer  and  Storianowiteh  {Journ.  (hs  practiciens,  1899; 
Monat^Hchrift  f.  prakt.  Derm.,  19(M))  have  obtiiined  goocl 
results  with  a  fiftv-per  cent,  solution  of  lactic  acid  in 
water  or  alcohol.  The  affected  parts  are  first  freed  from 
oil  with  alcohol  and  ether,  and  the  remedy  is  then  ap- 
plied with  a  swab  of  cotton  until  slight  redness  appears. 
Besides  this  the  scjilp  is  washed  with  a  one-per  cent. 
bichloride  solution.  After  the  stimulation  has  ])eeonie 
well  marked,  the  applications  of  lactic  acid  are  inter- 
rupted for  a  few  days.  Horie  acid  vaseline  is  spread 
upon  tlu' surface  in  the  intervals.  The  alcoholic  solution 
is  said  to  be  the  less  painful. 

Recovery  was  o])tained  fifteen  times  out  of  nineteen 
cases,  in  from  two  to  three  and  a  halt"  months.  Lanuiro 
hairs  made  their  appearance  at  the  end  of  the  second 
week,  at  the  earliest.  MeCJowan  {Journ.  of  Cut.  (in<f 
OenitO'Urintn'jf  Disnisrs,  ISIM))  reeomniends  trikresol 
used  pure  upon  the  scalp,  and  upon  the  face  in  a  fifty- 

Eer-cent.  solution.  He  was  led  to  use  this  reniedy  from 
is  experience  with  pure  carbolic  acid. 
Scarification,  with  subsetpient  ai)i)lication  of  a  solution 
of  corrosive  sublimate  1:2.(MK),  as  in  erysipelas,  s^'enis  to 
be  a  rational  mode  of  treatment,  but  still  there  is  some 
danger  here  of  infection  with  pus  or^^anisnis.  Injections 
of  bichloride  1 :  40,  made  at  different  jwiuts,  arc  recom- 
mended by  Moty,  of  Paris. 


Lately,  Finsen,  of  Copenhagen,  who  obtained  sudi 
brilliant  results,  especially  in  lupus  vulgaris,  with  the 
application  of  concentrated  violet  light  rays,  has  been 
successful  in  treating  alopecia  areata  by  the  same  method 
{British  Medical  Journal,  1899).  Jesild  {Anmtles  dt  derm, 
et  de  st/ph.,  1899),  who  lias  followed  Finsen  in  his  treat- 
ment, states  that  it  cures  alopecia  areata  in  two  months, 
instead  of  the  three  to  six  months  necessary  by  the  use  of 
older  methods. 

Brisquet  uses  oil  of  cinnamon  (Chinese)  and  sulphurous 
ether  1 : 3.  He  avoids  washing  the  scalp  to  exclude  hu- 
midity (after  the  liairs  have  ceased  to  fall).  The  sulphur 
preparations  are  often  of  prompt  and  decided  value: 
e.g.,  an  ointment  of  one  to  two  drachms  of  precipitated 
sulphur  to  an  ounce  of  vaseline,  rubbed  well  into  the 
scalp  daily,  after  a  thorough  washing  of  the  whole  scalp 
with  soap  and  water. 

In  my  opinion,  as  already  stated,  cures  can  be  obtained 
more  quickly,  and  with  greater  certainty,  from  the  use 
of  chr^'sarobin  than  by  any  other  method.  After  the 
liairs  have  ceasefl  to  fall  out,  some  stimulating  and  anti- 
parasitic application  should  be  applied  for  a  few  months. 

(d)  FollicuUtin  Decnhans. — Within  the  last  decade 
French  authors  especially  have  called  attention  to  the 
hair  follicles  being  attacked  by  some  affection  whose 
nature  still  remains  obscure.  Each  authority  in  turn 
has  considered  the  individual  disease  before  him  as  a  new 
one,  and  has  stamped  it  with  a  new  name,  so  tliat  in 
wading  through  their  literature,  we  meet  with  a  formi- 
dable array  of  names,  **the  sum  of  which  has  brought  de- 
spair U)  every  humble  readier  "  {tide  my  article  in  Mor- 
row's  **  System  of  Geni to- Urinary  Diseases,  Syphilis  and 
Dermatofogy,  1894).  Some  of  these  affections  are  identi- 
cal, .some  represent  only  novel  aspects  of  well-known  dis- 
eases. 

The  following  are  a  few  of  the  titles  given:  "Follicu- 
lites et  perifolliculites  agminees  destructives  du  follicle 
pileux"  (Brocq):  **  folliculite  epilante"  (Quinquaud): 
**  folliculites  et  perifolliculites  dccalvantes  agminees 
(Brocq);  "alopecie  cicatricielle  innominee"  (Besnier): 
"acne  depilante  cicatricielle"  (Besnier);  "acne  decal- 
vaute"  (liesnier,  Lailler,  Robert);  "lupoid  sycosis"  (Mil- 
ton, Brocq);  "ulerythma  sycosi forme "  (Unna). 

A  description  of  a  few  of  these  tvpes  may  suffice. 

(a)  ^  PfteudoPelade,^^  Simple  Folliculitis  Decaltanif. — 
This  affection  somewhat  restMubles  alopecia  areata,  but  on 
cl()S(^  inspection  a  mild  folliculitis  and  perifolliculitis 
may  be  noticed.  There  are  rose-colored,  infiammatory 
tumefactions,  soft  to  the  touch;  the  haira  fall  out,  and 
are  easily  plucked  out;  they  are  not  broken;  there  is  a 
marked  atrophy  in  the  older  spots;  these  are. depressed, 
shiny,  and,  unlike  those  of  alopecia  areata,  hanl  and 
irregular,  and,  as  a  rule,  smaller.  The  disea.se  spreads 
in  an  irregular  manner. 

(3)  "^  FollirnUte  f^pihtHtc'"  of  Quinquaud. — This  form 
corresponds  to  the  acne  decalvanteof  Lailler  and  Robert. 
It  resembles  the  former  with  the  additi(m  of  sup- 
jniration  in  the  follicles.  Bi'sides  the  scjilp.  the  l)eard, 
axilhe.  and  i)ul)ie  rcirions  may  be  involved.  Permanent 
alopecia  appears  also,  caused  by  the  cicatricial  dt»struc- 
tion  of  the  hair  i)ro(lucing  areas.  The  l)ald  spots  are 
round  or  irrcirular;  alon«;  "their  periphery  or  in  islands 
of  healthy  hair  within  them,  small  pustules,  perforated 
with  a  hair,  are  usually  to  be  s(M'n."  Quinquaud  found  mi- 
crococci, but  was  unai^lc  to  establish  their  causative  effect. 

(})  "' .Voju'Tif  cinitn't'id/t'  iniiomi/tt'e  ■''  of  Besnier  is 
almost  identical  with  Qninjjuaud's  disease.  It  is  slightly 
more  superficial,  more  chronic,  and  more  obstinate;  the 
cicatricial  chaiiires  nvc  L'^reatcr;  the  margins  are  not 
sharply  detiiicd;  the  disease  spreads  by  continuitV. 
Hesnier  himself  considered  both  diseases  the  same,  biit 
(iuiniiuaud  stated  that  they  are  not  identical. 

{r)  ''  IhniKitilis  Pnpilltiris  Cajnllitii.^''  —  Under  this 
name  Kajx^si  has  drsciibed  a  follicular  disca.se  appcar- 
in.ir  at  the  junction  of  the  najx'  of  then<'ck  and  the  s(^dp, 
invadin^r  the  latter  often  as  far  as  the  vertex.  It  is 
doubtful  whether  this  alTcctiou  is  a  clinical  entity,  or 
simply  a  variety  of  some  other  disease.     According  to 
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This  is  a  saline  sulphurcted  water  of  considerable 
potency.  It  has  been  used  with  favorable  results  in 
cases  of  rheumatism,  sypliilis,  neurasthenia,  dyspepsia, 
Bright's  disease,  and  certain  skin  affections,  notably 
eczema,  psoriasis,  and  lichen.  The  internal  use  of  the 
water  has  been  found  advantageous  in  constipation, 
diabetes,  and  vesical  catarrh. 

Alpena  now  contains  a  population  of  17,000  or  18,000. 
It  is  in  all  respects  a  city  of  progress,  and  contains  all 
the  advantages  of  the  recent  inventions  in  electricity,  as 
well  as  gas,  water-works,  etc.  J.  K.  Cnntk. 

ALPS. — The  extensive  and  lofty  group  of  mountains 
occupying  the  central  region  of  Europe,  in  Switzerland, 
Savoy,  Southern  Bavaria,  and  Western  Austria,  and 
separating  Italy  from  the  colder  countries  wliich  lie  to 
the  north  of  it,  presents  to  the  invalid  a  great  variety  of 
places  of  resort,  some  chiefly  serviceable  during  the  sum- 
mer months,  some  during  tlie  winter  s<*ason,  and  some  of 
them  available  as  sanitaria  at  all  times  of  the  year.  For 
a  discussion  of  the  peculiar  properties  and  advantages  of 
the  more  elevated  of  these  health  stations,  see  article  on 
Altitudes,  High  ;  for  description  of  the  special  features 
of  individual  stations  of  the  more  truly  Alpine  class,  see 
Davos,  Wiesen,  St.  Mi/titz,  etc. ;  for  accounts  of  indi- 
vidual resorts  lying  on  a  lower  level  than  those  just 
mentioned,  see  Vtvey,  Meran,  Montreuj',  etc. 

IT.  R. 

ALTERATIVES. — An  alterative  is  a  term  applied  to 
a  group  of  remedies  which  exert  a  very  decided  action 
in  removing  morbid  conditions  of  the  system,  and  improv- 
ing the  patient's  general  well-lx'ing.  The  tenn  was 
formerly  un(lersto<xl  to  mean  a  remedy  which  **  would 
re-establish  the  healthy  functions  of  the  animal  economy, 
without  producing  any  sensible  evacuation."  Modem 
advance  in  physiology  and  therapeutics,  and  the  recog 
nized  importance  of  excn-tion  as  a  factor  in  promoting 
health,  require  a  change  in  this  definition,  and  our  in 
terpretation  of  the  term  is  better  e.xpresstKi  as  "agents 
which  alter  the  course  of  morbid  conditions,  and  modify 
the  nutritive  processes  while  promoting  waste."  By 
many  the  use  of  the  tenn  is  frowned  upon,  and  it  is 
described  as  a  cloak  to  hide  ignomnt^e,  but  its  employ- 
ment will  be  continued  until  we  po.ssess  a  much  greattT 
knowledge  of  the  action  of  such  drugs. 

We  aix*  unable  to  explain  the  action  of  this  class  of 
remedies,  and  their  employment  is  entirely  empirical. 
Their  therapeutic  value,  however,  is  a-ssured.  We  are 
certain  of  the  effect  of  mercury  or  of  the  iodides  in  syph 
ilitic  affections,  and  of  arsenic  in  improving  the  general 
health;  but  we  cannot  .Siiy  how  the  result  is  elTected.  or 
why  one  is  beneticial  in  one  condition,  and  the  other  in 
another.  Until  we  know  how  the  disease  affects  the  sys 
tem  we  cannot  explain  the  cure.  At  pres<^nt  we  must 
picture  the  tissues  as  b<*ing  constructed  of  inferior  ma- 
terial. We  must  see  them  impregnated  with  syi)hilitic. 
malarial,  or  other  similar  poisons,  or  depraved  by  retained 
excrementitious  matter;  if  we  can  do  this,  we  can  readily 
understand  how  the  alterative  remedy  counteracts  and 
removes  these  poisons,  the  result  being  purer  material 
and  in   consequence  a  healthi<r  tissue. 

The  most  important  and  best  known  alteratives  are 
mercury,  iodine,  and  arsenic.  We  have  also  sulpliur, 
antimony,  gold,  calcium  chloride,  potash,  guaiaeum. 
colchicum.  and  a  host  of  others  which  are  more  or  less 
correctly  grouped  under  this  comprehensive  title. 

These  remedies  are  all  active  and  reciuire  to  be  adnn'n- 
istered  with  care.  They  are  rai)idly  absorbed  and  carried 
to  the  tissues,  where  they  become  intimately  connected 
with  the  vital  processes.  Escapinir  with  the  products  of 
metamor]diosis,  they  are  ex(Tet<Ml  by  tiie  various  secretini^ 
surfaces.  Their  prolonged  or  excessive  use  proves  in- 
jurious: they  caus(»  depression  and  weakness  an<l  often 
produce  much  irritation  during  their  passtige  from  the 
system,  as  in  salivati(m. 

Alteratives  are  often  of  more  service  when  combined, 
as  in  the  case  of  the  iodide  of  mercur\',  or  as  in  Dono- 


van's  solution — a  combination  of  mercury,  arsenic,  and 
iodine.  The  addition  of  taraxicum  and  sarsaparilla  to 
iodides  and  mercury,  although  of  doubtful  value,  is  very 
general,  and  with  many  practitioners  the  value  of  one 
is  almost  as  great  as  that  of  the  other.  The  combina- 
tion of  alteratives  with  tonics  and  ha^matinics  is  of  great 
importance.  Arsenic  and  iron,  and  iodide  of  iron,  with 
or  without  vegetable  bitters,  are  standard  remedies. 

To  augment  the  value  of  alteratives,  more  active  elimi- 
nants  are  indicated.  In  conditions  of  the  s^'stem  in  which 
the  pnxlucts  of  malnutrition  have  accumulated,  when 
the  blood  is  anaemic,  and  the  liver,  bowels,  and  kidneys 
inactive,  a  course  of  salines  preceding  and  accompanying 
the  alterative  will  greatly  increase  its  value;  so  also  will 
the  combination  with  colocy  nth.  podophyllin,  or  rhubarb. 
The  waste  material  must  be  removed  before  a  new  healthy 
growth  begins,  and  the  more  actively  this  is  carried  oii 
the  more  rapid  will  the  improvement  be. 

In  addition  water  must  not  be  forgotten.  It  is  nature's 
alterative.  It  bathes  and  washes  all  the  tissues  of  the 
Ixxly,  it  assists  at  tissue  growth  and  d<»c«y,  and  renders 
all  the  emunctories  active.  To  it  is  due  the  great  value 
of  specific  treatment  at  the  various  mineral  springs  and 
spas,  when  the  free  use  of  alterative  drugs,  w^ith  abun- 
dance of  water  and  frt*sli  air.  rapidly  restores  the  invalid  to 
health  and  strength.  Beaumont  8maU. 

ALTITUDES,  HIGH.— This  term  is  usually  applied  to 
those  places  which  are  situated  not  less  than  4,500  feet 
above  sea  level.  While  the  effects  of  altitude  are  notice- 
able in  a  minor  but  increasing  degree  from  1,000  feet  up, 
yet  it  has  been  found  most  convenient  by  climatologists 
arbitrarily  to  place  the  low^er  limits  of  high  altitudes  at 
4.500  feet.  The  climates  of  the  various  resorts  at  high 
altitudes  naturally  vary  on  account  of  tlieir  proximity 
to  the  c(iuator.  to  the  ocean,  and  to  raountam  ranges. 
and  moreover,  they  vary  by  reason  of  local  peculiari- 
ties. Thev  have,  however,  one  climatic  factor  peculiar 
to  themselves,  and  upon  which  depends  for  tlie  most 
part  their  special  therapeutic  value,  that  is,  diminished 
barometric  pressure. 

With  respect  to  temperature  the  air  is  as  a  rule  cooler 
than  at  places  of  low  levels  in  the  same  latitude.  It  may 
be  stated  bnMidly  that  the  temperature  decreases  one  de- 
gree for  every  tim'c  to  four  hundred  feet  of  elevation. 
This  applies  to  the  temperature  in  the  shade  and  at  night: 
the  sun  temperatures,  however,  arc,  as  a  rule,  higher 
than  at  low  level  places  of  the  same  latitude,  with  the 
exception  of  certain  desert  countries. 

Tile  humidity  of  the  air  at  high  altitudes  is  usually  less 
than  at  sea  level,  even  when  comparison  is  made  with 
places  which  are  situated  an  equal  distance  from  tlie 
ocean. 

There  are,  of  course,  exceptions  during  certain  seasons 
and  in  most  valleys  and  on  mountain  slopes  upon  which 
the  clouds  gather.  The  humidity  is  much  less  on  the  lee 
side  than  on  the  windward  side  of  the  range,  which  is 
exposed  to  the  moisture-laden  winds  from  the  nearest 
ocean. 

Tiie  precipitation  is  generally  less  at  high  altitudes, 
es])ecially  on  the  lee  side  of  the  moimtain  ranges  and  he- 
low  the  snow  line.  This  is  true  also  of  the  number  of 
rainv  and  cloud v  days. 

Tlie  dew  i)oint  is  low  and  the  evaporative  power  of 
the  air  great,  so  that  while  heavy  storms  ar(»  not  infre- 
(luent,  the  air  and  ground  become  (|uickly  dry.     On  ac- 
count  of   tiiis  quality  of  dryness,  a  greater  degnn?  of 
tenii)erature  can   be  borne   than   jit   low  levels  without 
sutTcring.  because  the  evaporation  from  the  surface  ol^ 
the  body  is  gn-ater.  and.  tlicrcfore.  as  has  been  demon- 
strated  bv  Professor  (ireelv  and   others,  the  "sensible^ 
teinperature ''   is  less.     Moreover,   the   cool  nights   givt^' 
rest  after  hot   davs.      It  is  probablv  because*  of  the  cooE 
nigiits.  cool  sliade.  and  dryness  of  the  air  that  sunstroke 
is  j^nutically  unl^nown  in  high  climates,  even  when  thcT 
solar  teinpenttures  are  very  iiigh. 

The  siuilight  is  more  brilliant,  and  the  sun  heat  mor^ 
intense. 
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Altitudes* 


The  aspect,  the  veg<»tation,  the  nature  of  the  soil,  and 
the  couti^ruratiou  of  the  grounti  all  ino<lify  the  climate. 
With  reganl  to  the  conflguration  of  the  ground,  lofty 
plateaux  are  drier  and  wanner,  and  generally  more  windy 
than  mountain  slopes  and  valleys. 

Owing  to  the  mountjiinous  chamct^T  of  high  altitudes, 
their  comparative  inaccessibility,  and  the  scarcity  of 
water,  they  aiv  but  sparsely  inhabit4>d,  and  the  ground  is 
but  little  cultivated ;  in  conse(|uenc(^  of  this,  there  is  an 
abundance  of  purt^  air ;  so  that  the  climate  of  the  altitudes 
resembles  in  this  respect  that  of  the  ocean  and  of  the 
desert. 

The  physiologicid  elTects  of  diminished  liaromctric 
pressure  are  very  striking.  The  most  importiint  is.  tirst, 
the  change  in  the  condition  of  the  blood,  second,  the  in 
creaseil  respiratory  capacity  and  activity,  ami  thinl.  the 
increase  in  the  size  and  strength  of  the  heart.  Nerve 
power  and  activity  in  the  healthy  areals4i  mcrease<l,  while 
in  certain  cla.ss<.'s  of  invalids,  however,  the  nervous  energy 
is  markwlly  depn"s.scd  or  unduly  excited.  The  blooJl 
changes  referred  to  are  a  large  increase*  in  the  nundn'r 
of  n'cl  cells,  which  fact  is  now  universally  accepted  by 
all  observers,  though  the  cause  is  still  somewhat  in  dis 
pute.  Moreover,  it  has  lately  been  proven  that  the  size 
of  the  red  cells  is  al.so  increased.  The  htemoglobin, 
specitic  gravity,  and  iron  are  all  increa.si*d.  While  it  is 
true  that  such  changes  as  descrilKKi  may  be  brought 
about  in  a  greater  or  less  degree '  by  certain  of  the  cli- 
matic factors  which  high  altitudes  enjoy  in  common 
with  other  climates,  yet  they  are  invariably  products!, 
except  under  a  few  abnormal  conditions,  m  all  animals 
and  human  beings  when  they  are  transfem»d  from  low 
to  high  altitudes,  and  as  a  general  rule  In  proportion  to 
the  elevaticm  above  sea  level.  Moreover,  that  the.se  uui 
versal  changes  are  primarily  produced  by  diminished 
barometric  pressun*,  has  In'en  proven  by  numerous 
laboratorj'  experiments,  notably  those  of  Paul  Regnard.* 

Professor  Regnard,  in  his  laboratory  at  the  Sorbonne 
in  Paris,  placed  a  rabbit  under  a  l>ell  gla.ss  in  which  the 
air  pressure  was  kept  constantly  reduced  to  an  equivalent 
of  the  barometric  pressure  at  an  altitude  of  9,5(K)  fwt. 
When   cleaning   and   disinfecting  were   necessarj-,    the 
rabbit  was  transferred  U)  another  Ix'll  glass  in  which  the 
air  pressure  was  the  sanu'.     The  rabbit  continued  to  live 
under  these  conditions  for  a  month,  and  when  removed 
was  somewhat  fatt<T  and  in  a  healthv  condition.     On 
testing  it,s  blood  iK'fon^  j)laeing  it  in  the  bell  jar,  it  was 
found  tliat  it  could  absf>rb  oidy  17  c.c.  of  oxygen,  which 
was  the  case  with  the  blood  of  the  control  mbbits.  and 
was  normal  for  sea  level.     On  removal  of  this  rabbit  its 
"blood  was  found  to  absorb  21  c.c.  of  oxygen ;  thus  prov- 
ing that  the  increased  caj)a<-ity  of  the  bhxKl  for  the  ab- 
sorption of  oxygen  at  high  altitudes  was  primarily  due 
"to  the  diminution  of  the  iMirometrie  pressure.      Much 
^^ork  lias  l)een  done  by  numerous  eminent  observers  con- 
^tf  rming  this  conclusion. 

With  reganl  to  the  question  whether  a  true,  or  only 
^n  appart>nt  blood  regenemtion  occurs,  this  matter  has, 
Kd  the  writer's  opinion,  been  s<'ttled  by  the  experiments 
I)rs.  Ossian  Scluiumann  and  Eniil  Ro.*;enquist.  of 
lelsingfora.    Finland. f   who   conducted   their   inquiries 

pecially  to  solve   this  question.     l{id)bils,  dogs,  and 

igeons  'were  kept  in  bell   jars  at  reduced  barometric 
pressure  (450-480  mm.  Ilg)  according  to  the  methods  of 

llier,  Regnard,  and  others,   for  periods  varying  from 

ine  to  thirty -three  days. 

Tlie  blocxi  was  examined  in  each  cas<»  «t  intervals  of 

veral  days.     This  examination  consisted  of  (1)  a  count 

*'*f  the  re<l  cells  (Thoma-Zeiss  appamtus);    (2)  the  esti- 

^^lation  f>f  haemoglobin  (Fleischl):    (8)  the  measun'ment 

*>f  the  diameters  of  the  red  cells  (these  were  dry  prepara 

^lons.  and  the  average  was  based  on  200  tor)0(>  detennina 

^ions);   (4)  micHKScopic  examinations  were   made.   esj>e- 

**ially  to   determine  the  numlx-r  of  nucleated  r«Ml  cells 

(Ebflich's  triaci<l  stiiin;  also  eosin  and  h.'eniat<»xylin  were 

•**U  Cured' Altitude,"  Ma.S8on  et  (If..  Paris,  is^rr. 
-  +"UeberdleNaturd. Blutverandenin«:«'n  i.  Hobeiiklinm."   ZtitscUr. 
L  kllQ.  Med.,  Bd.  xxxv..  Heft  1-4,  pp.  12U,  170,  and  mry^m,  1H9K. 


used).  The  blood  was  taken  from  the  neck  in  the  pigeons 
and  from  the  ears  of  the  rabbits  and  dogs.  Bloo(l  from 
the  liver  and  aort-a  was  also  examined  in  a  few  cases  be- 
fore the  animal  was  killed.  In  tw^o  cases  the  gross 
changes  in  the  marrow  of  the  long  bones  were  also  ob- 
serve<l. 

In  every  case  the  number  of  red  cells  was  increased 
from  20  to  50  per  cent.  As  the  relative  humidity  of  the 
air  in  the  bell  jars  stood  at  87  to  100  per  cent.,  the  tem- 
perature at  21-26"  C.  the  increase  could  not  hav<i  been 
due  to  an  inspissation  of  the  blood,  asscmie  observers  have 
assumed. 

The  luemoglobin  was  also  markedly  increas<*d,  but  not 
in  as  great  a  proportion  as  the  red* cells.  In  all  fuses 
during  the  first  eight  to  eleven  days  there  was  a  t(*mpo- 
rary  decrease  in  theluemoglobin,  and,  in  about  one-half 
of  the  causes,  a  like  temporary  decretisc*  in  the  nundx*r  of 
red  cells. 

To  determine  the  effect  of  a  return  to  normal  Iwiromet- 
ric  pressure  (760  mm.),  after  the  animals  were  released 
from  the  l>ell  jars,  the  experimenters  continued  to  exam- 
ine the  blood  for  periods  varying  from  three  to  ten 
montlis;  these  examinations  showed  that  there  was  an 
immediate  decrea.se  in  the  number  of  red  cells,  followed 
by  a  marked  rise*,  which,  after  a  number  of  fluctuations, 
remained  in  almost  all  ca.ses  at  a  decidedly  higher  figurt^ 
than  that  which  was  rtuched  by  the  blood  count  pre- 
vious to  the  experiment.  In  the  opinion  of  these  observ- 
ers, the  investigations  of  others  had  not  demonstrated 
these  facts  because  they  were  not  extt»nded  over  a  suf- 
ficiently lengthy  pi'ricKl.  Leuch,*  however,  in  his  experi- 
ments on  ana?mic  school  children,  confirms  this  point. 
Children  were  8(^nt  by  him  to  the  mountains  for  sev- 
eral weeks  after  their  blood  was  testt-il,  and  the  test  was 
then  repeated,  on  their  return,  from  time  to  time,  during 
perio<ls  of  from  two  to  four  months. 

Scliaumann  and  Rosencpiist,  by  exact  measurement  of 
the  red  cells,  show  that  the  avenige  diameter  of  the  cells 
is  always  incrca.sed.  which  is  contrary  to  the  opinion  pre 
viou.slv  held.  Under  the  low  pressure  the  nucleated  red 
cells  .slightly  increasiHl  in  number,  but  returned  to  the 
avemge  amount  aft^T  the  normal  air  pressure  was  re- 
sumed. 

In  two  animals  w)nfined  in  bell  jars,  and  from  two 
control  animals  the  blocnl  was  simultaneouslv  taken  from 
th(*  skin,  liver,  and  aorta;  and  in  each  locafity  the  num- 
Ix-r  of  red  cells  per  cubic  millimetre  was  found  to  be  ex- 
actly the  same. 

With  regard  to  Schaumann's  and  Rosenquist's  views 
on  the  other  theories  of  the  cause  of  these  blood  changes, 
the  following  abstract  of  their  opinions  is  valuable: 

Two  of  thes(*  theories  assume  that  the  increase  in  red 
cells  is  real.  Miescher,  Egger,  and  others  support  the 
view  of  increased  proliferation  of  blood  cells  in  theblood- 
fonuing  ti.s.sues,  while  Pick's  theory  is  that  there  is  a 
prolongation  of  the  life  of  the  individual  cell  along  with 
a  normal  proliferation. 

The  other  four  hypotheses  contend  tliat  the  increase  in 
red  cells  is  only  apparent.  Thus,  Grawitz  considers  it  to 
be  entirely  diie  to  an  inspis.sation  of  the  blood;  while 
Bunge  believes  it  to  l)e  the  result  of  an  exudation  of 
plasma  into  the  lymph  spaces  of  the  tissues. 

Wintemitz  supposes  tliat  red  cells  become  aggregated 
in  certain  of  the  internal  organs,  and  are  forced  into  the 
general  circulation  by  changes  produced  upon  tlH*  latttT 
l)v  altitude;  and  Zuntz  finally  n>fersit  to  vasomotor  con- 
trol, which  is  influenced  bv  certain  factors  of  high  altitude. 

In  the  light  of  the  results  of  this  investigati(»n.  the  fol- 
lowing criticisms  of  each  theorv  are  made.  The  authors 
consider  that  their  results  support  the  theory  of  new 
formation  of  blood  cells,  l)ut  are  forced  to  make  changes 
in  the  terms  of  its  form. 

Vasomotor  Theories.^ — 1.  Zuntz's  hypothesis:  The  au- 
thors point  out  that  in  their  own  expenments  no  factors 
exist    which   could    give   rise   to   the  retiuired   nervoiis 

♦  I^'urh  :  CorresiMmdenzblalt  f.Schwolz«»r  Aprzte,  No.  21.  p.  \Vu^  isitJ. 
+  s<'humburg  u.  Zuntz:  IllQge's  Arcblv  f.  Physiol.,  BU.  IxlH.,  pp. 
46MU4,  1896. 


203 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


Irritation,  that  their  HQimals  v/c.k  kidovfiI  frim)  thu  Ik'II 
jars  for  eacli  examiuatiou.  and  tliat,  according  to  the 
tbeory.  the  irritation  should  quickly  disappear. 

With  reference  to  the  theory  that  tlic  nunilier  of  red 
cells  is  increased  in  thecapiMaries  and  decreased  in  larger 
ressels.  it  is  pointed  out  that  in  former  inv««tigatioQS 
blood  from  tratli  the  capillaries  and  the  larger  vcsselshad 
been  exaniinml.  with  the  uniform  result  of  an  increase  in 
red  cells;  tliat  the  umultaneoua  increase  in  r»l  cells  and 
deerease  in  luemogiobin  <at  the  beginning  of  the  experi- 
ments) cannot  be  explained  by  this  theory,  Tlial  a 
purely  I'osoniotor  cliangc  should  pnxluce  no  change  in 
the  siV.e  of  the  red  cells;  that  the  overs timulated  nerves 
would  eventually  relax ; 
that  a  return  to  higher 
pruasure  slicmld  produce 
an  inimirdiate  fall  in  tJie 
numlKT  of  red  cells  to 
normal,  which  is  not  tlie 


8.  Wintcrnitz'8tli«iry  t 
tlic  BUtliors  oppose  by  ivf- 
erence  to  tlicir  exaniinn- 
lion  in  two  cases  of  blooii 
taken  B i in u I lant-ously 
from  the  skin,  liver,  and 
aorta,  in  each  of  which 
ktraiities  tlivy  fouiiil  tlie 
same  count.  (Corrobo- 
rated by  Dreltruslrin.) 

4.  Omwilx'a  tlieory  of 
innpls»ition :  t  Tliis  tlx' 
ory  is  invaliilated  by  the 
ex'iN'rinicnls  of  Scliau- 
maim  nnd  Kosemiuiat  in 
whicli  the  n'Spired  air 
was  almost  saturated  with 
water  vapor:  by  the  fact 
that  liisH  of  watiT  by  the 
blood  is  mpidly  eoinpi^n- 
satcd  fi)r  by  the  tissni; 
lliiidit.  and  tliat  a  true  in- 
spissation  of  the  bloo<l  is 
always  tieeompnnied  by  a 

weightof  theanininl;  and, 
furtltiT,  by  the  fact  lliat 
in  true  Inspissntion  of  the 
blood  the  liianii'icr  of  ilic 
red    cells    is    always   de- 

Tht'inrt      Anx'iiuiun      a    '>0.  SO.-Kurliainon 
r,:,,  /H-mw  in  tM  rd/>.  """'■  '^■•='"™-    """"  ""'^ 

—1.  Fickstluiiry:S  This 

theory,  which  pVemisa-s  that  tlu;  alisorption  of  oxyp'ti 
is  ftliiwer  tlutii  normal  at  high  nllittiiles  and  the'i'on- 
Humptiim  of  liienioglobin  is  deerfiisiil,  is  dlscreillleil 
because  it  lias  been  conclusively  shuwii  that  inei)dK)llim 
is  more  ni|>id  at  high  allitniles  than  at  nil  li'Vel,  nnd 
must,  then-fon-,  cs]H'(-iiilly  inrniiK<!  the  coiisuiupMon  of 
luemogiobin. 

8.  The  tlicory  of  n .gem Tilt  ion  of  Micschcr,  ?:irgc-r,  |  and 
others  is  baseil  on  the  two  preniitus  (l|  tliiit  jiiiiToi'vtcs 
appear  during  the  iH'riod  of  iiu'n':i»'  in  nil  iiOls.  iiml  rJ) 
tliat  tlie  incn'ose  in  liiviur    *  -  '      ' 


tliat  in  tlie  numlK-r  of  red  cells.  The  Ust  point  the  au- 
thors-grant,  and  they  eall  atteolion  to  tlie  fact  that  ithu 
lieen  reganled  generally  (Otto.  HotfmaDD,  and  Limbeck) 
as  an  evidence  of  regeoeration.  The  flret  assumptioD 
isdisputed.  and  attention  iscalled  to  the  fact  that  EhrlicJi, 
(juincke  and  von  Limbeck  look  upon  micTocytes  as 
products  of  (legeneratiou  of  red  cells,  and  also  that  one  of 
the  authors  (Schaumann)  has  found  in  secondary  ans- 
inias  tliat  niicrocyles  are  most  nnmcrous  at  the  height  of 
the  disease,  and  that  they  disappear  as  convalescence 
set8  in,  and  pive  place  to  macrocytes.  To  determine  thit 
point  e\|)erimenla1lv.  two  animals  (a  rabbit  and  a  dog) 
were  bliAl,  an<l  a  differential  count  was  made  of  red  celtt 
of  various  diametera,  with 
the  result  that  microcytea 
were  seen  to  diminish 
markedly  In  number  im- 
mediately after  the  bleed- 
ing when  regeoeretion  is 


tiv 
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found,  moreover,  that  an 
increase  occurred  In  the 
nvtniber  of  macrocylea, 
and  that  thi«,  instead  of  an 
increase  in  mierocytes.  Is 
!i  nccompanlment  of  t 


genei 


In  B 


ord- 


Kith  this  finding,  it 
follows  tliat  the  increase 
in  macrocytes  met  with 
In  tiie  blood  in  the  ftu- 
Uior's  lirst  experiments 
indicates  a  regeneration 
of  red  cells.  This  con- 
cinaion  Is  strengthened  by 
the  occurrence  of  nucle- 
aU'd  ml  cells  in  the  mam- 
mals, of  mitotic  figures 
in  the  re<l  cells  of  the 
birds  employed,  aod  of 
"shell  sliadou's"  in  the 
blood  after  release  from 
tlie  bell  jar. 

Schaiimann  and  Bosen- 
(|uist,  therefore,  conclude 
that  all  clianges  which 
occur  ill  the  blood,  due  to 
diminuliiin  of  barometric 
pressure,  are  best  ami  most 
easily  explained  by  tlic  as- 
sumption lliat  there  is  an 
Increase*!  proliferation  of 
n-d  cells. 

The  authors  claim  tliat 
tills  theory  holds  also  for 
the  cxjllannliun  of  the 
results  of  the  fliniml  ob- 
wrviiiiims  niiide  in  hii'li  allituch's.  They  n«ch  this  con- 
(■lusiiiii  bv  a  procc«(  of  climiiMtiiin,  liavhig  shown  In 
their  ciiiiHsm  of  the  otlier  theories  tliat  causes  otber 
thiin  a  iliiiiiniilion  of  almosjiheric  pressure  are  Insufll- 
eient  for  the  jmHluelion  of  the  liiematic  piicnomena.  As 
-      ---    -   --i..fsfn>ni  clinicid  niuterial.  llicv  refer  to  the 
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'  niLiiib(-r  of  red  cells;  tlie 
Lvenige  dianic'tcr  of  ri-^l  cells,  and  tlic 
1. .blast  nuclei  found  free  In  the  blo<xl. 
linls  an-  cli'tienilenl  on  the  findings  fn 
Liiniaiiii'sJ<iunn>y  to  Norway,) 
IV  nitih'd  to  prove  w  helher  or  no  the 
■of  the  IjIo'hI  is  ijirreiiseil.  Clinical  and 
kes  it  inir-t  pniluililc  iliut  this  is  tile  case. 
'uiiis  the  speeiul  clTects  of  rieereaaed 
ilireetly  pniiliH-ed  bv  the  scarcity  of 
iiiisjihiii'.  but  by  the  diminished  oxygen 
II  ill  the  gmili'st  hcighiHcver  reached 
n  each  breath  Is  always 
ain  uuimal  life.    It  haa 
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been  demonstrated  by  experiment  that  ])lood  can  absorb 
only  a  certain  pi'rcentage  of  the  total  amount  of  oxygen 
prf?«eut  in  the  air  to  which  it  is  exposed,  and  so,  when 
the  barometric  pressure  is  retluce<l.  the  bloo<l  may  be 
unable  to  extract  suHicicnt  oxypMi  from  the  air,  l)ecause 
theoxyp'n  pressure  is  re(hKe<l  Inflow  the  reijuired  point. 
**  Mountain  sickness  is  a  malady  caused  bv  this  oxvir«*n 
starvaticm.  If  this  were  all,  it  would  follow  that  wheii 
the  oxygen  pressure  was  sufliciently  re(bu-(»d  animal  life 
would  be  impossible  from  continual  mountain  sickness; 
but  there  is  developed  a  wonderful  compensatory  pnK-ess 
whereby  the  blotxl's  power  of  absorbing  oxygen  is  in- 
creased, so  that  a  given  weight  of  blood  in  a  living  ani 
mal  can  absorb  more  oxygen  in  proportion  to  the  reduc- 
tion of  the  liarometric  pressure.  Tliis  is  brought  aliout 
by  a  growth  in  the  numlKT  of  red  corpuscles  through 
whicli  oxygen  is  absorlu'd. 

"While  these  blood  changes,  which  need  some  three  or 
four  weeks  for  their  completion,  are  progres-sing.  the 
breathing  becomes  more  rajiid,  .so  that  wJiile  less  oxygen 
is  taken  in  at  each  l)reath,  it  is  received  into  the  bhuxl 
more  frequently;  and  with  this  more  rapid  respiration 
there  is  increased  lieart  action,  the  heart  pumping  more 
blood  through  tlie  lungs  in  a  given  space  of  time. 

"  This  increased  rapidity  of  Jieiirt  lK*at  and  respiration 

is,  however,  only  temporary,  and  gmdually  disjippears. 

The  amount  of  air  tiiken  in  at  each  breath  increa.ses  in 

volume  as  the  chest  expands,  and  the  air  cells,  many  of 

which,  at  lower  altituiles,  are  often  unus<'d.  iK'come  en 

larged.     The  heart's  divitics.  having  been  stretched,  are 

also  hypertiophied,  so  that  more  blood  is  propelled  at 

each  8tn>ke.      Thus  the  blood's  cai)acity  for  absorbing 

oxygen,  the  lung's  capacity  for  takingair,  and  the  heart's 

capacity  for  pumping  blo<Kl  are  increased :  the  rapidity  of 

respiration  and  pidse  diminishes,  but  this  mte  iKK'omes 

normal  again  as  s<K)n  as  this  process  of  compensation  has 

€3ffecte<l  a  balance. 

''These  changes  in  the  bhjod.  lungs,  aiid  heart  continue 
« luring  a  residence  at  high  altitudes,  but  disappear  again 
mipon  a  return  to  low  ground.     However,  they  are  cK'ca- 
^Monally  so  incomi)letely  carried  out  in  certain  individuals, 
iug  to  age.  feebleness  of  reaction,  or  disease,  that  an  at- 
ipte<l  ascent  into  the  upi>er  air  is  exceedingly  danger- 
ous and  continutni  residence  on  high  ground  impos-sible."* 
There  are  .striking  difTereiices  Ix'tween  the  temporary 
xid  the  permanent  physiological  effects  of  high  altitudes. 
hen  persons  or  animals  are  transported  from  low  levels 
a  high  altitude,  tiie  influence  is  marked  in  proportion 
rj>  the  rapidity  of  the  ascent,  as  is  shown  l)y  tlw  contrast 
the  effect**  pnKluced  upon  those  who  a.sc<'nd  rapidly, 
id  upon  those  wiio  are  slowly  carried  up  by  rail  or  car- 
ige.     In  mountain  climbing  the  <'ffects  are  increased 
^  ^^^fci'' exertion.  "  The  more  vigorous  and  healthy  the  indi- 
-x^-^^^ual  sulmntted  to  these  experiences,  the  mon*  rapid 
<i  complete  is  the  acclimatization.     Speaking  broadly, 
e  acclimatizing  continues  through  the  first  four  wi*eks, 
which  time  a  hi*altliy  visitor  can  do  about  the  siime 
mnt  of  work  on  level  ground,  and  feel  as  well,  as  he 
at  home;  at  least  until  he  attempts  to  climb  still 
Erher.  when  tiie  symptoms  of  mountain  sickness  will 
lin  oa-ur,  but  in  a  nuwlitied  form, 
n  the  various  experinients  and  fn)s<^'rvations  that  have 
n  made  upon  the  ability  of  a  healthy  man  to  under- 
«  nuLscular  exertion  in  high  altitudes,   it  has   Iktu 
11(1  tluit  visitors,  after  the  tirst   few  weeks,  can  usu- 
•^'^-"^  accomplish  as  much  within  a  short  spac<'  (►f  time  as 
or»      lov\-  gn)und.  but  they  are  not  ecpial  to  as  prolonged 
^"^c-rtion,  and  their  pulse  rate  and  n*spiration  are  always 
^'J^^t'^sed  alM)Ve  what  it  would  l)e  at  s<^a  level  under  like 
^***^tim.stances.     It  is,   therefore,  important  for  invalids 
^J^  even  for  healthy  visitors,  on  first  resorting  to  high 
^^^^Uflps,  that  they  redufv  their  accustcmied  <'xercise   to 
^^  Iftast  one-half   of   that    which    agreed  with   them  at 
^\<-vol:  particularly  on  going  uphill, 
^itli   n*si)ect    to   our   knowle<lge   of    the 
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effects  of  high  altitudes,  we  are  especially  indebted  to 
Drs.  Herrera  an(i  Lope  of  the  City  of  Mexico,  wiio 
have,  in  their  very  valuable  treatise  entitled,  "I^  Vie  sur 
les  Hants  Plateaux,"  given  us  a  vast  amount  of  infonna- 
tion.  One  of  the  n»8ults  of  their  lalx)rious  and  conscien- 
tious scientific  in(iuiries  is  that  plants,  animals,  and  hu- 
man beings  S(Km  accommo<late  themselves  to  the  peculiar 
conditions  of  life  tit  high  altitudes,  and  that  healthy 
residents  and  natives  thrive.  The  porti<m  of  their  in- 
(juiries  which  is  especially  interesting  t<^  the  therai>eutist 
is  that  thert^  is  a  marked  development  of  the  thorax,  and 
that  even  under  unfavorable  local  hygienic  conditions, 
the  average  rate  of  morbidity  and  mortality  is  lower  than 
under  the  .stime  conditions  at  sea  level.*  In  short,  for 
those  who  luive  ac(|uin*d  or  inherit<*d  accommodation  to 
the  peculiar  conditions,  there  is  a  more  tlian  usual 
amount  of  health  and  pliysical  prosperity. 

While,  physiologically,  all  these  changes  of  the  blood, 
lungs,  and  heart  are  simply  compensatory,  yet  to  the 
properly  selected  invalid  they  are  much  more,  because 
they  give  a  stimulus  and  open  up  avenues  through 
which  lieaUh  ivturns,  and  the  cJianges  in  an  appropriate 
invalid  are  even  greater  than  they  are  in  a  normal  l)eing. 
For  instance,  in  an  aiuemic  person  the  bl(KHl  changes  are 
proportionately  in  excess,  aiul  this  is  true  not  only  when 
they  are  in  the  high  altitude,  but  also  when  they  return 
to  their  home  at  sea  level. 

The  nervous  depression  and  ana>mia  accomiwuiying 
most  cases  of  neurasthenia  are  markedly  and  rapidly  re- 
lieved. And  the  general  improvement  in  the  phthisical 
who  are  suited  to  altitude  treatment  is  especially  markml. 
It  is  often  pointed  out  that  the  focnl  which  is  usually 
con.sumed  supplies  sufficient  iron  for  the  needs  of  the 
human  iMMly;  yet  we  have  abundant  clinical  experience 
to  show  that  in  most  aniemics  inm  given  artificially  is  of 
the  greatest  necessity  and  service.  So  that  while  it  is 
undoubtedly  true  that  a  normal  man  can  extract  from 
the  air  of  his  loctility  at  sea  level  all  that  he  needs  to  keep 
himself  in  health,  vet  when  a  certain  depression  of  hcmlth 
occui*s,  he  is  unable  to  do  so.  and  often  necnls  to  gain  the 
.same  elements  in  a  somewhat  sudden  and  novel  form. 
It  is,  therefore,  no  argument  against  the  tlierapeutic 
value  of  high  altitudes  as  a  tonic  andalt<*rative  in  certain 
ccmditions  of  ill  health,  to  urge  tliat  the  physiological 
changes  whereby  these  tonic  effects  are  brought  about 
are  merely  compensatory. 

It  must,  however.  l>e  n»meml)ered  that  in  using  high 
altitudes  for  therapeutic  purj)Oses,  we  are  taking  into  our 
hands  a  two-edged  swonl,  and  if  they  fail  to  do  good, 
they  may  often  do  much  harm.  It  is,  there foR%  of  vital 
importance  that  the  therapeutist  should  study  not  only 
the  individual  and  his  individual  sicknes.s.  but  also  the 
l)n)perties  and  peculiarities  of  the  climatic  remedy  he 
propos<'s  U)  ai)ply  to  his  disease.  • 

Much  interesting  and  valuable  information  from  a 
physiological  .standpoint,  the  study  of  which  should 
always  precede  any  therapeutic  application,  can  Ikj  ob- 
taineti  from  such  works  as  the  following:  "  I^a  Cure 
d' Altitude,"  bv  Paul  Kegnard;  "La  Vie  sur  les  Hants 
Plateaux."  bv  l)rs.  Herrera  and  Lope:  "Man  in  the  High 
Alps"  (translation),  by  Prof.  Mosso.  of  Turin:  and  many 
books  of  travel,  such  as  "Climbing  in  the  Himalaya.s,*" 
by  Sir  Martin  (^onwav,  and  "Travels  in  the  Great  Andes 
of  the  Equator,"  by  Edward  Whymper. 

Each  of  the  four  (piarters  of  the  globe  has  its  various 
high  altitude  climates.  It  is  only  necess»iry  here  to  refer 
to  thos<'  which  are  at  present  available  for  the  civilized 
invalid.  On  the  continent  of  North  America,  the  Hocky 
Mountains,  extending  from  British  Columbia  to  the  bor- 
ders of  Mexico,  have  l)een  extensively  used:  especially 
on  the  eastern  .slopes,  for  the  n*a.son  that  it  is  drier  and 
warmer  on  the  lee  side,  rather  than  on  the  western  slopes, 
where  the  climate  is  intiuenced  by  tlu?  damp  winds  from 
the  Pacific.  The  climate  of  the.se  mountain  plateaux 
varies  greatly,  that  of  the  Canadian  portions  being  coni- 
parativelv  cold  and  hai'sh,  while  that  of  the  more  south- 
erly portions,  in  New  Mexico  and  Arizona,  is  warm  and 
mild.     In  Mexico  we  have  lofty  plateaux  exhibiting  the 
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special  peculiarities  of  higli  climates  with  more  genial 
warmth  tlian  those  already  referred  to. 

In  South  America  the  Andes  have  been  extensively 
used.  Here  the  high  altitudes  and  medium  elevations 
are  warm  and  pleasant,  but  the  more  extreme  heights  are 
apt  to  be  made  chilly  and  disagreeable  from  the  conden- 
sation of  moisture  tiiat  occurs  from  the  sea  winds.  In 
these  mountains  fog  is  more  common  than  it  is  in  the 
mountains  of  North  America  at  like  altitudes. 

In  Europe  the  Alps  have  been  extensively  used.  Here 
the  snow  line  is  much  lower,  and  the  cold  more  pro- 
nounced. As  most  of  the  resorts  are  situate<l  in  valleys 
among  the  snow -clad  i)eaks,  and  not  so  far  removed 
from  the  ocean  as  in  North  America,  there  is  more  damp- 
ness in  summer,  and  more  melting  snow  and  precipitation 
in  the  spring  and  autumn.  Tliey  liave,  however,  the 
advantage  over  the  plateau  resorts  of  North  and  South 
America  in  having  less  wind  and  dust. 

The  high  altitudes  of  Australia  and  South  Africa  are 
only  just  beginning  to  be  adapted  for  use  by  delicate 
invalids. 

In  Asia  the  Himalayas  present  fine  climates  for  in- 
valids, but  the  best  of  them  are  on  the  northern  slopes, 
away  from  the  influence  of  the  monsoons,  and  are  at 
present  not  sufticiently  civilized  to  be  available. 

N.  E.  S(dly. 

ALUM,  POISONING  BY— Cases  of  pois^ming  by  this 
drug  are  rare.  The  symptoms  appear  very  soon' after 
the  poison  has  been  swallowtnl.  There  is  severe  pain  in 
the  oesophagus  and  stomach,  followed  by  vomiting, 
often  of  blood ;  siinguineous  discharges  froni  the  bowels, 
and  all  the  symptoms  of  a  violent  gastroenteritis.  The 
pulse  is  small  and  frequent:  there  is  muscular  tremor 
with  great  weakness;  thirst  is  sometimes  excessive,  and 
swallowing  is  difficult  and  painful:  the  body  tempera- 
ture is  lowered.  Death  may  occur  in  syncope.  Alkalies 
and  their  carbonates  and  calcined  magnesia  are  tlie  anti- 
dotes for  alum.  After  the  immediate  danger  has  passed 
away,  the  gastro -enteric  inflammation  remains  to  be 
treated  on  general  principles.  Chronic  alum  poisoning 
is  manifested  by  gastric  disturbance  and  constipation. 
It  is  to  be  treated  by  first  removing  the  cause,  and  then 
combating  the  effects  by  means  of  laxatives  and  sto- 
machics. 

ALUM  ROCK  SPRINGS— Santa  Clara  County,  Cali- 
fornia. 

Access. — From  San  Jose  by  ciirriage  seven  miles 
northeast.     Hotel. 

Those  springs  are  located  on  the  western  slope  of  the 
coast  range  in  a  romantic  canon  with  a  most  unromantir 
name — Penitentiary  Canon, — so-called  in  conseciuence  of 
the  early  Jesuits  assembling  there  to  do  penance.  The 
nearness  of  the  springs  to  San  Jose  and  the  excellent  ac- 
commodations offered  at  the  hotel,  with  the  many  natu- 
ral advantages  of  climate  and  se<'nery,  make  the  Alum 
Rock  Springs  a  favorite  n'sort  for  tourists,  summer  vis- 
itors, and  invalids.  The  summer  temperature  is  rarely 
above  J)0'  F.,  and  in  the  winter  it  is  never  too  low  for 
comfort.  Troiit  and  moimtain  (piail  abound,  affording 
good  sport  for  rod  and  gun.  Several  springs  are  in  ac- 
tivity at  Alum  Hock.  The;  principal  '*  soda  "  or  drinking 
water  spring  was  found  by  Dr.  Anderson  to  contain  the 
following  ingredients: 

One  T'.mted  States  CJallox  Contai.ns: 

Solids.  (irains. 

Sodium  carlwnate 7.14 

Sodium  chloride 10.21 

Potassium  carbonate 0.70 

Mafrnesium  carbonate S.oa 

Ma^esium  sulphate 7.16 

Calcium  carbonate I».ft3 

Manganese  carbonate Trace. 

Fterrous  carbonate Tnic«». 

Alumina 0.4o 

SUlca 2.5a 

Total 62JJ1 

Free  carbonic  ackl  gas,  excess. 


This  water  is  of  the  alkaline-saliDe-carbonated  variety 
with  strongly  marked  aluminous  properties.  A  chalyb- 
eate spring  at  Alum  Hock  was  analyzed  some  years  ago 
by  Professor  Hatch,  with  the  following  results : 

One  United  States  Gallon  Contains: 

Solids.  Gratni. 

Ferrous  oxide (L80 

Alumina 0.15 

Manganese 0.70 

Soda 8.40 

Potassa 0.^ 

Chlorine 1.80 

Uydrosulpburlc  acid 3.30 

Total 9.65 

The  salts  and  elements  of  this  analysis  are  evidently 
reduced  to  an  anhydrous  state.  The  same  analysis  with 
the  water  of  crystallization  would  probably  yield  a  much 
heavier  residue* 

At  Alum  Rock  there  are  two  thermal  sulphur  springs 
which  have  a  temperature  of  85"  F.  They  are  used  for 
bathing  purposes. 

The  waters  at  this  resort  have  gained  considerable 
reputation  in  the  tR'atment  of  anaemia,  chlorosis,  chronic 
malaria,  nervous  prostration,  and  debility.  They  ought, 
furthermore,  to  be  useful  in  the  hemorrhagic  diathesis, 
in  menorrliagia,  etc.,  on  account  of  the  iron,  alum,  and 
acids  which  the  waters  contain.  Jamen  K.  Crook. 

ALUM  J^OOJ ,—  {Ht Hchcra.)  Under  this  name  the 
rhizome  of  Henchern  Amencana  L.  is  useil  as  a  simple 
astringent,  by  reason  of  the  fourteen  per  cent,  of  tannin, 
which  it  contains.  It  is  a  crooked,  tuberculate  rhizome, 
five  or  six  inches  Umg  and  half  an  inch  thick,  of  a  pur- 
plish or  reddish  color,  within  and  without.  The  plant 
grows  abundantly  in  the  Eastern  United  States  and  is 
represented  through  the  AVest  by  other  species  of  the 
genus,  with  similar  composition  and  properties.  The 
dose  is  from  1  to  4  gm.  (gr.  xv.-lx.).  Either  water  or 
alcohol  will  extmct  its  tannin.  H.  H.  Rutby, 

ALUMINUM.— 1.  Genekal  Medicinal  Properties  of 
THE  C'o.MPocNDs  OF  ALUMINUM. — As  Compared  with  the 
majorit}-  of  the  heavy  metals,  aluminum  exerts  but  an 
insignificant  c(>nstituti(mal  action— one  useless  in  medi- 
cine, and  not  certainly  recognizable  even  in  poisoning 
by  aluminum  compomids.  All  the  evidence  there  is  of 
constitutional  action  by  this  metal  is  that,  in  toxic  doses 
of  alum,  there  have  iK-en  obs(*rved  along  wilh  the  symp- 
toms of  l(K'al  irritation,  tremors,  spasms,  fainting  15ts, 
and.  in  one  case,  death,  with  disproportionately  slight 
local  lesions.  Locally,  aluminum  compounds*  are  as- 
tringent— the  freely  soluble,  such  as  alum,  highly  so, 
but  yet  with  less  conjoint  irritation  than  is  usualWith 
astringent  metallic  sjijts.  The  main  therapeutic  use  of 
aluminic  prepanitions  is  for  a  local  astringent  effec^t.  for 
which  purpose  these  compounds  ctmibine  potenc\'  with 
freedom  from  bad  taste,  undue  irritation,  or  power  to 
stain. 

2.  TiiK  CoMPorNDs  OK  ALiMixr.M  Us?:d  in  Medicine. 
— These  are  the  hydroxide,  sulplmte,  and  potassio-sul- 
l)hate  (])otassium  alum). 

Alniniunin  hi^droxuh,  AUlOHic — Aluminum  hy- 
droxi<le.  or  hydmted  alumina,  as  it  is  commonly  called, 
is  otlieial  in  the  U.  8.  P.  as  Alumtui  Ilifdraa,  Alumi- 
num llydmte.  It  is  prepared  by  precipitation,  a  boil- 
ing hot  a(jueous  solution  of  alum  Ix'ing  poured  into  a 
similarly  hot  soluticm  (»f  sodium  carbonate.  The  pre- 
cii>itate  of  the  hydroxide  is  then  washed  with  hot  dis- 
tilled water,  dmined.  dried,  and  pulverized.  The  prod- 
uct is  "a  wlnt(»,  light,  amorphous  powder,  odorless  and 
tasteless,  and  i)ernianent  in  dry  air.  Insoluble  in  water 
or  alcohol,  h\\\  (•omi)letely  soluble  in  hydrochloric  or 
suli)huric  acid,  and  also  in  potiis.sium  or  sodium  hydrate 
T.  S.  When  heateil  to  redness  it  loses  about  34.6  per 
cent,  of  its  weight  (water  of  hydration)"  (U.  S.  P.). 
This  preparation,  from  its  insolubility,  can  exert  active 
properties  only  through  chemical  conversion.     Locally 
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for  floral  doooration.  Many  spt*cM»s,  t^spociallv  of  the 
narcissus  proup,  are  known  to  Ix*  pois<»nous.  Yhey  are 
almost  unknown  to  nHnlinil  litemturc,  but  th<'  apive  (»r 
century  plant  is  an  important  sourer  of  fennente<i  and 
distill(Ml  lijjuor  in  Mexico.  The  family  may  Ik*  exptfctiil 
to  yield  important  additi<ms  to  the  materia* me<liea. 

//.  //.  y^/%. 

AMBER. — SrciiMM.  (I*reparati<»n:  (jUhih  SucHni,  V . 
S.  P.). 

A  fossil  H'sin  i>roduced  hy  Hti/o.ri/fon  xm-nnifcrum  Kr. 
{IHrtn  iturrinifira  (-on vent/.),  and  other  t^'rtiary  and  lon>r 
ago  extinct  (oniftrtt.  The  range  of  these  tn'cs  must 
liave  iK'cn  a  considenible  one.  as  amlKT  has  lx*eu  found 
in  many  widely  st»panited  places — Siberia,  Alaska. 
Gn*enland,  Maryland,  in  the  Inited  States,  and  in  nearly 
all  quarters  of  Kurop<*.  Hut  the  tract  now  covort'd  by 
the  mltic  Sea  must  havi*  prrnluced  thew*  trees  in  tli'e 
greatest  abundance?;  for  from  its  southern  borders  nmrly 
all  theainlHT  of  c<nnnu»n'e  is.  and  for  many  c<'nturies  liiis 
iH'en,  obtained.  The  west  c<»jist  of  Denmark,  and  nearlv 
the  whole  north  coast  c»f  Prussia  is  includnl  in  this 
amlHM'iferous  ri'gion.  It  is  continually  found  cast  u])on 
the  shores  by  tin*  waves,  espcrially  after  h«'avy  storms, 
either  loos*^  or  entangled  in  the  "root.^"  of/*/r/  and  other 
marine  alga*;  it  is  also  fished  up  fnun  the  bottom:  and 
finally,  large  quantities  arr  dug  out  of  a  stmtum  of 
glaueonitic  s;in(l,  "blue  earth,"  underlying  layers  of 
peat  and  marl,  and  extending  often  far  i>eneath  the 
lu*d  of  the  sea.  It  is  assorted  into  numerous  grades, 
according  to  its  purity  and  size.  The  finest  jdeces  are 
cut  and  polished  for  artieU's  of  ornament,  the  small 
and  unsightly  ones,  with  the  Hiips  and  cuttings,  are 
mad(^  into  varnishes  and  various  compositions,  or  dis 
tilh'd  for  the  oil. 

Amber  is  foun«l  in  hanl.  brittle  tears  and  lumps  of 
mon?  or  less  rounded  but  often  irregular  .shape.  They 
are  usiially  small,  miily  exce<'d  a  tew  gnims  in  weight, 
and  varv  very  nnich  in  ch-arne.ss  and  tmnsi)arency. 
They  often  contain  coarsi*  impurities,  vegetable  n'- 
naiins,  and  diit.  Occasionallv  entire  inseets  are  lH*auti- 
fully  preserved  in  them.  The  <'olor  of  amber  is  gener- 
ally* veUow  or  brownish,  ])Ut  varies  fn mi  almost  white 
to  nnirly  black;  it  is  nirely  grt*enish.  The  external 
or  natund  surface  is  usually  rough  or  irregular,  the 
interi<>r  often  iM-autifully  tmnsparent.  It  is  hanh-r 
than  most  resins,  has  no  iwlor  or  taste,  break  with  a 
conchoidal  fnicture,  ami  is  capablc>  of  n-ceiving  a  high 
polish. 

It  is  insoluble  in  water  ami  c«»hl  ah'ohol.  but  mav  be 
dissolved  in  boiling  alc(»hol.  Im'ii/oI,  etc.  It  softens  at  a 
nKMlenitely  high  tempenitun'.  but  d«K's  not  melt  until 
29'  ('..  when  it  Iw'gins  aNi>  to  decompos**.  Compo.siti(m. 
CiuHihO.  and  hydrocarlM>ns. 

The  use  <»f  amber  its<'lf  in  medieine  is  lonir  past.  It  is 
wmietimes  an  ingn*<lient  of  fumigating  ]»«»wders  or  pas- 
tilles; jlin'ctions  also  for  making  an  ethereal  tincture  are 
in  pharmaceutical  works.  Tla*  «a*l  of  ainlM'r  (Oftum  Sur- 
rifii.  V.  S.  P.)  is  an  empvn*umatie  licjuid.  obtained  by 
dry  distillation  and  ]>uritied  by  distillation  fn»m  wai,*r. 
The  cru«le  oil  is  a  mixtuii*  of  livdnK-arbons  and  a<*ids:  a 
thick,  dark-red.  ofVensive-smellinglitiuid.  Theretlistilled 
is  pale  or  white,  "a  eolorless  or  pale  yellow,  thin  liquid. 
lM»coming  darker  and  thicker  by  age  and  exposure  to  air: 
having  an  empynaimatie  ludsamie  odor,  a  warm,  acrid 
taste,  and  a  neutnd  or  faintly  arid  reaetion.  Spe<*if1c 
gnivity  alK)Ut  O.UOO.  It  is  n-adily  soluble  in  alcohol," 
etc.  (l\S.  P. ).  It  is  extensively  adultenited.  Internally 
used — ffom-.  a  to  5  dgin.  (n.'2  to  O..")  irni.  =  ni  ii j.  ad  viij.  = 
gtt.  5  to  1.*)) — it  is.siiid  to  1m'  stimulant  and  antispasiiifHlic. 
Externally  it  is  rulK*facient.  and  is  (M-c:isionally  usi'd  as 
an  ingredi<'nt  of  liniments.  The  residual  pit<h.  "ninlHT 
n*sin."  left  after  the  distillation  of  the  oil.  is  dissolved  t-o 
make  a  .slowlv  drvinir.  but  v<tv  hanl  and  dund)le  var- 
ni.sh.  Succinic  acid  is  also  one  of  the  pHnbicts  of  the 
disintegnition  of  amber. 

Alliko  Pl.vnts. — For  other  (oiuftrn  see  Tur]H  uiiue. 

Allied  Dri'os. — Oil  of  tar  is  chemicallv  and  thera- 


peuti(«lly  analogous  to  oil  of  amber.     Copal,  kauri,  aod 
other  fossil  resins  are  strictly  analogoug  products. 

AMBERGRIS.  — (.i;//6r«'  //m,  Cwlex  Metl. ;  Amhm 
grintn,  i.e..  gray  aniU*r.)  A  ix*(!uliar  fatty  material, 
found  in  lumps,  generally  on  thesurftict?  of  triopicral  scAii: 
oc<asionally  in  the  intestines  of  the  sperm-whale.  P/t^ter 
mnei'ttciphtiluif  Shaw,  where  it  is  sup|H>siHl  to  lie  a  paUio- 
logind  formation.  The  lialls  an*  often  of  ironccntric 
structure,  and  in  a])|H*aninc<*  and  position  are  analogous 
to  concretions  f»>und  in  other  animals.  Pieces  vary  in 
size  fmm  snmll  fragments  to  great  mas.ses  of  50  kgni. 
(10()  ills.)  or  more.  It  is  a  waxy,  tasteless  sulfstance. 
<'rumbling.  but  al.so  softening  in  the  liand.  Iiaving  aliout 
the  i-onsisteuty  of  some  pdl  stones,  its  ct»U»r  iikuhUv 
gmyish  or  bntwnish.  streake<l  or  s{)otti*<l  witli  white. 
Odor  slight.  p(»<ulij4r,  not  nauseous.  At  tlie  temiHTBture 
of  iKiiling  waU^r  it  melts,  and  at  a  higher  one  is  dis- 
sijiatcd.  Iwiving  but  little  n»sidue.  Soluble  in  alcohol. 
ether.  flx«»d  and  essc>ntiid  oils,  etc. 

A  mlxTgris  consists  to  the  extent  of  al)out  eighty -five 
per  cent.  f)f  a  in-culiar  non-sa]>onifiable.  cr}'8talllKab1e 
fat.  omhnin,  lN'sid<'s  small  amounts  of  extractive,  ben- 
zoic acid,  etc. 

AmlM'rgris  has  iN'cn  used  as  an  antisi)a8niodic  of  the 
musk  ty]ie,  but  is  ])robab]y  weaker  than  tliat.  Its 
medical  use  is  nowadays  not  wortli  wrioiis  thought.  In 
perfumery,  like  musk,  it  has  the  proi)erty  of  holding* 
an«l  <leveloping  the  vegetable  odors. 

The  dos<»  nmy  1m*  accept^nl  as  from  0.25  to  1  gm.  (=  gr. 
iv.  ad  xvi.).     A  tincture  wouhl  Ik*  a  suitable  form. 

M\  P.  BoOeB. 

AMBLER  SPRINGS.— (Formerly  Griffin's  Springs.) 
Pii'kens  ('»)unty.  South  Carolina. 

Post-Offuk.— Pickens  Court  Hou-^i*.     Hotc*l. 

Thes<*  springs  are  two  in  numlH*r.  and  are  located 
seven  miles  fnnn  Pickens  Court  House,  at  a  level  of 
2,(MH)  feet  alnive  the  sea.  Tlu-y  are  useil  to  some  ex- 
tent as  a  resort,  ami  tlie  wat4*r  is  liottU*d  and  sold. 
The  Ambler  IIous(*  is  one  mile  from  the  springs.  It  is 
kept  o{H*n  for  the  reception  of  guests  during  the  sum- 
mer months.  The  water  wjis  analyzetl  in  1895  by  M.  B. 
Hardin,  chief  chemist  of  the  Cleinson  Agricultural  Col- 
lege, as  follows: 

o.NK  I  NiTKi»  States  (Gallon'  contains: 

Solids.  Grains. 

S<Nlliim  (nr!K»nnt»» Ol80 

( 'alciiiin  nirlN)tint*' S.]5 

Mn(rni>snHn  nirlMiiiut*^ O.QS 

Pota.sMUiin  siilphute a.M 

SiMliuiii  sulphate (1.18 

S«Nliiiin  <-hl«»ri<Ie 0^ 

Inin  ses4|ulo\i<l<>  and  alumina UXB 

sllKu 1.78 

T(»tal 8.48 

This  wai4T  is  of  the  light  alkaline-calcic  class.  It  is 
not  heavily  minenilized.  but  nevertheless  it  liasUvn  used 
with  nnieh  appan>nt  advantage  in  dy.sjH'psiii.  and  in  skin 
disordeis  <»f  tlu*  <*c/.ematous  variety.  J.  K.  Cnrnk. 

AMBULANCES.  CIVIL. -An  ambulanci*  is  a  vehicle 
spjMJally  desiirned  for  tin*  tntnsportation  of  sick  or 
wounded.  It  owes  it**  origin  and  general  chamcteristirs 
to  the  needs  of  civilized  warfare.  The  gn>wth  of  hu- 
mane i)nictiees  in  the  wars  of  the  eighteenth  century 
pHnluced  an  incri'asing  demand  for  .some  mcthcHl  of 
carrying  wouialrd  lM)th  elTective  and  men*iful.  and  the 
FnMH'h  \\ai*s  folIowinLT  the  devolution  of  17H9  brought 
th<'  ambulanee  servici*  along  with  all  their  other  military 
innovaticms. 

Anorgjini/.<'d  system  for  the  transportati(mof  wounded 
was  tirst  introduced  by  Raron  Ijirrey,  the  French  mili- 
tary surgeon,  in  the  Army  of  the  Rhine  in  179*2.  Only 
slight  iiii])roveni<'iit  upon  his  system  was  made  during 
the  wars  of  the  first  Inlf  of  the  nineteenth  centur\.  and 
it  was  not  until  the  latter  part  of  the  Civil  War  that  the 
ambulance  obtiiined  proper  recognition  and  development 
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tlioae  cxi^dients  whiuh  Jiave  beeu  in  use  fn)ni  time 
immemorinl. 

The   type  of  arabiilance   in  active  opemtion  every- 
where is  at  present  tlio  liorec  ainbii lance.    Bicycle  am- 
bulances liave  been  tried,  but  trith  llttlesuccesa.     It  ean- 
Dot  be  questioned,  liowever,  tliat  before  long  automobile 
ambuUncea  will  to  a  great  exteut  supenKHle  all  other 
kinds.      The    ntpiil    introduction    of   electric    delivery 
wagons,  triieks,  and  caita  is  an  indication  of  wlint  may 
Bhortly  be  expected  in  am hii lances,  and  there  are  at  pn'a- 
ent  In  jireccss  of  couatrticLion  several  with  electric  mo- 
All  horse  ambulances  arc  so  nearly  alike  that  one  gen- 
eral description  will  coverall  their  salient  features.     The 
enclosed  body  of  the  veliiclc  is  frinu  eight  to  nine  feet  long  . 
and  from  three  to  thrceand  one  half -feet  wide.     As  light-   | 
ness  is  an  im]>ortant  element,  it  is  built  of  as  light  ma- 
terial as  is  compatible  with  thorough  strength.     1  lie  roof  I 
fa  supported  by   uprights,  a  IioihI  projecting  over  the 
driver's  Beat,  and  only  a  slirirt  distance  is  boarded  in  on  | 
the  sides,  the  front  and  rear  being  open.     In  cold  or 
stormy  weatlier  all  but   the   rear  can  Ih;  closed  in  by   i 
leather  or  rnblier  curtainH.     The  patient  lies  on  a  niov-  | 
able  bed  covered  with  bnther,  anil  this  runn  on  a  track,   i 
and  ia  so  held  by  inverted  clamps  that  it  will  still  remain  ! 
borixontal   when  drawn    out    to    its  full    length.      A   ] 
stretcher  lies  on  this  bed.     The  surj^eon  sits  at  the  rear  ' 
on  a  transverse  seat,  just  over  the  tailpiece,  so  arranged 
that  it  can  }m;  raised  perpendicularly  and  elas|H>d  out  of  I 
the  way  wlien  the  taif-jiiece  is  let  down  for  the  entran<H,'  | 
or  exit  of  the  iwtient.     A  step  lieliind assists  the  surgeon   j 
to  Ilia  seat,  and  there  are  straps  to  which  he  may  hiilil.   ' 
Under  the  driver's  si-at.  in  front,  is  nxim  for  splints  and  I 
other  apjiliances,  and  the  longer  splints  arc  susgiendi^l 
by  straps  from  tlic  roof.    A  lantern  is  clamped  inside. 
and  two  red  lights  on  the  side  indicate  to  other  drivers  ] 


the  ambulance's  right  of  way.  The  fore  wheels  can  fao 
cramped  under  tiie  fore  part  of  the  veliicle,  whic^b  can 
thus  turn  in  the  shortest  posalhie  space.  Usually  drawn 
b^-  one  hoise,  it  may  of  course  be  changed  to  a  double 
rig  whenever  circumstances  or  the  conditions  of  tbe 
streets  require.  The  average  weight  of  such  a  vehicle  1* 
from  twelve  hundred  to  fourteen  hundred  pounds.  The 
wlieelsare  made  with  solid  rubber  tires,  wldcbaieaasatte- 
factory  and  far  more  durable  than  the  pneumatic  tires 
that  were  in  vogue  forashort  time.  A  large  foot  gong  In 
front  of  tbudasliboant,  or  under  it,  can  be  operated  by  the 

The  most  satisfactory  situation  for  the  stable  is  within 
tlic  limits  of  tlie  hospital,  but  in  a  separate  building. 
By  this  adjustment  the  inevilable  noise  and  odor  are 
minimized,  and  the  ambulance  is  still  within  chwe  call. 
Tlie  interior  arrangcnK-nt  of  Uie  stable  need  not  differ 
from  that  of  any  private  one.  There  sliould  beoae  wan 
horse  than  the  number  of  ambulances  in  service,  in  can 
of  acciiient  or  disease  and  to  meet  any  emergency.  Ona 
stall  is  kept  for  tbe  horse  on  call,  where  be  atanda  witll 
his  bridle  tn  ^loee,  only  the  bit  requiring  to  be  inserted. 
The  harness  is  patterned  after  tliat  used  by  Bk  depait- 
nients.  and  hangs  susi>ended  over  the  shafts  ready  to  be 
lowered;  then  the  eolurisclasped,  one  or  two  straps  an 
buclclc<l.  and  in  a  moment  or  two  tbe  trained  borse  is 
imder  way.  Calls  are  sent  to  tbe  stable  from  the  office 
hy  teU'phonc  or  gong.  There  must  be  one  more  ambu- 
liinee  than  the  numlwr  niiining,  in  order  tiiat  repairs  re- 
quired by  ac('i<leiits  and  wear  ami  tear  may  be  made 
witliouta  disabling  of  the  service.  So,  also,  an  extra  man 
is  needed  to  take  care  of  the  stable,  hordes,  and  ambu- 
lances, and  to  act  as  a  relief  driver  and  stable  watctaman. 
Ills  extra  tiimt  iiuiy  be  emjiioyed  in  the  doing  of  other 
necessary  work  aniund  the  institution. 

A  conventional  assortment  of  medical  and  surgical  in- 


Ambulances* 
A  menorrbcea. 
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easily  controlled.  The  advantages  of  such  a  vehicle 
over  a  horse  ambulance  are  obvious.  It  does  not  take 
up  80  much  stable  room,  it  does  away  with  the  noise  and 
odors  of  a  stable,  it  is  always  ready  when  charged,  and 
no  harnessing  is  necessary,  and  it  is  less  expensive  when 
in  actual  operation.  Its  disadvantages  are  its  great  price 
and  large  cost  for  repairs,  that  it  needs  more  skilled  and 
therefore  more  expensive  labor  to  take  care  of  and  run  it, 
that  its  position  at  present  is  rather  uncertain  owing  to 
the  rapid  improvement  in  these  vehicles,  and  tliat  on 
slippen''  pavements  and  in  deep  snow  it  is  unreliable. 
Though  at  present  no  institution  would  attempt  to  run 
automobile  ambulances  exclusively,  it  is  highly  prolmble 
that  in  a  short  time  they  alone  will  be  used. 

In  New  York  City  the  hospitals  maintaining  a  regular 
ambulance  service  are  the  following,  the  figures  indi- 
cating the  number  of  ambulances  regularly  in  ser- 
vice in  each  case:  Hudson  Street,  2;  Gouvemeur,  3 
or  4;  New  York,  2;  Flower,  2;  Pn^sbyterian,  2;  J. 
jHood  AVright,  2;  St.  Vincent's,  2;  Bellevue,  4;  Uoosc- 
jvelt,  2;  Harlem,  2;  Fordham,  2.  (Each  of  the  hospitals 
named  has  one  or  more  ambulances  reserved  for  emer- 
gency use.) 

Before  the  general  intnMluction  of  telephones,  calls 
were  usually  sent  to  hospitJils  by  the  ringing  of  a  gong, 
as  is  now  done  by  the  Fire  Department.  It  was  also 
customary  at  one  time  for  an  ambulance  to  go  to  every 
fire  call.  *  Since  telephones  have  become  so  universal 
they  alone  are  generally  used.  The  ambulance  work  is 
under  the  supervision  of  the  Police  Department,  and 
every  call  is  theoretically  supposed  to  be  sent  by  an  ottl- 
cer.  Practically,  however,  every  reasonable  call  stmt  by 
a  civiliiin  is  answered.  The  Fire  Department  Iweomes 
an  element  ^n  callins'  ambulances  only  when  there  is  a 
large  tire  with  much  loss  of  life.  In  such  case,  following 
the  alarm  of  tire  which  is  rung  in  almost  all  hospitals 
having  an  ambulance  service,  a  call  of  three  fours  is 
rung  to  summon  all  available  ambulances  in  the  city; 
immediate  re.sjxmse  is  made  to  the  call. 
'  Cities  differ  considerably  in  the  way  in  which  their 
accident  service?  is  done.  Sick  cases  are  everywhere 
handled  in  much  the  stime  way :  patientis  who  are  too  ill 
or  too  poor  to  be  taken  in  carriages  are  conveywl  by 
ambulances.  The  accident  work  in  certain  citiesis  done 
entirely  by  police  patrols.  This  system  hiis  some  pecul 
iar  advantages:  it  is  not  imposed  on  ignorantly  by  civil- 
ians, or  wilfully  abused  by  the  police  thenist^lves,'  slight 
scalp  wounds  received  by  "drunk  and  disorderly  ''  unfor- 
tunates do  not  so  often  (Kcupy  the  time  of  a  hospital  staff, 
and  ca.ses  of  pretendeil  illness  are  more  carefully  investi- 
gated, to  the  relief  of  the  temper  of  the  hospital  authori- 
ties, while  calls  in  outlying  sections  far  from  a  hospital 
can  be  answered  more  readily  and  i)roniptly.  On  the 
other  hand,  the  i>atient,s  are  not  handled  so  carefully  or 
so  skilfully,  and  ignorance  does  in  e.\cei)tional  cases  pro- 
duce very  serious  consecjuences.  On  the  balance  of  ad- 
vantage, the  individual  benetits  by  the  hospital  service; 
the  police  system  is  undoubti-dly  more  economical.  In 
some  cities  public  hospitals  do  all  the  accident  work,  the 
private  hospitals  only  running  ambulances  for  sick  cases. 
Sometimes  there  are  ambulance  stables  distributed  al^out 
the  city  without  trained  surgical  attendants;  these  carry 
patients  directly  to  the  nearest  public  hospital;  in  other 
cases  all  calls  are  sent  in  to  the  hospit^il.  The  value 
of  prompt  transportation  without  skilful  assistance  on 
the  one  hand  offsets  the  intelligent  skill  coupled  with 
delav  on  the  other. 

The  most  ix*rfect  but  most  extravagant  metluMl  is  the 
establishment  of  an  ambulance  service  in  private  as  well 
as  in  public  hospitals,  and  the  assignment  to  each  hos- 
pital of  a  limited  area,  so  that  all  i)arts  of  a  city  can  be 
rapidly  covered  by  intelligent  workers.  This  entails 
much  expense  on  private  institutions,  even  if  laboring 
under  financial  difficulties,  but  is  another  refinement  in 
the  method  in  which  many  of  our  cities  look  after  the 
welfare  of  their  inliabitants.  This  is  the  <ase  in  the  city 
of  New  York,  where  the  Boanl  of  Charities  divides  the 
city  into  districts  and  allots  to  each  district  a  certain 


number  of  police  prisons.  The  districts  are  so  divided 
as  each  to  contain  a  hospital  maintaining  an  ambulance 
service,  and  the  jurisdiction  of  each  hospital  within  the 
limits  of  its  own  district  is  complete. 

In  all  cities  cases  of  contagious  disease  are  tiansferred 
to  reception  and  contagious  hospitals;  this  is  genially 
done  by  special  vehicles,  old  city  ambulances  altered  into 
closed  vehicles.  There  are  in  many  of  the  cities  ambu- 
lances operated  by  private  individuals  for  the  purpose 
of  transferring  patients  in  as  inconspicuous  a  way  as 
possible ;  these  arc  built  to  represent  an  ordinary  vehicle 
externally,  with  a  stretcher  arrangement  within  like  that 
of  the  ordinary  ambulances.  The  varieties  are  numerous, 
and  that  one  is  best  which  least  attracts  attention. 

That  ambulance  services  are  imposed  upon  there  can 
be  no  doubt;  unfortunately  there  seems  to  be  no  remedy 
for  the  evil.  The  imi)osition  is  sometimes  effected 
through  ignorance,  sometimes  tlirough  design.  The 
convenient  and  efficient  practice  of  calling  ambulances 
by  telephone  increases  the  opportunity  for  mischief. 
To  the  hysterical  layman  every  attack  or  syncope  means 
apoplexy,  and  every  abrasion  of  the  scalp  a  fractured 
skull.  When  these  or  kindred  things  come  to  his  atten- 
tion, he  immediiitely  sends  in  a  "  hurry  call "  by  the  near- 
est telephone,  often  without  the  knowledge  or  desire  of 
the  patient ;  when  it  is  answered  with  all  possible  speed, 
the  surgeon  finds  tliat  the  patient  has  gone  home  or  re- 
fuses treatment.  By  ambulances,  also,  ready  means  is 
afforded  to  the  policeman  to  dis|X)se  of  his  obstreperous 
and  slightly  battered  alcoholic  cliarges,  and  when  no  evi- 
dence of  injury  is  apparent  the  surgeon  is  solemnly  told 
tliat  the  ])atient  was  comatose  when  the  call  was  sent. 
A  hospital  tliat  does  not  leave  anything  to  the  discretion 
of  the  surgeon,  but  insists  on  all  cases  being  brought 
in  unless  refused,  of  course  suffere  most  in  this  way. 
No  remedy  that  will  throw  out  all  improper  calls  and 
answer  all  the  worthy  ones  can  be  devised,  and,  as  in 
the  fire  s<Mvice,  much  time  and  money  are  sacrificed  in 
order  that  no  single  case  requiring  attention  sliall  be  neg- 
lecte<l. 

The  position  of  ambulance  surgeon  is  usually  filled  by 
internes  or  by  physicians  specially  appointed  for  the 
purpose',  or  by  students  nearing  the  completion  of  their 
medical  school  course.  There  can  be  no  doubt  of  the  in- 
advisability  of  allowing  medical  students  to  occupy  so 
important  a  i)osition.  Most  cases  require  simple  treat- 
ment, but  exceptional  circumstances  arise,  and  one  un- 
trained to  meet  them  is  little  better  than  a  layman. 
Such  training  as  a  service  recjuires  can  be  readify  and 
thoroughly  actjuired  in  an  emergency  wanl,  under  com- 
petent supervision,  and  as  either  of  the  first  two  methods 
brings  every  benefit  to  the  patient,  the  choice  must  fall 
upon  the  one  which  better  nu'cts  the  requirements  of  the 
.siTvice  without  affecting  the  administration  of  the  hos- 
pital as  a  whole  A  very  active  ambulance  service  is  too 
mueh  of  a  drain  upon  the  strength  of  a  man  busy  with 
a<lditional  work ;  on  the  other  hand,  such  a  service  is  but 
a  slight  inducement  to  a  capable  man,  unless,  as  is  seldom 
the  case,  it  offers  chance  of  future  advancement.  The 
(question  is  open,  anil  is  decided  in  each  case  by  existing 
conditions. 

The  following  statistics  may  be  of  interest  as  showing 
the  development  of  the  ambulance  system  in  some  of  the 
leading  hospitals  of  New  York  City: 
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AmMilanees, 
A  inenorrb«ea« 


AMENORRHCEA. — Disregarding  refinements  of  nomen- 
clature, "we  may  define  amenorrha*a  as  a  suspension  or 
cessation  of  the  menstrual  function  in  a  woman  who  is 
not  pR'gnant  and  who  has  not  reached  the  **  change  of 
life."  or  the  pi'riod  at  which  menstruation  naturally 
ceases.  The  term  should  not  be  employed  to  include 
cases  in  which  menstrual  blood  really  exudes  from  the 
uterine  mucous  membmne  (or  from  that  of  the  oviducts, 
if  we  accept  the  doctrine  that  the  Fallopian  tubes  take 
|>art  in  the  function),  but  is  prevented  from  making  its 
appearance  externally  by  some  malformation,  such  as  an 
imperforate  hymen.  It  sliould  be  borne  in  mind  tliat 
amenorrlura  is  not  in  itself  a  disease,  but  simply  a  re- 
sult of  some  morbid  conditicm  affecting  either  the  system 
at  large  or  some  part  of  the  genital  apparatus. 

Caises. — There  is  scarcely  any  derangement  of  the 
general  health,  especially  if  of  a  serious  nature  and 
chronic  in  its  coui*se,  that  is  not  prone  to  prove  at  least 
the  predisposing  cause  of  amenorrhcra.  Usually,  how- 
ever, these  deviations  from  health  affect  either  the  func- 
tion of  hn?matosis,  the  geuend  nutrition  of  the  body,  or 
the  normal  action  of  the  nervous  system,  and  any  two, 
or  all  three,  of  these  disturbances  may  be  combined. 
MortK)ver,  it  mav  be  said  that  defective  ha'matt)sis  is  it- 
self a  nutritive  clisorder,  and  that  all  irregularities  of  nu- 
trition may  take  their  origin  in  impaired  nervous  action. 
All  this  is  tnie,  but  the  practical  utility  of  these  distinc- 
tions remains,  nevertheless.  Of  the  j)articular  diseases 
that  give  rise  to  amenorrho'a,  the  most  noticeable  are 
pulmonary  consumption  and  chlorosis.  In  both  in- 
stances, the  suspension  of  menstruation  seems  to  be  a 
conservative  effort  on  the  part  of  nature  to  spare  the 
system  every  unneces-sary  tax.  and  this  consideration 
aJpne  ought  to  be  enough  to  teach  us  that  it  is  not  the 
re-establishment  of  the  menstrual  flow  that  we  should 
aim  at,  but  mther  the  restoration  of  the  general  health. 

It  1ms  been  doubted  by  good  observers  whether  it  is 
possible  for  a  woman  in  perfect  health  to  suffer  from 
anienorrhu'a.  and  there  is  much  to  sustain  tiiis  position ; 
but  it  is  certain,  nevertheless,  that  in  many  erases  the  im- 
painnent  of  the  general  hetilth  goes  on  for  a  h)ng  period 
witlioutpnxlucingamenorrluea,  until,  finally,  some  addi 
tional  factor  comes  into  plav.  and  nuiv  trulv  Ik?  looked 
upon  as  the  exciting  cause  of  the  disorder.  Among  tlie.se 
exciting  causi'S  we  may  reckon  almost  all  pelvic  diseas<^s, 
the  functional  perturbation  consetjuent  on  exposure  to 
cold  during  a  menstrual  period,  emotional  shocks,  and 
traumatic  injuries.  It  will  be  seen  that  these  factors 
must  vary  widely  in  their  mcKle  of  action. 

Vaki?:tiks. — Doubt  has  Imm-u  cast  upon  the  doctrine 
Uiat  the  menstrual  function  is  dominated  by  the  ovaries, 
but  it  cannot  be  said  that  the  doctrine  has  been  over 
tlirown.  and  we  have,  therefore,  to  distinguish,  for  pur- 
poses both  of  diagnosis  and  of  prognosis,  between  amen- 
orrhfea  whieh  is  and  that  which  is  not  due  to  failure  on 
the  part  of  the  ovaries.  In  other  words,  conecrning  our- 
selves only  with  the  mechanism,  and  leaving  uliiinate 
causes  out  of  account  for  the  time  being,  we  have  to  dis- 
tinguish iH'tween  ut<'rine  and  ovarian  amenorrhcea. 
Pmcticallv,  the  onlv  guide  wc  have  to  a  failure  of  that 
ovarian  action  which  should  serve  to  stimulate*  the  men- 
strual flow,  is  the  absence  of  the  menstrual  '*molimen" 
—the  rntuffihh'  of  symptoms  usually  attendant  upon  the 
flow,  including  a  sense  of  weight  and  pain  in  the  pelvis, 
and  in  some  cjises  pain,  tenderness,  and  swelling  of  the 
breasts,  with  or  without  the  various  reflex  disturbances 
tlmt  sometimes  attend  the  menstrual  effort. 

The  uterine  variety  is  to  be  recoirnized  by  the  state  of 

«  ■  ft 

the  uterus,  which  will  conmionly  be  found  to  be  one  of 
atrophy  (including  the  so-called  "superinvolution  ")  or 
of  iniiM'iled  circulation  due  to  the  contraction  of  old  in- 
flammatr>ry  exudates. 

DrAONOsis. — Amenorrha^a.  as  it  is  here  defined,  requires 
to  he  di.sagnosticat<Ml  only  from  retention  of  the  menst^s 
and  from  the  physiological  su.spension  due  to  i>regnancy. 
The  diagnosis  will  necesstirily  rest  upon  a  phv.sical  exam- 
ination, and  for  the  det*iils  the  reader  is  referred  to  the 
articles  on  Pregnancy  and  on  Menses^  Uelermon  of. 


Prognosis. — The  question  of  our  ability  to  restore  the 
menstrual  function  is  to  l)e  answered  wholly  in  the  light 
of  the  causes  on  which  its  suspension  is  found  to  depend. 
Grave  constituti(mal  diseases,  such  as  phthisis  pulmonalis» 
render  the  treatment  in  that  direction  not  very  promis- 
ing, while  the  cure  of  any  less  serious  fundamental  diB- 
order  may,  on  the  other  hand,  be  reasonably  expected  to 
be  followed  by  the  re -establishment  of  menstruation. 
As  regards  the  local  conditions,  atrophy  of  the  uterus 
and  functional  inactivity  of  the  ovaries  must  give  rise  to 
an  unfavorable  prognosis,  although  t^'mporary  benefit 
nmy  be  produced  by  treatment  in  some  instances.  The 
prospect  is  iH'tter  in  the  case  of  old  inflammatf>ry  disease 
within  the  pelvis,  for  such  affections  an^  often  amenable 
to  treatment.  In  general,  the  causes  will  be  found  to  Ix; 
reme<liable,  and.  therefore,  the  prognosis  favorable. 

Trkatm ENT. — In  the  first  i)lace,  the  practitioner  should 
avoid  taking  the  patient's  view  of  the  matter — that  she 
would  "feel  l>etter  if  her  courses  would  only  come  on." 
Women  very  commonly  express  themselves  in  some  such 
phrase,  and  they  apply  to  a  physician  under  the  idea  that 
his  art  will  bring  on  the  menstrual  flow  pnmiptly,  and 
thus  restore  them  to  health.  From  what  has  been  said  of 
the  causes  of  amenorrh(va,  the  reader  will  have  inferred 
that  any  such  expectation  on  the  patient's  part  is  likely 
to  bring  disappointment  to  her,  and,  if  he  allows  it  to  go 
on,  discredit  upon  himself,  for,  in  all  probability,  he  will 
not  be  able  to  mei*t  the  demand  made  upon  him.  It  is 
better  to  give  the  patient  to  understand,  at  the  outset, 
that  her  condition  might  In*  expix^ssed  more  truly  by  a 
cliange  in  the  phrase  allude<l  to,  namely,  that  her  courses 
will  come  on  when  her  health  has  been  re-established. 

Another  caution  ne(Kls  to  be  given.  Women  who  know 
or  suspect  themselves  to  l)c»  pregnant,  frequently  consult 
a  physician  in  the  hope  that,  in  the  attempt  to  bring  (»n 
menstruation,  he  will  really  succeed  in  causing  abor- 
tion. WlKM'Vcr,  under  sui-h  circumstances,  prescribes 
any  measure,  no  matter  how  inntx-ent,  with  the  under- 
st(M)d  purpose*  of  inducing  the  menstrual  flow,  is  liable  to 
have  unplea.siint  charges  brought  against  him  in  case 
alN)rtion  actually  do<'S  take  place,  even  as  the  result  of 
some  interference  with  which  he  had  no  connection. 
When  called  upon  to  undertake  the  treatment  of  a  case 
of  suppressed  menstruation,  it  is  prudent,  therefore,  for 
the  practitioner  to  stitisfy  him.st>lf  that  pn^gnancy  does 
not  exist,  and.  in  cas<'  of  doubt,  to  decline  tlie  manage- 
ment of  the  cas*^*  unless  he  can  protect  himself  in  some 
way.  as  by  insisting  that  some  trustworthy  person  be 
made  ac(iuaint<Ml  with  the  facts  at  the  start. 

Having  undertaken  the  management  of  a  case  in  which 
treatment  is  sought  for  on  account  of  ameiK)rrhfpa,  the 
physician  should  make  a  systematic  in(|uiry  into  the  pa- 
tient's state  of  health,  and  whatever  deviation  from  the 
normal  standartl  is  found  sh(»ul<l  Ik*  made  the  subject  of 
treatment.  For  the  details  of  such  treatment,  the  reader 
is  referred  to  the  articles  devoted  to  the  various  diseases 
that  may  be  found.  But,  while  insisting  upon  the  gen- 
eral fiitility  of  measures  a<hlres.s<*d  t4)  tlie  organs  con- 
cerned in  the  menstrual  function,  without  first  attending 
to  the  general  health,  1  must  admit,  nevertheless,  that 
stimulation  of  those  organs  may  Ix*  resorted  to  with  some 
chance  of  siiccess  when  no  otluT  indic^ticm  can  l)e  made 
out;  and,  moreover,  that.  incas<'s  in  which  there  are  other 
inilications  at  first,  tliere  often  comes  a  time  when  the 
result  aimed  at  may  be  hastened  by  mea.sures  that  operate 
directly  upon  the  pelvic  orgiuis. 

There  are  but  few  therapeutic  procedures  that  have  a 
direct  antl  unequivocal  influence  upon  the  function  of 
menstruation,  and,  in  .so  far  as  they  tend  to  relieve 
amenorrlHca.  thos<»  few  act  as  local  stimulant^s.  The  so- 
called  emmenagogues  are  not  much  to  be  depcn<led  upon, 
although  we  may  admit  that  ahx^tics  and  chalybeates 
tend  to  produce  a  pelvic  c<mgestion  favorable  to  height- 
ened functional  activity  of  the  s<'xual  organs.  Their  use, 
however,  in  the  absenc<*  of  otluT  indicaticms  tlian  the 
mere  failure  of  the  menstrual  flow,  is  not  to  l)e  reconi- 
mendcMl,  although,  if  employe<l  in  confonnity  with  such 
indications,  they  undoubtedly  exert  a  certain  influence. 
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As  a  matter  of  fact,  tliey  are  (>ft<*n  indicated,  and  it  is 
seldom  improp<*r  to  resort  to  thcni. 

The  preparations  of  manganese  have  come  into  use  of 
late  years,  having  been  rt^commended  by  Dr.  Ringer  and 
Dr.  Murrell,  of  London  (iMunl,  January  0,  1883).  One- 
grain  pills  of  potassium  ]>ermanganate  may  be  adminis- 
tered, beginning  with  one  pill  thn.»e  times  a  day.  and  in- 
crea.sing  to  two  four  tim<"s  a  day.  The  uw  of  the  drug 
should  be  beo:un  tliR'e  or  four  davs  lH*fon*  the  time  at 
which  a  menstruation  should  take  place,  and  1h'  contin- 
ued, if  the  flow  d<H'S  not  come  on,  until  the  time  for  the 
next  |>erio(l.  It  should  Ik»  kept  up  also  during  the  flow. 
Both  sodium  manganateand  manganese  bino.xideare  Siiid 
to  1k»  e(jually  efl"ective,  and  it  is  stated  that  nmngimese 
acts  as  well*  with  the  plethori<'  as  with  the  ana'mic. 
Manganese  has  been  tried  extensively  in  this  country, 
but  the  results  have  not.  on  the  whole,  justified  the  ex- 
jxjctations  with  which  its  <'mployment  was  lH*gun. 

There  are  several  other  drugs  that  have  more  or  less 
repute  in  the  treatment  of  amenorrhcea.  Among  them  is 
apiol,  which  is  said  to  act  iM'st  in  cases  in  which  whatever 
flow  there  mav  Ix*  is  ill  smellinir.  From  eight  to  t4*n 
minims  should  be  given  daily  during  the  week  preceding 
the  day  for  menstruation  to  In-gin.  and  fifteen  minims  <m 
the  morning  of  that  day.  (Mmicifugii  has  Imm-ii  thcuight 
servicciible  in  cas<*s  of  delayed  or  arrested  menstruation. 
Senecio  vuliraris  has  n-centlv  lH*en  re<*onnuended  in  cas<'s 
imaccompanieil  by  pelvic  lesions.  In  the  ovarian  variety 
of  amenorrhcea,  "  ovarine.  "  a  prej)anition  made  from  the 
expressed  juice  of  the  fresh  ovaries  of  healthy  yoinigani 
mals,  has  been  us<'d  with  success.  Aloes  undoubtedly 
aids  the  action  of  the  other  scrcalled  einmenagogues.  and 
should  be  employed  if  there  is  constipation. 

Electricity  prolwibly  acts  inon*  directly  as  a  i)rovocativc 
of  menstruation  than  anv  other  assent,  (iood  elTects  niav 
Ik*  produced  by  either  the  galvanic  or  the  induced  cur- 
n»nt,  but  the  choice  should  not  Im*  a  matter  of  mere  ca 
price  or  convenience.  Galvanism  is  more  to  Ik*  relied  on 
for  increasing  the  blood  supply  of  the  uterus,  while  fam- 
dization  is  useful  to  intensify  and  precipitate  the  hemor- 
rhagic effort.  To  accomplish  the  latter  puri>ose.  the 
application  ought  to  1m^  made?  at  a  time  when  the  degen 
erative  changes  in  the  endometrium  have  advanc<*d  to 
such  a  degn'e  that  heightened  bhxKl  pressure,  aided  by 
muscular  action,  may  opemte  at  the  greatest  advantage 
in  pro<iucing  rupture  of  the  (iipillaries.  This  conditi<»n 
can  be  judged  to  be  present  only  wlirn  there  are  .sonic. 
symj)tonis  of  ovulation,  or  when  the  amenoniKea  is  of 
.such  recent  date  that  the  time  for  a  menstrual  flow  to 
fall  due  is  acciinitelv  known.  In  the  use  of  tralvanism. 
it  will  genenilly  be  prudent  to  place  both  electrodes  on 
the  external  surface,  unless  the  current  is  quite  weak  and 
the  sitting  a  short  one:  aiming,  however,  to  pass  the  cur 
rent  directly  through  the  uterus.  Wheii  the  famdic  cur 
rent  is  employed,  on  the  other  hand,  one  electnxle  should 
Ik*  applied  within  tin-  vaunna.  or  even  within  the  canal 
of  the  cervix. 

Milder  measures  than  the  use  of  electricitv  will  often 
succeed,  especially  where  tin-re  is  not  complete  absence 
of  the  flow,  but  scantiness  and  lack  of  color  of  the  dis- 
charge. Among  these  measures,  refrigeration  of  that 
portion  of  the  spinal  region  corresponding  to  the  motor 
centre  of  the  ut<'rus  is  of  great  value.  The  skin  over 
the  juncti(m  of  the  dors;il  with  th<*  lumbar  vertebne  may 
be  sprayed  with  ether,  but  not  frozen,  three  or  four 
times  a  day.  for  five  or  ten  niinut<'s  at  a  time,  or  ice- 
water  compn'ss<'s  may  be  aj>plied.  Thes<'  means  are  sup 
jmsed  to  exert  their  etTeet  by  dej)ressing  the  activity  of  the 
vasomotor  nerves.  They  are  to  be  us<'(l  only  at  the  time 
when  a  menstrual  flow  is  due.  In  the  interim,  an  auxil- 
iary measure  of  some  value  consist ^  in  the  iisi-  of  a  very 
brief  cold  hip  Imth  every  night.  Fnntk  P.  h^nnf,  r. 

AMERICAN      CARLSBAD     SPRINGS.  —  Washington 

County,  Illinois. 

Post-Office. — Nashville.     Hotel  Carlsbad. 

These  springs  are   locat<'d  in  Nashville,  a  well  built 
little  city  of  three  thousand  iuliabitiujts.  fifty  miles  from 


St.  Louis,  Mo.  Both  the  I^ouisville  and  Nashville  and 
the  Chester  and  Centmlia  railroads  pass  this  point.  The 
Carlsbad  is  a  modem  hot^d  with  all  the  approved  com- 
forts and  conveniences.  It  was  erectetl  in  1893,  and  is 
located  within  the  city  limits,  in  a  natural  park  of 
twenty -three  acres,  with  a  lake  for  boating  and  fishing. 
It  is  well  furnished  throughout,  heated  with  steam  and 
light^Hi  by  elc^ctricitv.  The  bath  house  has  separate  ar- 
rangements for  la(fies  and  gentlemen,  with  porcelain 
iMitlitubsand  conveniences  for  steam,  vapor,  and  shower 
baths.  The  environs  of  Nashville  are  very  attractive, 
abounding  in  delightful  drives,  pictun'sque  walks,  etc. 

The  following  analysis  of  the  water  was  made  by  Dr. 
Ludeking,  of  St.  I^uis: 


ONK  I'MTKD  States  Gallo.n  Contains: 

Solids. 


Grains. 


Sodium  oblorlde 10.00 

(  alciuin  sulphate 65.80 

Sodium  MUlphutc 53.00 

Ma^rnt^ium  sulphate 108.70 

84xlium  carbonate* 27.40 


Total  298.90 

The  water  is  evidently  of  the  sulpliated  saline  variety. 
An  analysis  by  W.  F.  llillebrand,  acting  chemist  of  the 
Interior  Department  at  Washington,  shows  the  sulphate 
of  s<Kla  to  Ik'  greatly  in  exct»ss  of  the  magnesium  sulphate. 
Acconling  to  llillebrand *s  anal vsi.s,  these  waters  are  very 
similar  to  those  of  the  Sprudel  MlUdbrunn  and  Schloss- 
brunn  Springs  at  Carlsliad.  They  possess  potent  cathartic 
and  diuH'tic  properties  and  are  undoubtedly  valuable  for 
medicinal  purposes.  They  liave  been  found  beneficial 
in  most  of  the  conditions  for  which  Americans  cross  tlie 
ocetui  to  visit  Carlsl>ad.  viz.,  chmnic  constipation,  torpid 
states  of  the  liver,  rheumatism,  renal  and  urinary  dis- 
ordeiN,  and  eczematous  skin  affections.       J.  K.  Crook, 

AMERICANUS  MINERAL  WELL.— (Formerly  Michi- 
gan Congress  Well.)     Ingraham  County,  Michigan. 

Post  Offick. — Ionising. 

AccKss. — By  numerous  railroads  to  the  city  of  Lansing. 

Cnder  the  name  of  Michigan  Congress  Water  the  prod- 
uct of  this  well  has  l)een  in  use  for  many  years  past. 
The  following  analysis  was  made,  we  believe,  by  Dr. 
Jennings,  of  Oetroit : 

ONK   I'MTKD  STATES  (JAI.LO.N  CONTAINS; 

s<)ll<l.s.  Grains. 

S4Kliuni  phosphal<' 25.04 

Sxliuin  <-lil<)ri«l»' 183.84 

So^lhnn  bi«-arlK)nat*' 98.40 

Mujjrnpsliim  l>icarlM>nHtt' 67.13 

Inm  bi('artM)nato 3.06 

Lilhiuin  rarlMmati* 0.08 

Calcium  »'arlM>nat«' H5.90 

Pota.ssiuin  sulphaU* 12.45 

Siliai 33.00 

Alumina Traces. 

S<Kilum  l«Hij<le  Traces. 

I'ah'ium  pl^wphate Traces. 


Total 

("arlKmir  ai-id,  litl>.:5»  (^rralns?). 


508.90 


This  water  bears  considend)le  n^semblance  to  that  of 
some  of  (he  Sanitoga  Springs.  It  retains  a  uniform  tem- 
pemture  of  5;]  F.  the  year  round.  The  water  is  highly 
recommended  in  cases  of  acid  dyspepsia,  the  headaches 
following  alcoholic  excesses,  etc.  It  has  also  lK.»eu  used 
with  good  results  in  himbairo.  gcmt.  and  various  urinary 
and  renal  disorders.     The  water  is  usimI  commercially. 

./.  A'.  Crook. 

AMMONIA  AND  AMMONIUM   SALTS.— 1.  Genkr.\i. 

Mkduinai.  l*n«u'KKTiKs  OF  Ammomfm  Co.MrorNDs. — 
Ammonium  compounds,  as  a  class,  are  irritant,  locally, 
to  a  degree  greater  than  that  shown  by  the  corresponding 
compounds  <»f  .sodium,  but  less  than  in  the  case  of  com- 
j)ounds  of  j)«)tassium.  They  ti-nd  to  1h'  of  high  diffusion 
j)ower.  and  are  therefore,  when  swallowed,  quickly  ab- 
.sorbed.  and  hence  are  free  from  the  purgative  tendency 
of  the  low  dillusion  salts  of  potassium,  sodium,  and  mag- 
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to  one  teaspoonful,  diluted  with  three  or  four  volumes 
of  water.  Secondly,  ammonia  may  be  given  for  the  con- 
stitutional effects  of  reviving  the  heart  in  faintness,  of 
supporting  it  in  chronic  conditions  threatening  heart 
failure,  of  stimulating  flagging  respiration,  as  in  dyspnoea 
from  lung  disease,  or  respiratory  failure  in  poisoning  by 
pamlyzing  agents,  of  allaying  mild  spasmodic  seizures, 
And  of  opposing  generally  the  action  (f  narcotics  and 
paralyzers.  For  all  internal  medication  the  stronger 
water  is  entirely  too  strong,  and  the  weaker  water  or  the 
spirits  are  to  1x3  preferred.  Of  the  water  or  of  the  sim- 
ple spirit  from  ten  to  thirty  drops  may  be  administered 
at  a  dose,  largely  diluted.  If  swallowing  be  impossible, 
as  in  case  of  unconsciousness  from  a  faint,  the  effects  of 
ammonia  may  be  obtained  by  inhalation,  but  great  cau- 
tion is  necessar}'  lest  dangerous,  or  even  fatal,  irritation 
of  the  air  passages  be  sot  up  by  too  strong  inhalation 
during  complete  or  semi-unconsciousness.  None  of  the 
plmmiacopa'ial  ammoniacal  solutions  should  be  applied 
close  to  the  nostrils. 

Acid  Ammonium  Carbonate,  NH^HCOj. — Upon  sublim- 
ing a  mi.xture  of  chalk  and  ammonium  chloride  or  sul- 
plmte,  double  decomposition  ensues,  and  a  sublimate 
is  obtained  which  consists  of  acid  anmionium  wirbonatc 
and  ammonium  carbamate,  represented  by  the  symbol, 
NH4HC03,NH4NH2C03.  This  composite  salt  isofficial 
under  the  title  Ammouii  CarUfUHH,  Ammonium  Carbo- 
nate. It  occurs  as  "white,  hard,  translucent,  striated 
masses,  having  a  strongly  ammoniacal  odor  without  em- 
pyreuma,  and  a  sharp,  saline  taste.  On  exposure  to  the 
air,  the  salt  loses  both  ammonia  and  carl)onic  acid,  be- 
coming opaque,  and  is  finally  converted  into  frial)le,  por- 
ous lumps,  or  a  white  powder.  Slowly  but  completely 
soluble  in  about  five  parts  of  water  at  15°  C.  (5Jr  F.); 
.decomposed  by  hot  water  with  the  elimination  of  car- 
bonic acid  and  ammonia.  By  prolonged  boiling  with 
water  the  salt  is  completely  dissipated.  Alcohol  dis- 
solves the  carbamate  [NH4NH3CO2],  and  leaves  the  acid 
carbonate  (ammonium  bicarbonate).  When  heated,  the 
salt  is  completely  volatilized,  without  charring.  The 
aqueous  solution  possesses  a  strongly  alkaline  reaction, 
and  effervesces  with  acids"  (U.  S.  P.).  This  salt  must 
be  kept  in  well-stoppered  bottles  in  a  cool  place. 

Ammonium  carbonate  behaves,  j)hysiologically.  like 
ammonia  itself,  but  is  a  little  less  rapid  and  evanescent 
in  operation.  In  concentrated  solution  it  is  locally  irri- 
tant, and  taken  internally,  dangerously  poisonous.  The 
salt  is  use<l  for  the  constitutional  stimulant  and  sustain- 
ing effects  of  ammonia,  and  is  often  for  such  purpose 
prefern'd  to  solutions  of  ammonia  because  of  the  slightly 
l(»n<]rer  duration  of  the  action.  It  is  iriven  internally  in 
frecjucntly  rej)ea(<'(l  doses  of  from  0.30  to  0.00  gm.  (gr. 
v. -X.)  in  acjucous  solution,  with  tlie  acrimony  disguised 
by  gum  anibic  or  siigar,  or  some  ai^recabiy  flavored  aro- 
matic addition.  Large  single  doses  .should  be  avoided, 
since  they  easily  over  irritate  the  stomach  and  may  excite 
vomiting.  Annnonium  carbonate  is  also  nuich  Used  to 
get  an  ammoniacal  clTect  by  inhalation.  For  this  pur- 
pose it  is  coarsely  bruised,  treated  with  half  its  bulk  of 
strong  water  of  ammonia,  and  flavored  with  a  little  oil 
of  lavender  or  bergamot,  such  mixture  constituting  what 
is  known  as  snitlUnr/  mlfy. 

Ammonimn  Areiatf,  NII4C2II3O3. — This  salt  is  used 
only  in  the  aqueous  solution  in  which  it  results  from  the 
procedure  of  neutralizing  with  ammonium  carbonate  the 
diluted  acetic  aeiil  of  the  Pharmacopceia.  Such  solution. 
commonly  called  spirit  of  tniinhn run,  is  official  as  Liquor 
Ammouii  Arftatix,  Solution  of  Anunonium  Acetate.  It 
is  "a  clear,  colorless  li(|uid.  free  from  empvreuma.  of  a 
mildly  saline,  acidulous  taste,  and  an  acid  reaction  "  (U. 
8.  P.).  The  soluti(m  contains  about  seven  percent,  of 
the  salt.  It  should  be  made  freshly  for  use,  since  like 
other  solutions  of  alkaline  salts  of  the  common  organic 
acids  it  tends  to  spontaneous  decomj)osition  on  keeping. 
Ammonium  acetate  is  a  bland,  mawkish  stilt,  which  ujxm 
absorption  may  prove  feebly  diai)horetic  or  diuretic,  ac- 
cording to  circumstances,  and  may  to  a  slight  degree 
exert  the  characteristic  effects  of  the  ammonium  com- 


pounds generally.  It  is  used  to  allay  headache,  espe- 
cially the  headache  of  pyrexia,  to  quiet  an  uneasy  stom- 
a(;h,  or  to  promote  gentle  diaphoresis  or  diuresis  in  feTer; 
but  it  is  at  best  a  feeble  medicine.  One  or  two  table- 
spoonfuls  may  be  given  at  a  dose,  clear  or  diluted,  sweet- 
ened and  aromatized.  If  diluted,  carbonic  acid  water 
makes  an  excellent  addition. 

Ammonium  Nitrate,  NH4N0t. — The  salt  is  official  in 
the  U.  S.  P.  as  Ammonii  Nitron,  Ammonium  Nitrate. 
It  is  not  used  in  medicine,  but  inasmuch  as  one  of  its 
pharmaceutical  uses  may  need  to  be  availcKi  of  by  the 
physician  himself — namely,  the  making  from  it  of  ni- 
trogen monoxide  gas — the  pharmacopoeial  description 
and  also  tests  for  purity  are  here  appended :  **  Colorless 
crystals,  generally  in  the  form  of  long,  thin,  rhombic 
prisms,  or  in  fused  masses,  without  odor,  having  a  sharp, 
bitter  taste,  and  somewhat  deliquescent.  Soluble,  at 
15"  C.  (59''  F.),  in  0.5  part  of  water,  and  in  20  parts  of 
alcohol ;  very  soluble  in  boiling  water,  and  in  3  parts  of 
boiling  alcohol.  When  gradually  heated,  it  melts  at  165** 
to  166^  C.  (329°  to  330.8"  F.);  at  a  temperature  between 
230"  and  250"  C.  (446^-482"  F.)  it  is  decomposed  into 
nitrogen  monoxide  gas  and  water,  leaving  no  residue. 
The  aqueous  solution  of  tlm  salt  is  neutral  to  litmus 
paper,  and,  when  gently  heated  with  potassium  or  sodium 
hydrate  T.  S.,  it  evolves  the  odor  of  ammonia.  On  beat- 
ing the  salt  with  sulphuric  acid,  it  emits  nitrous  vapors. 
A  ten-percent,  aqueous  solution  of  the  salt,  when  acid. 
ulated  with  nitric  acid,  should  not  be  affected  by  silver 
nitrate  T.  S.  (absence  of  cJiloride),  nor  by  b^um  chloride 
T.  S.  (absence  oi  mUphntey  (U.  S.  P.). 

Edward  Curtis. 

AMMONIA,  TOXICOLOGY  OF.— Ammonia  is  met 
with  in  commerce  in  a  number  of  forms. 

First,  as  anhydrous  ammonia  condensed  in  large 
steel  cylinders  for  use  in  ice  machines.  In  these  the 
ammonia  is  under  ^  pressure  of  several  hundred  pounds 
and  is  in  a  liquid  condition.  When  the  pressure  is  re- 
moved, the  liquid  assumes  a  gaseous  form  and  issues  from 
the  opening  as  a  colorless,  irrcspirable  gas  intensely  cor- 
rosive to  organic  tissues. 

A  number  of  fatal  accidents  have  liappened  from  the 
action  of  this  gas,  either  through  the  bursting  of  the 
cylinder  when  it  has  been  highly  heated,  or  through  im- 
perfect connection  with  the  refrigerating  machine. 

Second,  as  a  clear,  colorless  solution  containing  twenty- 
eight  per  cent.,  by  weight,  of  the  gas  dissolved  in  water, 
the  Aqua  Ammonia  Fortior  of  the  pharmacist.  This 
solution,  exj)()sed  to  the  air,  loses  strength  rapidly 
through  volatilization  of  the  gas.  and  rapidly  deterio- 
mtes.  especially  in  a  warm  atmosphere.  If  kept  in  a  bot- 
tle with  an  ordinary  cork,  it  gradually  corrodes  and 
softens  the  tissues  of  the  cork,  turning  it  dark  and  so 
destroying  it  that,  after  a  time,  it  falls  readily  to  pieces. 
The  gas  arising  from  the  solution  is  pungent  and  ir- 
respimble. 

Tliird.  a  solution  ctmtaining  ten  percent.,  by  weight, 
of  X\\v  gas  dissolved  in  water — the  Aqua  A mmonitr  of 
the  ])harnia(*ist.  This  solution  is  made  from  the  Aqua 
Amntonid  Fortior  by  dihiticm  with  water.  This  is  like 
the  ])rece(ling  sohition,  though  less  corrosive. 

Fourth,  a  solution  of  varying  strength  containing  a 
number  of  impurities  sold  under  the  name  of  Ilousehold 
Ammonia. 

Poisoning  from  gaseous  ammonia  is  always  the  result 
of  accident,  and  such  cases  occur  only  in  plants  where 
the  gas  is  stored  or  where  it  is  used  in  quantity  for  re- 
frigemting  purposes.  Poisoning  by  inhalation  of  the 
gas  arising  from  its  water  sohition  has  also  been  known 
as  the  resiilt  of  accident.  Such  a  case  occurred  in  the 
writer's  laboratory,  where  a  carboy  containing  about 
ninety -live  pomids  of  the  satiirat^'d  solution  cracked  so 
that  the  entire  contents  were  soon  spread  over  the  labora- 
tory floor.  The  young  man  in  the  laboratory  at  the  time 
was  just  able  to  reach  the  door  in  a  condition  of  suffoca- 
tion, lie  comj)lained  of  feeling  drowsy  and  weak,  and 
of  soreness  in  the  bronchial  tubes  as  in  a  case  of  bron- 
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The  plant  is  filled  with  an  abundance  of  milky  juice, 
contained  in  both  stem  and  roots,  which  exudes  either 
spontaneously  or  from  punctures  made  by  a  beetle  which 
feeds  upon  it.  The  sap,  as  it  escapes,  Imrdens  and  dries 
upon  the  stem,  and  flows  or  drops  to  the  ground.  It  is 
collected  in  July  and  August,  partly  from  the  stems, 
partly  from  the  ground,  by  Persian  peasants,  and  ex- 
ported to  India,  and  from  there  to  Europe. 

Ammoniac  consists  of  these  liaixlened  drops,  or  "  tears.'* 
as  they  are  technically  called.  In  the  best  qualities  they 
are  separate,  or  only  loosely  stuck  together  in  porous 
masses;  in  inferior  grades  they  are  embe<lded  in  a  dark- 
brown  resinous  matrix.  Fine  specimens  consist  of 
rounded  pieces  from  1  mm.  to  1  or  2  cm.  (one  twenty- 
fifth  to  three-(iuarters  of  an  inch)  in  diameter.  They  are 
brownish  cream-colored  externally,  darkening  to  cin- 
namon brown  with  age,  creamy  white,  or  pure  white 
within.  They  break  with  a  conchoidal  fracture,  dis- 
closing a  waxy,  but  shining  surface.  The  odor  is  pe- 
culiar, rather disagreeiible,  but  faint,  excepting  in  mas.ses 
or  upon  warming ;  the  taste  is  bitter  and  rather  acrid.  In- 
ferior specimens  are  thos<?  having  a  large  proportion  of 
the  darker,  homogeneous  resins  and  extraneous  substan- 
ces, such  as  dirt,  sticks,  chaff,  etc.  It  is  a  difficult  drug 
to  powder,  unless  very  cold  or  very  dry.  When  heated  it 
softens,  but  does  not  melt.  Alcohol  dissolves  about 
three-fourths  of  it.  Water  disintegrates  it,  and  forms 
with  it  a  milky  emulsion. 

Ammoniac  consLst.s  of  about  seventv  per  cent,  of 
resin,  fifteen  to  eighteen  i)er  cent,  of  soluble  gum,  and  the 
rest  of  insoluble  gum,  water,  and  a  tmce  of  essential  oil. 
The  latter,  according  to  FlUckiger,  does  not  contain  sul- 
phur, and,  therefore,  is  not  similar  to  the  oil  of  a.saf(rtida. 

Ammoniac  is  stimulant,  expectorant,  and  antispas- 
modic, but  is  scarcely  used  now  internally.  The  dose  is 
stated  to  be  0.5  to  2  gm.  (gr.  viij.-xxx.)  three  or  more 
times  a  day.  An  emulsion  would  Ikj  an  eligible  form, 
although  a  tincture  would  probably  contain  all  that  is 
active  in  it.  The  only  official  preparation  is  Ammoniac 
Plaster  {EmpUiMrum  Ammouiari,  U.  S.  P.),  made  by 
softening  the  ammoniac  in  diluted  acetic  acid,  and  evap- 
orating to  a  suitable  extent.  It  is  a  stimulating  and 
rubefacient,  sometimes  blistering  application,  useful  as 
a  mild  counter-irritant. 

One  other  si>ecies  of  Dorema,  acconling  to  the  **Phar- 
macographia."  yields  ammoniac.  Bentham  and  Hooker 
include  only  two  species  in  the  genus.  The  ammoniac 
of  Dioscorides  and  Pliny,  and  other  ancient  writers,  was 
obtained  in  Africa,  and  is  a  different  article,  namely,  a 
gum  resin  obtiiincd  from  Ftvula  Tinijitana  Linn.  It  is 
rarely  found  in  European  markets.  U'.  P.  TU'IUh. 

AMMONOL. — A  proprietary  remedy  state<l  to  be  am- 
monium i>lienylacetann*(le  and  recommended  as  antipy- 
retic, analgesic,  and  antis<»ptic.     Dose,  gr.  v.-xx. 

Ammouol  SiiUnfJate. — A  si\licylic  acid  conipound  of 
ammonol,  claimed  to  be  especially  us<*ful  in  the  headache 
of  nervous  and  ana'mic  i>atients,  and  given  in  eight-grain 
doses.  Both  ammonol  and  its  salicylate  are  wJiite  pow- 
ders which  lose  ammonia  on  exposure  to  air. 

ir.  .1.  Bastedo. 

AMNESIA.     See  Ajf/ufJiitt. 

AMNION. — The  amnion  is  one  of  the  fa^tal  appendages, 
being  a  thin  membrane  which  is  derived  from  the  extra- 
embryonic portion  of  the  soniatopleure.  and  forms  the 
innermost  of  the  envelopes  surrounding  the  fVetiis.  It 
occurs  only  in  manunalia,  birds,  and  rejUiles  (the  amni- 
ota),  and  is  abstmt  in  the  amphibia  and  fishes  (the  anani- 
niota).  Among  the  invertebnites  an  anmion  is  develoi>ed 
by  the  embryos  of  many  insects.  The  vertebrate  ani- 
mals which  exhibit  an  anmion  are  also  cliaraeteriz<'(l 
by  the  possession  of  the  allantois.  another  f<rtal  append- 
age. These  two  structures,  the  amnion  and  allantois, 
though  associated  together  in  existing  sp(»eies,  are  dis- 
tinct in  their  histological  origin  and  development. 

The  amnion  is  a  thin,  delicate  membrane  or  sac  which 
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is  situated  next  to  the  embryo,  separated  from  it  by  a 
space  or  accumulation  of  fluid ;  outside  the  amnion  are 
the  chorion  and  allantois,  and  outside  these  (in  mammals) 
the  uterine  walls.  At  an  early  period  the  amnion  is  a 
separate  sac,  distinct  from  the  chorion,  but  later  it  comes 
into  contact  with  and  is  loosely  attached  to  the  chorion. 
In  the  fully  developed  human  afterbirth  the  amnion  is  a 
well-marked,  thin,  pellucid  membrane  lining  the  inner 
surface  of  the  placenta  and  foetal  membranes,  from  which 
it  can  be  easily  stripped  off.  At  the  insertion  of  the  um- 
bilical cord  into  the  plact^nta  the  amnion  merges  into  the 
integument  of  the  cord,  which  differs  somewhat  in  char- 
acter from  the  remainder  of  the  amnion.  At  the  junc- 
tion of  the  cord  with  the  abdominal  wall,  the  superficial 
laycjrs  of  the  cord  become  continuous  with  the  skin  of 
the  fa»tus.  Hence  the  amnion  is  a  structure  continuous 
(through  the  integument  of  the  cord)  with  the  skin,  and 
in  the  main  it  is  genetically  as  well  as  structurally  ho- 
mologous to  the  skin.  The  amnion  possesses  two  layers: 
the  superficial  layer  (tliat  directed  toward  the  foetus)  is 
of  epiblastic  origm  and  epithelial  nature,  and  is  the  pre- 
cise homologue  of  the  epidermis;  the  deeper  layer  is  a 
connective-tissue  stratum  of  mesoblastic  (somatopleural) 
origin,  and  corresponds  in  the  main  to  the  cutis  vera. 
AVithin  the  amnion  is  a  cavity,  the  amniotic  cavity, 
which  is  filled  with  a  fluid  (the  amniotic  fluid),  in  which 
the  fwtus  is  immersed. 

A  distinction  is  sometimes  made  between  the  true  am- 
nion and  the  false*  amnion.  The  tnie  amnion  is  the 
amnion  proper,  the  innermost  of  the  foetai  envelopes. 
The  false  amnion,  or  "  membrana  serosa,"  consists  of  that 
portion  of  the  extra -embryonic  somatopleure  which  en- 
ters into  the  formation  of  the  chorion;  the  chorion  is 
formed  by  the  fusion  of  the  false  amnion  and  the  allan- 
tois. 

Development  of  the  Amnion. — The  ontogenetic  de- 
velopment of  the  amnion  in  all  reptiles  and  birds  (which 
together  are  often  called  the  sauropsida)  appears  to  take 
place  by  substantially  the  same  process,  which  is  well 
exemplified  in  the  classical  case  of  the  chick.  In  the 
mammalia,  however,  there  are  several  important  differ- 
ences and  variations  in  the  mode  of  amnion  formation. 
though  in  many  of  the  mammals  the  pn)cess  is  similar  to 
that  in  the  sauropsida. 

The  development  of  the  amnion  is  in  some  cases  asso- 
ciated and  complicated  with  that  of  another  mombrane. 
the  ]>roamnion :  this  is  a  fold  of  epiblast  and  hypoblast 
which  covers  the  anterior  portion  of  the  embryo,- and  Is 
usually  a  tmusient  structure.  It  differs  from  the  amnion 
in  consisting  of  ect(Mlenn  and  entoderm  without  inter- 
vening ines(Klerm  av  c(elom.  while  the  amnion  is  formed 
from  the  .scmiatopleun*.  It  is  considereil  in  a  separate 
article. 

Preliminary  to  considering  the  development  of  the 
amnion,  it  will  be  convenient  to  recall  some  of  the  fea- 
tures of  the  early  embryo.  At  a  certain  early  period  the 
embryo  exhibits  three  layers,  the  epiblast  (ectoderm), 
mesoi)last  (mesoderm),  and  hypoblast  (entoderm),  from 
without  inward.  Outside  the  ei)ibhist  there  is  also  an- 
other layer,  known  chiefly  under  the  German  term  Deck- 
schirht,  or  Kauber's  layer,  j^robably  to  be  reganlcd  as  a 
portion  of  the  epiblast.  In  many  cas(^s  this  outer  la3'er 
early  disappears  an<l  may  be  disreganled:  but  in  numer- 
ous species  the  Ihrhsrhirht  j)lays  a  vt-ry  important  part 
in  the  formation  of  the  anmion.  The  me.soblast  early 
splits  into  two  layers,  the  cleft  beginning  near  the  longi- 
tudinal axis  of  the  eni])ryo  and  extending  laterally  out- 
ward. The  outer  luNcr  tiuis  formed  is  called  the  somatic 
layer  of  the  mes()J)last.  and  it  with  the  epiblast  are  to- 
gether termed  the  somatopleure.  The  iimer  layer  is  the 
sj)lanchnie  layer  of  the  niesoblast,  and  with  the  hypo- 
blast forms  the  splanchnopleure.  The  cleft  or  space 
between  the  two  layers  of  the  mesoblast  is  called  the 
cadom  or  i)leuroperitoneal  cavity.  The  layer  of  cells 
lining  the  cadom  has  been  termed  (Miuot)  the  mesothe- 
lium.  while  the  rest  of  the  mesoblastic  tissue  has  been 
called  the  mesenchvma. 

Amnion    Formation  in  lieptilcs  and  Birds. — The  de- 
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velopmcnt  of  the  amnion  appears  to  take  place  !□  siib- 
gtantially  the  aame  manner  In  all  birds  and  reptiles, 
practically  as  exemplilled  in  the  chick. 

In  the  chick,  as  typical  of  tlie  Hauropsicin.  the  fomia- 
tioD  of  the  amnion  begins  with  the  growth  of  a  crcsrcntic 


Lt   £ 


P  T     n.  )\. 

Fio.  M.— Eaii7  Der^oiimeat  ol  Embrjo,  Prior  Ic 


BcglDDtng  of  Amnion  FomiBUoa. 


Pio.  K.— B«Kl[iDlng 


fold  of  the  Bomatopleure  upward  in  front  and  at  thv  Hides 
of  the  cephalic  extremity  of  ttie  embryo,  whicli  liei'onies 
sharply  flexed  on  the  body  of  the  embryo.  This  fokl 
grows  up  over  the  head  as  a  sort  of  hood,  and  gradiully 

extends  backward.    Later  a  similar  but  smaller 

pleural  fold  grows  up 
OTer  and  envelops  ttie 
posterior  end  of   the  em- 

Tlie  fecial  body  at  the 
same  time  siuks  down- 
ward and  laleral  folds 
grow  up  at  its  sides.  As 
the  cephalic  somato- 
pleural Fold  grows  ttack- 
irard.  the  posterior  fold 
forwatd,  and  the  lateral 
fotda  upward  and  in- 
ward, tlic  margins  of 
these  folds  finally  corne  to 

Qiect  in  a  tine  over  the 

dorsum   of  the  embryo.     Tlie  edges  of  the  folds  then 

Stow  together:  first  the  epiblastic  cells  unite,  then  by 

the  extension  of  Ihe  niesoblast  and  the  cirlum  completj^ 

Union  is  effected,  and  two  complete  and  separate  mem- 

braoeA  are  formed  over  the  dorsum  of  the  embryi).     The 

Inner  of  these  is  the  amnion:  the  outer 

^the''fal9eamnion"nr  membrana  serosa) 

enters  into  the  formation  of  the  chorion, 

^uid  comes  into  vascular  coaneclion  with 

tAie  embryo  by  means  of  the  allantois. 

This   process  is   gone   through    during 

^bout  the  second,  third,  and  fourth  days 

«:>f  incubation,  and  is  illustrated  by  the 

^tccom[)anying  figures  (Figs.  84  to  9B), 

stater,  tbeamniotic  cavity  extends  iiader- 

ueath  the  embryo,  so  tliat  the  ftrtal  body 

^mmes  to  be  completely  enveloped  in  tlie 

amniotic  membrane. 

In    the    ova  of    intrrtii  an   epiblastic 
anembrone,  corres)xin[l<ng  closely  to  and 
probably  analogous  with  the  amnion  of 
the  vertebrate  aniniota.  develops  so  as  to 
«nvelop  more  or  less  of  the  embryo  and  enclose  a  sninll 
cavity.    This  menilirane  is  formed  by  the  growing  up 
and  coalescence  of  folds  in  a  manner  strikingly  similar 
to  that  exhibited  by  the  cliick. 

Amnion  Fonmilimi  in  itiiiiimiilia.—T\\^n  is  consider- 
able variety  and  diversity  in  the  delails  and  l\w  general 
features  of'^  the  process  of  amnion  formation  in  Ihe  differ- 
ent varieties  of  mammalia.  In  many  nianmmls  the  \tT<x- 
essf8,in  themain.  similar  to  tliat  exhihiie<l  by  tliesaurop- 
■tdo.  though  with  ditTerences  in  the  details;  but  <n  other 
species  there  isa  wide  departure  from  the  \y\v  presented 
Id  the  chick.  Tlie  process  is  not  even  uniform  within 
tbe  Mme  orders  of  mammals,  but  great  differi'nees  may 


occur  between  allied  genera.  While  the  embryology  of 
many  species  has  been  worked  out.  it  will  still  require 
eitensiveresearehesBmongdiffcrentvarietiesof  mammals 
to  determine  all  the  forms  of  amnion  development.  A 
few  of  these  forms  are  briefly  described  lielow. 

In  the  Tabhit  the  amnion  is  derived 
from  a  somatopleural  fold  like  that 
in  the  chick,  which  begins,  however, 
only  at  the  caudal  extremity  and 
gm'dually  grows  forward  over  the 
embryo  (Fig.  99).  The  anterior  end 
of  the  enibryo  becomes  covered  by  a 
large  proamnion,  but  by  the  forwaH 
growth  of  the  posterior  amniotic  fold 
the  proamnion  is  ultimately  obliter- 
ated and  replaced  by  the  true  am- 

In  the  fi/xtaiuin  a  similar  caudal 
amnion  fold  grows  up  at  first,  but 
this  disappears  and  is  replaced  by 
proamnion,  wbieh  ultimately  covei^ 
tlic  entire  embryo. 
In  the  hedgrJiog,  according  to  A.  X.  W.  Hubrecht  ("  Die 
Phylogencse  des  Anmions  und  die  Bedeutung  des  Tro- 
phoblasts,"  Amsterdam,  ISOS),  tlie  DeclMchic/it  (or"tro- 
phoblast")  plBVS  an  important  part  in  the  formation  of 
the  amnion.     A  space  (n,  Fig.  100)  early  appears  between 


tbe  Soniaiopleure. 


the  fonnfltivc  epiblast  it),  or  cpiblast  tliat  is  lo  take  part 
in  Ihe  fornkation  of  the  enibryo.  and  ttie  overlying  por- 
tion of  the  Drrkudiirht  (*);  this  space  is  to  develop  into 
the  amniotic  cavily.  From  tlie  inner  surface  of  tliis 
overlying   )>ortion  of  Itic   Detknehieht  (A)  a   layer   ttieu 


Fru.  98.— AmnlOD  Fomistlon  Fuither  AdTaDc«il. 


Splits  off.  tieginning  at  the  margin  of  the  formative  epi- 
blast, and  the  ctetoni  and  somatic  layerof  Iheinesoblastat 
the  same  time  grow  into  the  cleft  thus  formed.  By  the 
complete  snlitlVngoffof  this  inner  layer  (n,  Fig.  101)from 
tlie  Dfkufbiflit  the  amnion  is  formed,  the  Dtr/mrliiiAl 
remaining  to  take  part  in  the  formation  of  tlic  chorion. 

Hubrecht  also  describes  modifications  of  this  process 
of  amnion  formation  in  otlier  animals. 

In  many  of  tlie  rodent*  (but  not  all)  a  )>eciiliar  process 
occurs,  known  as  the  "inversion  of  the  germ  layers."  in 
which  the  Decktchicht  plavs 
liferation  of  cells  takes  pW 
KhidU,  forming  a  cellular  e 


niportant  part.  A  pro- 
e  at  one  point  of  tlie  Deek- 
nass  luiown  as  the  Trdger, 
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— - .  8  part 

placenta.  Tlie  cpibhatic  cells  beneath  the  TrSgrr  also 
accumulate  in  a  mass,  bo  that  the  two  masses  of  cells, 
those  (if  the  Tn'iger  an<l  those  of  the  epiblast.  together 
fonn  a  sort  of  plug,  which  projects  into  and  tills  the  cav- 


ity of  the  blastodi-rni.  The  hypoblast  litniig  the  Dtck 
trnif/it  niiil  epiblast  is  thus  invaeinateil  lulo  itaelf  that 
portion  of  it  ciivcring  the  mass  of  epiblastic  cells  appears 
to  be  eitcmut  while  the  epiblastic  ccMb  nuim  to  W 
internal,  the  usual  relations  of  these  Iko  laters  thus 
appearing  to  be  reverw^l.     The  relations  ari    pncistl} 


similar  Ui  those  of  the  hei 
cartlium  co  rres- 
ponding  to  tlie 
TrSgtr  anil  epi- 
bhist.  the  peri- 
cardium lo  the 
hypoblast;  while 
the  niyocanlinin 
appears'  to  lie  iii- 
eiile  iIk-  pericanli- 


(house  mouse). 
MuB  ilecuninnUR 
(nit).  lIiiSDvlvati- 
CUB  — the  'rniyri- 
and  the  epiblastic 
mass  I'lHilescc  aiul 
merge  into  one 
anotiier.  forming 
a  cylindrical  mass 
within  which  a 
cavftv  appears 
(Pie.  102).  In  the 
epiblastic  portion 
of  this  cylindrical 
mass  the  embryo 
develops,  and  by 
tile  growing  to- 
gether of  folds  or 

above  the  embryo 
a  portion  of  the 
cylinder  is  cut  off 
to  form  the  amni- 
on and  amniotic 
cavity. 


t  und  pericanliiini    thi 


Similar  modes  of  amnion  foniiatinn.  but  differing  in 

certain  particulars,  are  exhibited  by  other  rodents,  as  in 

arvicola  (field  mouse)  and  the  guinea-pig.     For  detailed 

lllustTstioDS  and  descriptions  of  Uie  development  of  tite 

us  rodenta,  reference  may  be  made  ta  E. 

Seleuka's    ~  Studien      nber    Entwiche- 

lungsg "schicbtc  d  r    Thiere  "  Uefi  iii., 

Wiesbaden   ItttM 

In  t)  e  r  m  nanti  the  amn  on  develops 
ver)  carlj  In  tl  ese  a  ci  rd  of  tissue 
th  amniotic  coni "  or  funiculus  am- 
nil  p<  rs  sta  for  some  t  me  at  the  point 
of  flnal  OS  re  of  the  amnion  and  cho- 
n  I  Fig  9  )  and  forms  a  band  con- 
necting the  ttvo  membranes 

In        n  littk  IS  kn  nn  as  to  the  early 

m  xle  of  de  elo|  raent  of  the  amntoti. 

n  ng    to    tl  e     1  ftlculty   of  obtaining 

)>C(inens  for  examination     The  earli- 

tag     obser  ed   lias  been  descrilied 

H  ■<  an  1  as  interpreted  bt  him  is  dia- 

n       lat  call     represt  ted    n  Fie.  103. 

Hi    iitl    tie  embrjo  naa  tic  yolk  sac. 

1   p<  St  nnrl     an  allantoic  stalk  (the 

f      r  h  I  cal    cord    c  nnected    the 

bo      tl    tl  e  chonon      The  amoioD 

as  f.      n  off  fn  n    beneatl  the  ceplia- 

1  c       In  nit     of   tl  e   en  htyo.  at    tlie 

marg  n      f    tl  e    tolk   sac    and   passed 

somahpeura   Amnion  Fo ds  ba  lug     lackward  o  er  the  emlr\o  to  join  the 

""*"■"""'"  allan  stalk      Tie   pre    se   mode  by 

which  this  arrangement  of  the  amnion 

IS  attained  is  unknoun     Iltss    theory,  illustrated  by 

Fig   104   is  that  the  enibrio  sinks  frmn  the  surface  of 

tile  blastodermic   Mside   and  a  somatoplcuml  amnion 

fold  grons  from  lln   anienor  extremity  backward  over 

tlK  emhr\o     i?\nv  lias  (oiijecture<l  that  some  process 

smiilar  to  iht.  ininnuon  of  tlie  genu  layers  In  rodents 

takes  plac<       Thi  amnion  sprmgs  from  the  sides  of  the 
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ibe  unninD  on  ntecbanical  principles,  but 
■*  moH  j>n>l»hl_r  seek  its.  cause  as  an  evolutionary  de- 
I'lopmnit  ot  a  stnictuT¥  useful  to  the  orgBniaui, 

Tb>  li^rtViptoeaX  lit  tbe  embryos  of  fishes  and  am- 
pidlivi  takjt*  plac«  /or  tbe  most  part  in  water,  a  medium 


t^  jw.    c/amK  ^:«cntinirHta'>'Tli»i(Tuu>UieFoniiuli>iioltbe 

tfM    /Air.'.   '/•*,— tjWjj  HJHIK 1^  Huiaui  Amalao,    Am, uaniaa; 
a:  >,a^aitr  ^m^:  i.h.  •ttn^ia;    I'.iirikHc.    tUlnol.) 

in ,  K'rjYi  1-/T  ((«  «>i|>(>>frt  iif  a  d'-Iicatc  embryo.  In  the 
nt-.fi'^^t*  uA  iinnuiioiMn,  on  llii-  i:ontmrv,  development 
'■ir/»  r-iw  »;f».i(.  a  Tiavi  -iIhU  kf  the  uU-rus;  the  devel- 
'.;.Tivf'>  :r,  ir>rH'  •Uxi'-i,  of  an  uniniolic  sac  filled  with 
''.'y'.  ',!.  ''t.'j  I.  'Ill--  '|i'li<-ati;  I'Hilirvo  Ik  tin nicrscd  might 
'*-    I'yjtt^',"',   m  I.   ii«-f<il    in'>' I ifi lotion   hy 


i  puts  to  useful  pur- 


tal  mammals,  according  to  this  view,  Iberefore  ezbfUt 
the  oldest  and  most  primitive  method  of  amnion  fonna- 
tioD,  while  the  process  in  the  sauropsida  and  tbe  large- 
yolked  ova  of  the  latter  are  secondary  and  more  diver- 
gent modifications  from  the  original  type. 

The  evolution  of  the  allantois  simultaneously  with  tbat 
of  the  amnion  is  to  be  taken  Into  account,  and  is  an  ob- 
scure and  puzxhng  point.  It  will  be  sufflcient  bere  to 
suggest  that  with  the  splitting  off  of  the  true  amnicHi 
from  the  "  false  amnion  or  chorion,  this  latter  outer  en- 
velope would  remain  without  any  connection  with  tbe 
embryo,  and  hence  would  be  a  useless  structure  that 
would  sooo  degenerate.  But  with  the  development  of 
an  allantois  to  bring  the  chorion  into  vascular  and  vital 
connection  with  the  embryo,  the  chorion  would  become  a 
useful  nutritional  structure.  Hence  the  ailantoia  may 
be  regarded  as  a  development  complementary  o 
Otis  to  the  amnion,  which  saves  and  puts  to  use 
poses  the  chorion. 

ASATOMV   AND   IIlSTOLOOT    OP   THB    HuMAN  AXKIOK. 

— The  amoion  in  the  fully  developed  afterbirth  is  a  thin, 
smooth,  translucent  membrane  lining  the  inner  or  fteU] 
surface  of  the  placenta  and  menibrtines.  It  rests  upon 
the  chorion,  to  which  it  is  loosely  attached — so  loosely 
that  it  has  some  play  on  the  chorion,  and  can  be  easily 
strinped  off.  At  the  placental  insertion  of  the  umbilical 
cord  tlie  amnion  merges  into  the  integumentary  covering 
of  the  cord,  which,  while  corresponding  to  the  amnion, 
differs  from  the  latter  in  some  important  particulare. 

The  anmion  is  made  up  of  two  layers:  (1)  a  superficial 
epiblastic  epitliclial  layer,  and  (3)  a  deeper  mesoblastic 
connective- tissue  layer. 

1.  The  inner  free 'surface  of  tbe  amnion,  that  directed 
toward  tlie  fmtiis,  is  liued  by  a  single  layer  of  epithelial 
cells  of  epiblastic  or  cctodermic  origin.  Tbese  cells  at 
an  early  period  are  thin,  but  later  become  thicker,  low 
columnar  or  cuboidal  in  form.  At  times,  however,  in 
the  mature  stale  they  appear  thin  and  squamous.  The 
measurements  of  tbe  dimensions  of  these  cells  (diametera 
or  diagonals)  given  by  various  observers  vary  from  0.008 
to 0.013mm.  (Dohm),  O.OII  to 0.019  mm.  (Kolliker),  0.011 
to  0.014  mm,  (Lange).  0.011  toO.OSS  mm.  (NichoU).  The 
varying  si^es  of  these  cells,  as  stated  by  different  observ- 
ers, probably  de|)end,  partly  at  least,  upon  the  degree  to 
which  the  membrane  is  stretched  in  the  process  of  prep- 
aration for  micnistopical  examination.  When  banfened 
by  the  usual  reagents  .without  taking  any  precautions, 
lue  membrane  is  apt  to  contract  or  shrink  in  superficial 
time  to  become  thicker,  thua  glv- 


LC  of  the  plucen- 


if  grciiter  thickness  and 

iitri'Khiil  on  a  cork  and 

Iw  unduly  stretched  and 

'nt  by  thesil- 

11  iKiundaries,  these 

ement   epithelium, 

■  t.i .  ilae.  with  often  slightly 

iivj-  niaririns.  itiid  Wins  in  shnpe  polygonal  (often  pen- 

itrouiilaud  hesagouali.  elouguti'd,  or  irregular  (Fig.  105). 
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Some  observers  have  seen  iotcrcellular  bridges  UDJtiiig 
the«e  cells  (Fig.  106). 

Viewed  in  vertical  sectioDS,  the  amniotic  epithelial 
celto  appear  as  low  ci)lumnar,  cuboidal,  or  tliinner  cells ; 
■  lie  nuclei  are  iifti-n  Gttiiawd  nc-ar  the  free  ends  of  the 
cells,  leaviu>;  a  dearer  prolopiasniic  /one  in  the  deeper 
portions  of  llie  wlls  (Figs,  107.  im,  111). 

The  Duclei  of  these  cells  arc  niuiided  or  spherical, 
about  0.(KI4  null,  in  diameter.  Most  of  tlic  cells  cou tain  a 
single  nucleuH  each,  but  ceils  coulainiug  two,  three,  or 
even  four  nuclei  arc  eoinniou ;  these  multinucleated  cells 
are  of  larj^.r  niy.e  than  the  un  in  (ideated.  In  the  latter 
part  of  pregnancy  the  e|)itliclial  cells  aometimes  un- 
dergo a  certain  <k'grec  of  degeneration.  Among  tliesc 
cells  are  iiccaKiiinutly  ubscrvea  round,  clear  spaces  or  ob- 
jects, which  liave  lieeu  variously  interpreted  as  stoniata, 
Tesicles,  or  cells  tbut  have  undergone  mucinous  degener. 
ation  and  burst. 

2.  Beaeath  the  superficial  epithelial  layer  is  a  connec' 
tive-tissue  stmluni  of  nies'>bla8tic  origin,'    This  stratum 


no.  IDS.— euTliae  vi 


liPlluui  ot  AniDlnn  Irooi  IM-Day  : 
irldtre*  or  Prwrssn  Ijirl.  pi.  Ft 
^1.    X  I,ffl5.    (Mloot,} 


can  be  divided  into  two  layers:  (o)  a  thick  connective- 
tissue  layer  (mesenebymalous),  atid  (0)  a  thin  cndothe- 
lioid  (mesothelial)  layer  lining,  partially  at  least,  the 
outer  surface  of  the  amnion,  that  directed  toward  tbo 
chorion. 

(a)  The  connec  live- tissue  layer  of  the  amnton.  underly- 
iog  the  epithelial  layer,  makes  up  the  larger  )>art  of  the 
thickness  of  the  membrane  nnd  corresponils  to  tliat  por 
tion  of  the  mesoblasC  nhiih  ha.')  b<.en  urniid  tiit  mt.!)i.n 
chrma.  This  laver  is  sommluvt  embrionic  lu  rlnira(,ter 
and  consists  of  ciDuccti\e  tissue  (ell'i  (mbe<lded  m  an 


rounded  and  oval,  but  later  become  irregular  in  form  and 
size.  The  cells  are  flat  and  thin,  arranged  Hatwise  with 
the  surface.  The  shapes  of  these  cells,  especially  In  the 
mature  amnion,  have  not  been  well  made  out:  one  speci- 
men from  a  mature  afterbirth  in  which  the  a      '       '     " 


^  MeaobluUc  CelboF  Amnion  tnmx 

L      X  \aX.     (MiDOt.) 

renmincd  permanently  separate  from  the  chorion,  pre- 
senting unusually  favorable  conditions  for  observation, 
has  been  examined  by  the  writer  (Fig.  109).  In  this  in- 
stance the  connective- tissue  cells  were  mostly  large  flat 
cells,  very  irregular  in  form,  giving  oft  irregular  proc- 
esses and  branches,  some  broatl.  some  fine  and  fliainen- 


:.;^ffi 


n  of  Amoinii  of  Two-Moir 


abundant  matrix.  The  celts  for  the  most  [in 
tbe  deepest  plane  of  the  amnion,  often  Icav 
upper  portion  of  this  connec tive-timue  lnye 
ately  beneatli  the  e|)itheliiil  layer,  a  xinif  ihn't  i 
celto  (Flj.  110).    The  nuclei  of  these  cells  a 


tur\      The   processes   of  neighboring  cells   were  often 
dirtcth  continuous  with  one  another.    The  general  out- 
lines of  the  smaller  of  these  ceils  were  often  roughly 
rouud<  d ;  of  the  larger,  polygonal  or  altogether  irregu- 
lar     TbcM'  cells  ningt-d  in  M/e  from  U.II25  to  0. 100 
mm.  in  extreme  dimensions,  nteusurlng  between 
the  entrcniitlrs  of  the  jiroccsses  (perluiiKS  the  speci- 
men   in    which    tliexe    niensurtrmeiits   were    made 
^         was  somewlut  overstretf-lied).     Mingled  with  these 
larger  cells  were  smaller  roiindeil  or  oval  cells,  not 
sth     so  well  pnivideil  with  priKresses  and  ranging  in  size 

fnmi  alHiHt  OAW  to  tl.016  mm. 
J^°.  The  ioturo-llulur  malrix  In  which  the  connective- 
niii.j  tissue  cells  of  this  layer  are  einlN'cldeil  is  a  homo- 
geneous ground  Hubstance  sniil  ^l  lie  of  geluliiioiis 
or  luueiiioiiH  cliiinicter.  At  times,  however,  towuni  the 
cioseipf  pn'gniinrv.  tiiedeciH-rivirlion  of  the  laver  (where 
thei'ells  lire  mi'silv  siluatol)  bcconi<-s  marke<'tlv  tlbrous 
in  Hmraeler  (I'isi.  110),  the  outer  wubepitlii'lial  n'nncellu- 
lar  stratum  still   retamiug  its   honiogeneou 
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nature.  The  amoion  of  man  Is  a  Don -vascular  structure 
and  contains  no  blood-vessels :  tlic  presence  of  an  exten- 
sive sy3l«ni  of  lymph  cbanocls  has  not  been  deSaitely 


muscle  cells. 

(ft)  Theoutermost  SHrfare  of  tlic amnion,  tluit  directed 
toward  tlie  chorion,  is  linoii,  partially  at  least,  by  a  sin- 
Kle  layer  of  thin,  flat  endothelioid  cells  (Flir<.  lOT.  111). 
These  are  descendants  anil  represcutatii  cs  of  tlic  meso- 
thellal  cells  which  line  the  cteloni  and  from  which  the 
endothelial  cells  of  the  pleura  and  peritoneum  are  also 
derived.  These  cells  are  naturally  well  markwl  in  the 
early  period  of  pregnancy,  while  the  amnion  Is  still  un- 
attached to  the  chorion  and  presents  a  free  outer  surface. 
A  similar  layer  of  cells  proluibly  lines  the  innermost  sur- 
foce  of  the  chorion.  After  the  amnion  becomes  united 
with  tlie  chorion,  these  cells  would  probably  bo  sup- 
pressed at  the  points  of  union  of  the  two  membranes, 
Uiough  even  at  full  tenn  such  cells  have  lieen  seen  at  a 
plane  corresponding  to  tlic  deepest  iHirt  of  tlut  amnion 
or  innermost  part  of  the  chorion,  perhaps  1inin|;  spai-i'S 
left  between  the  membrnues  similar  to  Ivmph  spaces  iu 
the  Ixidy  Imed  with  (ndothchum 

In  the  specimen  of  aft(rUirth  abo^e  referrcil  to  in 
which  the  amnion  nmained  permanintU  separali  from 
the  chorion  and  prtsi-ntcd  a  freeoiitir  surface  tlii"  \h\  (t 
of  cells  vas  nlidj  dimonitrattd  tt\  the  sihtr  nitrate 
mctho<l  (Fip  112)  On  surface  lien  these  cdla  ntre 
mostly  of  hexagonal  shapi  (some  pentagonal  and  heptag 


y^^r^r" 


tojer. sbimliiK  ihhi-ctIIviIb 


onal).  guitc  uniform  and  rcf^iihir  in  shape  and  size,  with 
slightly  roimilcd  angles.  They  were  uuiliii  tJ>  ime  iin- 
otliiT  by  their  edges,  which  were  straighl,  not  sinuous. 
Their  size  was  small,  nuiisiiring  O.OO-W  to  O.OO"  mm.  In 
iltameUT.  Tlu\v  did  not  form  a  romplele  Ihiing  over  the 
entire  outer  surface  of  the  amniou,  or  at  least  they  ap- 
peared only  iu  patches;  perliapsuiany  of  them  were  lost 
from  degeueratlnn.  No  nuclei  were  visible  In  them — 
possibly  another  degenerative  Ritru;  if  present,  thev  did 
Dot  take  the  nuclear  stains  eni]ihiye'l.  Patches  of*  pre- 
cisely sinubir  cells  were  also  observed  on  the  inner  surface 
of  tlie  chorion  in  this  r^av. 

The  covering  of  the  nmMUeal  noil,  w I ilch  is  continuous 
at  the  placental  end  with  the  amnion  and  at  the  fecial 
end  with  the  skin,  <ii(T<>rs  in  some  marked  characters 
from  the  amnion  elsewhere.  This  covering  consists  of  a 
superficial  hiyer  of  epithelium,  which  rests  direclly  upon 
the  mucoflbrous  tissue  composing  the  chief  part  of  the 
cord.  The  iutcgument  of  tlie  cord  is  therefore  intimately 
adherent  to,  or  an  integral  part  of,  the  cord,  and  cannot 
be  strippwl  off  as  can  the  amnion  elsewhere.  The  epi- 
thelial covering  is  composed  at  llrst  of  a  single  biyer  of 
cells,  but  lat«r  becomes  stratilkd  mjiianious  in  charaeier, 
consisting  of  twoto  fourlavcrsof  lentinilar-Hliaped  cells. 

Union  of  Amnion  aad  Cfi'm'-m.—ln  its  origin  and  early 
period  tlie  amnion  is  distinct  fn>m  the  chorion  and  sep- 
arated from  it  by  a  space,  which  is  the  cxtra-<'mbrj-oiiic 
part  of  the  cielom,  and  Is  hoiiKilopous  and  at  first  con- 
tinuous with  the  pleural  and  peritoneal  cavities.  After 
about  the  third  month  of  pregnancy,  In  iiitm.  the  amnion 
comes  into  contact  with  the  chorion,  aud  the  two  nieiu- 
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branes  grow  loosely  together.  The  precise  character  of 
the  histological  connection  between  the  amnion  and  cho- 
rion lias  not  been  well  made  out. 

AnNORMALrriES  OF  THE  AMNION. — Very  rarely  is  the 
amnion  the  seat  of  abnormal  or  pathological  conditions. 


Fio  111  — °«(al  n  of  PlMCTital  imnion 
epltliellBl  la;er  mm  m^wblutlc  me 
tissue  layer ,  a,  mesoUiellal  eodotbelloM  layer. 


m.   tUlaoU 


Such  abnormalities  may  arise  in  two  ways:  from  anom- 
alies lit  developnient,  or  from  pathological  processes. 

Among  conceivable  anomalies  of  development  of  the 
amnion  might  be:  c<implete  absence  of  the  amnion;  in- 
complete development  of  the  amnion  from  failure  of  one 
of  lh(  amnion  folds  to  grow;  failure  of  the  edges  of  the 
amnion  folds  to  unite,  leaving  a  hiatus  in  the  amnion  and 
chorion  persistence  of  a  cord  or  connection  of  tissue 
between  the  amnion  aud  chorion  (the  "amniotic  cord"), 
such  as  normally  occurs  in  ruminantA:  incomplete  ex- 
lunsion  of  amnion  after  closure,  compressing  the  ftptiis. 
t>oiiie  siK  h  anomalies  of  development  have  been  occasion- 
ally obsi  rve<l  in  si>me  animals,  but  in  man  they  are  ex- 
cecdingU  rare, 

A  (ouple  of  human  cases  are  recorded  (Hamard)  In 
n  hidi  there  was  a  separate  small  amniotic  pouch  around 
the  alxlominal  insertion  of  the  umbilical  cord.  The  re- 
porti  r  of  one  of  tlu-se  cases  attributed  the  condition  t«  a 
rupture  of  the  aninion  (the  chorion  remaining  intact) 
with  retraction  of  tile  amniotic  membrane.  Hamard, 
who  r()Hirteil  the  other  cn.se,  considered  the  condition  U> 
lie  dm  III  liotli  cases  to  an  early  anomaly  iu  the  develop- 
ment of  the  amnion. 

It  hapiiens,  ran'ly.  tlmt  the  primitive  separation  of  the 
amnion  and  chorion  [lersists.  in  man,  throughout  preg- 
nancy, so  that  tlic  fn'tuH  to  the  time  of  birth  is  enveloped 
In  two  scpnnite  sues,  the  amuicin  intemallv  and  the  cho- 
rion (unliiHl  to  the  deck! ua)  externally.  This  constitutes 
a  rare  anomaly  of  tlw  human  afterbirth,  of  which  tlic 
writer  has  ri-piirteil  one  case  and  cited  seven  other  cases 
found  reeonlol. 

Small  n'Kluli'S  or  caruncles  have  been  oltservcd  in  the 
human  aiiinluii.  si'sttered  about  In  considerable  numbers, 
some  flat  and  sessiU',  some  more  or  less  pediculated.  and 
ranging  in  size  from  f  liat  of  a  plnhend  to  that  of  a  pea. 
Sinictiirally.  these  are  of  two  kinds,  one  composed  of 
epitlieliiim.'  the  other  of  conni-ctive  tissue.  The  epithe- 
lial nodules  are  commoner  and  have  little  or  no  patho- 
logical signilicanee :  they  are  small  aggn'gations  of 
epithelial  cells.  The  con- 
nective -  tissue  nodulea 
are  composed  of  tissue 
like  that  of  the  tneso- 
blastic  portion  of  the 
amnion;  they  are  very 
rare,  and  liave  been  ob- 
Rcrved  in  connection 
with  early  fretal  death. 
Adhesions  of  the  am- 

.sunai*  or  Aiiinioii  mnci  iiinwjiur.       ■        ,     various  narta  of 

fan-    «    CliurtiiD).  silver  ullraie.    niiiii  ii>  i  hi  ions  pans  oi 

X  I.OOi.  the  firtus.  with  resulting 

deformities  of  the  latter, 

have  been  oliserve'l.    These  adhesions  have  apparently 

been  due  to  inflamniatorv  action. 

Ileliciciicy  or  exi-ess  in  the  quantity  of  the  amniotic 
fluid,  wilh  the  n'sultinp  pathological  consequences,  are 

A.M.MOTic  Fi.viD.— The  amniotic  sac  Is  filled  with  a 


.-FjidothelloMCelliiof 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


Amnion* 
Amnion. 


terous  fluid,  the  amniotic  fluid  or  liquor  amnii,  in  which 
the  foetus  is  immersed. 

In  quantity  the  amniotic  fluid  at  full  term  in  the  hu- 
man female  riiav  vary  greatlv,  but  ordinarily  ranges  from 
about  500  to  1,6(K)  c.c.  averaging  from  6lk)  to  800  c.c. 
Abnormally  tliere  maybe  a  deficiency  (oligohydramnios) 
or  an  excess  (polyhydmmnios)  of  amniotic  fluid,  both 
conditions  giving  rise  to  certain  patliological  conditions 
and  dangers.  The  differences  in  (juantity  at  different 
perio<ls  of  pregnancy  are  not  well  determined ;  it  is  quite 
possible  that  the  fluid  increases  in  amount  during  the 
earlier  portion  of  pregnancy,  and  diminish(»s  in  the  later 
portion. 

The  liquor  amnii  is  a  serous  or  watery  fluid,  contain- 
ing in  solution  a  small  proportion  of  pmteid,  organic, 
and  mineral  substan(H*s.  It  is  normally  clear,  limpid, 
and  transparent,  colorless,  alkaline  in  reaction,  and  has  a 
specific  gravity  of  about  1 .007  or  1 .0()J^.  It  contains  from 
one  to  two  per  cent,  of  dry  solids,  besides  a  small  amount 
of  adventitious  epithelial  cells,  hairs,  vernix  caseosa, 
and  occasionally  leucocytes.  Proteids  (albumin,  globu- 
lin, mucin,  etc.)  are  present  in  the  early  part  of  preg- 
nancy in  large  amount  (10.77  percent,  at  four  months, 
7.67  per  cent,  at  Ave  months,  6.67  per  cent,  at  six 
months),  but  undergo  a  great  decrease  toward  the  end 
of  pregnancy,  when  there  is  only  a  small  proportion 
present  (0.82  per  cent.).  The  inorganic sjilts  present  are 
those  usually  found  in  serous  fluids,  chiefly  salts  of 
sodium,  potaasium,  ammonium,  and  calcium.  Urea  is 
present  in  slight  proportion;  the  amount  is  less  early  in 
pregnancy  and  gradually  increases,  0.03  or 0.045  percent, 
being  prt*sent  at  the  ninth  and  tenth  months. 

^larked  abnormalities  in  the  physical  and  chemical 
characteristics  of  the  amniotic  fluid  have  been  rarely  en- 
countered. 

As  to  the  source  from  which  the  amniotic  fluid  origi- 
nates, there  have  been  two  opposing  views:  one  that  it 
is  derived  (in  manmials  at  least)  from  the  maternal  tis- 
sues by  transudation  from  tin?  decidua  through  the  cho- 
rion and  amnion :  the  other  that  it  is  derived  from  the 
fcptus,  being  the  excretory  pnMlucts  of  the  urinary  or 
sweat  glands  of  the  latter.  The  view  that  the  licjuor 
amnii  is  of  f<ptal  origin  has  long  been  held ;  but  in  oppo- 
sition thereto  and  in  support  of  its  maternal  origin  it  has 
been  urgeti  by  Minot  that  the  fluid  in  its  composition 
does  not  resemble  urine,  but  is  more  of  the  natunr  of  a 
serous  fluid  transudetl  from  the  blood -vessels;  that  the 
fluid  appears  before  the  urinary  or  other  excretory  glands 
of  the  embryo  are  developed  and  while  the  urethral  out- 
let of  the  male  is  still  imperforate ;  and  that  substances 
experimentally  adminisU^red  to  the  mother  have  after- 
ward been  found  in  the  liquor  amnii  but  not  in  the  fo'tal 
tissues.  On  the  contrary,  the  fluid  occurs  in  sauropsidan 
embryos  which  have  lost  their  connection  with  the  ma- 
ternal tissues;  and  as  to  the  finding  of  drugs  adminis- 
tered U)  the  mother  in  the  liquor  anmii  but  not  in  the 
fcetus.  it  is  possible  that  the  substances  niaj'  have  l)een 
entirely  excreted  and  eliminaU^l  from  the  fo'tus  and  dis- 
charge<i  into  the  amniotic  fluid.  Possibly  in  mammals 
the  fluid  is  derived  from  both  the  foetus  and  the  mother — 
from  the  mother  at  flrst  and  later  from  the  urine  of  the 
fa?tus. 

The  function  of  the  amniotic  fluid  is  largely  to  afford 
protection  to  the  fo'tus  in  utero,  by  ('(jualizing  the 
pressure  on  all  parts  of  the  fcetal  Ixxly  and  preventing 
undue  direct  pressure  of  the  uterine  walls  on  particular 
parts  of  the  fcrtus.  By  maintaining  a  synnnetrical  shape 
of  the  uterus,  and  protecting  the  umbilical  cord  and 
uterine  walls  from  exces.sive  and  unecpial  local  i)re.ssure. 
it  obviates  interfen*nce  with  the  umbilical,  placental. 
and  uterine  circuhuion.  The  anniiotic  tluid  jilso  permits 
the  movement  of  the  fo'tus  in  the  uterus,  and  prevents 
adhesions  of  the  fcetus  to  tin?  amnion  or  of  parts  of  the 
fa*tU8  with  one  another  from  taking  i)lace.  The  sym- 
metrical distention  of  the  womb  by  it  facilitates  and  as- 
asts  in  the  dilatatiim  of  the  os  utieri  durinir  labor.  It 
has  been  also  asserted  tliat  the  amniotic  tluid  .serves  as  a 
source  of  water  for  the  foetus;  as  the  fluid  contains  only  | 
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a  small  proportion  of  solids,  it  could  have  little  nutritive 
value  except  as  supplying  water.  It  is  well  settled  that 
l>oth  mammalian  and  bird  embrj-os  swallow  amniotic 
fluid;  but  whether  this  is  done  as  a  reflex  act  or  for  nu- 
tritive purposes,  or  whethtT  the  placental  circulation  is 
incaimble  of  furnishing  sufticient  water  to  the  foetus, 
is  not  known.  J.  R  Is'icfioU. 

AMNION,  PATHOLOGY  OF.— The  amnion  is  the  in- 
nermost of  the  membranes  inclosing  the  fa?tus.  It  is  con- 
tinuous with  the  fo'tiil  epidermis  at  the  umbilicus  and 
forms  a  sheath  about  the  umbilical  cord.  The  exact 
manner  of  the  development  of  the  human  amnion  is  as 
yet  unknown,  for  in  the  earliest  embryos  examined  it 
forms  a  complete  stic  about  the  embryo.  ^lorphologi- 
cally.  it  is  a  part  of  th(»  body  wall.  It  consists  of  two 
layers:  an  epithelial  one  continuous  with  the  ectoderm, 
and  a  layer  of  embryonic  connective  tis.sue  continuous 
wiih  the  somatic  mesoderm.  The  epithelial  layer  is  on 
the  inside  of  the  membrane,  toward  the  fa-tus;  the  con- 
nective-tissue hiyer  on  the  outside,  next  to  the  chorion 
and  uterus  wall. 

The  membrane  is  thin  and  translucent,  containing  no 
blood-vessels,  but  is  rich  in  lar^e  lymph  spaces,  forming 
lacunte  in  which  the  mesodermic  cells  lie.  These  spaces 
ai*e  connected  by  a  system  of  very  flne  lymphatics.  In 
the  earliest  stage  the  tissue  of  the  amnion  consists  of  but 
two  layers  of  cells  (ectodermal  and  mes(xlermal),  l)etween 
which  lies  a  distinct  space.  By  the  second  month  these 
layers  have  b<?come  united,  and  the  mesodermal  portion 
has  increased  greatly  in  thickness  so  that  it  is  capable  of 
l)eing  divided  into  two  part,s,  a  thin  mesothelial  layer 
covering  the  chorionic  surface  of  the  membrane,  and  the 
mesenchynm,  which  makes  up  the  greater  part  of  the 
fully  developed  amnion.  The  tissues  of  the  amnion  do 
not  normally  develop  beyond  an  early  embryonic  stage; 
the  ectodenn  pre.stTves  its  one- layered  structure,  and  the 
mesodermal  tissue  remains  embryonic  in  character.  No 
blood- ves.s<' Is  or  nerves  have  been  found  in  the  human 
anmion.  In  the  later  months  of  pregnancy,  physiological 
degenenitive  changes  occur  in  both  mesoaemial  and  ecto- 
dermal nuclei. 

The  amniotic  fluid  (li(juor  amnii)  is  most  probably,  for 
the  greatiT  part,  a  secretion  of  the  amnion,  but  the  man- 
ner of  this  secretion  or  the  source  of  supply  to  the  amnion 
is  still  unknown.  In  the  later  monilis  of  pregnancy 
some  portion  of  the  fluid  is  undoubtedly  derived  from 
the  fo'tus.  It  is  prolmble  that  the  fluid  is  secreted  by 
the  capillaries  of  the  chorionic  villi  next  to  the  amnion, 
and  is  passed  on  through  the  amnion  by  means  of  the 
activity  of  its  cells.  The  fluid  server  as  a  source  of 
water  supply  to  the  foetus;  and,  as  a  mechanical  protec- 
tion against  blows,  shocks,  pressure,  etc.,  it  assists  in 
maintaining  a  uniform  temperature,  allows  room  for 
fd'tal  movements,  and  aids  in  delivery. 

During  the  flrst  two  months  there  is  a  definite  space 
betwet»n  the  anmion  and  chorion,  but  in  the  third  month 
the  amnion  is  gradually  pn'ssed  against  the  chorion,  un- 
til an  agglutination  takes  place  between  the  two  mem- 
branes through  the  formation  of  a  homogeneous  fluid  or 
gebxtinous  matrix  containing  few  (?ells.  This  union  is 
always  very  slight,  as  the  anmion  in  all  normal  cases  can 
be  rciwlily  stripped  from  the  chorion.  In  the  first  three 
weeks  the  meml)rane  is  somewhat  n»moved  from  the  em- 
bryo; in  the  fourth  week  the  rapid  growth  of  th(^  latter 
almost  entirely  fills  the  amniotic  cavity.  During  the 
second  month  the  membrane  enlarges  more  rapi«lly,  form- 
ing a  larger  space  for  the  amnioti*;  fluid,  but  after  the 
fourth  month  it  fits  more  closely  about  the  f(etus.  fmm 
which  it  is  ke|)t  separated  by  the  fluid. 

The  structure  of  the  amnifni  is  analogous  to  tliat  of  the 
serous  membranes,  and  there  is  consecpniitly  a  close 
analogy  between  the  general  ])ath<»logy  of  the  fa^tal 
membrane  and  that  of  the  latter.  The  tendency  towani 
plastic  exudations  with  the  formation  of  more  or  less 
extensive  adhesicms.  changes  in  the  amount  and  eiiaracter 
of  the  s(»cretion.  etc..  occur  here  as  u])on  other  .mtous 
surfaces.     The  peculiar  function  of  the  anujion  and  its 
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<;lo8e  relations  to  tho  embryo  lead,  however,  to  pathologi- 
<5al  processes  peculiar  to  itself. 

ncsmatmna. — An  effusion  of  blood  between  the  chorion 
and  the  amnion  may  occur  as  the  result  of  accidental  or 
voluntary  trauma,  or  of  diseased  conditions  of  the  chori- 
onic villi.  Rupture  of  the  umbilical  ve&sels  may  lead  to 
the  formation  of  a  very  large  blood  clot  between  the  two 
membranes.  The  small  extravasations  from  the  capilla- 
ries of  the  chorionic  villi  are  relatively  frequent  and 
have  little  significance,  but  large  ones  may  strip  the 
amnion  from  the  chorion  over  a  large  area,  producing 
abnormal  pressure  upon  the  embryo  and  alterations  in 
the  amniotic  secretion.  Death  of  the  embryo  and  abor- 
tion may  result  from  these  causes,  or  the  pressure  upon 
the  amnion  may  produce  adhesions  between  it  and  the 
foetus,  leading  to  disturbances  of  development.  The 
small  clots  are  absorbed  and  replaced  by  new  chorionic 
villi  or  fibrous  connective  tissue,  or  they  may  become  cal- 
cified. 

lietrograde  ChaH{jes. — The  placenta  and  f octal  mem- 
branes at  term  must  be  regarded  as  senile  structures,  and 
certain  retrograde  changes  must  be  recognized  as  a  part 
of  their  physiological  decay.  These  signs  of  age  in  the 
amnion  l)egin  as  early  as  the  fourth  month,  and  manifest 
themselves  chiefly  by  degenerative  clianges  in  the  meso- 
dermal nuclei,  as  shown  by  diffusion  of  chromatin,  hy- 
dropic and  fatty  degeneration.  Marked  alterations  m 
the  shape  of  these  cells  occur  in  the  later  months,  but 
these  changes  are  probably  dependent  upon  the  tension 
of  the  membrane. 

Fatty  Degeneration. — Minute  fat  droplets  are  very  fre- 
quently found  in  the  mesodermal  cells  of  the  mature 
amnion,  and  are  to  be  regarded  as  physiological.  In  re- 
tention of  the  membranes*  after  abortion  this  change  may 
reach  a  pathological  degree. 

Hydrojnc  Degeneration. — This  may  occur  to  a  limited 
extent  in  the  mature  amnion.  In  the  rare  cases  of  a?dema 
of  the  chorion  the  cells  of  the  amnion  become  hydropic ; 
and  frequently,  after  death  of  the  fcrtus,  both  the  cells 
and  intercellular  substan(re  of  the  mesenchyma  undergo 
liquefaction. 

Myxomatous  Degent  ration. — A  mVxomatous  degenera- 
tion of  the  amnion  nuiy  be  associated  with  a  similar 
change  in  the  chorion.  The  mesodermal  cells  become 
branched,  the  intercellular  substance  more  gelatinous  in 
character,  and  small  muciu-contiiining  cysts  may  be 
formed  in  the  mesenchynia.  A  hyperplasia  of  the  meso- 
dermal cells  may  i)rece(le  this  change,  and  the  anuiion 
may  be  greatly  thickened  throughout,  or  villous-like 
projections  into  the  amniotic  cavity  may  be  formed.  In 
very  rare  cases  these  may  acc^uirc  such  size  that  they 
may  be  classed  as  myxomaUi.  These  changes  are  of 
most  frequent  occurrence  in  the  earlier  months  of  preg- 
nancy and  usually  follow  the  death  of  the  fcetus. 

Cdloidlike  Change. — The  mesoderm  of  the  amnion  not 
infrequently  becomes  homogeneous  and  hyaline.  loses  its 
cells  and  slight  fibrillation,  and  stains  as  colloid.  The 
exact  nature  of  this  change  is  not  known.  It  occurs 
rather  frequently  after  the  death  of  the  fcetus. 

Hyaline  Change. — Portions  of  the  amnion  may  undergo 
a  proliferation  of  the  connective-tissue  cells,  Icariing  to  the 
formation  of  a  more  mature  connective  tissue  in  which 
fibres  are  formed.  The  intercellular  substance  acciuires 
a  true  hyaline  character  and  stains  rose  red  with  Van 
Gieson's  stain.  This  sclcrr^sis  in  a  limited  degree  may  bo 
considered  as  a  senile  change,  but  in  the  normal  amnion 
it  is  never  extensive,  and  the  membrane  for  the  greater 
part  preserves  its  embryonic  chanicter.  Any  extensive? 
hyaline  change  must  be  regarded  as  i>athological.  The 
causes  and  conditions  of  occurrence  of  this  change  are 
not  known,  but  it  mav  occur  after  the  death  of  the  f(etus 
or  in  connection  with  syphilitic  chanires  in  the  chorionic 
villi. 

CcUciflcation. — Small  plaques  of  calcification  are  not 
infrequently  found  at  full  term  upon  the  inner  side  of 
the  amnion,  most  frequently  of  the  placental  anmion. 
These  most  probably  are  caUnfied  masses  of  fibrinous  ex- 
udate.   After  the  death  of  the  fcetus  lime  salts  may  Ikj 


deposited  in  the  amniotic  mesoderm.  This  deposit  may 
be  preceded  or  accompanied  by  fatty,  myxomatous,  or 
hyaline  change.  The  pathological  significance  of  calcifi- 
cation, either  of  the  chorion  or  of  the  amnion,  is  probably 
very  slight,  and  the  deposits  of  lime  salts  found  in  these 
structures  at  delivery,  unless  very  extensive,  are  to  be 
re^rded  as  senile  phenomena. 

ilyperpUutia, — After  the  death  of  the  foetus  the  amnion 
may  become  much  thickened  from  a  hyperplasia  of  the 
mesodermal  cells.  The  new  tissue  formed  usually  mi- 
dcrgoes  hyaline  or  myxomatous  change  or  calcification. 
Localized  hyperplasias  may  appear  as  new  growths. 
The  processes  underlying  these  changes  are  practically 
unknown,  but  hyperplasia  of  the  anmion  is  associated,  at 
least  in  some  cases,  with  syphilitic  hyperplasia  of  the 
chorionic  villi. 

Amniotitis, — Since  the  amnion  contains  no  blood-ves- 
sels, a  primary  inflammation  in  the  ordinary  acceptance 
of  the  term  cannot  occur  in  the  membrane.  But  tiie  tis- 
sues of  the  amnion  may  become  involved  in  changes 
which  are  so  analogous  in  character  and  sequelte  to  m- 
flammatory  processes  that  the  use  of  the  term  Amniotitis 
may  be  accepted  for  practical  reasons.  CEdema  and 
liquefaction  of  the  intercellular  substance  of  the  mesen- 
chyma may  occur;  fibrinous  exudates  may  take  place, 
leading  to  the  formation  of  extensive  deposits  of  fibrin 
on  the  epithelial  surface  of  the  membrane,  and  to  the 
presence  of  strings  and  bands  of  fibrin  in  the  lymph 
spaces  of  the  mesenchyma.  The  gelatinous  tissue  con- 
necting the  amnion  and  chorion  may  wholly  or  partially 
liquefy,  its  number  of  wandering  cells  may  be  increased, 
and  in  very  rare  cases  pus  may  be  formed  between  the 
two  structures.  In  these  cases  there  is  also  present  a 
small-celled  infiltration  of  the  chorionic  villi.  The  um- 
bilical cord  may  show  a  similar  infiltration.  Purulent 
placentitis  is  apparentlv  very  rare,  and  no  well-studied 
cases  have  been  reported.  I  have  seen  two  cases  of  pla- 
cental abscess  resulting  from  infection  of  the  placenta 
through  attempted  abortion.  In  these  the  space  between 
the  chorion  and  amnion  contained  masses  of  fibrin  and 
collections  of  leucocytes;  the  amnion  was  swollen  and 
colloid-like,  containing  fibrin  strings  and  large  numbers 
of  leucocytes. 

In  both  of  these  cases  the  amnion  was  involved  by  ex- 
tension from  the  chorion;  and  it  is  probable  that  the 
fibrinous  exudates,  which  are  rather  frequently  found  in 
and  upon  the  amnion,  are  the  result  of  primary  patholog- 
ical changes  in  the  chorion  or  decidua.  The  existence  of 
a  primary  amniotitis  is  yet  to  be  proved.  It  has  been 
stat(;d  that  in  cases  in  which  the  amniotic  fluid  is  absent 
or  greatly  reduced  in  quantity,  the  friction  of  the  foetus 
upon  the  membrane  leads  to  the  formation  of  plastic  ex- 
lulates  and  adhesions.  It  yet  remains  to  be  proved  that 
such  exudates  are  the  direct  result  of  changes  in  the 
amniotic  cells. 

That  fibrinous  exudates  do  occur  has  been  confirmed 
by  numerous  observers,  but  we  are  as  yet  at  a  loss  to  ex- 
jVlain  either  their  etiology  or  the  manner  of  their  occur- 
rence. Through  the  organization  of  fibrinous  adhesions 
between  the  fo'tusand  the  amnion,  fibrous  bands  may  be 
formed  which  may  lead  to  the  production  of  marked 
abuornmlities  in  the  f(vtus.  These  adhesions  may  also 
be  formed  between  the  coils  of  the  umbilical  cord  or  be- 
tween it  and  the  body  of  the  f(etus.  Amniotitis  is  also 
regarded  as  one  of  the  causes  of  hydramnion,  the  over- 
production of  the  amniotic  fluid  being  explained  as  of 
the  nature  of  an  acute  serous  inflammation.  The  proof 
of  this  remains  to  be  established,  but  the  fact  that  hy- 
dnmuiion  and  the  formation  of  adhesions  Ixitween  foetus 
and  amnion  have  followed  tmumatic  injuries  to  the 
mother  may  b"  taken  as  support  of  this  theory. 

In  the  later  months  of  pregnane}^  the  epithelium  of  the 
f(etal  surface  of  the  amnion  may  be  torn  away  in  strips. 
Ac(!ording  to  Ahlfeld.  this  is  the  result  of  f(Etal  move- 
ments, the  ('pithclium  bring  scnitched  by  the  finger  and 
toe  nails  of  the  fo'tus.  The  annn'on  mav  burst  in  the  last 
months  of  pregnancy,  the  ovum  being  preserved  by  the 
chorion.     Through  the  movements  of  the  foetus,  the  torn 
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membrane  may  be  rolled  up  into  bands,  which  may  be- 
•come  entangled  with  the  umbilical  cord  and  constrict  it 
even  to  the  extent  of  shutting  oft  the  fcctal  blo<^)d  sup- 
ply. Inflammatory  changes  have  not  been  shown  to  fol- 
low these  conditions. 

Amnwtic  Bands  ami  Adhesions. — During  the  early 
Htages  of  development  of  the  membrane  there  may  occur 
total  or  partial  union  of  the  amnion  with  the  developing 
skin  of  the  embryo.  This  union  may  be  the  result  of  an 
imperfect  development  of  the  membrane,  in  that  it  does 
not  become  differentiated  from  the  ectodenn,  or  fits  too 
■<-losely  about  the  embryo,  so  that  the  amcnmt  of  .secretion 
is  not  sullicient  to  separate  the  amnion  from  the  surface 
of  the  embrj'o.  At  the  points  of  contact,  union  through 
direct  fusion  or  intergrowth  may  take  place;  or  a  plastic 
exudate  may  be  thrown  out  which  unites  the  surfaces 
and  later  becomes  organized  after  the  manner  of  plastic 
exudates  on  any  serous  surface.  It  is  still  an  unsettled 
question  as  to  how  far  the.se  adhesions  between  the  am- 
nion and  the  foetus  are  to  be  referred  to  a  primary  failure 
of  separation  and  fusion,  or  to  inflammatory  processes; 
but  it  is  probable  that  in  the  majority  of  cases  they  are 
primary  defects  of  development. 

These  adhesions  play  a  great  part  in  the  formation  of 
monsters  and  malformations,  and  their  teratological  im- 
portance can  hardly  be  overestimated.  Bauds  and  strings 
of  union  not  infrequently  persist  at  full  term,  and  their 
connection  with  the  misshapen  portion  of  the  child  leaves 
no  doubt  tliat  they  bear  a  direct  causal  relation  to  the 
malformation.  The  structure  of  these  bands  usually 
resembles  that  of  the  amnion,  containing  no  blood-ves- 
sels ;  and  they  may  be  covered  with  epithelium.  In  other 
cases  they  are  to  be  regarded  as  prolongations  and  out- 
growths of  the  foptal  dermis,  and  contain  blood-vessels 
which  arise  from  those  in  the  foptal  skin.  Very  fre- 
quently the  only  remnants  of  these  bands  at  birth  are 
^ort  tags  in  the  skin  of  the  child.  Thi'se  have  a  struc- 
ture similar  to  that  of  normal  skin.  Stretching  of  the 
ndhesions  through  increa.se of  the  amniotic  fluid  may  lead 
to  their  atrophy  or  to  the  formation  of  fibrous  bandfi, 
which  contain  few  cells  and  no  blood-vessels  and  possess 
no  epithelial  covering. 

A  total  adhesion  of  the  membrane  to  the  embryo  causes 
marked  disturbances  of  development  of  the  liead  and 
extreraitic*s.  Partial  adhesions  occur  most  frequently  at 
the  extremities  of  the  embryo.  An  abnormal  tightness 
of  the  cephalic  cap  may  lead  to  marked  malformations 
of  the  cranium,  brain,  or  face  (acrania,  anencephaliii,  ex- 
•eucephalia,  cephalocele,  cyclopia,  arrhinencephalia,  etc.); 
while  abnormal  tightness  of  the  caudal  cap  produces  a 
deficient  development  of  the  lower  extremities  (amelia, 
phocomelia,  etc.).  Clefts  of  the  thoracic  and  abdominal 
walls,  failures  of  closure  of  the  dorsal  and  genital  fur- 
rows, etc.,  are  also  associated  with  deficient  growth  of 
the  amnion.  It  is  impos.sible  to  say  to  what  exU^nt  this 
^association  is  one  of  cause  and  effect  or  merely  a  (coinci- 
dence. 

If  the  amniotic  fluid  increaws  greatly  in  amount  at  an 
«arly  period,  portions  of  the  adhesions  may  he  sc*parated 
and  torn  loose,  floating  in  the  fluid ;  or  remaining  attached 
at  the  ends,  they  may  become  stretched  iuto  fine  threads 
and  bands.  These  may  entangle  the  extremities  of  the 
fcetus  and  affect  their  development  tlwough  pressure  and 
disturbance  of  blood  supply,  or  even  cause  intrauterine 
amputations.  The  variety  of  malfonnations  pnKiueed 
in  this  way  is  very  great.  larger  bauds  of  adhesions 
mav  divide  the  amniotic  cavitv  iuto  several  chaml)ers. 
andf  an  over-accumulation  of  tiuid  in  one  or  s(»venil  of 
these  cavities  may  result  in  the  producticm  of  pressure 
■malformations  (club-foot,  flat-foot,  etc.). 

Hjfdramnion  (see  Ilydramuion). — The  pathology  of  an 
abnormal  increase  of  the  amniotic  fluid  remains  uus<^'ttled. 
It  is  evident  that  a  number  of  faet4)rs  mav  underlie  this 
•condition.  It  may  be  acute  or  chronic.  lMie  latter  may 
be  due  to  pathological  changes  in  the  mother  {<iHlema 
and  dropsy  from  nephritis,  cardiac  disease,  etc.),  hyper- 
trophy of  placenta  and  decidua.  placental  tumors,  per- 
tftstence  oi  chorionic  vessels  which  nonnally  undergo 


obliteration,  abnormalities  of  the  umbilical  vessels;  or  to 
pathologicjil  changes  in  the  fcrtus  (increased  blood  pres- 
sure, cardiac  hypertrophy,  obstruction  of  the  ductus  Bo- 
talli,  syphilitic  cirrhosis,  fcetal  tumors,  oversecretion  of 
uriue,  as  in  the  case  of  unioval  twins,  lymphangioma  tons 
conditions  of  the  fa'tal  skin,  etc.).  Deficient  ai)sorption 
of  the  fluid  may  also  lead  to  an  overproduction  of  the 
fluid.  In  some  mstances,  as  in  syphilis,  disease  of  both 
the  mother  and  child  may  contribute  to  an  excessive 
formation  of  the  fluid.  Acute  cases  following  trauma  to 
the  mother  have  been  ascribed  U)  the  o<rcurrence  of  an 
acute  serous  amniotitis.  Other  cases  of  acute  hydramnion 
ari.se  without  apparent  cause.  These  cAses  are'most  com- 
mon during  the  fourth  and  sixth  months  of  pregnancy. 

OUgohydramnion.—X  deficient  formation  of  the  am- 
niotic fluid  may  occur,  but  the  pathology  of  the  condition 
is  as  obscure  as  that  of  hydramnion.  It  is  commonly 
found  in  cases  in  which  extensive  adhesions  exist  between 
the  fa'tus  and  the  amnion,  and  in  the  case  of  twins  in 
which  one  sac  may  present  a  deficiency  of  the  fluid,  the 
other  an  excess. 

AhnonnaHties. — A  large  number  of  varieties  of  abnor- 
mal development  of  the  amnion  have  been  described. 
The  most  important  of  these,  the  bands  and  adhesions, 
have  been  mentioned  above.  Defects  of  the  membrane^ 
total  or  partial  reduplication,  formation  of  multiple  cav- 
ities, etc.,  may  occur.  The  etiology  and  the  manner  of 
production  of  these  are  unknown. 

Tuberculosis. — Primary  tuberculosis  of  the  amnion  has 
not  yet  been  reported.  In  one  of  two  cases  of  placental 
tuberculosis  which  I  have  seen,  miliary  tubercles  were 
found  in  the  chorion  just  beneath  the  amnion,  which  was 
thickened  and  adherent,  showing  small-celled  infiltration 
and  signs  of  connective- tissue  pmliferation. 

Syphilis. — In  syphilis  of  the  foptus  and  fcptal  placenta 
a  hyperplasia  of  the  amnion  similar  to  that  of  the  chorion 
may  take  place.  This  may  lead  to  a  general  or  localized 
thickening  of  the  membrane,  and  is  associated  with  vari- 
ous degenerative  processes  (fatty,  colloid-like,  hyaline). 

New  Gn^trthfi. — Cysts  of  the  amnion  have  been  de- 
scribed. These  were  small  and  without  clinical  signifi- 
cance. They  were  most  prolwibly  due  to  a  myxomatous 
degeneration  of  the  mesenchyma.  Small  myxomatous 
projections  into  the  amniotic  cavity  occur  rarely.  They 
are  either  localized  hyperplasias  or  remains  of  adhesions 
which  have  undergone  a  myxomatous  change.  The  ex- 
istence of  tnie  amniotic  neoplasms  is  as  yet  doubtful. 

Kjctra -Uterine  Prtg nancy. — In  extra-uterine  pregnan- 
cies, either  before  or  after  the  death  of  the  embryo,  the 
tissue  of  the  amnion  may  undergo  extensive  hyperplasia, 
and  become  greatly  thickened.  It  may  contain  new 
blood-vessels,  which  penetrate  it  from  the  external  cyst 
wall.  After  the  death  of  the  foetus  the  entire  amnion 
may  become  calcified,  forming  a  calcareous  cvst  wall, 
from  which  the  mummified  fcrtus  may  be  easily  shelled 
out  (lithokelyphos) ;  or  if  adhesions  exist  between  the 
f a*tus  and  the  membrane,  these  may  also  become  calcified, 
while  the  remaining  portion  of  the  foetus  undergoes 
mummification  (lithokelyphoptedion). 

Aldred  Scott  Warthin. 

AMCEB^  PATHOGENIC  FOR  MAN.— The  amoeba 
l)elougs  to  the  cla.ss  of  the  rhizopoda,  of  the  system  of 
the  protozoa.  The  first  recorde<l  observation  of  an 
anuelia  pathogenic  for  man  is  that  of  ijambl,  who.  in 
1859.  described  amoebteand  other  organisms  in  the  mucus 
from  the  intestine  of  a  child  with  enteritis. 

The  amcrbjc  described  as  pathogenic  for  man  may  be 
clas.sed  as  follows:  (1)  Amcelwi  coli;  (2)  amceba  oris 
hominis;  (8)  amcrba  urogeniUilis. 

1.  The  ama*ba  coli,  first  described  by  Loes(^'h  in  the 
sti)ols  of  an  individual  with  dysentery  in  St.  Petersburg 
in  1875,  has,  within  the  last  fifteeu  years,  been  found  in 
the  stools,  intestinal  ccmteuts  aud  lesious,  peritoneum, 
liver  and  lung  abscesses,  pleura  and  pericardium,  and 
sputum  of  man  by  numerous  observers  in  various  parts 
of  the  world.  It  has  been  found  in  some  or  all  these 
lesions  in  Egypt  by  Kartulis,  Koch,  Kruse  aud  Pasquale; 
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in  Greece  by  Kartulis;  in  Bohemia  by  Hlavna  and  by 
Epstein;  in  Austria  by  Manner,  Kovac  (patient  from 
Sumatm),  and  Cohen;  in  Germany  by  Nassc  (patient 
from  Florida),  Quincke  and  Roos,  Boas,  Borchart, 
Roemer,  and  otliers ;  in  Italy  by  C'alandruccia,  Fenalglia, 
Vivaldi,  Mag^iora,  and  others;  in  Russia  by  Massiutin; 
in  France  by  Peyrot  and  Roger;  in  Roumania  by  Babes 
and  Zigura;  in  Siberia  by  Lol>as;  in  England  (in  patients 
from  India)  by  Mason  and  Galloway,  Harold,  Curnow, 
Marsliall,  Windsor,  and  others;  and  in  Brazil  by  Lutz; 
in  the  Philippines  l)y  Flexner  and  Barker.  Since  Osier's 
first  case  in  18JH),  cases  have  been  reported  in  the  United 
States  from  Baltimore  by  Lafleur,  Simon,  Councilman 
and  Lafleur,  Ilowanl,  Thayer,  Preston  and  RUhrali, 
Lewis  and  others;  from  Texas  l\v  Dock;  from  Florida 
by  Day  and  others;  from  Atlanta  by  Harris;  from 
C^iarleston  by  Wasdin;  from  Birmingham  by  Wilson; 
from  Virginia  by  Slaughter,  Field,  and  Johnson ;  from 
Cincinnati  by  Eichl)erg;  from  Cleveland  by  Howard  and 
Hoover;  from  Philadelphia  by  Stengel,  Musser,  Klein, 
Buxton,  and  others;  from  New  York  by  Ix)ckwood  and 
others;  from  Buffalo  by  Stockston;  from  Boston  by 
Councilman,  Burrell,  Strong,  Fitz  and  Gerry,  and  others; 
from  Columbus,  Ohio,  by  Wilson. 

MoRPnoLooY. — The  annrba;  descril)ed  by  Loesch 
varied  in  diameter  from  8  to  37  //,  and  had  one  or  two 
blunt  pseudopodia.  The  ectosarc  was  hyaline,  but  ap- 
parent on  the  putting  out  of  pseudopodia.  The  finely 
granular  endosarc  contained  a  nu(;leus  5  to  7  /i  in  diame- 
ter, small  non-contractil(^  vesicles,  red  bloo<l  cells,  and 
epithelial  cells.  Accurate  descriptions  of  tlie  organism 
have  been  given  by  Kartulis,  Osier,  Councilman  and 
Lafleur,  Kruse  and  Pasquale,  Harris,  and  others.  ^lost 
recent  writers  describe  anuebjc  larger  than  those  of 
Loesch,  from  10  to  50  //  in  diameter;  Kartulis,  indeed, 
described  giant  ama^bte  with  a  diameter  of  from  150  to 
222  fJL.  When  at  rest  the  organisms  are  round  or  slightly 
oblong  in  shape,  and  show  no  distinction  between  ecto- 
sarc and  endosjirc,  having  the  appeamnce  of  a  somewhat 
refractive  ImmIv  enclosing  clear,  i)ale  vacuoles  of  varying 
size.  Some  have  fine,  and  others  coarst»  gmnules,  struc- 
tures which,  according  to  (Councilman,  represent  fine 
vacuoles.  Harris  points  out  that  the  organism  has  a 
faint  green  or  bluish-grc»en  color.  A  nucleus  surrounded 
by  a  i)ale  rim,  and  capable  of  changing  its  form,  can 
sometimes  be  made  out  in  fresh  amceba;.  It  can  usually 
be  demonstrated  by  appropriate  staining  methods. 

Two  kinds  of  motility  are  recognized:  a  progressive 
movement,  and  one  chamcterized  by  tlie  j)utting  out  and 
retracting  of  pseudopodia.  When  the  latter  are  i)ro- 
truded,  the  ectosjirc  aiii)ears  as  a  pale,  hyaline,  homo 
geneous  substance,  less  refractive  than  the  endosarc. 
Kruse  and  Pasciuale  distinguish  four  varieties  of  amceba» 
in  stools:  (^/)  a  form  with  poorly  differentiated,  highly 
refractive  protoplasm — found  in  nonnal  fa'ces;  (A)  anue- 
Ime  containing  irregular  and  usually  small  gmnules — 
not  uncommon  in  dysenteric  stools;  {r)  anuebje  the  endo- 
plasm  of  which  consists  of  larger  and  smaller  vacuoles 
— ^most  common  form  in  dys<«nteric  stools;  {d)  amceba^ 
containing  many  foreign  bodies. 

Quincke  and  Koos  make  three  classes  of  amo'ba*  para- 
sitic for  man:  {a)  amcebfe  intestini  vulgaris,  40  n  in 
diameter,  with  large  gninulations,  pathogenic  for  neither 
man  nor  cats;  {h)  amirlwe  coli  mitis.  about  the  same  sizf 
and  appKjarance  as  the  above,  pathogenic  for  man  but  n(»t 
for  cats;  {r)  A.  coli  Loesch.  or  A.  coli  felis,  about  25// 
in  diameter,  with  tinely  gnuiular  endosiirc.  producing 
dysentery  in  both  man  and  cats. 

It  should  be  noted  that  ania-bje  have  been  foimd  in  the 
stools  of  individuals  in  health  or  with  typlioid  fever,  and 
with  cholera,  by  Cunningham,  Lewis,  Shuberg,  Quincke 
and  Roos,  Kruse  and  Pasquale.  and  others.  ShulM-rg  and 
Quincke  and  Roos  have  found  anueb;e  in  tlie  stools  of 
individuals  after  purging  with  Carlsbad  siilts.  Here  the 
serum  poured  into  the  intestine  ])robul)ly  changed  the 
reaction  of  the  contents  of  the  organ  from  acid  to  alka 
line,  and  thus  permitted  the  growth  and  survival  of 
amoebae  reaching  the  alimentary  tract  by  food  or  drink. 


There  are  possibly  several  varieties  of  am<rba  coli, 
some  of  which  are  harmless.  The  form  found  in  associa- 
tion with  intestinal  lesions  usually  has  fine  granulations. 

Multiplication. — The  amoeba  coli,  like  other  aiuoebse, 
multiplies  by  direct  division;  indirect  division  has  not^ 
been  observed.     The  organism  is  said  to  pass  into  an  en- 
cysted stage,  from  which  amoeba;  may  again  be  developed. 

Cultivation. — The  statement  of  Kartulis  in  one  of  Ids- 
earlier  articles,  that  he  cultivated  the  amoeba  coli  in 
straw  infusion,  lias  not  met  with  general  acceptance,  and 
it  hiLS  lx?en  suggested  that  he  was  dealing  with  the  ordi- 
nary amo'bte  of  straw  infusion.  Celli  and  Fiocca  have 
cultivated  amcebie  from  the  intestinal  contents  of  various 
animals  and  of  man  in  both  health  and  disease,  as  well 
as  from  the  female  genitalia,  and  from  various  waters. 
As  a  culture  medium,  they  use<l  a  strongly  alkalinized 
solution  of  fuscuscrispus,  aseaalga,  in  water  or  bouillon. 
On  this  solid  medium  tli(?y  obtained  cultures  of  amoebae 
only  slightly  mixed  with  bacteria,  and  were  also  able  to 
isolate  diflferent  varieties  of  amiebce.  They  describe  the 
life  history  of  ama>ba  coli  as  follows:  Amoeboid  state: 
the  organism  is  lobular  in  form  with  numerous  lobular 
hj-aline  pseudopcxlia,  and  measures  from  10  to  80  /x  in 
diameter.  The  ectoplasm  is  hyaline,  the  endoplasm  uni- 
form, and  contains  a  vesicular  nucleus,  which  may  con- 
tain a  vacuole.  In  the  resting  state  the  organism  is 
from  1.5  to  2  //  in  diameter,  of  single  contour,  and  uni- 
form, finely  granular  protoplasm.  In  the  encysted  stage, 
there  is  a  clouble  contour,  an  inner  thick,  and  outer  thin 
contour,  while  the  cyst  contents  are  finely  granular. 
The  cycle  of  development  is  given  as  follows:  in  from 
twelve  to  fifteen  hours  the  organism  passes  from  the  en- 
cysted to  the  ama?ba  stage,  which  usually  lasts  about 
forty-eight  hours,  after  which  the  resting  stage  begins. 
After  from  si.xty  to  si.xty-five  hours  they  again  become 
encysted  or  degenemte. 

Beyerinck  cultivated  on  malt  gelatin  an  amoeba  which 
he  iK'lieves  identical  with  amoeba  coli.  The  organism 
grew  rapidly,  both  in  scjwirdte  colonies  and  as  a  spread- 
ing veil-like  growth  with  mafked  liquefaction  of  the 
UH'dia.  The  lat-ter,  he  thought,  was  due  to  trypsin. 
Spore  and  cyst  formation  were  not  observed.  Multipli- 
cation took  place  by  direct  division.  Schordinger claims 
to  have  cultivated  amo'lMi  coli  on  hay -in  fusion  agar  from 
dysenteric  stools.  There  is  evidence  that  amoebee  may 
multiply  in  the  intestinal  contents. 

Stainimj  Rkactions. — Living  amoebte  are  singularly 
resistant  to  ordinary  dyes,  which  they  take  up  very 
imperfectly.  Harris  has  pointed  out  a  marked  affinity 
of  living  anid'baj  coli  for  toluidin  blue,  which  in  weak 
a([Ueous  solution  stiiins  the  endosarc  deeply  at  once,  and 
the  ectosjirc  somewhat  slowly,  giving  a  sharp  differentia- 
tion. The  stain  also  fixes  the  organisms  and  preserves 
their  natural  forms.  Preparations  after  washing  in  water 
and  mounting  in  Farnuit's  solution  are  said  to  keep  for 
months.  Both  the  coarser  and  finer  methods  of  fixing 
and  hardening  aino'ba*  in  fa?ces  and  other  discharges,  as 
well  as  in  the  tissues,  have  l)een  tried  with  varj-ing  suc- 
cess. Councilman  and  l^afleur  obtauied  the  best  results 
with  Flemming's  solution  and  safranin,  but  also  got  good 
pictures  with  methylene  blue  after  alcohol  hardening. 

Mallory's  difTtTential  stain  gives  excellent  results  w^ith 
both    pus  and  tissues,   but  not  with  fa'ces. 

Jf(i^lon/'t<  Jfrf/ifMf:  harden  in  alcohol;  stain  sections  in 
sjiturated  solution  of  thionin;  differentiate  with  two- 
per-eent.  acjueous  solution  of  oxalic  acid;  w^ash  in 
water,  dehydrate  in  alcohol:  clear  in  oleum  origani 
cretici:  wash  off  with  xylol:  mount  in  xylol  balsam. 
"Tlie  nuclei  of  the  anuvbie  and  the  granulations  of  the 
Mast/.ellen  are  stained  brownish  red  ;  the  nuclei  of  the 
^lastzellen  and  all  the  (►ther  cells  are  stained  blue** 
(Mai  lory). 

After  reviewing  the  various  hardening  and  staining 
methods  hitherto  in  vogue.  Harris  concludes  that  the  in- 
ternal structure  of  anuebjc  is  best  shown  by  staining 
with  Ileidenhain's  iron  alum  ha'Uiatoxj'lin after  corrosive 
sublimate  hardening.  He  proposes  a  new  method  which 
gives  excellent  results. 
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Harris*  Methnl:  Harden  in  alcohol  or  corrosive  sub- 
limate, stain  first  in  eosin  or  benzopurpurin,  followed 
by  a  weak  solution  of  toluidin  blue  for  twenty  or  thirty 
minutes;  wash  in  alcohol  for  thn*e  or  four  minutes;  clear 
in  cellar  oil  or  xylol.  Sli^lit  washing  with  alcohol  shows 
the  anueba^  stained  dark  blue  with  very  dark  nuclei; 
by  further  treatment  with  alcohol  tiie  Ixxlies  of  the 
amiebte  take  a  reddish  tin^^e,  the  vacuoles  are  distinct 
and  only  the  periphery  of  the  ectosjircic  sUiined. 

Reaction  of  Ankeua  Cou  to  VAftiATioNs  of  Phys- 
ical Condition  and  to  Ciikmical  Aciknts. — Extremes 
of  heat  liave  a  decidedly  harmful  effect  ujmn  amadwe. 
Celli  and  Fiocca  have  shown  that  in  the  amoebic  stage 
they  are  killed  by  exposure  to  45"  C  for  five  hours,  or 
to  50'  C.  for  one  hour,  while  in  the  encyst<»d  stage  they 
resist  GO*"  C.  for  one  hour  and  5o°  for  four  davs.  They 
also  resist  drying  in  either  diffuse  light  or  darkness,  and 
in  sunlight  tor  two  hundred  and  seventy  hours  at  12  to  ir)"" 
C.  While  the  anurba  coli  usually  loses  its  motihty 
when  chilled,  Harris  has  shown  that  it  is  not  killed  bv 
exposure  to  a  temi>erature  of  0°  C.  Celli  and  Fiocca 
claim  that  both  the  anuebic  and  encysted  stages  resist 
0°  C.  temperature. 

The  organism  will  not  grow  anaOrobically.  although 
it  may  be  found  2  metres  l)elow  th<*  surface  of  the 
ground.  In  lK>th  the  anuebic  and  encysteil  stages  it  is 
kilUil  by  the  various  chemical  disinfectants  used  against 
Iwcteria*.  Solutions  of  (piinine,  pennanganatc^  of  pot»ish, 
hydrogen  dioxide,  and  other  substances  u.si^d  for  irriga- 
tion of  the  intestine  destroy  the  life  of  amceba  coli.  Ac- 
i'onling  to  Harris  toluidin  blue  mi>idly  kills  the  organism. 
It  is  very  susceptible  to  the  action  of  acids,  in  which  it 
8<.K>n  dies.     It  is  killed  by  urim;  (Harris). 

PllYtilOLOCilCAL  C'lIAHACTEKS  OF    AMiKBA    CoLI, — This 

organi.sm  is  i)hag<)cytic  to  an  eminent  degree,  and  com- 
monly contains  lmctx.*ria  (iK)th  dead  and  alive),  leucocytes, 
i*pithelial  cells,  red  bloo<l  corpuscles  (either  unchang«*<l 
or  in  various  stages  of  degenemtion).  The  cultuml  ex- 
periments of  Bi'3'erinck  and  the  diameter  of  the  tissue 
lesions  (as  first  i)ointed  out  by  Councilman  and  Latieur) 
prcniuceil  by  this  organism  suggest  that  it,  like  certiiin 
•<»ther  ama'ba*,  pnxlucesand  sets  freeadigestive  fennent, 
Mhich  is  probably  trypsin.  The  amoba  coli  exerts  a 
•<iirect  dis.solving  action  upcm  tissues,  and  hoK  very  little 
if  aiiy  ]-mt(ire.  chttnotartic  art  ion  on  lefirocyira. 

"Lksions  Cai'sfj)  nv  A.M<i:nA  Com. — (^0  Intestiiw. — 
Tlic  intestinal  lesions  caused  by  this  organism  are  pecul- 
iar and  wellnighchamcteristic.  To  Kartulis,  and  espe- 
cially to  Councilman  and  Latieur,  iH'long  the  credit  of 
<^tablishiug  anxebic  dysentery  as  anatomically  and 
etiologically  a  distinct  dis<'asi*.  The  lesions  are  most 
numerous  in  the  sigmoid  and  descending  colon,  but  com- 
monly involve  the  rectum,  transvers<^  colon,  and  ccecum. 
The  ileum  and  the  ap|)endix  (Harris)  may  also  Ik?  in- 
vadetl.  The  process  is  chamcterized  by  tlie  formation 
of  ulcers,  varying  in  size  from  a  pins  head  to  that  of  tlu* 
hand,  wliich  are  usually  deep,  sometimes  round,  some- 
times irregularly  round  or  oval,  or  with  irregular  over- 
banging  or  undermined  (nlges.  The  ulcers  are  often 
-crater-like,  and  the  tis.mie  may  have  a  peculiar  honey 
combed  appearance  (Councilman  and  I>afleur).  The 
muscular  coats,  especially  in  th<*  larger  ulcers,  are  com- 
monly laid  Iwrc  and  often  di.ssecte<l  up.  forming  larger 
and  smaller  flaps  attached  at  one  side.  The  serosa  op- 
posite the  ulcers  is  often  thickened  and  may  Ik*  covered 
with  fibrin.  In  many  places — and  this  is  quite  chamc- 
ttTiiitic — larger  and  smaller  absces.ses  are  found  in  the  sub- 
mucosa.  under  an  intact  mucosji.  These  abs<*ess<'s  may 
ccmimunicate  with  the  lumen  or  with  ulcers  by  means 
of  small  openings,  through  which  purifonn  material  may 
he  S(jueeze<l.  The  abscessi's  may  burrow  ff)r  a  consider- 
able distance  in  the  subnuicosji.  ( 'ouncilrnan  and  I^afleur 
and  others  have  estiU)li.shed  the  fact  that  the  pnKress  be- 
^ns  in  the  subinucosji,  and  involv(»s  the  mucosa  and 
muscularis  secondarily.  In  .severe  cases  large  .sloughs 
may  Iw  cast  off,  amf  perfonition  r»ceasionally  occurs. 
Microscopically  tlie  walls  of  the  ulcers  and  absce.s.ses  are 
covered  with  a  granular  detritus  containing  a  few  round 


cells,  and  sometime*  a  few  epithelial  cells  and  poly- 
morpho-nu(.'lear  neutrophilic  leucocytes.  The  absence 
of  celluhxr  infiltmtion,  except  where  evidently  due  to 
bacteriiU  mixed  infection,  is  a  marked  feature  of  the  proc- 
ess. The  essentiid  lesions  S4*em  to  Ik'  swelling  and  dis- 
integmtionof  the  tissue,  which  softensand  breaks  down. 
The  line  of  necrosis  is  usually  irregular.  The  blood- 
ves.sels  may  or  may  not  be  dilated  and  congested.  The 
veins  often  show*  aggregjilions  of  round  cells  in  their 
lumina  and  walls,  and  the  hitter  may  disintegrate  and 
thrombosis  may  (K*cur.  Amcvbje  are  oft4*n  seen  in  the 
veins,  and  may  be  sc^'u  penetmting  th<'ir  walls.  Oblitera- 
tive  endarteritis  of  the  vess<'lsnear  the  ulcei*s  may  occur. 
The  lymph  sinuses  and  lymph  vessels  often  contain 
ama'bae  and  may  show  accumulations  of  cells.  As  the 
process  advances  from  the  submucosa  toward  the  lumen, 
the  muscularis  mucosje  gives  way,  and,  together  with 
the  mucosa,  breaks  down,  giving  rise  to  an  ulcer.  At 
the  surface  the  mucosa  may  be  reflected  back  over  itself 
or  may  overhang  the  idcer.  Occasionally  ulcers  are 
partly  lined  with  epithelium  (Councilman  and  I^fleur). 
There  is  hypersecretion  of  mucus  by  the  glands  near  the 
affected  jxjrtions  of  the  intestine,  and  in  .some  glands 
fatty  degeneration  of  the  epithelial  cells  occurs.  The 
intertubular  stroma  often  shows  an  increases  of  cells. 
Anm'bte  may  be  found  in  the  glands  and  in  the  inter- 
tubidar  stroma,  whence  they  make  their  way  to  the  sub- 
mucosji,  as  was  fii-st  shown  by  Councilman  and  Lafleur. 
They  prolwiblv  pass  through  the  mus<'ularis  mucosne  by 
means  of  the  lymphatics.  Am(eba»  are  found  in  varying 
numbers  in  the  ulcers  and  abs^'es.ses.  ah>ng  their  walls 
ami  often  penetmting  the  neighlK)ring  tissue  for  some 
distance.  AVhen  the  muscularis  is  exten.^Jively  invaded, 
then^  is  dilatation  of  the  vessels  of  the  s<»ro.sa.  which 
shows  cellular  infiltmtion,  fibrous  ti.ssue  thickening,  and 
ev(»n  fibrin  formation.  There  is  reason  for  iK'lieving 
that  anuebie  ujay  reach  the  peritoneal  cavity  without 
marked  le.sions  of  the  serosii  and  without  perfomtion  of 
ulcers.  In  achlition  to  the  typical  ulcers  above  described, 
Harris  found  in  one  ca.se  superficial  ulcers  beginning 
primarily  in  the  mucosa  and  involving  the  un(ierlying 
ti.ssues  secondarily.  Thes*'  ulcers  showed  no  anuebse. 
I'lcers  may  Ik*  found  in  various  st^iges  of  repair.  When 
they  heal,  the  new -formed  scar  ti.ssue  may  contract  and 
ciiuse  stricture  of  the  gut. 

{h)  Liirr. — There  are  two  forms  of  the  so  calltKl 
tropical  abscess  of  the  liver,  one  with  and  the  other 
without  accompanying  dysentery  or  a  history  of  this 
disease.  Abscesses  lK»longing  to  the  latter  class  are  com 
monly  called  ** idiopathic."  In  their  gross  appearances, 
distribution,  and  clinical  history  the  two  varieties  are 
identical.  Recorded  accounts  of  the  histological  lesions 
of  the  so-called  "  kiiopathic  "  liver  abscess  are  wanting. 
The  only  published  case  of  anuebic  abscess  of  the  liver 
in  which  dysentery  has  been  excluded  at  autopsy  is 
Buxtx>n's.  A  woman,  forty-one  years  old,  entere<i  tlie 
Philadelphia  Hospital,  Septi'mlwr  14,  1898,  and  died  four 
days  later.  She  complained  of  weakness  and  of  pains  in 
the  alKlomen.  There  was  no  previous  history  of  dysen- 
tery, but  her  bowels  were  l(K>se  for  four  weeks  lx»fore 
admis-sion.  At  autopsy  the  liver  was  found  to  contain 
four  absces.ses  in  the  right  IoIk' and  one  in  the  left,  all 
filled  with  yellow  pus  containing  ama»ba*.  The  large 
and  small  intestines  were  apparently  normal,  and  no 
healed  ulcers  could  be  found.  The  w(»ak  points  in  the 
cji.se  are  the  lack  of  microscopical  examination  of  the 
stools  for  anneba*,  and  of  st*ctions  of  the  intestines  for 
possibh*  ama'bic  lesions  too  obscure  to  be  si'cn  with  the 
naked  eye. 

The  proportion  of  cas<*s  of  anuebic  dysentery  compli- 
cated with  liver  al>scess  varies  within  rather  wide  limits 
in  the  exjKTience  of  individual  observers.  According  to 
the  .stiitistics  of  Councilman  and  Lart«*ur  in  1,429  au- 
topsies on  individuals  dying  of  dy.s<'ntery  in  India  liver 
abscess  occurred  in  *MH}.  orabout  21  percent.  In  Alcriers. 
of  1,(K)0  autopsies  <m  dysentery  case's.  180,  or  nearly  17 
per  cent.,  had  liver  abscess.  Tlie  above  figures,  however, 
refer  only  to  the  cases  of  dysentery  coming  to  autopsy, 
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and  represent  neither  the  cases  of  dysentery  whicli  recover 
without  liver  abscess,  nor  those  in  which  the  patient  has 
liver  abscess  and  recovers.  According  to  Kartulis,  of 
500  cases  of  dysentery,  from  50  to  60  per  cent,  liad  liver 
abscess.  Of  40  American  cases  collected  by  the  writer 
some  years  since,  18  had  'liver  abscess.  I  feel  sure  that 
this  percentage  is  too  high,  for  it  is  probable  that  cases 
complicated  with  liver  abscess  are  nuich  more  liable  to 
be  recognized  and  reported  than  uno()mi)licated  cases. 
Liver  al^ess  may  occur  in  the  acute  form  of  dysentery, 
but  is  more  conunon  in  the  chronic  variety,  when  its 
course  is  often  very  insidious.  The  right  lobe  of  the 
liver  is  the  most  common  seat  of  these  abscess<\s,  and 
when  the  left  is  affected  it  is  usually  in  conjunction  with 
the  right.  The  abscesses  are  usually  seated  in  the  upper 
portion  of  the  right  lobe ;  the  lower  portion  of  the  same 
lobe,  corresponding  to  the  hepatic  flexure  of  the  colon, 
is  next  in  frequency.  In  one  case  (Kruse  and  Pas(iuale) 
an  abscess  was  found  in  the  lobus  quadratus.  The  ab- 
scesses may  start  near  the  surface  or  deep  down  in  the 
organ.  They  are  conunouly  single,  but  may  l)e  multiple ; 
rarely,  however,  are  there  more  than  two  or  three.  Oc- 
casionally they  are  small  and  multiple  and  distributed 
throughout  the  organ.  Several  small  abscessc^s  may  Ixi 
grouped  about  a  Large  one.  In  size  the  abscess<'s  vary 
from  microscopic  points  to  large  collections  of  pus  oc- 
cupying as  much  as  two- thirds,  or  even  more,  of  the 
organ.  The  abscess  contents  usually  consist  of  a  reddish- 
brown,  anchovy -sauce  like  material,  which  usually  runs 
freely,  but  which  may  be  of  an  almost  gelatinous  con- 
sistency. In  some  cases  the  material  is  gmyish  white 
and  contains  masses  of  necrotic  tissue.  The  abscess  walls 
are  usually  mgged  and  necrotic,  and,  when  the  process  is 
of  recent  date,  soft  and  irregular.  In  older  abscesses, 
beneath  the  necrotic  material,  there  is  a  translucent  laver 
of  gelatinous  material,  outside  of  which  there  is  a  fibrous 
zone  of  varying  width  and  density.  The  surrounding 
liver  tissue  is  c(mii)ressed  and  indurated.  Scai-s  of  healed 
abscess(^s  may  be  found  in  the  livers  of  inciividuals  who 
have  had  dvsentery.  The  liver  may  ha  of  normal  size 
or  smaller  than  normal,  but  is  usually  much  increas<»(l  in 
size.  The  decrease  in  size  is  met  with  in  chronic  ab- 
scesses, with  absorption  of  the  purulent  material,  and 
secondary  focal  and  diffuse  cirrhosis.  The  fluid  portion 
of  the  abscess  contents  is  composed  almost  entirely  of 
granular  detritus,  with  surprisingly  few  cellular* ele 
ments.  Fewer  cells  in  the  stiite  of  granular  and  fatty 
degeneration  may  be  aevu  in  the  i)us  of  acute  al)scess<'s, 
but  are  usually  absent  in  chronic  cases.  Red  blood  cells, 
well  preserved  as  well  as  degenerated,  are  often  numer 
ous.  A  striking  feature  is  the  absence  of  leucocytes. 
When  these  are  present  bacteria  are  connnonly  foimd. 
(Careful  sc^arch  practically  always  discloses  amcebje, 
which  may,  however,  be  miss<"l  in  aspirated  pus.  which 
probably  usually  comes  from  the  central  and  ohhT  i)art 
of  the  al)s<'ess.  Councilman  and  Lafleur  found  anuelwe 
in  the  smallest  abscesses.  The  earliest  lesions  are  necrosis 
and  liquefaction  of  the  liver  cells,  with  probably  serous 
exudaticm  from  the  blood-vessels;  few,  ifanv,  leucocvtes 
wander  in,  but  red  blood  cells  may  be  numerous.  In 
larger  abscesses,  masses  of  liver  tissue,  ehietly  jiortal 
systems,  may  be  found.  Anuebjc  are  numerous  at  the 
border  of  the  abscesses  in  the  necrotic  material  and  but 
rarely  extend  into  the  surroundinir  tissues.  They  may 
be  found  in  thecaiiillaries.  In  larirerand  older  abscesses 
three  zones  can  be  made  out:  an  inner  necrotic  irnuiular 
zone,  a  highly  refractive  reticulum,  and  an  outer  layer 
of  granulaticm  tissue,  which  varies  very  nnich  in  thiek- 
ne^.  The  inner  zone  consists  of  necrotic  material  con- 
taining amoebic  and  a  few  cells,  includiiii^  fatty  liver 
cells.  The  outer  zone  may  be  ])oor  or  rich  in  cells. 
Here  the  blood-vessels  are  dilated,  the  liver  cells  elon- 
gated, compressed,  atro]>hi<'d,  and  piirinented.  The 
capillaries  and  central  ar(*as  are  often  nl)literat<*d.  and 
there  is  a  more  or  less  well-marked  cirrhosis  of  the  liver 
tissue  abcmt  the  abscesses.  A  verv  strikiuir  fact  in  con- 
nection  with  amoebic  abscesses  of  the  liver  is  the  absence 
of  leucocytic  invasion,  which  never  occurs  unless  there 


is  l)actcrial  mixed  infection.  In  general,  it  may  be  Rtated 
tliat  pus  with  few  or  no  leucocytes  coming  from  a  liver 
abscess  is  of  amoebic  origin.  Councilman  and  Lafleur 
describe  diffusely  scattehS  areas  of  necrosis  of  the  liver 
cells  unassociated  with  the  presence  of  amoDbse.  In 
some  of  these  areas,  which  were  always  at  the  centre  of 
lobules,  the  necrotic  cells  preserved  their  form,  while  in 
others  they  were  broken  up  into  highly  refractive  masses, 
or  even  into  small  fragments.  These  authors  attribute 
these  areas  to  tin*  action  of  soluble  toxic  substances 
formed  by  the  amcebte  in  the  intestinal  lesions,  and 
brougliljo  the  liycr  by  the  circulation,  while  the  necrosis 
and  liquwaction  oi  tissue  in  tlic  abscesses  are  due,  they 
think,  to  the  direct  local  action  of  the  amoebse  theni- 
selves. 

Liver  abscesses  may  conununicate  with  various  organs- 
and  cavities,  the  most  conmion  secondary  invasion  being 
through  the  diaphragm  into  the  right  pleural  sac,  or  into 
the  lower  lolxi  of  the  right  lung.  When  there  is  sudden 
rupture  of  a  liver  abscess  through  the  diaphragm,  or 
when  the  ama'bic  process  extends  rapidly,  the  pleura 
rather  than  the  lung  is  chiefly  affected.  When  the  per- 
foration is  gradual,  and  adhesive  inflammation  binds  the 
visceral  and  diaphragmatic  pleura;  together,  hepatopul- 
monary  abscess  results.  Thierfelder  collected  170  cases 
of  liver  abs<!ess,  of  which  76  opened  into  the  lung  and 
bronchi,  23  into  the  alxlominal  cavity,  82  into  the  uites- 
tiue,  and  13  into  the  stomach.  Of  Aghetti's  131  cases, 
38  ruptured  into  the  lung.  Of  6  cases  of  which  I  have 
records,  3  opened  into  the  right  pleural  cavity  and 
2  into  the  right  lung.  Hepatic  abscesses  may  rupture 
into  the  gall  bladder,  and  when  the  right  kidney  fonns 
one  wall  of  the  abscess  the  pus  may  reach  its  pelvis  and 
appear  iu  the  urine.  Kruse  and  Pasquale  found  in  one 
case  of  liver  abscess,  nuiltiple  small  pus  collections  in 
the  spleen,  distributed  along  the  branches  of  the  veins. 
They  attributinl  these  to  the  backward  flow  of  pus  from 
the  liver  through  the  portal  vein.  Flexner  has  reported 
a  case  of  perforation  of  an  amoebic  abscess  of  the  liver 
into  the  inferior  vena  cava. 

(r)  Pleura. — Ama'bne  reach  the  right  pleura  probably- 
only  by  extension  of  liver  abscesses  through  the  dia- 
phragm, either  by  rupture  or  by  gradual  extension  of 
the  inflammatory  process.  The  pleural  inflammation  is 
probably  always  purulent,  and  the  membrane  becomes 
thickened  and  coveretl  with  a  ragged,  necrotic  material, 
containing  amorphous  and  fibrillated  fibrin,  red  blood 
cells,  and  a  variable  numl)er  of  leucocytes.  The  latter 
are  very  numerous  if  there  is  bacterial  mixed  infection. 
Ani«eba?  are  usually  numerous.  This  amtebic  empyema 
is  usually  chronic,  and  the  retracted  lung  is  bound  down 
by  the  thickened  and  adherent  pleura.  Pneumo-thorax 
is  rare.  The  i)l(ninil  cavity  may  be  distended  with  pus, 
which  may  rupture  into  the  lung  or  bronchi,  into  the 
pericardium  or  throu«rh  the  chest  wall. 

{(I)  Lniifj. — The  riirht  lung,  as  previously  pointed  out,. 
is  frefjuently  affected  by  invasion  from  the  liver.  In- 
flammatory *]»rocesses  of  the  pleura  may  also  extend  into 
the  limg.  The  lesions  in  the  lung  are  similar  to  those 
in  the  liver,  but  Councilman  and  I^atleur  have  shown 
that  the  chann[^es  in  the  interstitial  tissue  are  more  marked 
in  the  former  than  in  the  latter.  The  abscesses  are  usu- 
ally single,  but  may  be  multiple  and  are  generally  con- 
lined  to  the  lower  lobe.  The  absces-sesmay  open  into  one 
or  more  bronchi,  by  which  they  are  drained.  In  thiscase 
anuebte  are  ])resent  in  the  sputum  in  large  numbers,  and 
in  two  cas4s  1  have  been  able  to  make  a  diagnosis  ot 
inisuspected  liepato-puhnonary  abscess  by  examination 
of  the  sputum.  When  the  left  lung  is  affectetl,  which  is- 
rarely  the  case,  it  is  probably  due  to  aspiration  of  pua 
from  the  bronchi.  It  is  diHicult  to  see  why  amoDbffi  are 
not  fretiuently  carried  to  the  lunirs  from  the  liver  by  the 
hepatic  vein  :  but  if  this  occurs,  the  an uebie  apparently 
(lie  before  lesions  arc  pnxluced.  In  the  rare  cases  in 
which  liver  abscesses  have  ruptured  into  the  vena  cava, 
death  has  occurred  before  metastatic  abscessc»s  could 
fonu.  Amo'ba'.  as  far  as  is  known,  never  pass  through 
the  pulmouary  circulation  and  cause  abscesses  in  distant 
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orjjanB      Pulmonary  and  bepatico-pulniottary  ahscesses 
nuy  heal  both  witb  and  without  dmiDage 

(f)  Ptiteardtiioi  — Tlio  pericardium  may  bt  invaded  ia 
two  wa^  (i)  b\  direct  openiiig  of  a  hvcrabsiess  Into 
the  pericardial  ttac  or  ifi)  by  extension  of  tlie  mflamina- 


tory  pnx«s9  from  the  pleura  or  lung,  as  ocnim'd  Id  one 
of  my  cases.  Tliiaistliconly  case  in  wbiL'hamu'bo.' have 
been  found  in  tlic  pflricardial  cavity.  Tlie  pericardial 
lesiona  were  similar  to  tbone  found  in  tbc  pleura. 

(/)  Feritonfum. — In  a  few  cases  localized  peritonitiB 
occurs  opposite  the  scat  of  the  ulcers ;  this  may  or  may 
not  lead  to  tbc  formation  of  adhesions.  Tbc  exudation 
fa    eomctimea  abundant  and  uk!i-S]]r<'!id,  'of  a  petullar 


gre«[  numbei 
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gelatinous  consistency,  and  contains  numerous  amcebtc, 
with  or  without  bacteria.  When  intestinal  ulcers  per- 
forate into  the  peritoneal  cavity,  widespread  peritonitis 
occurs,  witb  large  numbers  of  bacteria,  flsivellasamCTbic, 
In  tlie  exudation.  Liver  abscesses,  especially  when 
ritiiaied  in  the  lower  portion  of  the  right  lobo.  sometimes 
rupture  into  tbc  peritoneal  cavity  and  caii»)p  diffuse 
peritonitis  with  a  gehitinous  exudation  containing  am<e. 
bm.  Chronic  adhesive  peritonitis  about  tho  liver,  I*- 
tweeo  this  orean  and  the  diaphragm,  alidominal  wall, 
omentum,  and  the  transverse  colon  is  common.  Tlie 
stomach  may  be  bound  to  the  liver,  and  alwccsses  of  this 
latter  organ  ma^  open  in  to  the  former. 

(ff)  Changen  tn  OthuT  Orgaiu. — Fatty  degeneration  of 
the  heart  in  amccMc  infections  has  been  described  by 
Flemer  and  by  myself.  The  changes  in  the  kidneys  are 
limited  to  cloudy  swelling  and  fatty  deEenemtion.  ex- 
cept when  the  ri^ht  kidney  forms  part  of  the  wall  of  a 
liver  absceaa.    The  spleen  ii  usually  enlarged,  is  soine- 


tlnies  soft  and  sometimes  llriu.  the  latter  state  uauallv' 
being  associated  with  chronic  passive  congestion.  Hef. 
erencu  has  already  been  made  to  pus  collections  in  the 
Spleen  in  the  case  of  Kruse  and  Pasquale. 

(A)  ifode*  of  Trantmittuin,  of  Aautba. — It  is  very  gen- 
erally believed  that  amceb^  reach  the  liver  by  means  of 
the  portal  veins.  They  are  often  found  In  the  veins  in 
the  intestinal  lesions,  and,  in  Boine  cases  at  least,  tha 
hepatic  abscesses  are  widespread  and  along  the  distribu- 
tion of  the  portal  veins.  Councilman  belTeTes  that  the 
organism  most  ciunmonly  reaches  the  liver  by  means  of 
[he  pcritonealcavi1y,afU.T  passing  through  the  intestinal 
walls,  being  carried  like  other  foreign  particles  in  thia 
cavity  up  l>ehiud  the  liver.  Tlie  lymphatics  probably 
play  no  part  in  the  transmission  of  amcebx  to  the  liver, 
though  the  organisms  probably  make  their  way  through 
these  channels  in  the  intestines  and  in  other  organs. 

Kruse  and  Piutquale  suggest  thatama-b*.  like  coccidia 
oviforme,  may  invade  the  liver  by  means  of  the  biliary 
tract.  This  would  explain  the  mode  of  infection  in  the 
cases  of  so-called  idiopathic  liver  abscess.  In  the  case 
of  the  idiopathic  liver  abscesses,  it  is  possible  that  amoe- 


b(e  have  penetrated  the  mucosa  and  aubmucoaa,  causinK 
no  lesions  or  at  least  very  slight  ones,  and  have  entered 
the  veins  and  bei'n  carrieo  to  the  liver.  Another  possible 
explanation  is  the  presence  in  the  Intestine  of  lesions  too 
Insignifieant  to  cause  diarrhccu  and  other  symptoms  of 
dysentcrj'.  It  must  also  be  remembered  that  constipa- 
tion Is  not  infrequently  met  with  in  cases  of  widespread 
dysenteric  ulcers.     It  ia  very  signiHcant  that  the  "idlo- 


T  Eilendlne  Ituwti  lo  Ibp  Uuaculiir 
dbuexleiiiledltiriiugb  ttteniuKUIar 
<MHtDi.F,    iiounciiinBn  BDU  Lalteur:  Jbhf..  pUlIif  I..  Fig.  5.) 

pal  hie  "  liver  abscF-ss  is  most  frequently  met  with  in  the 
HHiiie  countries  and  conditions  in  whicli  the  dysenteric 
liver  abseess  is  most  common. 

(0  vlwWd/iVin  of  Other  Organimu:  with  Auurlm.—'lii 
the  intestinal  lesions,  as  one  would  expect,  various  bac- 
teria ordinarily  present  in  the  intestine  are  found.  It 
seems  probable  tliat,  in  cerbiln  cases  at  least,  bacterial 
invasion  of  the  ulcers  and  abscesses  inaterially  alters  the 
cliaracter  and  augments  the  severity  of  the  lesions. 
Certain  other  animal  micro-organisms,  such  as  Tri- 
chomonas intestinalis,  etc..  are  sonielimes  present  with 
amiebs  in  the  stools.  Bacteria  have  been  found  in  the 
lung,  pleural,  and  liver  lesions  by  aevcisl  obseireTB. 
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Of  13  livor  abBccssts,  Kurtiilia  found  the  Staphylococ- 
cus pyogi'ncs  aureus  in  2.  tlic  albiia  iu  1,  the  B.  pyuifi'Des 
fcEtidus  in  I.  and  B.  proti'us  vulgaris  in  1.  Couiicilmau 
and  Lafluur  fuund  bacteria  iu  tlit:  sections  of  3  out  of  0 
liver  al>scessc-s.  Id  T  cases  of  liver  abscexd  Krusc  and 
Pasquali!  found  strcptocoeei  In  B  and  stitpliylocoeei 
ID  2.  and  with  tlui*  tliey  often  found  typlioid-liku 
bacilli  (B.  eotir).  Fle^n(■r  found  strep loeocci  In  1  case. 
Id  one  of  mycoses  tlii^  Btaphylococrusaiinnisand  B.  coll 
cnmmuDls  were  found  iu  the  pleura,  perirardium,  and 
liver.  Flexnerand  Barkcrtoutw  the  Staphylocoi'cua pit- 
reus  in  a  liver  Bt)Scest<  in  the  Philippine!).  Kurtulls 
found  the  Staphylococcus  aureus  iu  4  coses  and  the 


recognized  by  their  size,  peculiar  appeamnce,  and  move- 
ments. In  studying  tlie  stools,  small  yellowish  giaj 
particles  of  gelatinous  mucus  should  be  picked  out  A 
warm  stage  is  often  of  advantage,  but  is  not  necessary. 
Wanning  the  slide  carefully  over  a  flame  will  often 
stimulate  sluggish  fomis  to  send  out  pscudopodia.  In 
examining  pus  from  the  liver,  pleura,  and  lung,  etc.,  it  is 
imjiortaiit  to  obtain  the  specimen  for  examination  from 
the  wall  of  tlic  abscess  mther  than  from  the  centre,  for 
tile  anii'bte  are  always  more  numerous  about  the  walls 
of  abseessca.  As  a  general  rule,  the  moreacute  the  proc- 
ess the  larger  the  number  of  amrebte  present.  AmcBbs 
are  found  in  a  very  large  proportion  of  dysenteric  liver 
abscesses  and  of  other 
lesions  secondary  Ui  auite- 
bic  dysentery.  They  are 
sometimes  missed,  espe- 
cially in  chronic'  cases. 
Flexner  and  Barker  re- 
mark upon  their  failure 
to  find  them  in  certain 
cases  of  dysentery  aod 
llrer  abscess  in  the  Phil- 
ippines. In  the  sputum 
of  cases  of  hepato .  pu  Imon- 
ary  abscess,  amcebs  are 
usually  numerous.  In  one 
ftm\  cases  numbers  were 
«e<  n  m  e*  ery  field  of  the 
microiftpe 

(i)  Belition  of  Amaba 
(fl  Dyatnteri/ and  itt  O  n> 
jiirati  m»  — T  he  chief 
proofs  of  the  causal  rela 
tK  n  of  amceba  coli  to 
these  lesions  are  (I)  its 
practtcally  constant  pres 
{ uce  m  such  numbers  and 
m  su<h  mtimate  anatoml 
cal  relation  to  the  legions, 
and  (2)  the  clmu'nation  of 
otiier  micro-organisuia  as 
etiological  factors.  For 
dyscuierv,  at  least.  It  can 
be  8ui<l  that  titere  is  a  spe- 
cial and  peculiar  anatomi- 
cal variety  ossociated  with 
the  presence  of  the  amtr. 
ba  coli.  The  disease  is  a 
distinct  anatomical  entity. 
and  in  its  lesions  we  find 
L'ba  coli  in  a 


Staphylococcus  albus  iu  1  cose  of  "iiliopolbic"  liver 
abscess,  willmutania'bii'.  In  7  cases  of  this  form  of  liver 
abscess  Knise  mid  Pnsqualc  fciutid  R.  py<H-yancua  In 
8,  Stapliyliicocciis  aureus  iu  1.  iiilaphylonVeiis  allius  in 
Land  typhoid  like  liucilli  in  1.  Amiebn- have  not  been 
demonstrated  in  the  wi-crtlled  "  iillcipalhle "  liver  alc 
ecesB,  with  the  e\ci']itiou  of  Bux1i>u  s  doubtful  ease, 
already  referred  to, 

(J)  >^¥«n«  of  AiMi-l-F  111  tl;-  Ta-!:i.k  Sl.^.h.—1n  a 
largeproportionof  the  cnsi'sofciysciiti'ry  with  the  ik-cuI- 
iar  clinical  history  of  "  trcipirnldyseiiliTv."  aniielw.'arfi 
readily  found  in  the  stools.  In  a  small  number  of  eases 
they  are  inrrequent,  and  an-  found  only  after  pnilon)»-d 
an»i  repeated  search,  while  in  a  few  ciuM'S  they  an>  not 
found.  Their  number  un<l  the  eonslaney  of  tlieir  pres. 
ence  must,  of  course,  depend  in  large  nn'osun'  npon  the 
Ptago  and  severity  of  the  lesions.     They  arc  readily 
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that  '  .  __ 
forced  to  the  conclusion 
tliat  the  former  arc  caused 
by  the  latter.  Inoculation 
experiments  sometimtM 
give  i>03itlve  results,  but 
they  are  farfrom  constant. 
Kurtulis  produced  dysen- 
tery in  cats  by  rectal  injections  of  amicba-con taming 
stools.  Krusc  and  Posquale  proilueed  well-marked  ulcer- 
ntinnsof  the  colon  of  cuts,  niih  numbers  of  amtrbte  En  the 
lesions,  by  rectal  injections  of  amrelH-containing  stools 
and  of  llic  aniti-lie -containing  but  bacteria  free  pus  of  % 
liver  abscess.  IJuiiieke  and  Roos  jipodueed  fatal  disen- 
tery  in  cats  by  rectal  injection  of  the  ami ebn-con tain ing 
stools  of  onccase  of  dysenlerv.  These  results  arc  not, 
however,  cimstnnt,  and  objeetfon  has  further  been  made 
thill  ihi.'se  stools,  at  Ii-jat.  were  not  liacteria  free.  Up  to 
Ihc  pn-M'nt  time  no  one  iins  l)een  able  to  produce  dysen- 
tery bv  tiie  inocuhillon  of  pure  cultures  of  omwbae  grown 
on  arlltlclal  media.  Allhoiigh  ultsolute  logical  proof  of 
tlie  ctiologicitl  rclHtionnhlp  of  nma'bn  coli  to  the  lesions 
in  wliicli  il  is  found  is  la<'king.  the  evidence  is  almost 
conclusive,  anil  one  is  morally  convinced  of  such  reh- 
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AmpuiaUoii* 


(/)  Am(fhaF  OHm  JlmnintM. — According  to  Bmun,  aiuop- 
b*  have  been  found  in  the  human  mouth  by  Gros 
{Arnofda  gingitalh,  1849),  8tenilH*r«r  {A/turfta  buccaliM, 
1862).  and  Grassi  {Amofbn  dent(itin,  IHTD).  It  is  extremely 
doubtful  if  any  of  tliese  were  of  any  pathological  si^- 
nitic^ance.  In  1H92  Flexn<T  {Jo/uts  Jlopkiint  lloxpital 
Bulletin,  1892,  p.  1()4)  reported  the  cas<*  of  a  man  sixty- 
two  years  of  age.  pn»viously  healthy,  who  developed  a 
large,  tense  abscess  «»f  the  jaw  conimunicating  with  the 
mouth.  Microscopical  examination  of  the  stinking  pus 
which  was  evacuat<*d  by  opcnition  .showed,  besides  a 
variety  of  Iwicteriii,  large  nundwrs  ot  hirge  amieba*,  many 
of  which  were  actively  motile  and  were  not  to  be  distin- 
guished from  anueba  coli.  To  quote  the  author:  '^In 
view  of  the  fact  that  the  ( hanicteis  of  the  anurba*  pres- 
ent in  the  pus  of  this  abs(!ess  and  in  hirger  numlu'r  in 
the  necrotic  materiid  found  in  tlu^  pus,  resemble  in  so 
many  respi'Cts  the  anio'ba  dysenterijjB,  ...  we  are  led, 
in  the  absence  of  definite  means  of  distinguishing  forms 
which  may  have  much  in  common  but  jet  be  toUilly  un- 
like, to  regard  thes<'  as  allied  s|)ecies,  if  not  identical." 
Kartulis  {Zt  if  thrift  f.  Jlf/t/iittc  uitd  Infect to  hh  Krank- 
htiten,  1893,  Bd.  xiii.,S.  9)  reports  a  similiir  obst-rvation. 
An  Arab,  forty-three  years  old,  who  had  never  had 
<l)'sentery,  dev<*loped  a  suhmaxillary  abscess  and  osteo- 
myelitis of  the  right  inferior  maxilla.  The  mucous 
membrane  of  the  mouth  and  gum  was  swollen,  and  there 
was  a  small  fistulous  opening  into  th<'  mouth.  The  ap- 
I>arent  infection  atrium  was  through  the  alveolar  proces.s, 
where  two  molar  teeth  had  iM-en  lat<'ly  lost.  Pus  and 
setiuestra  were  dist'harged  from  the  abscess.  In  the  pus. 
along  with  numerous  Imcteria.  there  were  auKeba*  with 
coarsely  granular  endosarc  coiitjiining  a  small  nucleus, 
vacuoles,  and  red  and  white  hlofMl  corpuscles.  The 
pseudopodia  were  long  and  finger-shaped.  The  anKeba^ 
were  numerous  and  measured  from  30  to  38  //  in  diam- 
eter. It  is  evident  that  we  have  at  present  no  positive 
means  either  of  identifying  these  ama'ba*  with  or  of 
separating  them  fnmi  ama>l>a  coli. 

{m)AmivlMp  ('I'fM/tuifdNji. — In  1H83.  Baelz("Uebereinige 
neue  Parasiten  des  Menschen." /A//.  klin.  M'ocfif^nM'fw., 
1883,  p.  237)  found  largt?  numlx-rsof  amo'ba*  in  the  bUxxly 
urine  and  in  the  vagina  of  a  tw en ty-thrt»e-y ear-old 
woman  with  lung  tulwrculosis.  This  ama^lm  (which  he 
called  AimbIhi  i'rftf/fnitalift,  n.  sp.)  was  very  active, 
ami  measured  in  the  nesting  state  about  ')()  fi,  in  diameter, 
lia<i  a  granular  cell  Innly  and  a  vesicular  nucleus.  Jllr- 
gens  (quoted  by  Braun  and  by  Posner)  1ms  described  a 
case  oi  multipfe  cysts  of  the  mucous  membrane  of  the 
bladder  tilled  withanueba?.  Kartulis (/</r,  nt.,S.  2,  foot 
note)  has  reported  the  ctise  of  a  man  fifty-eight  years 
old,  living  in  Egypt,  with  profu.se  hsematuria  and  a 
tumor  of  the  bladder  the  size  of  an  a])ple.  The  urine 
was  dark  red  in  color  and  contained,  Ix'sides  red  blood 
corpuscles  and  bladder  epithelial  cells,  a  birgc*  number  of 
small  amceba?  (12  to  20  /i  in  diameter),  which  moved 
lazily  and  put  out  short  pseudopcxlia.  Tlie  endosjirc 
was  finely  granular;  vacuoles  and  a  nucleus  could  be 
made  out  after  staining  with  m<*thylene  blue.  Posner 
( •  •  Ueber  Ama?ben  im  I  larn , ' '  Jiirl.  klin .  1 1  ^f/rhe tiMch  r. , 
1893,  No.  28,  p.  674)  has  reporte<l  the  case  of  a  musician 
of  Berlin  who  was  taken  sick  with  a  chill  and  luvmaturia. 
The  urine  was  dark  re<i  in  color,  and  contained  alhumin. 
red  and  white  bloo<l  cells,  renal  epithelium,  hyaline. 
granular,  and  blood  casts,  and  amcrba*.  The  latter  con- 
tained one  or  more  nuclei,  vacuoles,  and  red  blood  cells. 
hiid  a  granular  endosarc.  and  changed  their  shape  slowly. 
They  were  fn)m  28  t^)  50  //  in  diameter.  On  one  occasion 
forms  suggestive  of  encysted  anid'bje  were  seen.  The 
patient  n^t-overed  after  a  few  days,  and  l)oth  blocxl  and 
amcebte  disappeared  from  the  urine.  The  attacks  were 
n»peatcd  twice  within  five  months.  Examination  of  the 
blood  and  of  the  bladder  was  n(*giitive.  Posner  attributed 
the  sympt<^>ms  to  the  pres<'nce  of  theamo'bje,  which  he 
thinks  reached  the  kidneys  by  means  of  the  l)ladder. 

W.  T.  Ifoirnrd,  Jr, 
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AMPUTATION. — Amputation  {amfmtare,  to  cut  away) 
is  a  tenn  generally  used  to  designate  the  removal  by 
surgical  operation  of  a  portion  or  the  whole  of  an  ex- 
tremity. In  a  wider  application  the  word  is  still  used 
with  reference  to  separations  of  other  prominent  or  pro- 
jecting portions  of  the  l)ody,  such  as  the  manuna,  penis, 
and  cervi.x  uteri.  In  this  article  amputations  of  the  ex- 
tremities alone  will  be  considered.  Ohler  winters,  and 
many  of  the  present  time  in  Germany  and  France,  still 
further  restrict  the  term  ampuUiticm  to  the  operative 
removal  of  a  limb  in  its  continuity,  as  in  amputation 
through  the  forearm  or  thigh,  while  they  designate  as 
"disarticulations."  "enucleations,"  the  removal  of  a 
member  in  its  contiguity  {i.e.,  through  the  joint).  This 
distinction  is  |)roj)erly  ignored  by  English  and  American 
writers,  since  many  opemtions  present  combinations  of 
the  two  procedures  (Syme-Pirogoff). 

HisTOuicAL  Skktcii. — The  helj)le.s.sness  of  surgeons  of 
ancient  times  to  cope  with  profuse  hemorrhage  is  gener- 
ally accepted  as  the  sole  admis-sible  explanation  of  the 
fact  that,  for  nearly  two  thousand  years,  from  the  time 
of  Hippocrates  to  that  of  Pare,  am])utations  were  prac- 
tically limited  to  the  removal  by  cuttiiig  through  the 
dead  tissues  of  gangrenous  extriMiiities.  The  only  refer- 
ence to  amputations  in  th<*  llippocnitic  writings  is  as 
follows:  "  In  ca.*;<M)f  fracture  of  the  bones,  whenstrangu- 
lati(m  and  blackening  of  the  parts  tiike  place,  at  first 
the  sepamtion  of  the  dead  and  living  parts  quickly 
occurs,  and  th(»  parts  sj)eedily  drop  oflf,  as  the  bones 
havi!  already  given  way;  but  when  the  blackening 
(mortification)  tiikes  place  while  the  b<mes  are  entire,  the 
tkshy  parts  in  this  cjm  also  quickly  die,  but  the  bones 
are  slow  in  separating  at  the  lK)undary  of  the  blackening 
and  where  the  bones  are  laid  bare.  Those  parts  of  the 
body  which  are  Ih*1ow  the  boundaries  of  the  blackening 
an*  to  he  removed  at  the  joint  as  soon  as  they  arc  fairly 
dead  and  have  lost  their  sensibility,  care  being  taken  not 
to  wound  any  living  part;  for  if  the  part  which  is  cut 
otT  give  pain,  an(i  if  it  should  pmve  to  be  not  quite  dead, 
there  is  great  <langer  lest  the  patient  swoon  away  from 
the  pain,  and  such  swixmings  are  often  immediately 
fatiU  "  ("Hippocrates,"  Sydenham,  vol.  ii.,  p.  tt39). 

The  anatomical  bibors  of  tlu^  Alexandrian  sch(X)l  could 
not  have  been  without  influence  on  the  status  of  surgery. 
This  we  see  illustnited  in  the  surgical  writings  of  Celsus, 
who  unquestionably  was  thetirst  to  suggest  amputations 
in  the  living  tissues  above  the  line  that  sepamtes  them 
from  the  sphacelus.  While  he  admits  that  patients  fre- 
(juently  succumb  during  the  opemtion  from  hemorrhage. 
tluTc  can  b(?  no  question  but  that  Celsus  was  acquainted 
with  the  great  u.sefulnessof  the  ligiiture.  In  his  chapter 
on  wounds,  he  advisi'S  that  "if  these  [plugging  the 
wound,  compression,  an<l  mild  caustic's]  do  not  j>ix'vail 
agjiinst  the  hemorrhage,  the  ve.s.sels  which  di.scharge  the 
blcMwl  are  to  be  tjiken  liold  of  an<l  lii'd  in  two  j)laces, 
about  the  wounded  part,  an(i  cut  through,  that  they 
may  l)Oth  unite  together  and  nevertheless  have  their 
orifices  closed." 

It  seems  st»arcely  possibiC  that  the  theorj'.  if  not  the 
practice,  of  surgery  couhl  have  devclope<l  to  the  position 
designated,  unless  a  less  difficult  procedure  for  the  liga- 
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tion  of  a  bleeding  vessel  in  an  open  wound  had  been  like- 
wise perfected,  particularlv  in  view  of  the  facts  tliat 
Archigenes  had  introduced  the  tourniquet,  that  every 
writer  of  the  Greek  and  Arabian  schools  makes  rejKiated 
reference  to  the  use  of  the  lipiture  for  the  relief  of 
hemorrhage,  and  that  torsion  of  bleeding  vessels  was  ad- 
vised under  certain  circumstances  by  Galen,  Rliazes,  and 
P*aulus  ^^gineta.  It  is  quite  certain,  therefore,  that  the 
proper  management  of  hemorrhage  was  not  entirely  lost 
sight  of  even  in  the  darkest  period  of  the  history  of 
medicine.  Indeed,  the  indications  for  amputation  seem 
to  have  l)«*en  more  ehicidated  for  a  time  after  the  labors 
of  Celsus.  Thus  Archigenes  enumemtes,  among  the  cir- 
cumstances which  require  amputation,  **the  presence  of 
intractable;  disease,  such  as  gangrene,  necrosis,  putrefac- 
tion, cancer,  certjiin  callous  tumors,  and  sometimes 
wounds  inflicted  by  weapons  *'  (Syd.,  "  Paul  ^gin.,"  vol. 
ii.,  p.  410).  Nevertheless,  the  advanced  position  oc- 
cupied by  this  writer  was  soon  receded  from.  For  a 
thousand  years  from  the  tinKj  of  the  latter  authorit}' 
retrogression  was  the  fate  of  amputations  as  of  surgery 
in  general.  Where  rec()Ui*se  to  amputations  was  un- 
avoidable, the  most  barbarous  metluxls  were  resorted  to. 
The  Arabians  operated  with  red-hot  knives.  Through- 
out the  dark  ages  the  actual  cautery  was  ajiplied  to  the 
bleeding  stump,  or  this  was  covered  with  boiling  oil.  or 
molten  pitch,  or  sulphur.  More  cruel  than  any  other 
was  the  practice  of  Guy  de  Chauliac.  who  in  the  four- 
teenth century  l)ound  a  cor<l  with  suflicient  force  around 
a  limb  to  insure  its  removal  by  gjingrenc.  While  ampu- 
tations were  thus  dreaded,  until  within  the  liist  thn*e 
(!enturies,  alike  by  surgeons  and  patients,  it  is  certain 
tliat  this  opemtion  was  not  called  for  so  fretiuently  as  it 
is  now.  Ijacemtions  as  terrible  as  those  produced  by 
machinery  and  firearms,  which  for  the  most  part  force 
the  amputating  knife  into  the  surgeon's  hands,  could 
hai'dly  have  l)een  often  encountered  prior  to  the  discov- 
erv  01  gunpowder  and  steam. 

^hile  Gersdorflf,  of  Stnisburg,  probably  had  used  the 
ligature  in  amputation  wounds  for  some  years,  it  re- 
mained for  the  genius  of  Pare  to  give  to  amputations  a 
comparatively  firm  position  among  surgical  operations. 
After  nearly  thirty  years  of  exp<*rimentation  and  i>rac- 
tical  test  of  the  ligature,  he  published  results  which 
should  at  once  have  revolutionized  the  surgical  practice 
of  the  time.  AVith  the  retmetion  of  the  skin  and  soft 
part8  above  the  site  of  oj)enition.  to  insure  suflicient 
tissue  to  cover  tlu^  divided  bone,  and  the  u.s(?  of  a  con- 
stricting band.  Pare  had  adopted  all  the  preliminary 
means  which  are  <leemed  neces.sjirv  to-dav  bv  nmnv  for 
making  a  circular  amj»utation.  (tnisping  the  open 
mouths  of  the  arteries  with  curved  forcej>s.  he  closi*d 
them  with  a  double  thread,  and  the  wound  with  three 
or  four  sutuH'S.  TJkewi.se  was  Pare  the  first  who  clearly 
taught  the  value  of  the?  ligature  m  hhismc  in  refnictorv 
hemorrhages.  *'  Inspired  by  (Jod  with  this  good  work," 
it  would  seem  that  Pare  should  have  speeilily  moulded 
the  pmctiee  of  his  eonteniponiries.  That  this  was  not 
the  case  is  evident  from  the  great  oj)posit ion  encountered 
by  him,  and  that  it  re(|uire(l  nearly  two  centuries  for  the 
ligature  to  supplant  the  actual  cautery  as  a  luemostatic 
measure.  Altlumgh  Fabricins  llildanus  in  Germany, 
Dionys  in  Fmnce.  and  Kichard  Wiseman  in  P^ngland 
(lastlialf  of  seventeenth  century)  make  mention  of  the 
ligature,  they  in  nowise  reconuuend  it.  It  is  not  re- 
markable, therefore,  that  in  the  seventeenth  century, 
Botal  did  not  hesitate  to  f)erform  amputation  by  means 
of  two  hatchets,  one  placed  immediately  below  the 
member  and  the  other  loaded  with  leads  let  fall  upon 
it  (Velpeau,  "Operat.  chir."),  and  that  even  as  late 
as  1761  W.  Sharj)  sjiw  cause  for  complaint  at  the  re- 
stricted practice  of  ligaturing  bleedinir  vessi^'ls.  Indeed, 
it  is  questionable  whether  the  ligature  of  vessels  in  am- 
putation wounds  could  even  then  have  obtained  a  firm 
foothold  without  the  a.s.sistance  giv<*n  to  it  by  the  tourni- 
quet. The  origin  of  the  latter  iscnshroudedin  mystery. 
There  can  be  no  doubt  that  H.  von  GersdorlT  made  use  of 
constricting  bands.     It  appears  that  the  idea  of  i>rovi- 


sional  compression  of  the  artery,  as  now  practised,  was 
introduced  independently  by  two  surgeons  of  different 
countries  at  about  the  same  time.  Morel,  in  France,  and 
Young,  in  England,  each  devised  a  tourniquet  for  the 
arrest  of  the  circulation.  It  remained,  however,  for  the 
great  J.  L.  Petit  (1718)  to  elaborate  the  principles  of 
art(^rial  compression  and  to  construct  an  instrument  from 
which  those  now  in  use  differ  but  little.  Finally,  with 
the  introduction  of  digital  compression  and  the  use  of 
the  Esmarch  bandage,  the  appliances  for  the  control  of 
hemorrhage  appear  as  perfect  as  human  ingenuity  can 
make  them. 

The  most  dangerous  feature  of  an  amputation  being 
contn)lled,  attention  could  be  directed  toward  the  secur- 
ing of  a  more  rapid  cure  and  a  useful  stump.  When,  in 
ancient  and  media* val  times,  an  amputation  terminated 
well,  a  year  ehipsed  before  tlie  wound  liad  healed,  and  a 
conical  stumj)  usually  resulted.  In  1678  a  friend  of 
Thomas  Young  expressed  his  gn^t  surprise  that  larger 
extremities  could  be  removed  in  such  a  manner  that  the 
wound  was  finnly  cicatrized  by  first  intention  in  three 
weeks.  The  circular  incision  for  amputations  being  the 
one  most  (juickly  accomplished  and  intuitively  resorted 
to  b}'  the  earlier  operators,  was  the  one  generally  adopted. 
Although  Celsus  clearlv  indicates  the  necessity  of  com- 
l)letely  covering  the  ends  of  the  bone  with  the  soft  parts- 
by  divi<ling  it  upon  a  higher  level,  jet  it  was  but  rarely 
accomplished.  This  will  not  ai)pear  remarkable  when 
we  considiT  how  the  opemtion  was  described  as  late  as 
the  sixteenth  century  by  Hans  von  Gersdorff,  the  great 
barber-.surgeon  of  Stra.sburg:  **  And  when  you  will  cut 
him.  onler  some  one  to  dmw  the  skin  hanl  up,  and  then 
bind  the  skin  with  your  bleeding  ta|>e  tight.  Next  tie  a 
simple  tai)e  in  front  of  the  other  tape  in  such  a  way 
that  a  space  is  left  between  the  two  tajx^s  of  one  finger's 
breadth,  so  that  you  may  cut  with  the  razor  between 
them.  In  this  way  the  cut  is  quite  reliable,  goes  easily, 
and  makes  a  perf(;ct  stump.  Now  when  you  liave  done 
the  cut,  take  a  saw  and  s<»parat«  the  bone,  and  after  that 
undo  again  the  bleeding  tape  and  order  your  assistant  to 
draw  the  skin  over  the  Inme  and  the  flesh,  and  to  hold  it 
hard  in  front.  You  should  have  a  bandage  ready  of  two 
fingers'  breadth:  it  should  Xya  moistenwl  before'liand,  so 
as  to  l>e  wet  through,  then  bin<l  the  thigh  from  alwve 
downward  to  the  cut,  that  the  flesh  may  protrude  in 
front  of  the  bone,  and  then  bandage  this  too."  Amputa- 
tion by  a  single  circular  incision  <lown  to  the  bone  has 
since  Ix'en  revived  by  Louis  and  BrUnninghausen  in  the 
beginning  of  our  century,  and  has  been  advised  by 
Esmarch  recently  in  emaciated  and  exhausted  sub- 
jects. 

Pearly  in  the  last  century  J.  L.  Petit  originated  the  first 
<leci(ledimprovenient  upon  the  ancient  method  of  pmctis- 
ing  the  circular  incision.  With  the  first  circular  incision 
he  diviih'd  the  skin  and  subcutaneous  cellular  tissue 
alone,  and  after  reflecting  them  divided  the  muscles 
up<m  a  higher  h'vel  by  a  s<'cond  circular  sweep  of  his 
concave  knife.  C'heselden  and  Sharp  in  England,  and 
Ileister  in  (Jermany.  independently  devised  and  became 
adherents  of  this  imi)rove(l  operation,  by  which  the  end 
of  the  bone  c<mld  be  comi>letely  covered.  To  still  fur- 
ther imjjrove  the  stump  Edward  Alanson,  after  the  cus- 
tomary circular  incision  through  the  skin,  sought  to  give 
the  wound  a  funnel  shai)e  by  applying  the  knife  ob- 
li(piely  and  dividing  the  nuiscles  in  the  form  of  a  hol- 
low cone.  Snbsecpient  openitors  linding,  however,  that 
tln'  Avound  thus  made  Avas  not  conical,  but  spiral,  and 
that  it  entailed  conditions  unfavonible  to  primary  union, 
this  modification  failed  to  get  a  permanent  foothold 
among  recognized  operations.  A  better  and  simpler 
means  to  produce  a  conical  wound  was  pn)duced  by 
Desjiult.  who.  after  division  of  the  skin,  divided  the 
superficial  an<l  dee])  muscles  on  difl*erent  levels  by  two 
se]>anite  sweeps  of  the  knife. 

Meanwhile  flap  openttions  had  In^en  devised.  Al- 
though, according  to  V<'lpeau  and  Lacauchie,  Heliodorus 
had  descrilKMl  amputation  of  su]>erfluous  fingers  by  the 
double  flap  opemtion,  the  knowledge  of  this  method  was 
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entirely  forgotten.*  R.  Ix)\vdham,  of  Exeter,  in  1679, 
introduced  the,  flap  operation  for  amputation  of  the  leg 
by  making  a  latt»ral  tiap  on  one  side,  a  s<'micircular  in- 
cision on  the  opposite  side  eom|)leting  the  operation. 
The  in(!ision  was  made  from  without,  and  included  the 
skin  and  mus<!les  of  the  calf  of  the  leg.  Although,  as 
already  iudicjite<l.  Young  (cumis  triumphalis)  most 
highly  lauded  the  results  achieved  by  the  new  metluHl, 
it  was  ignored  until  Peter  A.  V'<'nluyn,  of  Amsterdam 
(1696),  practised  a  similar  am])utatiou,  transfixing  the 
soft  parts  with  a  double-edged  knife.  tSalxnirin  and  Gar- 
engeot  adopted  the  m<'thod  by  transfixion.  Other  mod- 
ificati<ms  rapidly  followed  tiie  first  steps  of  the  new 
method.  H.  liavaton  (IToO)  and  Vernmle  (1767),  sur 
geons  of  the  Palatinate,  recommended  the  formation  of 
double  flaps,  while  Charles  Bell  (1M()7)  and  the  elder 
Ijangenbt»ck  (Gottingen)  again  practically  returned  to 
the  older  operation  of  Lowdham.  On  the  other  hand, 
Sedillot,  in  1S41.  and  Tcale.  in  18.")H,  gnatly  improved 
the  double-flap  opcnition.  Sedillot  formed  two  muscu- 
lo-cutancous  flaps,  in  which  only  a  small  j>art  of  the  flesh 
was  included,  and  <livided  the  remahiing  soft  parts  by  a 
circular  incisicjn.  A  numlxT  of  openitors  advis(^<i  that 
the  flaps  Ik?  of  unequal  size,  lest  the  ciciitrix  Ix'come  ad- 
herent to  the  divided  end  of  the  bone.  Finally,  Thomas 
Teale,  of  Leeds  (1H5H).  devis<*d  the  an tero- posterior 
rectangular  musculo-cutiineous  flaps.  Scoutetten,  of 
Metz.  in  1827,  combine<l  into  what  is  termed  the  oval 
method  a  numlH.T  of  opemtions  which  had  been  previ- 
ously employed  by  the  elder  Ljuigenbeck.  I^irrey. 
Guthrie,  and'  others.  According  to  Scoutetten,  this 
metho<l,  which  is  best  adapted  to  disarticulations,  is  sup- 
posefi  to  possess  the  advantages  of  both  flap  and  circular 
operations.  While,  on  the  Continent,  this  operation  has 
found  a  small  band  of  followers,  it  has  never  met  with 
general  favor. 

Indications. — Amputation  has  lx»en  termed  the  **last 
resource  "and  the  **opi>robrium"  of  the  surgeon.  Re- 
course to  this  radical  meas\ire  signifies  the  surgeon's  un- 
belief in  his  efforts  to  rt^store  to  us«*fulness  an  injured 
limb;  it  is  his  confession  that,  in  the  comlwt  with  dis- 
ease, he  has  bt»en  concpien'd.  or  that  his  ability  to  rectify 
a  congenital  deformity  is  limit<'d.  To  recognize  the 
limits  of  his  powei"s  to  save  a  part  recpiires  the  keenest 
judgment  of  the  surgeon,  an<l  it  is  n-markable  how,  in 
the  history  of  amputations,  this  has  swayed  between  the 
extremes  of  radioilism  and  conservatism.  It  i.s,  of 
cxmrse,  not  remarkable  that,  prior  to  the  intrnduction  of 
the  ligature,  ampuUitions  were,  for  the  most  part,  con- 
fined to  the  removal  of  parts  which  were  ull  but  remov<*d 
by  an  accident  its<*lf,  or  were  already  the  seat  of  gan- 
grene. On  the  other  hand,  the  nuiltiplication  of  methmls 
of  amputati(m,  during  the  htst  and  tlie  early  jiart  of  this 
century,  went  hand-in-hand  with  the  most  reckless  con- 
demnation of  limbs.  The  voices  of  Gervaise  and  Boucher, 
which  were  raised  in  defence  of  cons<Tvatism,  were  un- 
heanl.  and  even  the  remarkabl<>  n'ports  of  Bilguer  wen* 
unable  to  stay  the  useless  sacnfl('e  of  lind»s.  Bilguer. 
the  father  of  consiTvative  surgery,  and  surgeon  to  Fred- 
erick the  Great,  could  report,  in  17(KJ.  169  compound 
fractures  successfully  treat<'d  by  conservative  nn*thfMls. 
Among  thes<;  were  9  of  the  femur,  42  of  the  leg.  19  of 
the  ankle,  9  of  the  head  of  the  humerus.  16  of  its  shaft. 
22  of  the  elbow,  9  of  the  forearm.  8  of  th<'  w  list,  and  8 
of  the  hand.  The  distinction  which  thest-  statistics 
brought  to  Bilguer  was  materially  dinuned  by  the  fact 
that  he  published  his  successes  alone,  and  that  for  a 
while  he  denied  amputjitions  a  place  among  justifiable 
operations.  The  incredulity  of  .surgeons  in  these  results 
and  extreme  views  wjis  one  of  tin*  causes  which  preveiit<'d 
them  for  many  decades  fn)m  restricting  the  indications 
for  an  amputation.  Faulty  metho<ls  of  treating  wounds 
and  an  insuflicient  appreciation  of  the  <langers  attending 
major  amputaticms  were  likewise  jxitent  factors  in  so 
frequently  foreing  the  amputating  knife  into  the  hand 

•  The  Importance  of  coverlnK  the  end  of  tlu*  \h)\u'.  whs  ptitent  to 
maoy— Bartb,  Maggl,  among  others  (Von  K.  SprenKel:  "(ii>seh.(ler 
Cblr^'*  vol.  1.,  p.  40^  Halle.  1HU6). 


of  the  surgeon.  The  introduction  of  immovable  dress- 
ings, the  startling  statistics  of  Malgaigne,  ])ublished  in 
1842  and  1J:*48.  tla*  favor  with  which  excisi<ms  were  re- 
ceived, and,  abf>ve  all,  the  mlvantage  of  antise]Uic  treat- 
ment in  the  w  idest  sense,  were  the  chief  causes  in  finally 
determining  the  indications  for  amputations  as  they  are 
now  generally  accepted. 

In  general  term.s,  it  is  proper  to  resort  to  amputation 
when  the  .sacrifice  of  a  part,  which  is  ho|)elessIy  di.seased, 
is  necessary  to  the  jireservation  of  life  or  the  enjoyment 
of  its  various  functions  and  duties.  It  is  well  to  remem- 
Ix-r  that  "the  vast  majority  of  p<*ople  would  prefer  liv- 
ing with  three  extremities'  to  being  buried  with  four." 
WhiU'  in  each  individual  ca.s<.*  the  danger  and  advantages 
of  an  operation  are  to  Ik*  carefully  balanced,  conditions 
niiiy  arise  which  nmy  make  an  operation  imjierative 
which  but  a  few  days  before  seemed  uncalled  for. 

Contra-in(li(»tious  to  amputation,  either  temporary 
or  permanent,  should  also  be  clearly  recognized.  Among 
the  former,  particularly  as  to  amputaticms  for  injury, 
should  be  cousidereil  extreme  shock  and  exhaustion  from 
excessive  hemorrhage.  As  i)ermanent  contra  indica- 
tions, such  conditions  should  Ik^  recognized  as  will  pre- 
clude the  j)ossil)ility  of  attaining  the  object  of  all  opera- 
tive procedure,  viz.,  the  restoration  of  the  patient  to 
health.  Such  indications  are,  first,  so  extensive  an  in- 
volvement, by  diseas(^  of  a  limb  and  ccmtiguous  parts 
that  amputation  will  not  suttice  for  its  complete  re- 
moval, and,  st^cond,  complications  on  the  part  of  impor- 
timt  internal  organs  from  injury  or  di.sease.  imder  which 
circumstances  an  amputation  would  not  only  be  useless, 
but  would  prolmbly  curttiil  life. 

While  it  is  an  axiom  that  amputation  should  be  re- 
sorted to  only  un<ler  circumsUmces  in  which  no  other 
means  will  avail,  there  is  no  little  difliculty  in  determin- 
ing the  conditions  that  call  for  this  extreme  measure. 
They  may  be  most  n'adily  investigated  by  considering 
them  un<ier  the  three  general  headings  of  injuries, 
non-traumatic  lesions,  and  deformities. 

In-mries. — {a)  When,  from  accident  of  any  kind,  a 
limb  is  entirely  severed  from  its  connection,  or  the  soft 
jmrts  so  mutiiate<l  that  it  is  attac^hed  by  skin  alone,  or 
by  it  and  pulpified  flesh,  an  amputation  is  absolutely 
indicated,  Woun<ls  from  circular  saws,  railrotul  a(^cl- 
dents,  extensive  gunshot  liicerations,  afford  numerous^ 
instances  in  which  the  amputation  consists  in  nothing 
more  than  trinuning  olT  the  ragged  edges  of  the  woimd, 
levelling  the  ine(iualitiesof  the  protruding  fleshy  masses, 
and  placing  the  stump  in  the  lM\st  condition  for  speedy 
repair.  To  this  class  of  injuries  belong  those  cases, 
caused  by  railiXMul  trains,  heavily  loadi^d  wagons,  en- 
tiinglement  in  machinery,  etc.,  in  which  the  soft  parts 
are  extensively  torn  fnmi  the  Inme,  the  muscles  being 
pulpified.  the  bloo<l-vessels  and  nerves  lacerated.  It  is 
remarkable  that  in  instances  of  this  character  the  skin  it- 
st*lf  may  remain  unbroken,  while  all  that  it  covers  has- 
been  practically  crushed.  The  shock  atU^nding  the  tear- 
ing otT  of  a  leg  or  an  ann  is  usually  so  excessive  that  a 
formal  operation  with  attendant  loss  of  blood  nmst  be 
dispensed  with. 

On  the  other  hand,  it  is  a  well-established  fact  that 
fingers,  portions  of  the  nose  and  ear  which  had  lM»en  al- 
most complct-ely  and  even  totally  separated  by  an  incised 
woun<l  uncomplicat<'d  by  contusion,  have  hvvn  perma- 
nentlv  rei)lace(l  bv  the  nireful  us<'  of  sutures. 

(h)  Extensive  burns  and  circumferential  laeerati<ms  of 
only  the  .skin  and  sul>cutane<ms  cellular  layers  may.  in 
ran*  cases,  recpiire  thi»  sacrifice  of  a  limb.  When,  from 
the  dej)th  of  a  burn,  it  lK*comes  evident  that  the  n-para- 
tive  pnK'css  mu.st  Ik*  suj>purative  in  chara<'ter,  and  con- 
tinue for  manv  months,  and  when  tinally  ended  leave  a 
di.sfigured  and  jinictically  us<'le.ss  member,  it  is  usually 
lM'tt4'r  at  once  to  amputate  than  to  expos«?  the  life  of  the 
sulTerer  to  the  dangers  of  si-ptie  infection,  amyloid  de- 
gem*ration.  or  exhaustion.  Kxtensive  stripf>ing  of  the 
integument  from  a  memlxT  may  likewise  impel  the  sur- 
geon U)  operative  interfen*nee.  A  most  interesting  cas<» 
of  this  character  is  recorded  by  M.  Schede  (Billroth  und 
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Pitha's,  "Handbook"  vol.  ii..  Heft  ii.,  2  Abth..  p.  19), 
in  which  an  entire  arm  was  caught  in  a  cogwheel  and 
stripped  of  its  integument,  the  muscles  of  tlie  arm  and 
forearm  being  laid  bare  as  in  a  careful  dissection. 
Although  amputfition  at  the  shoulder  was  successfully 
resorted  to  and  the  acromion  removed,  the  integimient 
was  insufficient  for  the  closure  of  the  wound. 

(c)  The  simultaneous  injury  of  the  main  artery  and 
vein  of  an  extremity  has  usually  been  considered  an 
indication  for  amputation,  since  it  almost  invariably 
results  in  its  mortitication  if  conservatism  is  practised. 
This  has  applied  particularly  to  wounds  of  the  femoral 
artery  and  vein.  The  advisability  of  an  operation  in  all 
such  cases  must,  however,  be  seriously  questioned,  since 
instances  are  multiplying  in  which  with  neopliusms,  sev- 
eral inches  of  the  main  vessels  of  the  limb  have  been  re- 
moved without  resulting  in  its  death.  Wh(*n  the  vein  alone 
is  slightly  injured,  it  is  far  preferable  to  trust  to  a  properly 
applied  lateral  ligature,  or  if  it  is  comjiletely  divided, 
an  attempt  to  save  the  limb  should  be  made  by  ligation 
of  the  accompanying  artery.  Quite  recently  a  case  has 
been  recorded  by  Pilcher  in  which  an  incised  wound  of 
both  femoral  artery  and  vein  was  successfully  treated  by 
double  ligation  of  both  vessels.  On  the  other  hand,  am- 
putation may  be  required  for  the  relief  of  traumatic 
aneurisms  or  those  of  spontaneous  origin  which  have 
become  diffused.  Particularly  may  ablation  of  the  thigh 
be  preferable  to  other  plans  of  treatment  of  aneurism  of 
the  popliteal  and  of  the  deep  arteri<*s  of  the  leg  in  i>er- 
sons  of  advanced  years.  In  cases  of  sulM.'bivian  aneurism 
exarticulation  at  the  shoulder  has  likewis<*  Imh-u  suctress- 
fully  performed  as  a  modified  distal  ligation.  Finally, 
secondary  hemorrhage  after  injuries  from  whatever 
cause,  when  other  measures  have  failed,  can  be  relieved 
alone  by  the  SJicriHee  of  the  limb.  Since,  after  ligation 
in  continuity  of  an  artery,  the  si'condary  hemorrhage  most 
frequently  comes  from  the  distal  end  of  the  ves.sel.  it  is 
apparent  why  amputation  is  often  successfully  practised. 

(d)  Comi>ound  fractures  and  dislocations  are  the  con- 
ditions which  most  frequently  call  for  ampuUition  in  all 
comnuniities  where  manufacturing  interests  are  largely 
developed  and  where  railroads  furnish  employment  to 
large  numbers.  Not  very  long  ago,  the  presence  of  a 
compound  comminuted  fracture  wjis  deemed  sufficient 
cause  for  an  anq>utation.  evefi  if  unattended  by  extensive 
laceration  of  the  soft  parts.  In  no  field  of  surgery  have 
greater  triumphs  been  recorded  than  in  the  conservative 
treatment  of  these  compound  fractures.  There  can  be 
no  question  but  that  today  all  surgeons  of  twenty  years' 
experience  save  limbs  which  in  their  earlier  experiences 
they  woiihl  have  doomed.  For  these  results  we  are  in 
the  main  indebted  to  the  principles  of  antist^ptic  treat- 
ment, which,  although  fii*st  promulgjited  in  1865  in 
Glasgow  by  Mr.  Lister,  were  first  extensively  practised 
on  the  Continent,  especially  in  Germany,  by  Bardeleben, 
Volkmann,  and  Nussbaum. 

It  is  immaterial  for  our  purpose  which  of  the  numer- 
ous antiseptic  agents  be  i)referred,  or  wh<*ther  the  open 
method  of  wound  treatment  with  thorough  drainage  be 
employed.  Such  n*markal)le  results  have  lK*en  achieved 
in  the  conservative  treatment  of  (-ompound  fractures 
that  ordinary  cases  may  be  Siiid  to  present  no  indications 
for  amputation,  Nearly  a  year  ago  a  lad  of  eighteen  had 
bis  left  arm  caught  in  the  belt  of  a  wheel  in  a  machine- 
shop.  When  brought  to  the  Good  Samaritan  Hospital. 
in  Cincinnati,  an  hour  after  the  accident,  there  was  de- 
tected a  double  fracture  of  the  humerus,  one  of  which 
was  compound,  a  simple  dislocation  backward  of  the 
ellM)W,  a  compound  fracture  in  the  michne  third  of  the 
radius  with  two  inches  of  fragment  protruding,  and  a 
compound  dislocation  of  the  ulna  at  the  wrist.  An 
amputation  was  strenuously  advised,  but.  fortunately,  it 
was  rejected  l\y  the  parents.  The  boy.  after  confinement 
for  nine  months,  recovered  after  two  inches  of  the 
radiusand  sixinchesof  the  ulna  ha<l  been  removed.  The 
hand  and  forearm  are  almo.»*t  useless,  but  this  condition 
is  infinitely  preferable  to  that  of  being  obliged  to  wear 
an  artificial  limb,  no  matter  how  j)erfect  it  may  be. 


In  his  service  at  the  Cincinnati  Hospital  the  writer  re- 
cently saw  a  negro  with  a  cog-wheel  crush  of  the  ulnar 
lialf  of  the  wrist  and  metacarpal  bones,  and  of  the  upper 
third  of  the  humerus,  and  pulpifying  of  the  overlying 
deltoid.  The  removal  of  the  upper  third  of  the  humerus, 
including  its  hi'ad,  and  of  the  crushed  bones  of  the  car- 
]uis  and  hand,  and  the  establishment  of  ample  facilities 
for  drainage,  left  the  man  with  good  use  of  forearm  and 
three  fingers.  Particularly  in  injuries  of  the  upper  ex- 
tremity is  conservatism  commendable. 

Statistics  of  the  advantages  of  conservatism  in  the 
treatment  of  these  accidents  are  rapidly  accumulating. 
Thus,  Volkmann  was  enabltni  to  report  75  compound 
fractures  of  the  larger  long  bones  without  a  single  death, 
although  in  8  cases  he  was  compelled  to  resort  to  second- 
ary amputation.  Sir  Joseph  Lister,  with  rigid  adherence 
to  the  antiseptic  method,  lost  2  out  of  97  cases.  In  the 
treatise  of  Billroth  and  Luecke  is  a  most  exhaustive 
compilation  of  254  cases  which  were  treated  by  the 
Listerian  method.  Of  224  of  these  cases  which  were 
treated  conservatively  only  14  died.  But  it  remained 
for  our  own  countryman,  Dr.  Fred.  S.  Dennis,  to  record 
the  most  brilliant  and,  indetni.  unique  successes  ever  ob- 
tained in  this  field.  Of  144  cases  of  compound  fracture 
treated  in  Bellevue  Hospital,  New  York  City,  not  one  died 
from  septic  infection,  and  100  cases  were  treated  without 
a  death  from  any  cause.  Extensive  splintering  of  bone 
and  laceration  of  soft  parts  can,  therefore,  no  longer  be 
considered  an  excuse  for  th(;  sacrifice  of  the  limb.  If 
amputations  still  foi-m  a  considerable  percentage  of  the 
operations  perfonued  in  large  hospitals,  it  is  bt^cause  of 
thv.  moix^  extensive  emi)loyment  of  heavy  niaehinenk', 
and  the  great  extent  of  railway  travel.  Most  of  the 
])rimaiy  amputations  thus  practised  arc  indicated  by  the 
(•(mditions  above  detailed  (sub  ^0- 

(<)  Closely  allied  to  compound  fractures  in  their  rela- 
ti(m  to  amputati(ms  are  compound  dislocations.  Since 
the  more  general  appreciation  of  the  value  of  priman* 
excision  of  joints,  amputations  for  these  injuries  are 
now  less  fre<iuently  res^)rt*?d  to  than  formerly.  Indeed, 
all  formal  ()i>erations  for  compound  dislocations  should 
be  greatly  restricted.  Cooper  and  Nelaton  already 
h'aned  toward  conservatism.  The  latter  advised  reduc- 
tion of  the  dislcM-ation.  closure  of  the  external  wound, 
and  antiphlogistic  measures.  Wliat  lias  been  accom- 
plished in  this  way  in  recent  years,  and  particularly  by 
immobilization,  could  be  demonstrated  by  a  stately  array 
of  cases  of  compound  (iislocjiti<ms  of  large  joints  in 
which  the  limb  was  sjived.  and  often  with  perfect  mo- 
tion. Compound  dislocations  of  shoulder,  wrist,  hand, 
and  elbow,  unless  the  damage  of  the  soft  parts  is  such  as 
jtrr  He  to  call  for  amputation,  should  always  b<»  treated 
without  (>])eration,  or  by  excisions.  A  compound  dis- 
location of  the  elbow,  with  laceration  of  the  brachial 
artery,  was  successfully  treated  withcmt  operation  by 
^IcCarthy.  an<l  Davis  reports  another  such  dislocation  of 
the  knee,  in  which  all  the  functions  of  the  joint  were 
retained. 

On  the  other  hand,  amputations  for  compound  dis- 
locations of  the  foot  and  ankle  are  more  frequently  in- 
dicated, since  excisic^n  and  conservative  measures  often 
leave  the  parts  useless,  if  not  positively  a  burden,  and 
the  (langei-s  of  primary  amputations  are  at  least  no 
greater  than  those  which  att^'ud  milder  methods  of  treat- 
ment of  thes<'  cas<'S. 

(/)  (i'lnxJint  \\\}inuh. — Thes(»  are  of  sufficient  fre- 
(juence  in  civil  i^ractiee  often  to  call  for  amputation. 
Here.  onae((anit  of  suitable  accommodations  and  facili- 
ties for  i)iY)per  treatment,  conservative  means  may  be 
a(lo])te(l.  whereas  in  the  tield  a  part  must  be  sacrificed  for 
the  benefit  of  the  whole.  Revolver  wounds  of  the  large 
vascular  and  nerve  trunks,  Avith  shattering  of  the  bones. 
may  necessitate  am])Utation.  Shotgun  wounds,  from  tlie 
greater  laceration  infHeted.  particularly  in  the  neighbor- 
hood of  the  larger  Joints,  may  re(|uire  the  sacrifice  of  a 
limb.  Nevertheless,  with  our  better  metlKxls  of  wound 
treatment,  the  surgeon  should  even  here  lean  toward 
conservatism.     The  writer  has  recently  saved  a  lower  anci^ 
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Ampatatloiu 
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an  upper  extremity  by  a  typical  n'siTtion  of  the  knee  and 
shoulder  in  (*ase8  of  gunshot  wounds  sustained  at  close 
range. 

li'fore  the  intnxhiction  of  small-calibre  j)roji»ctiles 
Connor  enunciated  the  conditions  calling  for  amputation 
as  follows:  1.  When  tlx-re  has  been  great  <l«^struction  of 
soft  and  hard  jmrts,  as  in  a  crush  by  large  shot,  or  when 
the  limb  has  be<'n  almost  comph'tcly  or  altogether  carried 
away.  2.  When  the  fmcture  is  asso<iated  with  lac<'ni- 
tion  of  the  main  v<'ssels  or  nerves  (»f  the  part.  JJ.  When 
a<'Ut<.'.  infective  osteomyelitis  has  been  developed,  lu 
the  chronic  form  of  this  dis<'ase.  when  the  entire  length 
of  the  lM»ne  has  be(?onie  affected,  it  mav  or  mav  not  be 
neeessj\ry  to  amputate,  according  to  the  general  condi- 
tion of  the  patient  and  the  particular  bone  that  is  dis- 
eaat^d.  4.  When  there  is  severe  S4*condary  hemorrhage 
from  an  er(Kle<l  vessel,  or  from  a  ruptured  tmumatic 
aneurism.     5.   When  gangrene  has  supervened. 

The  small  cadibre  of  the  modern  litie  ball  has  so 
mo<lit1e<l  wounds  .sustained  in-  action  that  am])utations 
are  but  rarely  demamh'd.  Furthermore,  the  thorough 
curetting  of  the  medullary  canal  in  acute  osteomyelitis 
when  it  has  developed,  tends  still  further  to  liniit  the 
scope  for  amputation.  Seconihu-y  hemorrhage  from  an 
ero<le<l  vess<'l  or  the  rupture  of  a  tmumatic  aneurism 
should,  in  the  light  of  our  better  methods  of  the  treat- 
mentof  woundsof  vess<*ls.  not  be  considered  an  indication 
for  amputation  until  search  for  the  wound  and  ligation 
liave  l)een  tried  without  success. 

iff)  ^fori^Jir^ltiffil. — The  |)res<.'nee  of  mortification ,  as  a 
sequel  of  tnuima  or  of  the  application  of  the  extremes 
of  heatand  cold,  offers  an  unmistakable  indication  for  the 
ablation  of  a  i)art  as  soon  as  the  evidences  of  the  lindta- 
tion  of  the  gangrene  are  made  manifest.  Nor  is  it  al- 
ways advi.s»ilile  to  wait  for  this  in  the  case  of  traumatic 
gangrene,  which  often  extends  with  such  mpidity  that 
a  few  hours  will  rob  the  sulTeivr  of  his  only  chance. 
The  mortiticration  whi(!h  follows  the  ligation  of  an  artery, 
or  upon  an  embolism,  is  a  condition  calling  for  openitivc 
interference.  In  senile  and  diabetic  gangnne  amput^i 
tion  is  oft<'n  demanded.  Amputation  should  Ik*  p<*r- 
fomietl  far  from  the  gangrenous  area.  In  the  tirst named 
form  of  gangrene,  tisof  the  f«K>t  or  part  of  it,  theamput^i- 
tion  must  lxMnad<^  at  or,  iK'tter,  above  the  knee.  In  both 
foruLS  of  gangrene  amputation,  to  Iw  suceessful.  must  Ik.' 
performed  Ix^fore  s<*condary  and  g<'nend  infection  has 
taken  place  from  al)out  the  pmgrenous  field. 

(A)  Trtanvft. — Amputation  may  be  said  t^)  l)e  one  of 
the  most  successful  measures  for  the  relief  of  tmumatic 
tetanus  (when  thonmgh  curetting  of  the  wound  has 
failed  to  relieve).  According  to  the  lat<'st  experiences  an 
equal  proportion  of  gcnxl  r(*sults  follows  this  metlKHland 
nerve  section.  The  latter  shoidd  In*  giv<'n  the  preference 
in  every  case:  and  then,  in  the  event  of  failure,  amput^i- 
tlon  should  be  n'sorted  to  jis  a  iie rider  ntuu/rt. 

NoN-TRAi'MATic  Affkctions, — {tt)  Iiiffammntion. — 
Severe  and  extensive  intlammations  of  the  skin,  sulx'u- 
taneous  cellular  layer,  and  intermu.scular  laver.  as  thev 
are  frequently  encount**red  in  phlegmonous  erysipelas 
from  injuri(>s  which  in  themselves  are  most  trivial,  and 
which  fn>m  S(»ptic  infection  or  protmcted  suppumtion 
would  l(*ad  to"d(»ath,  are  conditions  that  may  necessitate 
an  amputation.  While  with  free  incisions,  the  perma- 
nent wat<*r  dressing,  and  irrigation,  many  limbs  thus 
affected  may  be  saved,  ampiitation  nnist  always  Ik*  re- 
sorte<l  Xo  in  a  certain  small  proporti<»n  of  espe<ially 
aggravate<i  cases.  The  pres<'nce  of  s<»ptica'mia  and 
pyiemia  should  not  Ix*  deemed  a  contmindic  jition.  unless 
tlie  want  of  vitality  of   the  patient   will  ]u-ecbide  the 

Qibility  of  surviving  the  shock  resulting  therefrom, 
oth,  Volkmann,  Fayn*r,  Weinljlchmr.  Lueeke.  and 
numerous  other  surgeons  cite  cases  in  which  ani])Utation 
w^as  successfully  practist'd  after  a  varyinir  number  of 
rigors  had  placed  the  pres<*nce  of  the  gnivest  <'onstitu- 
tional  infection  beyond  doubt.  By  removing  the  primary 
aeat  of  the  w»ptic  changes,  tlu;  genend  manifestations  of 
pyspmia  may  frequently  be  ciuiwd  to  disjippear. 
ip)  Inflammatory  conditions  of  the  bones  and  joints 


which  cannot  Ih»  n*lieved  by  less  radical  measures  often 
make  an  amputation  imp(*mtive.  Acute  spontaneous 
osteomyelitis,  when  unrelic*ved  by  trephining,  and  when 
affecting  only  a  single  bone,  nuist  Ix*  considered  a  condi- 
tion re(|uiring  this  radical  int<*rfcren(M*.  Necrosis  which 
involves  the  entire  thickness  of  the  shaft  of  the  Ixme, 
as  for  example  a  part  of  the  humcnis.  or  the  fennir, 
and  especially  when  repeat<*d  necrotomies  have  proved 
to  Ik*  miavailing.  o<ca.sionally  re<|uires  the  sacrifice  of 
a  limb.  In  «'.xtensive  caries  of  the  articular  ends  of  the 
long  bones,  or  of  tli(*  carpus  and  tarsus,  when  from  the 
depmved  condition  of  the  patij*nt  excision  is  ini feasible, 
amjnitation  is  com])Tdsory.  The  iniprove<l  methcxls  of 
(h-aling  with  su]»pumtive  and  destruetive  affections  of 
joints  by  inunobili/.ation,  and,  if  n<*ed  Ix*.  by  resection, 
have  ha]>])ily  reduced  the  nund)er  of  cas(*s*  calling  for 
amputiition  from  these  caus<*s  to  a  nn'nimum. 

l'*)  Extensive  circumferential  ulcerations  of  the  leg, 
which  saj)  the  strength  of  the  i)atient  through  hemor- 
rhage or  profuse  s\ippuration,  or  which  unlit  him  for 
the  viK-ations  of  life,  not  imfretpiently  render  amputa- 
tion ad  visid)le.  This  also  applies  to  cases  of  true  and 
spurious  elephantiasis,  in  which  milder  measures  have 
proven  of  no  avail. 

((I)  Tumors  of  lx*nign  and  malignant  character,  when 
from  their  size  they  destroy  the  usefulness  of  a  limb  or 
endanger  life,  are  well -recognized  indications  for  am- 
putation. The  neoplasms  most  freqiu'ntly  demanding 
the  latter  are  carcinomatous  degenerations  of  chronic 
ulcers  or  ejiitheliomatti  developing  around  a  .se(pi<*strum, 
or  an  osteosju'coma  of  Uie  articidar  ends  of  the  long 
bones.  Umh-rall  these  c(mditions  amputation  offers  a 
lx'tt4*r  chance  for  permanent  recovery  than  does  excision. 

The  rule  which  applies  to  the  management  of  neo- 
plasms generally,  that  an  opemticm  nuist  be  refrained 
fnmi  unless  all  of  the  disea.sed  tis.sue  can  be  removed,  is 
particularly  to  Ix*  remendx-red  befon*  an  amputation  is 
determined  upon  for  the  relief  of  a  tumor  of  an  extrem- 
ity. The  bearing  of  ami)utation  upon  certain  tmumatic 
affe<'tions  of  th<*  bl(x>d-ves.sels  and  upon  special  sjionta- 
neous  aneurisms  has  already  Ix'cn  referred  to.  ( \)ng<*nital 
t«'langiectases  likewise  exa<'t  amputation  wlu'n  mpidity 
of  growth  <'ndangers  lif**  or  when  other  plans  of  treat- 
m<*nt  have  been  unsuccessful. 

Dhkohmitiks. — {n)  Supernumerary  fingers  and  t<x»s 
are  proper  ca.s<*s  for  ninoval.  and  the  oj)eration  may  be 
.sjifely  practised  .six  months  after  birth.  This  early  re- 
moval as.suresjibett<*r  form  of  hand  or  foot  andadinunu- 
tive  s<-ar.  ('as<*sof  club-f<x)t  which  have  lHK*n  altogether 
neglected  or  badly  managed,  and  which,  from  extensive 
ulc<*ration  or  intlamed  bursie,  entail  great  suffering  upon 
the  pati<'nt.  not  infrecjuently  can  Ix*  relieved  by  amputa- 
tion oidy.  But  in  early  life  no  caw*  of  talipes  is  of  suffi- 
cient .s(*veritv  to  wamuit  the  removal  of  the  f(x)t. 

(/')  Cicatricial  contractions  of  the  joints,  asscK'iated 
with  great  wa.sting  of  the  muscles,  from  extensive  bums: 
gn*at  d(*formity  and  useh*ssnessof  a  liud)  from  neglected 
dishx-ation  (f(K)t  or  ankle),  may  call  for  an  amputation. 
For  these  and  similar  cases,  ami>utatious  of  expediency 
may  occa.sionally  be  r(*(|uire<i.  but  the  surgeon  should 
carefully  weigh  all  factors  in  the  case  before  subjecting 
his  patient  to  the  risks  of  an  ojH'ration  for  the  reli<?f  of  a 
condition  which  in  it.self  is  only  a  burden  and  not  a 
source  of  danger.  To  this  category  lx*long  lind)s  useless 
below  the  kn<*e  from  infantile  paralysis.  Such  legs  are 
often  bunh'nsome  from  one  cau.se  or  another  (s<ns«ition 
of  cold,  j^roneness  to  sujierticial  ulceration,  etc.)  and, 
since  they  are  useless,  it  is  probably  better  to  amputiite 
them  and  substitute  an  artitieial  limb. 

Tfmk  fou  Amimtation. — When,  in  <'onse(|uence  of 
an  injury,  }in  amputation  is  in<li<at<'d.  the  proper  time 
for  pi*rforming  it  must  be  considere*!.  While  the  pa- 
tient is  still  sufTering  from  sho<k.  ( ollapse.  or  even  ex- 
haustion from  excessive  hemorrhage,  it  would  be  sealing 
his  fate  to  n*.sort  to  an  o]»eiation.  At  least  moderate 
reaction  must  invariably  be  awaited,  irres])eetive  of  its 
early  or  late  appearance.  When  rea<tion  lias  on<'e  lx*en 
established,  with  the  aid  of  restoratives  (among  whi<'h 
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tlic  intravenuuB  JDJcclioa  of  nnrnial  salt  solulinn  ranks 
first),  the  most  apprnprinteperiiMl  fomiiampuliitionniU 
have  arrived,  since,  for  a  period  varying  rroni  twelve  to 
aeventy-two  Lours,  the  injured  part  remaius  in  appar- 
ently the  saaie  condition  that  it  was  iu  imnieillately  after 
the  accident.  After  tliiit  iuterval,  there  miky  Ix;  expectml 
to  supervene  those  local  nud  systemic  niaiiifestatious 
in  the  injured  part  wbk-h  I)elong  to  severe  inflHmiiiBtoiy 
changes.  All  amputations  practised  prior  to  tlie  ad- 
vent of  these  elianBts  are  designated  priiaai-]/  amjratn- 
tiom.  Since  the  time  when  tliesc  tliaiiKes  superFtne 
varies  from  one  to  three  or  four  days,  accnrdlug  to  a 
multitude  of  circumslauces,  foifmosl  I'f  which  is  the 
character  of  the  wound  and  tlie  extviit  [o  which  it  can 
be  niaintiiincd  aseptic,  no  absolute  limit  con  he  tlxe<t  to 
the  time  when  an  amputation  should  no  longer  be  classed 
among  the  primary  anipiitationa.  Witli  very  few  ex- 
ceptfcins,  surgeons  of  tlic  present  day  recognise  the 
necessity  of  immediate  anipuliitlon  iu  everv  Instance  in 
nhich  conservatism  eiiniiol  Ix;  practised.  "The  divi'rsity 
of  opinion  which  has  prevailed  cm  tliis  subject  has  beeu 
great.  Among  the  ndvupates  of  prinuiry  amputjition 
may  be  enumerated  Du  ('licsne,  Wiseiiinii.  I'oit,  Percy, 
J.  Ecll.  I^rrey.  und  Gullirie;  amoug  its  opponents, 
J^ure,  Hunter,  and.  within  the  last  quarter  of  a  cen- 
tury, J.  XeudnrmT.  Paul,  niKl  Gross,  The  extensive 
experiences  of  ''inl:ri-  -i-ii!  I.irti  y  Imve  finally  convinced 

surgeons  of  tin -■  '  ■  ir!y.  as  coni|mreii  wJTh 

late,   ampuljitii'i        >''  ,     iii,iry  ampuliitious,    IDT 

recovered,  24  ili.         ■   i  iirieii  under  oliservation. 

Of  551  secoiHliin  ■.|.-Mii..i.-  \-.M  recovered,  2(11  died, 
while  IIB  n-Tmiitic'd  under  ir,',Ument  (Guthrie).  Tlie 
accumulated  erjMjrienees  nl  the  ('rimean  ami  Fruneo- 
Frussian  wars,  and  the  vast  statistics  of  our  Civil  War. 
indorse  the  jjrevoillng  practice  of  resorting  to  early  am. 
putations.  In  tlie  slatistiits  of  Otis.  Iliere  were  in'!t,3.')'J 
primary  amputationsof  the  arm,  602  deaths,  1«. 4  percent, 
mortality;  mWfi  intermediary  amputations  of  the  an  n, 
Sffiideaths, 93,4  percent,  mortality;  in 41 1  secondary am- 
putationsof  theurm,  114deaths.  a7,7percent.  mortalitv; 
ui  1.014  primary  amputations  of  the  lower  third  of  tlie 
thigh,  937  deaths,  4S.7  per  cent,  mortalitv;  in  67(J  inter- 
mediary amputations  of  the  lower  third  of  the  thigh,  459 
deaths,  17,9  percent,  mortalilv;  in  207  secondurv  ampu- 
tnlj„„„  „f  .!„.  |r„,,.r  rhird  of  tlic  thigh,  100  dentils,  41^.3 

piT  <;  .t    ■!  iiin       The  obvious  reasons  for  tile  Iwttcr 

rchiili-      III.     .  .Mily  operations  are  Hint  tlii'v  are 

niiiili'  I  ilii' constitution  luis  Dot  vi't  been 

exit  Ili   '    .  :■  i|  siippuraiion  and  high  leiiijiem- 

tiiii-    .1  i    LVi^  woundswhieh  can  be  kept  free 


Tl>. 


selves.     The  daiiin^ 
and  painful.     From  tlir  v  ,    -     i. 

malodorous  fluid,  and  ii  tii        .      i       .  .  \ 

of  the  tissues  adjacent  (<p  lii  .    ■    ■  ■        \--  i  i 

Sul.se,  elevatifiQof  thet.nii ■■  ■  .   ■,,  i  (UmiTi-r 

egrce;  headache,  dry  t^i..  :irii|  iiuii 

ing delirium,    llnleRs'tlu-  |n -    ■  ■  ■     .      i  ■  ili^'  ii;ii;i: 

IngintluencesoE  exce.isjvi,-  \iu~\ i  - 1.  '.!!!!■  ri 

comesgnidually  anii'liomti-d  ill  Iriin,  I     ■    ■     ■■■..>i    i 
As  tlie  disi'hiirgc  of  n'anly  si'njni   i-  i   ' 

secretion  of  pus.  the  pinL'ri'iioii,*  ]>;i'  i-, 
the  swelling  hirgely  xutisldt'S;  iIk-  1< 
of  pulse  are  ri'duced:    tlii^  t<ijiL'ii  -    i 
moistureand  color,  ami  II  com]mriiii' 

is  enjoyed.     Ampiitiitions  pmetisiil  -i. 

period  of  the  elinicnl  hifilnry  i>f  : 

the  designations  of  ItniicliiT  ri'vi  Ai  ■■■        

lermediarj/.     Since  they km  I' 

damaged  part  and  tlic  s\-''       i    i  :'    .  i. 

worst  condition  for  opfniri.  ■  ■ 

such  amputations olTer  llu'  i\..:--  |'|..-;m    i-  i ■. . 

Althougn   the   morttility   follnivipiLr    ■;iiili   iiiii]>iiliiti 
must,  therefore,  be  very  much  greater  tluiu  tluil  fultiiw 


primary  or  late  amputations,  eases  will  arise  in  whicb 
the  verj'  gravity  of  the  local  and  general  phenomena. 
Bucli  as  recurrent  hemorrhage,  impending  ganerene.  or 
Bepticu'mia.  will  necessitate  the  siieedy  removal  of  the 
limb,  as  the  last  hope  of  deliverance. 

With  the  subsidence  of  the  gfsve  constitutional  symp- 
toms and  the  advent  of  profuse  suppuration  begins  that 
period  when,  if  amputations  arc  performed,  they  are 
termed  tteuiitlnrg.  It  Itas  already  been  seen  that  the 
prospects  for  recovery  after  amputations  in  this  period 
are  lew  promising  tMn  after  those  of  an  earlier  period. 
An  equally  strong  objection  to  waiting  for  this  period  is 
tlutt  more  of  a  limb  must  generally  be  saerificeil  than  by 
an  early  opemlinn.  Thus  Outhrie  observes  that "  When 
an  amputation  is  dclaynl  from  any  cause  to  the  aecond- 
ary  period,  a  joint  is  most  froiiuently  lost;  (or  instance, 
if  a  leg  be  shattered  four  inches  below  the  knee,  it  can 
ftequently  be  taken  alT  on  the  field  of  battle  and  the 
joint  saved.  Three  or  four  weeks  after,  the  joint  will 
in  all  probability  be  su  much  concerned  in  tlie  disease 
tluit  the  operation  must  be  performed  in  the  thigh;  the 
same  in  regani  to  the  forearm  and  band,  and  the  upper 
part  of  the  arm  with  the  shoulder,"  Notwithstand- 
ing the  drawbacks  attending  secondary  amputation^ 
certain  circumRlanees  freijuently  make  them  imperative. 
Continued  fever,  impending  exliaustion  from  excessive 
and  protracted  suppuratk>n,  and  evident  uselcssncss  of 
tlie  limh.  even  if  saved,  may  force  the  knife  into  tite 
ta.ind  of  the  surgeon,  after  mucli  valuable  time  has  been 
lost  through  an  error  of  judgment  on  his  part,  or  a  pro- 


the  part  of  fnends, 
PREr\KATioKs. — Before  lieginning  an  amputation  it  is 
essential  to  make  such  preparations  for  it  as  are  rec^uired 
for  every  major  operation.  If  possible,  the  amputation 
should  he  made  in  the  early  part  of  thcday.  in  oraer  that 
if  there  be  much  hemorrhtigesubsequent  to  the  operation 
its  source  niav  be  looked  for  with- 
out artificial  Illumination,  It  can 
be  most  satisfactorily  perfonncd  on 
any  operating  table,  or,  in  the  ab- 
sence of  this,  on  two  kitchen  tables 
placed  end  loend.  The  instruments 
necessary  for  major  amputations 
are;  1.  An  E<imarch  elastic  bondage 
and  strap  for  the  production  of 
aniemiiL  of  the  part  to  be  removed. 
■i.  A  suitalile  tourniquet  8.  Am- 
IHiuUiiig  knives  of  various  lengtlis 
iitid  widths,  with  at  least  one 
iliiuble-edged  blade  (Fig.  llS)  (cat- 
lin;;).  4,  One  large  and  one  mela- 
iiir]nd  amputating  saw.  5.  From 
■iit  to  twelve  tiieraostatic  forceps. 
ti.  A  lioiii'  cutting  forceps,  and  a 
lion  j  11  will  fon'eps.  7,  Ligature 
iti'rials.     drainagG 
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Hill  !i>  It  liiyiiHHi  mil  Kive.  at  least 
Minr  iiBsisliiiKs  are  required  for 
evcri-  liirgiT  amputation.  The 
diitii'M  of  these  should  be  firat 
clearly  dclineil  by  the  operator,  lest 
viiliiiiliU'  timi'  be  lost  during  the 
lie  uniiiviiiid  iitti'Mtiim  of  one  must  be 
iicinir  iind  mniiiliiiriinp  amesthesia.  The 
suppori  llii-  piiri  (o  tte  removed,  after 
I  !>•■  tiitni^itcil  Willi  ilie  ligation  of  the 
(iiiry  of  tile  third   should  h 
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cou trolling  the  circulation  of  the  limb  above  tbe  seat  of 
operation,  and  eventually  to  retract  the  Haps.  Where 
there  is  a  fourth  assistant,  it  should  be  his  duty  to 
band  the  instruments  to  the  operator  as  he  may  re- 
quire them.  This  assistant  is  dispensable,  since,  when 
Uie  instruments  are  placed  on  a  table  near  the  opera- 
tor, the  lattvr  can  help  himself  quite  as  expeditiously 
as  when  assisted  to  them.  These  details  arranged,  the 
patient  is  aniesthetized  and  brought  into  such  a  posi- 
tion that  the  limb  to  be  n»moved  is  everj'where  ac- 
cessible. The  part  to  be  removed  must  now  be  care- 
fully wrapped  in  towels,  the  entire  limb  thoroughly 
cleansed  with  soap  and  brush,  and  the  hair  removed  from 
the  part  where  the  incision  is  to  In?  made.  The  surgeon 
is  then  ready  to  take  the  final  and  most  important  pre- 
liminary measure  for  the  amputation,  that  by  which  he 
intends  U)  control  the  circulation  of  the  limb  and  reduce 
the  loss  of  blood  to  a  minimum. 

There  are  various  methods  by  which  the  circulation 
may  Ixi  more  or  less  controlle<r  during  an  amputation, 
and  they  are  of  sufficient  importance  to  justify  a  detailed 
consideration.  To  prevent  hemorrhage  the  surg<'on  can 
choose  between  tourniquets,   digital  compression,  and 

the  Esmarch  elastic  Imnilage, 
or  combine  the  latter  with  one 
of  the  other  two.  From  the 
time  of  Morel  the  ingenuity 
of  surgeons  has  l)een  taxed  to 
devise  an  instniment  which 
will  siifcly  compress  the  main 
art4'rv  of*  a  limb  above  the 
point  where  an  amputation  is 
to  be  practi.scd.  Of  the  many 
instruments  introduced,  only  a 
few  have  been  able  to  gain 
general  recognition.  The  old- 
est of  these  is  the  Spanish 
windlass  or  garrot  of  Morel, 
which  consists  of  nothing  more 
than  a  wide  band  ([/)  of  an 
unyielding  material  (muslin  or 
linen),  firmly  drawn  around 
the  limb  and  tiefl.  Over  the 
main  artery  and  at  a  point  di- 
ametrically opposite,  there  are 
inserted  underneath  it  com 
Fio.  119.— Morel's  Tourniquet,    presses  of  linen,  a  i)iece  either 

of  thick  leather  or  of  paste 
board  (p).  At  a  point  opposite  the  artery  a  firm  ro<l 
(#,  $)  is  introduced  underneath  the  encircling  band 
and  is  then  turned  in  such  a  manner  as  to  shorten  the 
latter,  and  thus  the  compression  of  the  main  artery 
is  effected  (Fig.  119).  Owing  to  the  simplicity  of  its 
construction,  the  garrot  of  Morel  stands  without  a  peer 
in  cases  of  emergency  in  civil  as  well  as  military  practice. 
It  has,  however,  one  very  objectionable  f<»ature.  which 
renders  its  use  a  matter  of  necessity  rather  than  of  choice. 
Notwithstanding  the  use  of  the  pads  of  linen  or  leather 
aliesdy  referred  to,  veins,  arteries,  and  soft  parts  are 
compressed  to  an  almost  uniform  degree ;  licence  e.xten- 
«ive  venous  hemorrhage  and  insufficient  retraction  of  the 
muscles  follow.  A  great  improvement  on  the  windlass 
is  the  toumiquetof  Petit,  which  was  in  general  use  imtil 
the  E.smarch  strap  was  introduced.  It  consists  of  two 
metal  plates,  the  distance,  Ix'twccn  which  can  be  regu- 
lated by  a  screw,  and  which  are  connected  by  a  strong 
linen  band  supplied  with  a  buckle,  by  which  the  limb  is 
encircled  (Fig.  120).  To  apply  it  properly,  the  limb 
should  be  surrounded  by  a  few  turns  of  a  roller,  while 
the  body  of  the  bandage  ()»)  is  placed  over  the  artery  {a). 
Over  this  bandage  the  lower  metjillic  plate  is  then  placed, 
and  the  band  and  buckle  are  fastened,  wlien,  by  turning 
the  screw,  compression  of  the  main  vessel  can  be  regu- 
lated at  pleasure.  The  objection  has  been  raised  to  the 
tourniquet  of  Petit  that  it  compresses  not  only  the 
artery,  but  also  its  accompanying  vein,  and  thus  induces 
▼enous  stasis,  and  enhances  the  dangers  of  thromlxisis. 
While  this  is  doubtless  true,  it  is  an  insurmountable 


defect  common  to  all  tourniquets,  and  l3a.sed  more  on 
theoretical  than  on  clinical  data.  When  pn)perly  ap- 
plied the  tourniquet  of  Petit  is  not  apt  to  slip  or  yield, 
an<l  its  safety  is  such  that  in  case  of  emergency  the 
management  of  the  screw  might  be  entrusted  even  to  a 
layman.  In  order  to  limit 
the  compression  to  the  main 
vessel  alone,  complete  or  in- 
complete metallic  rings  Imve 
been  devised  which,  while 
they  surround  the  limb  more 
or  less  completely,  makeccmi- 
pression  at  only  two  points, 
i.e..  over  the  art(*ry  and  at  a 
point  diametrically  opposite, 
rile  lyest  known  tourniquets 
constni<!ted  on  this  principle 
are  the  horseshoe  tourniquet 
of  JSignorini  and  Dupuytren, 
the  arterial  compressor  of  the 
late  Professor  Gross,  an<l  the 
abdominal  tourniquet  of  Pan- 
coast  and  Li.ster  (Fig.  121). 
While  with  these  the  com- 
pn'ssion  can  Ixi  limited  to  the  Fig.  ISO.-l'eUt'H  Tourniquet, 
main  vessels  of  the  limb,  and 

the  circumferential  constriction  of  the  latter  is  thus 
avoided,  they  are  more  liable  to  slip  than  the  tourniquet 
of  Petit,  and  are  far  less  reliable  than  digital  compres- 
sion. For  certain  amputations,  however  (of  the  hip  and 
shoulder),  the  instrument  of  Petit  is  inapplicable :  it  is 
then  that  one  or  other  of  the  horseshoe  tourniquets  or 
digital  compressi(m  will  be  found  indispensable. 

Digital  romj/reMton,  when  made  by  tnistworthy  hands, 
is  admirably  suit<Ki  to  contn)l  temporarily  the  circulation. 
If  compres.sion  of  the  artery  alone  is  anatomically  possi- 
ble, it  can  be  lK*st  accomplished  by  the  finger.  To  be 
practicable,  the  ve.s.sel  must  l)e  contiguous  to  a  bone 
against  which  it  can  be  pre>%K<'d.  as  the  femoral  upon  the 
OS  innominatum,  the  brachial  upon  the  humenis,  the 
subclavian  against  the  first  rib,  or  the  abdominal  aorta 
against  the  vert<*bne.  Since  only  a  few  minutes  are  re- 
quired for  the  ami)utation  of  a  Imib,  and  the  ligation  of 
the  larger  arteries,  the  endurance  of  the  assistant  en- 
trusted with  the  duty  is  not  severely  tasked.  In  digital 
compression,  a.s.sociated  with  the  use  of  the  elastic  band- 
age, we  have  a  combination  with  which  the  circulation 
of  a  limb  can  be  completely  controlled,  and  by  which  cer- 
tain parts,  the  compression  of  which  would  be  useless  or 
even  harmful,  are  protected.  Notwithstanding  the  ad- 
vantages of  this  method,  the 
surgeon  should  never  resort 
to  it  unless  he  can  absolutely 
rely  upon  the  ability  and 
skill  of  his  assistant.  (For 
amputations  at  the  hip  or 
shoulder  direct  compression 
of  the  common  iliac  through 
a  laparot/)my  wound,  or  of 
the  subclavian  through  an 
incision  al)ove  the  clavicle  is 
justifiable.  With  unreliable 
assistance  temporary  ligation 
of  these  ves-sels  would  be  an 
absolute  Siifeguanl  against 
excessive  bleeding.) 

Ektxtic  ( 'oin predion .  — Not- 
withstanding the  precautions  agjiinst  hemorrhage  after 
amputJitions,  these  were  invariably  as.sociated  with 
very  great  loss  of  blood  until  twenty  years  ago.  The 
blood  thus  lost  was  venous  in  char.iet^T.  and  came 
from  the  veins  of  the  amputated  member.  Through 
the  practices  of  Grandes.s(>  Silvestri,  an  Italian  sur- 
geon, and  particularly  of  Esmareli.  of  Ki(*l,  the  blood 
contiiined  in  the  part  to  be  removed  is  s}iv(»d.  and 
that  this  is  not  an  inconsidera!)le  <|uantity  has  l>een 
demonstrat«»d  bv  experiment.  The  apparatus  of  Esmarch 
consists  of  an  elastic  bandage  and  an  elastic  tube  or  flat 


FiQ.  121.— HorReahoe  Tourni- 
quet. 
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Fig.  123.— EsmaiTh's  Apparatus.  (Band- 
age nut  shown  in  cut. ) 


band  with  clialn  or  clasp  attachments.  (Commencing  at 
the  fingers  or  toes,  the  handage  is  applied  by  spiral  turns 
until  the  limb  is  covered  to  a  line  at  least  four  inches 
above  the  point  where  the  bone  is  to  be  divided.  Al)ove 
the  last  turn  of  the  bandage,  the  elastic  baud  or  tube  is 
rather  firmly  and  repeatedly   wound  around  the  limb, 

and  secured  by  clasp  or 
hook  and  chain  (Fig. 
122).  When  the  band- 
age is  then  removed,  a 
condition  of  ischtvmia 
is  observed  in  the  limb, 
which  will  permit  its 
amputiition  without  a 
more  than  appreciable 
loss  of  bloml  during 
the  oj)eration  proper. 
In  recent  years  the 
elastic  Imndage  has 
been  almndoned  Ix*- 
cause  of  the  danger  of 
disseminating  the  in- 
fective or  malignant 
process  for  which  the 
amputiition  is  to  be 
done.  By  elevating 
the  limb  tor  five  min- 
utes before  applying 
the  strap,  complete  is- 
chiemia  can  always  be 
induced.  AVhen  the 
elastic  strap  is  re- 
moved, the  integument 
of  the  stump  rapidly  assumes  a  bright-red  color,  and 
in  the  wound  there  appears  free,  persistent,  and  often 
embarrassing,  capillary  oozing.  It  is  generally  accept- 
ed now  that  the  source  of  this  lu^morrhage*  is  from 
the  dilated  caj)illaries,  the  walls  of  which  have  been 
paralyzed  in  consequence  of  the  pressure  e.xerted  by 
the  strap  on  the  vasomotor  nerves.  When  in  from 
twenty  to  thirty  minutes  the  vessel  walls  regain  their 
tonicity,  the  hemorrhage  ceases.  To  check  this  capil- 
lary oozing,  a  numl)er  of  remedies  have  been  sug- 
gested. That  of  Riedinger,  to  apply  the  faradic  current, 
while  very  serviceable,  is  not  always  pmcticable,  Es 
march  relies  upon  closure  of  the  wound  and  elevation  of 
the  stump  before  the  stnip  is  entirely  removed.  Hot 
water  (150'  to  180^  F.),  ai)plied  with  sponges,  often  acts 
admirably  in  these  cases.  Since  compr<*ssion  of  the  vaso- 
motor nerves,  caused  by  th<*  bandage,  is  the  cause  of  this 
parenchymatous  hemorrhage,  this  can  best  be  obviated 
by  completely  substituting  digital  comj)ression  for  the 
elastic  strap,  or,  if  the  latter  b(*  used,  by  preventing  the 
ingress  of  blood  by  the  use  of  a  tournicjuet  until  the 
vessels  have  regained  their  natural  tone.  The  latter 
plan,  as  practised  by  Ashhurst.  is  **to  place  a  tourniquet 
in  position,  but  not  screwed  down  over  the  main  artery 
of  the  limb,  and  then  to  apply  the  Esmnreh  tube  a  few 
inches  above  the  point  at  wiiich  it  is  intended  to  am- 
putate. As  soon  as  the  principal  vessels  have  l>een 
secured,  the  tourniquet  plate  is  screwed  down  and  the 
tube  removed.  Xo  bleeding  follows,  and  by  the  time 
tliat  the  remaining  arteries  reciuiring  ligatures  have  been 
tied,  the  vessels  will  have  regained  their  tone,  and  the 
tourui(|uet  can  be  removed  without  any  risk  of  bleedinc: 
following."  In  anq)utations  near  the  trunk,  tiie  elastic 
strap  or  tubi*  should  not  be  used  in  the  ordinary  manner 
(see  Special  Amputations).  In  an  ani])ntation  of  the 
shoulder,  and  in  another  of  the  hip.  I  iiave  seen  it  loosen  or 
slip  over  the  .stump  immediately  aftiT  the  disjutieuhition 
was  effected,  and  in  lH>th  instances  the  hemorrhage  was 
most  alarming.  In  amputation  at  the  shouhhT,  when. 
by  the  use  of  the  bitndage.  the  blood  in  the  extremity  has 
been  retunied  to  the  economy,  it  is  bett<'r  to  rely  upon 
compression  of  the  main  artery  airainst  the  first  ril) 
with  the  finger  or  a  padded  key.  In  amputations  of  the; 
hip,  the  main  artery  can  be  comj)ress<(l  against  the 
pubic  bone,  or  even  the  circulation  in  the  aorta  can  be 


controlled  by  one  of    the  many  compressors  already 
referred  to. 

Methods  of  Amputation. — Every  amputation  con- 
sists of  three  steps:  (I)  Division  of  the  soft  parts;  (2> 
division  of  the  lK)ne,  or  disarticulation;  (3)  ligation  of 
the  vessels  and  closure  of  the  wound. 

According  to  the  method  adopted  for  the  division  of 
the  soft  parts,  amputations  are  classified  as  circular  or 
flap  operations,  and  in  the  choice  of  the  method  the  sur- 
geon nmst  be  guided  by  the  condition  of  the  soft  parts 
al)out  the  bone,  the  ease  with  which  the  joint  can  be 
opened  in  a  disarticulation,  the  probable  position  of  the 
cicatrix  and  form  of  the  stump,  and,  above  all,  the  desire 
to  Siive  as  much  of  the  limb  as  possible.  Of  the  circular 
and  rtap  operations,  all  metho<ls  of  amputation  may  be 
said  to  be  but  mcMlifications.  By  the  circular  method  it 
is  attempted  to  give  to  the  stump  the  form  of  an  inverted 
cone  or  funnel,  the  apex  of  which  is  occupied  by  the 
divided  end  of  the  bone,  the  base  or  margin  of  which  is 
represented  by  the  cutaneous  margin  of  the  wound.  In 
the  flap  operation  the  soft  parts  are  so  divided  as  to 
make  one  or  more  flaps,  the  Ibises  of  which  are  on  a  level 
with  the  divided  bone,  and  the  free  margins  of  which  are 
so  adapted  to  each  other  as  completely  to  cover  the  bone 
and  admit  of  the  rt^dy  closure  of  the  wound.  What- 
ever plan  of  operation  is  adopted,  the  surgeon  should 
stand  in  such  a  position  that  he  grasps  the  stump  with 
his  left  hand,  and  that  the  amputated  part  therefore  falls 
toward  his  right  side. 

Circular  Mithml. — All  modifications  of  the  circular 
method  call  for  a  similar  incision  through  the  skin  and  sub- 
cutaneous cellular  layer,  this  incision  being  made  around 
the  entire  circumference  of  the  limb  and  at  a  right  angle 
to  its  axis.  Ac(M)rding  to  the  depth  to  which  the  incision 
is  carried,  the  method  is  subdivided  into  that  by  single 
incision  and  that  by  double  incLsion. 

Single  incision:  This,  as  already  remarked  (see  His- 
tory), is  the  oldest  method  of  amputaticn,  and  is  gener- 
ally known  as  the  Celsian  operation.  After  retraction 
of  the  .soft  parts,  a  long  amputating  knife  is  swept 
around  the  limb.  an<l  all  of  the  soft  parts  are  divided 
down  to  the  bone.  This  is  then  divided  on  a  slightly 
higher  level  by  the  retraction  of  the  soft  parts.  While 
this  operation  yields  the  smallest  wound,  and  Is  the  most 
rapid  in  its  execution,  its  manifest  disadvantage  is  in  the 
insurticient  covering  which  it  afTords  for  the  ^ne.  It  is 
admissible  only  in  greatly  emaciated  subjects.  BrQn- 
niughauseu,  in  the  beginning  of  the  century,  reintro- 


FIG.  123. 

duced  this  metiuKl,  but,  after  the  amputation  of  the  limb 
was  completed,  made  a  second  section  of  the  bone  sev- 
eral inches  above  tlie  point  at  which  it  was  first  divided. 
Double  ineision:  This  operation,  of  which  those  of 
Petit,  C'hesehh'n.  B.  Hell,  Desiiult.  and  Alanson  are  but 
unini])()rtant  moditieations.  has  recrei  ved  its  name  from  the 
fact  that  the  skin,  underlying  fascia,  and  muscles  arc 
divided  u])on  dilTerent  levels,  and,  therefore,  by  at 
least  two  circular  incisions.  It  is  made  as  follows: 
The  surgeon,  tirmly  hohling  the  limb  with  the  left  hand, 
carries  his  right  hand,  in  w  hieh  he  finnlv  holds  a  large 
amputating  knife,  underneath  and  around  the  limb  until 
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tbe  heel  of  the  cutting  edge  ia  over  t.be  iippennost  part 
o(  the  line  of  tlit.-  proposed  incision.  GirinfrtJii'  kuifi' 
this  position  forces  the  operator  into  a  more  or  less 
Btoopiug  pofltim,  from  wliicli  lie  raises  liimsrlf  aa  the 
InciMon  is  complctetl.  This  ia  commeuccd  with  the  heel 
of  the  knife,  which,  by  o.  Biag\e  xwet-p.  is  carried  around 
tbc  pQtlre  circumfereucc  of  the  linih.  severing  the  skin 
aod  adipose  layer  down  to  the  det'p  fowia  (Fig.  133). 
Two  ineisionx.  the  ends  of  wliicli  mrt'l,  will  an.^iwor  as 
well  as  the  divisiiiii  hy  a  sineli;  sweep  i»f  tlie  knifo.  As 
BooD  as  the  integument  is  divided  the  wound  gapes. 
The  uppvT  nmrgiD  U  raised  hy  thu  tliuiub  and  liugi'r  of 


I  tile  faiKJa  by  re- 
peated Ion);  iiicisioDS 
carried  perpondicu- 
larlv  tu  till:  uxLs  of  the 
liinii.  Tiiin  operation 
iiF  detachriient  is  ih>d- 
tiuued  iiutil  the  skin 
and  adijiiiw  layer  can 
lie  reflected  like  a  culT.  the  lengtli  of  wJiicti  Hlioiild  In; 
equal  to  half  the  diameter  of  the  limli  {Fig-  134).  Where 
the  latter  rapidly  tQcrcattes  Id  circumference,  or  there  is  a 
thick  subcutaneous  layer,  or  this  liaH  Imcii  iutlltmlcd,  the 
reflection  of  a  cuff  is  often  impracticable.  Then  two 
lonritudinal  incisions,  diametrically  opposite  cscli  otiier. 
-will  materially  facilitate  this  jHirt  of  the  operatioa,  al- 


rta.  iSi. 


tfaoQgb  by  this  miuns  the  amputation  in  in  n  manner 
converted  into  a  Hap  oj>eration.  The  integument  hav- 
ing been  reflected  to  the  required  exti-nt.  the  muxelex 
are  next  divided  close  to  the  line  of  retln-tiou  by  one 
Btendy  circubir  hwc<-|i  of  the  knife,  which  sliould  cut 
through  everything  down  to  tlic  iMine  (Fig.  135). 

Whf^Te  there  isbut  oue  iMinetii  be  divided,  the  surgeon 
is  now  prepared  to  use  the  saw.  Where  there  an-  two 
bones,  the  interosseous  tissura  remain  to  ly  dividiii. 
Whereas  titis  can  be  acconiplinlicd  witli  an  ordinary  am- 
putating knife,  it  is  mfcr  to  use  a  douhle-eilgiil  itisitni- 
ment  (culling)  for  this  pjirpouc,  liy  iiKing  it  in  the 
-nutnner  indicatml  fn  FMg.  r3tl,  tbcre  is  no  dnngi-r  uF  cut- 
ting the  Mood-vessels  twiiv.  an<l  thus  one  danger  <if 
ttoublewiTne  hemorrhage  is  avoided.  Topnitii-t  the  soft 
parts  from  Injury  by  thu  aaw,  they  niii'tt  tx^  well  rc- 
tncted  by  the  hands  of  on  n.-wistant.  or  by  the  iiw  of  a 
tand  of  mutlin  (retractor)  divided  into  two  or  thn-cNlipi. 
according  to  the  absence  or  prcHcnee  of  uu  intiTonsedus 
qMC«  (Fig.  la?). 

When  It  Is  deemed  advisable  to  gave  sulUcicnt  perioa- 
Vol.  L— 1ft 


teum  to  cover  the  divided  end  of  the  bone,  this  can  now 
be  reailily  effected  with  the  back  of  Uie  knife  or  tbe 
handle  of  the  scalpel.  The  utility  of  this  procedure 
must  certainly  be  questioned,  since  iu  a  number  of  in- 
stances it  has  interfered 
with  tlie  ready  drainage 
of  the  medullan'  cavitv, 
and  till.';  thus  been  the 
indiret't  cause  of  a  fatal 

The  muvcmentsof  tlie 
I  Iw  greatly  fa- 
cililjiled  by  guiding 
tlicm  with  the  nail  of  the 
left  thumb  (Fig.  138). 
TIh'  to -and  fro  move- 
ments of  tlie  saw  should 
be  nUtv,  lest  the  heat 
cuibiugcr  the  vitality  of 
a  boues  of  the  same  di- 
ameter (forearm),  the;^si>ould  be  divided  simultaneously. 
In  the  leg,  the  tibia  is  to  be  almost  entirely  divided  be- 
fore the  section  of  tlie  fibuhi  is  commenced.  Unless  thin 
precaution  is  udoiitcd.  splintering  of  the  bone  is  not 
easily  avoided.  For  the  some  reason,  the  assistant  in 
charge  of  the  part  to  bf  amputated  slioiild  hold  it  hori- 
zonlalljr,  allowing  it  neither  to  drag  by  its  weight  nor 
to  be  mised  in  a  manner  to  interf<Ti'  with  the  movements 
of  the  saw.  Should  splintering  of 
the  bone  nevertheleKs  occur,  the 
Nplinters  and  sliarp  margin  of  tlic 
latter  must  be  riTnovetl  wiili  thi' 
cutting  bone  forrcps. 

Omi  J/ffAw/.— Ilol.ling  ati  Inter 
mediate  (lositlon   l><-tw<H!n  the  cir- 
cular and  Ha])  operations  ia  thu  oval 
metlio«l.  which,  al- 
thougli. practised 
by  the  older  I,ang- 
eidN-ck  and  others, 
was    ttrst  general- 
iiseii  by  MkHJutetten 
(1837),     The  essen- 
tial  feature  of  this 
amiiutation  in  the 
continuity   of    the 
limb  is.  tWt  the  in- 
cision,   Instead    of 

being  made  iierpendiculai    .     .._     ..„ _. 

an  angle  of  forly-tlve  degrees,  and  In  such  a  way  that 
the  soft  (MirU  in  front  of  the  bone  are  divided  upon  a 
higher  level  than  those  on  its  posterior  aspect.  At  the 
same  time  the  upper  portion  of  the  wound  is  converted 
into  an  acute  angle,  whereas  its  tower  portion  is  given 
an  oval  outline.  The  upiicr  extremity  of  the  wound  is 
placed  at  ilie  point  wtiere  the  bone  u  l«  be  divided. 
The  operation  is  commenced  by  two  incisions,  in  the 
form  of  an  inverted  V.  the  lower  ends  of  which  are 
united  by  a  transverse  cut  on  the  posterior  surface  of 
the  limb  (Blasius).    Here,  as  tn  the  circular  amputa- 


'>  its  long  axis,  is  carried  at 


^^^. 


tion.  by  a  single  incision  all  the  soft  |iarts  an-  dividifl 
at  once  on  each  side  of  tbe  iHrne.  and  then  those  on  Its 
posterior  aspect.  This  operation  lias  \>n-a  gc'uerally  dw- 
carded  for  amputations  in  tlie  continuity,  although  for 
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dlsaniruliit:on!i  at  (vrtain  jotntn  It  prmenta  adrautagH 
wlilcb  arp  wurtliy  of  ciiunklcraliim  («■<■  Kip.  129). 

I^p  Method. — Afl  aln'wly  indictiU'tl.  tliw  consists  in  the 
formation  of  one  ur  more  flaps,  conipriitiDg  in  tcguDten  t  ami 
muscular    tis- 
Huc.  or  integ- 

and  di'signcd 
iu    a    n 

tocovertiicdl 
vided 

ity  of  tlie  bone 
or  flfl  ex  posed 
arUcular  sur- 
face.   Accord- 


tlie  Saps,  tliey 
can  tlu'refon; 
be  called  tegu- 
meutary  and 
musculo-  tcgu- 
mentary. 

-    -This 


■Ions,  the  ends 

of  wldcti  meet  on  opposite  sides  of  ttie  part,  down  to 
thcclce)!  faw'iH.  and  diswetinj;  up  the  skin  un<I  subcu- 
taneous celliilar  laver  f >  an  extent  sultlrient  to  miver  tlie 
Stump  (Fig.  IX).  When  it  is  praiUcal)le.  the  dap  should 
Ik  taken  fiiim  tli«  luth-rior  and  posU-rior  aspet'tH  of  the 
limb  in  tlie  forcitrm.  tliljch,  and  leg,  and  thi-y  hIiouIiI 
not  be  of  t'lual  lengtlm,  tlie  anU'rior  flap  usually  being 
made  longer,  to  full  like  a  eurlitin  over  the  diviilM)  end 
of  the  bone,  where  it  comes  in  contuct  with  tlic  posU'rinr 
(sliorlcr)  flap.  In  recent  yearH  the  leeumentnry  method, 
with  oidy  one  cutaneous  flap,  matle  from  the  anterior 
Burfnce  of  tlie  iiinh.  lias  t)vc-n  most  highly  advocated 
(Garden.  Bnms).  Wlien.  from  choiw  or  necessitv.  a 
■ingle  tegumcntary  flap  is  l<)  be  made,  the  incision 
should  be  com- 
menc(-d  on  a 
level  with  the 
|)oint  where 
ttic  division  of 

plated, 
and  carried  for 
a  varying  dis< 

one  aspect  of 
the  limb,  par- 
allel to  Its  axis, 
and  then  by  a 
wide  curve  on 
the  opposite 
side  to  It  point 
on  ft  level  with 


if  the  cu- 
.._.  w  II  a  p 
extends  over  half  the  cinnimfiTemr  of  the-  limb,  while 
its  Ic-njith  sliould  Ix-  jin-ater  than  its  unteni-jiosterior 
dlanK'tt-r  at  llie  level  of  llie  ani]>ulali<)ii.  After  seiiura- 
tion  of  UiiR  Hup  from  tlu-  diH'Ti  faseiii  (it  mav  U'  made  ro 
include  this)  it  i»  retlecliil  and  the  endsnf  the  incisi.ni  an* 
unitcil  bv  a  posrerior  ineision  eaiTied  piTpendieulnrlv  to  ■ 
the  asisof  tiiu  limbus  in  tbedrcnUir  0|>etatlon (Fig.  131).    1 


Whether  one  or  more  cutaneous  flaps  be  made,  tha 
division  of  the  remaining  soft  parts  is  practised  by  a 
single  sweep  of  tlii'  knife.  OHi-ried  perpendicularly  around 
tiR-  limb  at  the  base  of  the  Hap.  as  in  tlie  circular  open- 
tion.  Owing  to  tliis  division  of  the  muscles,  ampuls- 
tious  by  the  tcgumentary  flap  method  are  not  tofm- 
queully  calle<I  'modlBcdcinular  operations." 

Maiieiilo-tfgiimKiitai-y  /V<i/n, — Here,  ss  in  the  tegu- 
mentarv  method,  one  or  more  flaps  may  be  mode,  to 
cover  the  stump.    TiK-y  may  be  formed  by  treaaflxhm 


of  tlw  limb  and  cutting  fnmi  within  outward,  or  by  cut- 
ting from  without  inward,  or  by  making  one  flap  by  the 
former  and  the  otiier  by  tlie  latter  mentioned  method. 
Wiu're  there  Is  but  a  single  bone  (thigh,  arm),  it  is 
customary  to  make  at  least  one  tian  by  transfixion.  The 
iulegument  being  well  retracUil,  and  the  soft  parts 
raised  from  the  txine  with  tiie  left  hand,  a  sharp-pomted 
and  large  sm|>ttta(ing  knife  is  passed  through  the  limb 
from  side  to  side,  the  knife  being  made  to  graze  tlie  sur- 


ward.  and  tlK'n  obliijucly  outward,  thus  forming  a  wkla 


flap  with  convex  margin.  The  danger  of  makingaflap 
too  namiw  is  liest  avoided  by  not  cutting  outward  too 
soon.  The  knife  Is  tlKn  entered  at  the  angle  of  the 
wound  on  one  side.  passe<l  around  the  bone  on  the  dde 
where  the  soft  parts  are  still  ailliercDt.  and  out  at  the 
oppiisite  enil  of  tlie  wonnil.  The  second  flap  is  then 
made  by  cutting  oiitwtinl  as  iH'fore.  The  tiaps  being 
now  n'lraeU'<l,  tlie  kidfe  is  mpiilly  carried  around  the 
lione.  ns  high  ns  possilile.  to  ilivide  the  nuiscular  tinsue 
still  adhering  to  ii.  Tlie  application  of  the  saw  then 
follows.  Ill  order  tii  make  sufficient  allowance  for 
shrinkage,  tlte  fla|Hi  should  tiavc  a  length  at  least  equal 
to  tlirec- fourths  tlie  dhiiueler  of  the  limb.  Redundance 
of  the  flap  is  always  preferable  to  insiifllcieDcy.  since  the 
excess  of  nuiseuliir  tis.sue  can  ea-Mly  l)e  removed  with  a 
few  slmkes  of  till-  knife.  In  lliip  op'rations.  owing  to 
unc<|UHl  n-trae1ion  of  the  soft  iwrt^  tendons  and  nerves 
are  ptirtieiiliiriy  ii]>l  to  pnitnide  alM)ve  the  surface  of  the 
wound,  thus  giving  il  un  irn-gular  appearance,  and  in- 
terfering with  its  n-ady  union.     After   ligatfam  of  tha 
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blood-vessels,  these  protruding  masses  are  to  be  carefully 
removed  with  the  scissors.  The  protrusion  of  tlie 
muscular  tissue  of  the  flap  and  the  irregularity  of  the 
latter  can  l)e  totally  avoided  by  cutting  from  without 
inward.  This  plan,  genemlly  known  as  that  of  Langen- 
beck  (Pig.  13ii).  insures  perfect  symmetry  of  the  flaps, 
and  permits  the  ligation  of  the  vessels  as  they  are  exposed 
or  divided.  It  is  also  practicable  to  cut  through  the  .skin 
and  subcutaneous  tissue  from  without  inward,  and  com- 
plete the  opemtion  by  tran.sflxion.  Although  already 
practised  by  Dupuytren,  this  plan 
has  been  recentl}'  advtx^ated  by 
Agnew  ("System  of  Surgery/' 
vol.  ii.,  p.  805). 

Rectangular  Flap. — In  18/)5  Mr. 
Teale,    of    Leeds,    practised    the 
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formation  of  one  long  and  one  short  rectangular  flap, 
each  of  which  comprised  one-half  the  circumference  of 
the  limb  and  all  tlie  tissues  down  to  the  bone.  The 
operation  is  made  as  follows:  A  rectangular  anterior  flap 
(posterior  in  the  forearm),  equal  in  length  and  breadth  to 
haXf  the  circumference  of  the  limb  at  the  base  of  the  flap, 
is  marked  out  by  one  transvei'se  and  two  parallel  longi- 
tudinal incisions,  the  latter  involving  only  the  skin  and 
fiuperflcial  fascia,  and  the  former  lx*ing  carried  down  to 
the  bone.  The  longitudinal  incisions  sliould  be  so  placed 
tliat  the  posterior  obtains  one-fourth  the  length  of  the 
anterior  flap.  The  two  flaps  are  then  turned  up  from 
the  bone  from  below  upward,  and  the  saw  is  applied.  To 
insure  equal  width  of  the  flaps  at  their  bases  and  their 
extremities  it  is  lK,*st  to  map  out  the  flaps  by  actual  meas- 
urement before  the  incisions  are  made.  In  closing  the 
wound,  the  long  flap  is  doubled  upon  itself  so  that  the 
square  ends  of  the  two  flaps  are  brought  into  apposition, 
where  they  are  retained  by  a  number  of  sutures  (Fig.  134) 
Comparison  of  Mi-rrnons. — Th(»  surgeon  who  would 
obtain  the  best  results  after  amputations  should  be 
familiar  with  all  the  different  methods  witho\it  becom- 
ing too  partial  to  any,  since  the  condition  of  the  part  to 
be  amputated,  the  thickness  and  vitality  of  the  subcu- 
taneous cellular  tis.sue,  the  position  of  the  wound,  and 
many  other  circumstances  should  guide  him  in  the  selec- 
tion of  a  method  rather  than  individual  preference.  To 
save  as  much  of  a  limb  as  possible  must  be  the  first  aim 
of  the  operat<^)r.  and  this  can  be  accomplished  only  by 
resorting  to  various  methods  according  to  the  exigencies 
of  individual  cases.  If  one  metlKxl  of  operating  de- 
flerves  a  preference,  it  is  that  by  tegumentary  flaps  with 
circular  division  oif  the  remaining  soft  parts.  By  this 
method  the  position  of  the  angles  of  the  wound  for 
favorable  dramage  and  that  of  the  cicatrix  can  be  readily 
determined,  and  when  two  oval  cutaneous  flaps  are  made 
no  anxietv  for  their  vitality  need  ordinarily  be  ent4T- 
tained.  "\^''hen  the  sul)Cutaneous  cellular  layer  is  very 
thin,  there  is  a  manifest  arlvantage  in  dissecting  up  with 
the  integument  some  of  the  superficial  muscular  fibres. 
Tlie  marked  advantage  of  the  tegumentary  flap  over  the 
circular  method  lies  in  the  fact  tliat  by  it.  when  the  dis- 
laise  extends  higher  on  one  side  of  the  limb  than  on  the 
other,  it  often  enables  us  to  amputate  several  inches 
lower  than  we  could  by  the  circular  method.  While 
during  the  early  i>art  of  this  century  the  mus<;ulo- 
cutaneous  metho<l.  by  transfixion,  was  very  extensivelv 
practised,  on  account  of  the  rapidity  with  which  it 
could  be  executtMl  and  the  miiscubirity  of  the  stump 
ivhich  it  left,  it  is  gradually  being  (liscank'd  for  two 
reasons  chiefly.  In  the  first  plac<*.  the  general  u.se  of 
juuesthetics  has  removed  the  necessity  for  unusual  haste, 


and  in  the  second  place,  the  muscular  tissue  left  in  the 
stump  generally  undergoes  atrophic  changes  from  disuse 
during  the  first  year.  A  most  decided  disadvantage  of 
the  musculo- tegumentary  flaps  exists  in  the  oblique  divi- 
sion of  the  blocHl- vessels,  on  account  of  which  they  are 
often  dirticult  to  find  and  to  ligate.  It  is  for  this  reason 
that  secondary  hemorrhages  are  more  prone  to  follow 
amputations  made  by  this  method,  although  by  proper 
care  in  the  act  of  ligation  and  with  sufficient  compres- 
sion of  the  stump  with  the  dressing  this  can  usually  be 
avoided.  The  circular  operati<m  commends  itself,  owing 
U)  the  facility  with  which  it  can  be  execut<»d,  even  by  a 
novice  in  the  oi)erative  art,  and  by  its  special  applica- 
bility for  amputations  in  certain  parts,  as  in  the  forearm 
and  lower  part  of  the  leg.  Where  the  operator  can 
choose  his  method,  amputations  may  be  made  with  good 
results  as  follows:  In  the  arm  and* forearm,  by  circular 
method  or  rectangular  fliips:  in  the  upper  part  of  the 
leg,  by  tegumentary  and  rectangular  flaps  (lateral  or  an- 
te ro-postt?  nor);  in  the  lower  part  of  the  thigh,  by  antero- 
posterior muscular  flaps;  in  the  middle  of  the  thigh,  by 
one  tegumentary  flap  raised  from  the  anterior  surmce  of 
the  limb.  The  oval  method  will  he  found  particularly 
applicable  to  amputations  at  certain  articulations,  while 
the  method  of  Teale.  which  has  not  been  extensively 
practised  in  this  country,  will  give  good  results  in  am- 
putations of  the  leg  and  foreann  where  the  injury  or 
disease  has  invaded  a  limb  more  extensively  on  one  side 
tlian  on  the  other. 

Ligation  of  Vessels. — When  the  amputation  proper 
is  completed,  the  entire  attention  of  the  operator  must 
at  once  be  directed  toward  permanently  controlling  the 
hemorrhage.  For  this  purpose  it  is  best  to  grasp  the 
divided  blood -vessels.'one  after  another,  as  they  are  seen, 
with  haemostatic  forceps,  which  are  allowed  to  remain 
in  the  wound  until  all  the  vessels  are  thus  held.  This 
accomplished,  the  vessels  are  separately  tied  with  (animal 
ligature  or  carbolized)  catgut  or  silk.  The  ligatures  are 
then  cut  short.  Veins  should  be  tied  to  avert  the  devel- 
opment of  a  general  iuf<'ction  out  of  a  possible  local  in- 
fection. Asa  rule,  not  more  than  from  four  to  six  arteries 
will  require  ligation  in  all  amputations,  except  those  of 
the  hip  and  shoul- 
der, although  long- 
standing disease 
(large  neo])lasms  or 
pre-existing  (k*c1u- 
sion  of  tlie  main 
artery)  may  have 
m  u  1 1  i ))  I  i  e  d  the 
uuml)er  of  vessels 
requiring  ligation. 
I  lere,  as  in  ordinary 
wounds,  at  least  the 
larger  arteries 
should  ha  carefully 
exposed  before  the 
ligature  is  applied. 
In  the  smaller  ves- 
sels, where  their  ex- 
posure would  entail 
an  unneces-sary  lo.ss 
of  time,  portions  of 
the  tissues  in  which 
they  are  embedded  may  safely  be  included  in  the  liga- 
ture by  passing  this  with  a  needle  behind  the  bleed- 
ing vessel.  The  question  has  for  a  long  time  been  dis- 
cussed as  to  whether  the  veins  should  he  ligated. 
There  can  Ikj  no  question  but  that  the  ligiiture  of  the 
<livided  veins  removes  a  common  source  of  secondary 
hemorrhage,  and  materially  re<luces  that  immediately 
following  the  removal  of  the  Ksniarcli  bandage.  The 
opposition  to  the  ligation  of  veins  in  amputations  lias 
been  mainly  based  upon  the  fear  of  exciting  an  as- 
ceiKling  phlebitis  and  of  giving  rise  to  embolic  proc- 
ess(»s.  That  these  fears  are  utterly  groundless  has  lx?en 
conclusively  <lemoustrated.  **  Of  forty  ctises  of  ligation 
of  the  internal  jugular  vein,  death  was  fairly  ascribable 
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to  the  ligature  in  only  four,  all  due  to  secondary  hemor- 
rhage coming  on  about  the  time  of  the  separation  of  tlie 
thread.  In  not  a  single  instance  was  diffused  phlebitis 
excited.  In  twenty  cases  of  ligation  of  the  external 
jugular  vein,  and  fifteen  of  the  axillary,  additional  evi- 
dence of  the  safety  of  ligation  of  veins  is  recorded." 
The  most  troublesome  hemorrhage  is  the  parenchymatous 
oozing  which  supervenes  when  the  Esmarch  bandage  is 
removed.  How  to  contend  against  tliis  has  alremly  been 
discussed  (see  above).  It  is  proper  to  add,  however,  that 
in  every  case  the  application  of  an  abundance  of  hot 
water  is  of  imquestionable  value.  When  the  oozing 
from  the  divided  cud  of  the  bone  is  not  checked  by  this, 
the  medullary  canal  may  be  temporarily  plugged  with 
clean  white  wax,  or  with  sterile  gauze.  The  accurate 
closure  of  the  wound  and  pressure  upon  it  by  a  well- 
applied  bandage  are  among  the  best  means  of  cliecking 
the  capillary  hemorrhage.  When  it  is  necessary  to  re- 
sort to  this  means,  a  large  gauze  pad  is  firmly  j^ressed 
against  the  wound  and  retained  until  the  sutures  are 
passed.  As  the  sutures  are  tightened  the  pad  is  grad- 
ually withdrawn  while  an  assistant  tightly  presses  the 
wound  surfaces  against  each  other.  In  large  amputation 
wounds,  the  size  can  Imj  greatly  reduced  by  l)uried  con- 
tinuous catgut  sutures  which  bring  the  divided  nuiscles 
close  together.  Sutures  thus  applied  in  purse-string 
fashion  or  in  tiers  help  to  cover  the  bone  and  to  prevent 
the  formation  of  dead  internuiscular  spaces. 

After-Treatmp:nt. — It  is  beyond  the  scope  of  this 
article  to  enter  into  an  exU'uded  discussion  of  the  vari- 
ous methods  of  treatment  of  wounds,  although  in  hardly 
any  other  class  of  wounds  are  the  good  or  evil  results  so 
clearly  attributable  to  the  manner  of  treatment  adopted. 
The  question  at  once  presents  itself  whether  the  surgeon 
will  pursue  a.  course  which  will  reasonably  assure  a  total, 
or  at  least  partial  primary  agglutination  of  the  wound, 
or  whether  he  will  avoid  the  dangers  of  retention  and 
decomposition  of  the  secretion  of  the  wound  by  treating 
this  openly,  thus  expecting  its  closure  by  the  slower 
process  of  granulation.  The  latter  plan,  which  is  now 
known  as  the  "open  method."  was  first  enunciated  by 
Vezin,  Bartscher,  and  Burow,  in  Germany  {DeutHche 
Klinik,  1856),  and  disseminated  in  this  country  by  the 
late  Dr.  James  R.  AVood.  When  this  method  of  treat- 
ment is  adopted,  sutures,  adhesive  stmps,  etc..  are  en- 
tirely dispensed  with,  the  stump  being  comfortably 
placed  on  a  pillow  or  i)ad.  and  the  wound  freely  exposed 
to  the  air.  A  mass  of  absorbent  cotton  is  placed  under- 
neath the  stump  to  catch  the  discharges  from  it.  Twice 
daily  the  wound  is  irrigated  with  an  antiseptic  solution, 
usuallv  of  carbolic  acid,  until  at  the  termination  of  the 
first  week,  when  the  process  of  gmnulation  has  been 
thoroughly  estjiblis^hed,  the  edges  of  the  wound  are  ap- 
proximated by  adhesive  strips,  care  Ix'ing  taken  that 
retention  does  not  occur.  The  manifest  advantage  of 
the  "open  method  "  of  treating  amputation  wounds  is  in 
the  ready  outlet  which  is  given  to  the  secretions.  Their 
decomposition  in  the  woun<l  is  thoroughly  prevented, 
and  the  chief  factor  of  septic  absorption  is  thus  avoided. 
However  adminible  the  results  whieh  have  been  obtained 
from  it,  the  length  of  time  recpiired  U^v  the  closure  of 
the  wound  (six  to  twelve  weeks)  militaU^s  against  its 
general  adoption.  While  inconiparjibly  better  than  the 
older  methods  of  tightly  closing  the  wound  regardless  of 
proper  drainage,  the  open  treatment  of  wounds  has  sub 
served  its  purpose,  an<l  has  yielded  to  the  superior  ad- 
vantages of  the  aseptic  method,  whieh  strives  to  ob- 
tain the  ideal  of  the  surgeon  in  the  treatment  of  wounds. 
viz.,  primary  union.  The  open  tn-atimMit  of  amputation 
wounds  has  been  therefore  pro])erly  relegated  to  thcKe 
cases  in  which  the  surgeon  is  convinced  that,  from  the 
condition  of  the  parts  in  which  the  operation  has  been 
made,  or  from  the  geni^ml  condition  of  the  patient, 
primary  union  cannot  take  place. 

When  a  doubt  exists  as  to  the  certainty  of  primary 
union,  sutures  should  Ik»  passed  both  deeply  and  sujierti- 
cially  and  left  untied.  The  wound  itself  is  packed  lightly 
with  sterile  gauze.     If,  at   the  end  of  forty -eight  or 


seventv-two  hours,  there  is  no  evidence  of  septic  infec* 
tion,  the  gauze  may  be  removed  and  the  sutures  closed 
with  prospect  of  securing  union  without  suppuration. 
When,  on  the  other  hand,  primary  union  is  aimed  for, 
all  drainage  is  to  be  dispensed  with  unless  there  is- 
considerable  oozing.  The  rubber  drainage  tube  formerly 
extensively  used  is  gradually  being  replwiedby  a  narrow 
wick  of  sterile  gauze  drain  i^assed  through  the  angle  of 
the  wound  from  the  immediate  vicinity  of  the  divided 
bone,  Thig  can  be  removed  on  the  third  or^ourth  day, 
or.  if  there  is  no  evidence  of  infection,  maybe  allowed  to 
remain  until  the  first  dressing  is  changed,  after  a  week 
or  ten  days.  When,  as  in  the  case  of  amputation  of  the 
heel  (Syme),  there  is  danger  of  the  formation  of  a  dead 
space,  one  of  the  flaps  can  be  perforated  in  such  a  man- 
ner as  to  prevent  p(Xiketing  of  wound  secretion.  Al- 
though an  advocate  of  limiting  drainage  as  far  as  possible, 
the  writer  believes  it  should  be  resorted  to  in  every  case 
in  which  oozing  has  not  been  entirely  stopped  by  the 
time  the  sutures  are  ready  to  be  tied.  Primary  union  is 
often  prevented  bv  the  accumulation  of  blooSy  serum, 
whieh  mechanically  separates  surfaces  which  ought  to 
be  held  in  ai>position. 

An  amputation  wound  is  to  be  closed  by  three  or  four 
deep  sutures,  which  should  include  the  entire  thickness 
of  the  muscles  on  each  side  of  the  divided  bone.  They 
should  be  of  silver  wire  or  silkworm  gut.  The  super- 
ficial .sutures  should  be  placed  at  distances  of  about 
one-third  of  an  inch  from  one  another.  In  recent  year* 
the  writer  lias  form<Hl  the  habit  of  bringing  the  divided 
muscles  together  by  tiers  of  buried  catgut  sutures, 
and  the  wound  margins  by  subcuticular  silkworm-gut 
sutures. 

The  dressing  of  the  wound  follows.  The  amount 
of  material  used  should  be  ample  and  it  should  be  so- 
applied  that  pressure  will  tend  to  keep  the  wound  sur- 
faces in  apposition.  Unless  a  moist  dressing  is  deemed 
advisable  because  a  doubt  as  to  the  asepsis  exists,  a 
dry  dres.sing  should  alwavs  be  used  with  scrupulous  at- 
tention to  surgical  cleanliness.  Even  large  amputation 
wounds,  as  those  of  the  thigh,  hip,  or  shoulder,  will 
generally  heal  under  one  or  two  dressings.  As  in 
other  ojiemtions.  the  dressing  should  be  allowed  to  re- 
main for  at  least  a  week  or  ten  days.  Should  there  be  a 
slight  oozing,  a  change  of  dressing  is  imperative.  The 
stump  should  always  be  maintained  in  an  easy  position 
on  a  pillow  or  on  a  well-padded  posterior  splint.  It  i» 
usually  advisable  to  elevate  this  to  a  degree  sufficient  to- 
facilitate  the  return  of  blood  through  the  veins.  Post 
operative  oozing  can  thereby  be  best  prevented. 

After  amputations  in  which  the  asepsis  has  been  suc- 
cessfully carried  out,  even  the  largest  wounds  will  heal 
entirely  by  fii*st  intention.  The  dissimilarity  of  tissues, 
which  are  often  brought  in  contact  with  one  another  in 
an  amputiition  wound,  and  whieh  were  formerly  sup- 
po.sed  to  preehuh?  the  possibility  of  immediate  union,  is 
no  obstacle  to  the  achievement  of  thisre.sult.  Of  greater 
importiUK^e  are  the  novel  relations  of  the  blood -vessels 
to  one  another.  The  circulation  (^f  the  veins  of  the  stump 
has  lost  the  ns  a  levfjo  so  essential  to  the  proper  per- 
formance of  their  function,  while  the  smaller  arteries  are 
<listen(led  with  blood  in  consetpience  of  the  interrupted 
circulation  in  the  main  vessel.  It  is  for  this  reason  that  a 
marked  (edema and  cong(>stion  will  often  manifest  them- 
selves in  the  stump.  Unless  infection  has  occurred,  these 
manifestations  Avill  (lisap])ear  in  three  or  four  days. 

In  Avhatever  manner  the  wound  heals,  certain  marked 
changes  will  occur  in  the  stump.  The  muscular  tissue- 
undergoes  atn)]diie  chanire^.  its  tibrous  elements  becom- 
ing tirmly  mlherent  to  the  end  of  the  bone.  This  itself 
gmdually  decreases  in  si/.e.  the  end  becoming  rounded 
oil  and  oft<'n  ccu'ered  by  a  rounded  osteophyte  fonned 
from  the  ]>eri()steum  or  from  the  gnmulations  springing- 
from  the  medullary  canal.  Where  two  Ixmes  are  pres- 
ent, an  irregular  osseous  bridge  not  infrequently  unites 
them  (see  Oueterbock,  /*.  Arrh.  f.  Kiin.  Chir.,  Bd.  xv. 
I  and  xvii.).  As  a  rule,  the  end  of  the  bone  is  intimately 
I  united  to  the  soft  parts  covering  it.  although  at  times  a 
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bursa  is  developed  between  them.  The  ligated  vessels  are 
converted  into  firm  fibrous  cords  for  a  varying  distance, 
And  are  reduced  in  size,  not  only  in  the  stump  but  also 
in  Uie  entire  limb.  Thus,  in  amputations  of  the  leg,  the 
artery  and  vein  are  reduced  over  one  half  in  size,  as  high 
.tm  the  inferior  vena  cava  and  the  bifurcation  of  the  aorta. 
The  divided  nerves  lose  their  nervous  elements  by 
atrophy,  while  their  connective-tissue  components  in- 
<*rease  in  number  until  their  extremities  are  often  ex- 
panded and  bulbous,  thus  forming  false  neuromata. 

Complications. — Pain  and  muscular  spasm  may  be 
said  to  be  present  to  a  greater  or  less  degree  after  every 
major  amputation.  They  usually  supervene  soon  after 
the  patient  regains  consciousness,  and  may  develop  to  a 
distressing  severity,  particularly  in  persons  of  a  nervous 
and  irritable  disposition.  For  the  relief  of  these  symp- 
toms hypodermatic  injections  of  morphine  act  most 
promptly.  The  jactitations  of  the  stump  are  most  suc- 
cessfully overcome  by  lightly  fastening  the  stump  with 
a  few  turns  of  a  bandage  to  a  well -padded  posterior 
splint. 

A  very  slight  reaction  may  be  said  to  be  necessary  to 
the  process  of  repair.  When  infection  lias  taken  place, 
the  evidences  are  speedily  seen  in  the  wound.  It  may  lead 
to  more  or  less  extensive  suppuration,  to  a  limited 
sloughing,  or  to  gangrene  of  the  stump.  When  such 
severe  inflammation  attacks  the  wound,  the  stump  be- 
comes exquisitely  sensitive  and  hot,  and  assumes  a  dusk}' 
red  and  glistening  appearance.  The  dlscliarges  from 
the  wound  are  scant  and  offensive,  wliile  the  elevated 
temperature  and  hard  and  rapid  puLse  sufl^cientl^  indi- 
cate the  constitutional  disturbance.  When  the  infiam- 
matory  process  extends  along  the  intermuscular  spaces 
the  limb  becomes  sensitive  to  the  touch,  and  swollen  for 
a  considerable  distance  above  the  seat  of  operation. 
When  suppuration  ensues  all  may  yet  be  well.  On  the 
other  hand,  the  exudation  into  the  tissues  may  develop 
in  proportions  incompatible  wMth  the  vitality  of  the 
parts,  when  extensive  sloughing,  and  even  gangrene  of 
the  entire  stump,  may  result. 

The  treatment  of  these  conditions  must  be  conducted 
upon  established  antiphlogistic  principles;  iron,  quinine, 
salicylates,  and  alcoholic  stimulants  are  almost  always 
indicated.  For  the  local  condition  nothing  answers  so 
excellent  a  purpose  as  measures  which  relieve  the  tension. 
Stitches,  when  too  tight,  must  be  removed,  and  as  soon 
as  a  suspicion  of  purulent  accumulation  is  aroused,  free 
incisions  are  to  be  made.  When  such  extensive  suppura- 
tion has  supervened  it  is  advisable  to  remove  all  con- 
stricting dressing,  and  to  treat  the  wound  by  the  open 
method,  removing  sloughs  as  fast  as  they  are  formed. 
Frequent  inigations  with  sublimate  solutions  and  hydro 
gen  dioxide  are  now  indicated.  As  a  dressing  the  balsam 
of  Peru  (ten  per  cent.)  in  castor  oil  applied  on  strips  of 
gauze  will  do  away  with  the  necessity  of  drainage.  As 
an  especially  dangerous  seat  of  inflammation  the?  medul 
lary  canal  of  the  bone  must  be  referred  to.  Periostitis 
and  osteomyelitis  are  particularly  prone  to  follow  ampu- 
tations made  for  gunshot  injuries.  It  usually  manifests 
itself  during  the  first  week  after  the  opemtion  by  a 
brownish  or  greenish  appearance  of  the  medulla,  the  bone 
appearing  dull  and  devitalized,  while  the  periosteum  is 
detached  from  its  surface.  The  pain  is  usually  very 
severe,  and  associated  with  it  are  the  well-known  symp- 
toms of  systemic  infection,  i.e.,  rigors,  elevated  and 
irregular  temperatures,  diminished  secretion  of  the  kid- 
neys, and  a  dry  and  thickly  coated  tongue.  Not  only 
does  this  condition  lead  to  extensive  necrosis  when  re- 
covery ensues,  but  frequently  death  results  from  the 
absorption  of  the  pus  which  is  retained  in  the  medullary 
canal.  The  only  measures  that  offer  any  hope  for  thfs 
condition  are  to  scoop  out  the  bone  cavity  with  a  sharp 
spoon,  and  if  this  prove  unavailing,  to  resort  to  a  second 
amputation  at  the  nearest  joint.  However  desperate 
this  procedure  may  be,  a  very  large  number  of  cases 
have  been  reported  in  which  lives  have  been  saved  which, 
without  it,  would  liave  been  inevitably  lost. 

As  a  sequel  of  moderate  inflammation  of  bone,  necrosis 


of  its  extremity  is  not  infrequently  encountered.  This 
may  result  from  devitalizing  of  the  bone  from  excessive 
heat  generated  by  the  improper  use  of  the  saw.  If  the 
necrosis  be  limited  to  the  divided  end,  this  condition  does 
not  interfere  with  the  primary  union  of  the  greater  part 
of  the  wound.  The  existence  of  such  a  superficial 
sequestrum  can  be  deemed  probable  when,  after  the 
permanent  closure  of  the  wound,  a  fistulous  tract  con- 
tinues to  discliarge  more  or  less  pus.  Its  actual  presence 
can  always  be  recognized  by  the  cautious  use  of  a  probe. 
When  the  sequestrum  is  of  larger  proportions,  numerous 
fistulous  openings  will  usually  be  found  in  the  soft  parts, 
which  are  then  more  or  less  adherent  everywhere  to  the 
bone.  The  treatment  of  this  condition  must  be  palliative 
until  nature  lias  completely  separated  the  sequestrum, 
when  it  can  ordinarily  be  removed  with  little  diflSculty 
by  laying  the  fistula?  freely  open.  When  the  seques- 
trum is  large,  it  occasionally  becomes  necessary  to  resort 
to  a  formal  secjuestrotomy  for  its  removal.  In  a  very 
small  proportion  of  cases  the  irritation  consequent  upon 
the  long-standing  discharges  from  the  necrosis  of  the 
bone  gives  rise  to  epithelioma  of  the  latter,  for  the  relief 
of  which  a  second  amputation  is  usually  necessary. 

One  of  the  most  dreaded  complications  of  an  amputa- 
tion is  hemorrhage.  It  may  supervene  within  a  few 
hours  after  the  completion  of  the  dressing,  or  as  late  as 
the  third  or  fourth  week.  The  sources  of  early  and  late 
hemorrhages  after  amputations  differ  materially.  The 
former  arise  from  small  arteries  or  veins  that  have 
escaped  ligation,  from  arteries  divided  above  the  ligature, 
or  from  the  divided  capillaries  of  the  mqscles.  This 
condition  is  readily  recognized  by  the  staining  of  the 
dressing,  the  <listended  appearance  of  the  stump,  and  the 
flowing  of  blood  from  a  number  of  places  where  the 
edges  of  the  wound  have  been  separated.  The  rapid 
distention  of  the  stump  and  the  bright  hue  of  the  blood 
which  is  discharged,  at  once  indicate  the  arterial  source 
of  the  hemorrhage.  The  darker  appearance  of  the  blood 
and  its  appearance  in  a  sluggish  stream  suflSciently  in- 
dicate its  venous  origin.  When  the  hemorrhage  is  slight, 
and  particularly  if  it  can  be  recognized  as  venous,  eleva- 
tion of  the  limb  and  the  application  of  ice  may  suffice  for 
its  control.  When  it  becomes  evident  that  such  simple 
measures  are  futile,  the  wound  must  be  reopened,  the  co- 
agula  removed,  and  the  bleeding  vessel  found  and  ligated. 
When  it  is  found  that  the  hemorrhage  has  come  from  the 
medullary  canal,  this  must  be  treated  in  the  manner 
already  <lescribed.  The  hemorrhages  which  supervene 
during  the  second  week,  or  even  later,  usually  result 
from  the  softening  of  the  plug  that  occluded  a  ligated 
vessel,  or  from  erosion  of  the  latter  from  primary  disease 
of  the  vessel  wall,  or  from  its  being  l)athed  in  pus.  By 
cutting  short  both  ends  of  the  ligature  the  necessity  for 
the  "cutting  through"  of  the  latter  is  done  away  with, 
and  at  least  one  important  factor  in  the  causation  of 
late  hemorrhages  is  thus  removed.  For  the  relief  of  late 
hemorrhages,  compression  of  the  artery  by  a  compress 
and  firm  bandage  should  first  be  tried.  When  this  proves 
unsuccessful,  pressure  should  be  made  at  different  points 
of  the  main  artery  to  determine  the  point  nearest  the 
stump  w^here  the  hemorrhage  can  be  controlled.  Here 
the  artery  is  to  be  exposed  and  ligated,  or,  what  seems 
to  be  preferred  by  most  recent  writers,  it  may  be  in- 
cluded in  the  pressure  of  an  acupressure  needle.  In  ex- 
treme cases  it  may  become  necessary  to  resort  to  re- 
amputation. 

A  peculiar  and  very  rare  condition  of  the  stump  is  the 
d?velopment  in  it  oi  a  dilatation  of  the  blood-vessels, 
commonly  in  the  form  of  an  aneurismal  varix.  Cases  of 
this  nature  have  been  recorded  by  Cadge,  of  Norwich, 
England,  by  Gross,  and  by  Agnew.  Whereas,  in  some 
cases  of  this  kind,  operative  treatment  would  not  be  called 
for,  in  others  it  may  become  directly  indicated.  Thus, 
in  the  case  of  Gross  ("System  of  Surgery,"  vol.  i.,  p. 
530),  ligation  of  the  femoral  was  deemed  necessary.  The 
operation  resulted  fatally,  from  secondary  hemorrhage, 
.on  the  sixth  day. 

The  form  of  the  stump  very  frequently  gives  rise  to 
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(MDsideralilc  annoyance  and  auffurinf;.  A  liealtliy  stump 
Hhould  present  a  nicely  rouaded  outline,  with  llie  bon<« 
hidden  beueatb  and  away  fmm  tiie  cicatrix.  From  a 
vaiii'ty  or  causes  Uiis  normal  appearance  of  the  stump 
may  give  place  U>  promiuence  of  tlie  bouc.  retraction  and 
ulceration  of  the  soft  parts  covering  tt.  and  uselcssncss 
of  Uie  part  for  locomotion.  Sucli  an  ubnornial  condition 
to  commoiily  known  as  the  "conical"  or  "sugar-loaf" 
stump.  It  may  result  Iroiii  an  insiitliciency  of  llap,  from 
inordinate  retraction  of  the  soft  parts,  or  from  gangrene 
of  the  Integument  alone.  It  Isb  condition  which  is  more 
likely  to  follow  the  circular  and  t^^gumi'Dtary  flapampu 
tations.  although  witlt  ordinary  precautions  it  would 
seem  that  amputations  in  healthy  tissues  should  not  re- 
sult in  a  badly  formed  stump.  When  this  coDdftion 
does  result,  ntvertholcsa.  iw  trwitmeut  must  vary  ac- 
cording to  the  extent  of  the  deformity.  When  from  an 
insutHciency  of  Hap  or  excessive  ri'tractiim  of  the  soft 
parts,  the  end  of  tl)c  bone  assumes  a  too  prominent  posi- 
tion, the  Raps  can  be  drawn  down  by  appropriate  iMud- 
■ging.  from  aliove  downward  i  or,  by  the  ai<l  of  adhi»ive 
Straps  and  weights,  extension  may  be  made  in  such  a 
way  as  to  cover  Uie  end  of  the  prominent  bone  with 


integument  (Fig.  1:13).  When,  notwithstanding  these 
measures,  the  jwper  relation  between  bone  and  soft 
parts  cannot  bet  bn>ught  about,  notliing  remains  hut  to 
enlarge  tlie  wound,  remove  the  periosteum  from  the 
bone,  and  divide  this  several  inches  above  the  level  of 
the  first  section.  It  ia  uu necessary  to  defer  this  until  tlie 
tlrst  wound  has  clcatrize^l.  In  extreme  eases  of  conical 
stump  reaniputatkm  will  be  iudicatcd.  It  ran  bo  more 
highly  rcco[nmeude<l  since  reamjiiitation  is  not  oft'.'n 
foilowwl  by  bad  nsults.  Mr.  Bryant  refers  i*i  a  very 
interesting  condition  of  amputation  stumps  in  childrE-ii*. 
in  whom  the  Uevehipment  of  conical  stumps  may  Ih'  in 
a  measure  expected,  siiiee,  in  the  prcH-essof  growth,  the 
bone  apnears  to  develop  more  mpldly.  In  the  ou.se  of 
a  boy  whose  leg  was  ampulatcil.  be  'foimd  it  necitssnry 
on  two  occasions,  iit  intiTvals  of  three  years,  to  remove 
two  pieces  of  hone  at  least  uu  inch  long. 

NeiiriscM  of  the  stump  are  among  tlH-  most  intiaeluble 
<if  its  dlseiLses.  They  may  ap|>ear  in  the  fumi  of  severe 
neuralgiits,  or  in  the  form  of  H|iasmiHlii'  muscular  con- 
tiacdons.  Th<-  formi^r  coiiillllon  iisuiilly  <l<'peiids  upon 
an  adherence  of  the  dividf<l  nerve.t  to  the  Imne  or  the 
cicatiix,  while  in  t^xceptional  I'lisiw  it  n-sults  from  the 
bulbous  enlargement  of  tlK<  eKlremitles  of  the  nerve. 
For  the  relief  of  the  former  condition,  subcutaneous 
division  of  the  adherent  cicatrix  must  be  practised. 
Where  neuromata  am  lie  felt,  these  ure  to  In.'  removed : 
when,  from  the  numlHT  of  tlii-^-  enlargements  or  from 
their  deep  posiiions,  this  proceilure  is  impraelicable. 
nothing  short  of  a  rcamputntion  will  ^Ive  relief.  Con- 
tinuous jacti  till  ions,  or  "ehorca"  of  tlm  stump,  as  it 
might  be  termeil  (Gross),  is  vi-ry  mii'ly  ericountf-iiil.  It 
is  more  prone  to  develop  in  (he  thii;h  thnn  elsi-nhere. 
The  stump,  when  thus  ulTecU^I.  is  tlie  seat  of  u  constant 
tremor,  often  sutllciently  active  to  lie  norieeil  when  tlii' 
limb  is  covered.  In  a  case  of  this  characitT  which  I  saw 
two  years  ago,  and  which  involved  the  thigh  in  an  other- 
wise healthy  subject,  the  spasms  continued,  notwilh- 
Hlanding  all  efforts  to  allay  them.  I'lie  most  elTlcient 
measure  was  the  deep  inji-ction  of  elher,  which  woulil 
relieve  the  spasm  for  about  two  weeks  at  a  time.  when. 
the  Injection  had  to  be  repealed. 
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pRouN'osts  AND  MoRTAi.iTV. — In  estimating  the  inher- 
ent dangers  of  the  operation,  we  must  take  into  con- 
sideistion  only  those  cases  in  which  the  individuals 
operated  on  were — aside  from  the  lesion  which  neceaai- 
tattfl  tJie  operation — in  the  enjoyment  of  comparatively 
good  health.  As  It  is  incorrect  to  attribute  the  immense 
ntortality  of  tracheotomy  for  diphtheritic  croup  to  an 
operation  which,  if  performed  for  the  removal  of  foreign 
bodies,  is  almost  always  successful,  so  it  is  manifestly 
improper  to  attribute  most  deatlis  after  amputation  to 
the  o|)cration  itself  A  compilation  of  the  amputations 
of  "expediency."  made  in  Guy's  Hospital,  indicates  a 
mortality  of  3*1.8  per  cent.  If  we  remember,  however, 
that  these  statistics  of  Bryant  and  Oolding  Bird  include 
amtiutatluus  made  for  neoplasms,  and  that  the  most 
valuable  methods  of  after- treatnient  were  at  that  time 
not  employed  in  the  hospital  in  question,  this  percentage 
niust  im  misleading  as  to  titc  inherent  dangers  of  am- 


Tliut  the  mortality  of  the  operation  under 

ireumstances  can  be  greotlv  reduced   from 

the  ])ercentagc  above  given  can  be  easily  demonstrated. 


favorable  cireumstances  ( 


Thus,  of  TI6  late  and  |>atliologica1  amputations  collected 
by  Sir  James  Y.  Simjison  from  smaller  hospitals  and 
private  ]irae  til  loners  of  Scotland  and  England,  only 
74,  or  B  per  cent,,  died.  Of  100  amputations  (includ- 
ing 39  of  the  thigh)  made  by  Rruns.  only  12  ter- 
mmated  fatally.  According  to  the  latest  statistics  of 
Bruns,  of  2(M  major  amputations  2  per  cent,  only 
<lied.  Finally,  of  m  amputations  made  by  Volkmann 
for  diseasi'.  oiily  7  succumbed  (3  per  cent.).  This  num- 
1)er  in(;lu[les  74  amputations  of  the  thigh  with  only  3 
deaths. 

Utihappily  these  stutisties  are  largely  at  variance  with 
those  gttthereil  either  from  large  hosj)ilalit  or  from  the 
buttlefleld.  Thus,  of  56<>  larger  amputations  for  all 
causes  collected  by  Jlalgaigne  in  the  hos|)ilals  of  Paria, 
290  ended  fatally,  the  mortality  being  SS  per  cent  The 
falalitv  attending  amputations  by  English  surgeons  in 
the  CruncHTi  campaign  is  re'presenled  by  42fi  operations, 
with  I<l9deiiths(:)9.6  percent.),  while  the  figures  of  the 
French  su rgi 'on s  during  tltntwar  arc  4.390 amputations, 
with  a.-iXS  deiiths,  giving  tite  ai>fiallmg  mortaMty  of  TS 
]>er  cent.  Com))ared  witli  such  results  those  obtained 
during  the  War  of  IIki  liebcllinn  show  a  most  decided 
im[)n)vement.  Of  2i».J>H0  amputations,  the  result  was 
di'tenniiuMi  in  2ft.2Dl :  of  these.  20.802  re-covered.  Them 
were  7.4.t9  deaths,  thus  yielding  a  mortality  of  20.3  per 
cent.  This  is  alxiut  the  fatality  that  attends  amputa- 
lions  in  civil  practice  in  the  larger  hospitals  of  this  coun- 
try and  of  ETigliincl.  although  occasionally  belter  results 
are  recorded.  Thus,  of  IIMI  amputatioiis  made  in  the 
Pennsylvania  Il'wpital  (1C74-7K)  only  IT  died,  while  of 
.'>:Kliimpntiitionsnuide  forall  causes  in  St.  Bartholomew's 
Hospital  (l>'7:{-.'<'.;i  onlv  fW  dieil.  giving  a  mortality  of 
10. :(  per  cell  t, 

John  F.  Kiilmnir.*  in  l,'S!),'i,  taliulnled  the  statistics  of 
amputiition  piTturMied  in  the  leiuling  hospitals  in  New 
York,  done  during  tbi-  di-i-nde  preceding.  Of  709  major 
amputations  1I)!P.  or  IT.  pir  cent.,  died.  Paget  in  189.5 
collected  7 12  nuijorampuiiitious  from  the  intlrmary.  New- 
cast  Ic-u]"  in -Tviie,  of  wliiih  f!l  dinl.  giving  a  mortality 
of  H.r>  per  cent.  In  30  of  ilie  filial  cases  death  resulted 
from  sh.K'k  and  hws  of  i.l<.iil.  Forty  vmrs  before.  Pcn- 
wick  Imd  tabulated  2'.'-1  iimputation's  done  in  the  same 
inllmiary  with  a  mortality  of  r^^.  or  24  iht  ceut.  Of  168 
ampulal'ions  done  in  thei'inelnnnti  Hospital  during  thif 
di-cndc  preeeiliuk' Jimunrv  1.  lOUH.  ID  terminated  fatally. 
The  gross  niorlalily  of  llie  si'ri.s  was  12. 7  percent.  Prom 
the  clinic  of  Rruns  J  comi'-t  the  reitiarknble  record  of  81 
amputations  of  the  leg  without  a  death.  An  examina- 
tion of  all  statistics  will  show  tliat  the  mortality  of  major 
ainputalions  is  gradually  U^ing  n-duccd.  If  the  cases  are 
subtracd'd  in  which  diiith  resulted  from  shock  and  the 
loss  of  blood,  till'  ujorliility  of  all  major  amputations  will 


s  -it  SiirpTV,  v.iL  ntl..  p.  aiH. 
Li>n<l<>ri  1J.IKVT.  ]IU\  1..  p.  933. 
:  IMiltragi;  z.  kllD.  Clitr.,  vol.  x; 
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be  reduced  to  about  4  per  cent.,  as  bas  been  tlie  case 
with  tbe  statistics  publislied  by  Estea. 

It  is  not  tbe  leaat  iniportaot  acliievement  of  Malgalgne 
to  have  directe<t  the  attentioD  of  surgeons  to  the  cliief 
causes  which  modify  the  iirognosjs  iu  indtvidual  cases 
of  amputation,  and  how,  tliercfore.  statistics  must  vary 
according  Iu  certain  now  well-linowD  conditions  under 
which  tliey  are  collated.  In  a  somcwliat  similar  direc- 
tion were  tbe  investigations  of  Simpson.  Tliccondition.s 
which  influenre  the  prognosis  of  amputations  will  now 
be  considered  in  tbe  order  of  their  importance. 

Age. — The  mortality  of  amputations  is  determined 
more  by  age  thau  by  any  other  one  factor,  since  they  are 
better  borne  iu  childhood  and  adolescence  tlian  ialer  in' 
life.  Malgaigne  was  the  tirsl  to  point  tliis  out  by  the 
tabulation  of  500  cases  in  which  tbe  mortality  steadily 
Increased  with  tbe  age  of  tlie  patients.  Amputations 
between  the  ages  of  live  and  fifteen  years  yielded  a 
mortality  of  33  per  cent.,  those  between  fifty  and  sixty- 
Sve  one  of  71.4  i>erccnt.  Bimilar  investigations  liuve  been 
made  by  Calleuder,  Holmes,  Brj-ant,  and  Oolding  Bird 
in  England,  aiid  by  Morton  and  Asliburst  in  this  country. 
The  last. mentioned  author  bas  combined  tbe  statistics 
from  various  sources,  and,  after  tbe  manner  of  Mr. 
Holmes,  he  lias  divided  life  into  three  periods  of  twenty 
years  each.  The  total  number  of  cases  thus  tabulated  is 
summarized  as  follows : 
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The  comparatively  excellent  results  aft«r  amputations 
In  children  must  he  attributed  to  tlic  rapidity  with  which 
even  large  wounds  unite  in  them,  to  tlie  resistance  wbicli 
their  ordinarily  unvitiated  constitutions  utier  to  septic 
processes,  and  to  their  freedom  from  Tisceml  complica 
UoDS.  The  case  witli  wbicb  even  large  amputations  are 
supported  In  childhood  was  purticulitrly  im|>rcsfied  on 
the  mind  of  the  writer  by  the  case  of  a  Wl  of  seven,  in 
whom  be  liad  amputated  below  tbe  sboulder  for  railway 
Injury.  Because  he  was  not  given  the  tree(iom  of  the 
ward,  tlie  boy  escaped  from  the  Iiospital  (Good  Samaritan, 
in  Cincinnati)  oa  tbe  eighth  day  after  the  operation. 
The  wound  liad  healed  per  pHmam. 

Tbe  very  unfavorable  results  which  follow  amputa- 


n  of  the  stump  from  impaired  integrity  of  tlie 
blood-vessels,  and  hy  the  rapidity  with  wbicb  these  pa- 
tients succumb  iAt  septic  infection.  It  is  extremely  prob- 
able that  if  tiie  latter  could  be  prevented  tlie  marked  in- 
fluence of  advanced  life  on  the  results  of  amputations 
would  be  materially  lessened.  Thus  of  sixt^-one  un- 
complicated amputations  made  by  Volkmann.  m  persons 
over  fifty,  only  4.8  i*r  cent.  died.  Among  these  was  a 
suceessfid  amputation  of  the  thigh  for  injury  in  a  man 
elghty-t<iur  years  of  age. 

Seat  of  Ojieratioii. — The  danger  of  an  amputation  al- 
ways increases  with  the  size  of  the  wound  and  its  prox- 
imity to  the  trunlt — amputations  of  the  hiwcr  extremity 
yielding  a  greater  mortality  than  those  of  tlie  upper. 
Since  about  tliirty-two  per  cent,  of  the  deaths  following 
amputations  are  directly  attributable  to  the  combined 
shock  and  hemorrhage  consequent  upon  the  injury  and 
the  opentioD,  it  is  easily  understood  why  the  moitality 


when  amputation  wounds  fail  to  unite  by  primary  union, 
death  ofti-u  results  from  tbe  exhaustion  couseciueut  upon 

Srotrocled  suppuration.  Tliu  situation  at  which  tbe 
jnc  is  divided  also  materially  influences  the  result. 
The  opening  of  the  medullary  cavity  of  a  large  bone 
like  the  femur,  or  tibia,  is  more  apt  to  be  followed  by 
osteomyelitis  and  its  conse(|uences  than  is  the  division 
of  the  bone  tliroiigh  its  articular  end.  This  is  well 
shown  hy  a  com[>urisou  of  the  results  of  amputation 
tbrougli  tlie  lower  tliird  of  tlie  thigli  and  through  the 
femoral  condyles,  tlic  former  operation  yielding  a  mor- 
tality of  39  per  cenL  against  2U  per  cent,  ot  the  latter. 

Tlie  ratio  of  deatlis  following  amputations  for  injury 
and  disease  in  different  parts  of  the  body  is  well  illus- 
trated in  a  subjoined  table  which  is  based  upon  large 
hospital  reports,  issued  from  1804  to  1884.  For  excep- 
tional operations  (hip  joint  and  elbow)  reports  of  cases 
from  private  practice  were  included.  Tliis  doubtless  ex- 
plains the  apparently  greater  mortality  of  amputation 
of  the  thigh  tlion  of  the  liip,  since  relatively  more  suc- 
cessful tlum  unsuccessful  cases  are  thus  recorded. 
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Xat'ire  uf  IjOtiiiiit. — Very  potent  in  Its  influence  on  the 
results  of  amputations  are  the  causes  for  which  they  are 
made.  When  tlie  ojieration  is  resorted  to  in  an  indi- 
vidual who,  while  In  perfect  healtli.  lias  received  a  severe 
injury  from  which  he  has  probalily  lost  a  considerable 
amount  of  blood,  theproeuosis  is  much  less  favorable 
tlian  when  it  is  made  for  disease.  This  applies  tiartlcu- 
larl^  to  amputations  after  railway  injuries  and  traumata 
inliicU-<l  by  heavy  machinery.  The  shock  and  hemor. 
rhage  arc  very  often  so  severe  tliat  death  results  within 
a  few  hours  after  the  operation.  The  prejudicial  effect 
of  a  trauma  on  tlie  results  of  amputations  is  still  further 
enlianced  if  the  subject  is  addicted  to  intemperate  Itabits. 
This  w-as  well  illustrated  in  our  recent  riots  (Cincinnati, 
IHW).  Those  injured  were  for  the  most  jiart  more  or 
less  under  the  influence  of  alcoliol  when  woiiuded.  and 
four-fifths  of  those  on  whom  amputations  were  made 
succumbed. 

It  will  be  seen  from  the  table  given  below  that  the 
statistics  indicate  with  remarkable  unifoniiity  the  greater 
mortality  of  amputations  when  made  fur  injury  than 
when  made  for  disease.  The  explanation  generally 
offered  for  this  feature  of  the  prognosis  of  amputations 
is  that  patients  who  liave  for  a  Ions  tiuu'  been  subjected 
to  suppurative  processes  (necrosis,  caries,  etc.),  are  so 
inured  to  suffering  that  they  bear  tlie  shock  of  an  opera- 
tion comparatively  well,  and  that  they  are  less  prone  to 
septic  infections  which  are  so  often  the  immediate  cause 
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of  (iralli  after  nmpiilnlions  for  trfttima.  Tlie  (■mreolDess 
ol  tliis  view  in  Hul)HtnDliut<'(l  hy  the  fart  tliat  about  aev- 
enty-fivc  por  cent,  of  m>  mlled  patliolojiiral  aminitatiuas 
are  made  for  clironic  inftaniioaton'  cnnililiiina  nf  either 
bones  or  joints,  and  tliat  imdef  thcM-  cin-u Distances 
tbe  aoft  jiarts  are  iiHuully  more  or  leM  alniplik-d,  and 
yet  at  tlie  same  time  densely  infiltrated  Willi  a  connec- 
tlve-ttssue  srowth  which,  when  divided  in  an  operation, 
presents  a  oarricr  to  the  absortitinu  of  deU'leiioim  ele- 
ments. It  is  noteworthj'.  as  ilr,  Hryant  liaM  pointed 
out.  that  this  inflltmtiiin  of  the  soft  parts  diien  not  neces- 
sarily interfen:  with  the  ready  iitiinn  of  the  wcinnil. 
While  ainputalions  for  rhronie  afftclinns  of  the  natnrc 
tndicate<l  tcmiinalt.-  fatnlly  in  only  14  per  rent,  of  the 
cases,  those  mode  fur  dcfnnnity  and  nMiplasms  present 
a  mortalitv  of  3fi.M  per  cent,  and  46  per  cent,  respec- 
tively (Ooltllng  Bird  itnd  t^iienee). 
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Tables  IIL  and  IV..  while  the^  show  the  great  redac- 
tion in  the  nxtrtality  of  amputations  in  gen^Bl,  still  de- 
monstrate tlie  greater  mortality  of  operstioos  done  for 
trauma.  Tliat  tJie  difference  is  not  eo  marked  In  my 
own  table  (III.)  is  due  to  the  fact  that  many  of  the  patbo- 
loffieal  amputations  were  made  for  senile  gangrene. 

SIuLTii'r.E  Amputations. — While  it  is  comparatively 
rare  that  disease  or  injury  aflects  more  tlian  one  extrem- 
ity in  a  degree  suffieient  to  warrant  double  amputatioos, 
thene  arc  nevertheless  ocutsionally  required.  It  is  self- 
evident  tluit  they  are  of  the  gravest  importance  and  pre- 
sent a  most  unlavonible  prognosis,  on  account  of  Uie 
shock  ossiK'iatcd  with  tlie  Injury.  Of  2Hdouble  amputa- 
tions mailc  in  the  Wt^tem  Pennsylvania  Hospital,  37 
were  for  railroad  aeeidcnis,  and  1.1  of  the  patients  died, 
Tlic  fsi't  that  1 1  of  the  deaths  neeurred  in  the  first  forty- 
eiiclit  liniirs  shows  that  they  were  due  rather  to  the  in- 
jiirips  limn  to  the  amputations.  Of  IS  multiple  amputa- 
tions ilone  for  Injury  at  the  Newcastle  Infirmary  6.  or  48 
per  cent,,  died.  When  multiple  amputations  are  made 
for  disea'ie.  whieh  is  in  about  1(1  per  cent,  of  all  cases, 
it  is  usually  for  frost-bite. 

UHLTlPUt  AVFITTATinXS  IS  MlLrTART  PRACTICI. 
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The  iniirliilily  niteuilinfi  niulliplc  umpiitHtionB.  it  will 
he.  sii'n  from  llic  pn'cedi  11 K  iJibl '■.•'.  iinlHiullifly  per  cent, 
amjiiitiitjons  thmufih  the  lower  e\ti'etnJIie<<  presenting  a 
pniliT  fiiljdily  tliaii  thi'si'  "f  the  upper.  The  flmt  tabln 
illuslnite.'i  Ihi'  itmrtalily  of  thi'si-amputiitions  in  military 
nnicl ii'c.  Till'  scciiiid  tnlile.  iiiudi'  up  from  German, 
EnL'lii-li.  MUrl  Anii-riniiL  iijmrli,  showK  ilic  relative  fre- 
(|Hi'iny  mill  fiitalily  nf  ]milli|ili'  jiinputulioua  as  tbey  an 
made  in  clilfcrvut  purU  of  ibi'  loxly. 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


ABtpntatloB. 
Ampuuulon. 


When  the  necessity  for  multiple  amputiitions  arises, 
the  question  must  be  considcrecl  whether  they  sliall  be 
made  at  the  same  time,  when  they  are  C!allefl  synch runous 
amputations,  or  whetlier  a  longer  or  shorter  interval 
shall  intervene  In'tweeu  them.     In  these  cases,  as  in  am- 

Eutations  generally,  no  detlnite  rules  ctm  1x3  formulated. 
1  cases  of  trauma  it  is  generally  advi.sable  to  make  both 
amputations  at  the  stune  time,  removing  the  larger  mem- 
ber first,  but  deferring  the  closure  of  the  wound  until 
both  amputations  are  completed.  If.  after  the  first 
operation,  the  condition  of  the  ptitient  is  such  as  to  pre- 
clude the  possibility  of  recovery  if  the  second  is  per- 
fonned  at  once,  the  less  injured  menib(;r  must  be  treated 
as  if  the  injury  sustained  by  it  wen?  of  a  less  degree  of 
severity  and  justified  an  attempt  at  ccmservatism.  In 
cases  oi  disea.se  aITi»cting  seveml  extremities  (frost-bite, 
white  swelling,  etc.).  it  is  geni'mlly  In'tter  to  observe  a 
sufficient  interval  Ix'twiMMi  the  o)>erations  to  permit  the 
constitution  to  rally  from  the  first  Ik'fon'  the  second  am- 

gutatitm  is  made.     In  these  cases  the  danger  of  septic 
ifection  fnmi  the  limb  that  is  spared  is  not  as  great  as 
in  cases  of  traumatic  origin. 

Even  triple  and  quadruple  amputations  are  occa.sion- 
ally  p<irformed  with  success.  In  a  cas(^  of  railway  acci- 
dent. Dr.  G.  Koehler.  of  Schuylkill  Haven,  Pa.,  in  18«7, 
removed  simultaneously,  on  account  of  a  railway  injury, 
both  legs  and  one  arm  fn)m  a  lad  thirteen  years  of  age, 
recovery  taking  place.  Pn)fessor  Stone,  of  New  Orleans, 
luid  a  similar  case  in  a  man  of  thirty,  the  subject  of  a 
railway  accident.  According  to  Professor  Agnew,  sue 
oeasful  triple  amputations  wen*  made  in  York.  Pa.,  in 
186^,  and  Rochard  reported  to  the  Academy  the  case  of 
06  Ijeseleuc,  of  Brest,  who  had  successfully  amputated 
a  thigh,  leg,  and  arm  in  a  man  the  subj(*ct  of  trauma 
Qiuu&tiple  amputations,  usually  made  for  frost  bite, 
have  been  successful  in  the  cases  of  Muller,  of  the 
United  States  army.  Dr.  Begg,  of  Dundee,  and  M. 
Cbampenois.  of  the  French  army.  Other  cases  are  re 
ferred  to  by  Morand,  Longmorc.  and  Southam.  M. 
Larrey  mentions  two  cases,  one  of  which,  the  case  of  a 
soldier  who  had  all  his  extrc^mities  n^moved  by  hinivy 
ordnance,  he  had  8(?en  in  the  "Invalides."  The  other 
case,  which  he  had  seen  in  Algiers,  was  that  of  an  Arab, 
twelve  years  of  a^je,  who  Iiad  intentionally  placed  him- 
self on  the  track  m  such  a  position  that  a  passing  train 
mangled  both  hands  and  feet.  Still  another  successful 
quaciruple  amputation  for  frost-bite  has  recently  been 
recorded  by  Tremaine. 

Individual  Amputations. 

Amputation  of  tiik  Fingers. — When  the  phalanges 
of  the  flngera  or  thumbs  are  the  seat  of  incurable  disease 
or  of  severe  injury,  amputation  often  liecomes  necessary. 
It  is  well  to  rememlKjr  that  if  the  Iwne  of  the  distal 
phalanx  alone  is  aifected,  its  natural  exfoliation  should 
be  awaited,  when  the  soft  [)arts  can  often  Ik?  [)reserved. 
to  the  great  advantage  of  the  patient.  Particularly  in 
the  thumb  and  index  finger  is  it  necessary  to  save  as 
much  as  possible.  In  the  thinl  and  fourth  fingers  am 
putation  should  not  be  practised  at  the  second  joint. 

since  the  pntservatiou  of 
the  proximal  phalanx 
leaves  a  part  that  is  un- 
gjunly  and  does  not  add  to 
the  usefulness  of  the  hand. 
When  a  portion  of  a  fin- 
ger requires  removal  the 
operation  may  be  practised 
either  at  a  joint  or  in  the 
c(mtinuity  of  a  phalanx. 
In  both  ca.ses  it  is  impor- 
tant to  rememl)er  that 
when  the  finger  is  flexed  the  articulations  are  l)elow  the 
prominences  made  by  the  knuckles,  the  distal,  middle, 
and  proximal  articulations  l)eing  respectively  one-sixth. 
one-rourth.  and  one-third  of  an  inch  Ix'low  the  ni(»st 
prominent  lines  of  the  joints.   It  nmst  also  be  borne  in 
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mind  that  strong  lateral  ligaments  prevent,  until  they 
are  divided,  the  complete  exposure  of  articular  surfaces 
(Fig.  136).  When  the  amputation  is  to  be  made  at  the 
joint,  it  can  be  most  expeditiously  executed  in  the  fol- 
lowing manner:  The  hand  being  held  in  the  prone  posi- 
tion, tlie  tip  of  the  finger,  encased  in  a  piece  of  gauze, 
is  firmly  seized  by  the  operator  and  flexed.  With  a  long 
and  narrow  knife  an  incision  is  made  from  side  to  side 
over  the  dorsal  surface.  By  this  the  joint  is  at  once 
opened.  With  two  rapid  strokes  of  the  point  of  the 
knife  the  lateral  liga- 
ments are  next  sev- 
ered. The  blade  of  the 
knife,  with  edge  di- 
rt*cted  downwani,  is 
then  ])lnced  behind  the 
flexor  surface  of  the 
phalanx    to    be 


re- 
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move<l,  from  the  soft 
parts  of  which  a  well- 
nmnded  flap  is  to  be  cut  from  within  outward  by  a 
sawing  movement.  The  wound  presents  the  appear- 
ance .shown  in  Fig.  137.  Only  when  there  is  an  insuflft- 
ciencjr  of  flap  is  it  proper  to  remove  tlie  head  of  the 
proximal  bone.  The  disarticulation  of  a  phalanx  can 
also  be  effecrtt^d  by  transfixion:  the  hand  being  held  in  a 
supine  position  and  the  finger  extended,  the  latter  is 
transfixe<l  on  the  palmar  side  of  the  bone,  just  below  the 
fold  of  the  joint ;  a  palmar  flap  of  sufl[ic*ient  lengtli  is 
then  made.  The  flap  being  held  out  of  the  way,  the 
i()int  is  made  prominent  by  hyperextension  and  opened. 
The  soft  parts  on  the  dorsal  surface  of  the  joint  are  then 
divided  by  a  single  sweep  of  the  knife.  In  amputations 
of  the  fingers,  the  soft  parts  of  the  palmar  aspect  are 
always  preferable  for  a  flap,  since  the  cicatrix  is  then 
protectCKl  from  pressure.    W  here  they  cannot  be  utilized, 
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a  dorsal  flap  can  be  made,  either  by  transfixion  or,  what 
is  preferable,  by  cutting  from  without.  Lateral  flaps, 
single  or  double,  can  likewise  l)e  utilized  in  this  amputa- 
tion. In  amputations  in  the  continuity  of  a. phalanx  the 
flap  may  l)e  cut  from  the  palmar  aspect  by  a  transfixion, 
the  dorsal  surface  being  divided  bv  a  transverse  incision, 
or  a  se<?ond  flap  may  l)e  formed.  iTlie  circular  operation, 
with  hmgitudinal  lateral  cuts,  may  likewisti  Im'  success- 
fully practised  in  this  position.  After  tlie  division  of 
the  soft  parts,  the  l)one  must  Ik'  divideil  with  a  nreta- 
carpal  saw  or  the  cutting  forceps.  In  all  amputations 
of  the  fingers  two  digital  arteries  usually  "  spirt. "  Their 
ligation  is  unnecessary;  the  approximation  of  the  wound 
surfaces  generally  sumws  for  their  closure. 

Amputjition  oJan  entire  finger  at  the  metacarpo  pha 
langeal  jointc^n  Ik*  rejidily  accompli.slKHl  as  follows:  The 
adjacent  fingers  Inking  held  a.si(le  by  an  a.ssistant.  the 
operator,  with  his  back  to  the  patient,  gnusps  the  finger 
t<)  l>e  remove<l  with  the  left  hand  and  extends  it  suffi 
ciently  to  see  its  palmar  surface.  A  narrow  knife  being 
introduceil  from  the  right  side  divides  the  soft  parts  on 
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surfara  on  a  level  witli  tlie  •■xU'iiikil  iiiicr- 

J.     Tbe  iDclslon   a  tiien  (urrii'd  arouiiil  tlie 

>t  the  fluger  (Pig.  13».  Esnurrli)  in  tt  slight 

I  the  dona)  siiiTace  of  tbe  head  of  the  tui'ta- 

«.     The  luiife  is  tlien  carried  around  tbe  left 

e  flnger  Id  tlie  mou!  manner,  tbe  ends  of  tlio 

don  being  tbua  joined.    Tim  t«ndoiA.  lateral 

1,  and  capsule  bolng  euccuslvely  divided,  the 

latlna  ia  completud  and  a  bean-abapcd  wound 

lie  marztns  of  this  wound  come  acx-urately  into 

when  the  ictnalnlnff  fingers  are  approximated  to 

tber.     When  comeiinuas  of  tbe  bond  Ee  valiit-'d 

ban  Btrengtli,  It  is  best  to  remove  the  head  of 

tacarpal  bone  with  cutting  forceps  (Fig.  139), 

since   its    preservation    usually 

tiiavea  an  unslglitly  prominence. 

In  prrsuns  who  do  manual  labor 

its  reinoviU  ttliouhl  be  avoided, 

..  ..  a  it  wnulil  materislly  lessen 

liip  strcngtii  i>f  tbe  hand. 

Tlie  incisions  for  ditinrtlcula- 
Hnns  of  the  thumb,  index  and 
little  flngiers  niay  oficu  he  ad- 
vantageously uiiKlillcd  In  such  a 
manner  as  to  make  two  lateral 
flaps,  lln;  longer  of  which  is  on 
the  free  side  of  the  finger,  the 

mado  on  the  side 
of  (he  interdlgilal 
web.  To  preserve 
the  sv  mine  try  <)f 
the  baud,  the 
lieadt  of  the  scc- 
ond  anil  Bfth 
metacarpal  Ixincs 
should  ulnays  1>c 
renin  ved  by  an 
oblique  Bcctinu 
when  Ilie  index 
Fia.  130.  and  little   fingers 

are  amputati'd. 
When  two  or  more  fingers  are  to  be  removed,  it  can 
easily  be  done  by  mnking  two  convex  flaps,  one  on  tlie 
dorsal  and  Dii'  other  on  tlio  palniar  aspect  of  tbe  liand. 
the  latter  being  giveti  Uie  greater  length.  A  flap  may 
likewise  Iw  taken  from  tbe  side  of  one  flu^r,  or 
rectanEulttr  ili(|is  from  the  opposite  surfaces  of  the  fln 
gcrs  that  are  farthest  fnnu  each  other.  In  amputa- 
doDS  of  a  number  of  fingers  it  is  generally  best  to  re 
move eacli  Hnger  separately,  ahice  unnecessary  Bocrifiii-s 
for  tlie  sake  of  brilliancy  will  tliercby 
be  avoided  and  a  better  result  be  ob- 
tained. Wlii'n,  in  consequence  of  ae- 
ddent  or  disease,  the  metacarpal  bniie 
must  be  ivinoved  with  the  finger,  the 
Indslons  art  like  those  for  tbe  remnvul 
of  an  entire  linger,  (wly  tlnit  the  dor- 
sal cut  must  be  continued  npwaril 
toward  the  wrist  for  a  var>-ingdialiiiiM-. 
and  that  tlxr  incision  an)iiud  the  rout 
of  a  finger  ii  to  be  nuulo  abiive  the  in- 
terdlgltal  w<  li.  The  extensor  tendons 
being  divldiil  OB  hi<rh  as  poHBlble.  and 
the  bone  seintrated  fmtii  its  niiisculnr 
attachments,  this  is  divld<il  with  cut- 
ting forceps  ueur  its  articular  ettrein- 
i^  or  endrely  enucleated.  When  the 
•orgeon  han'  the  option,  tlie  former 
practice  sbculd  be  {>referred.  to  avoid 
opening  the  articulations  of  the  wrist. 
Kscepnoiu  can  be  made  in  the  lintt 
and   fifth  metacarpal   bones,    which. 
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it  becomes  necessary  to  remove  the  thumb  with  ita 
metacarpal  bono,  it  is  best  aocompUsbed  by  tbe  oval 
method.  The  point  of  a  knife  sliould  be  cntemd  abovs 
Ita  articulation  with  tbe  caipua,  ar^  -  '-' '— ' — '''~ 


head  of  tbe  metacarpal  bone  ami  becomliig  c 
with  each  other  in  the  web  and  Index  finger.  The  n  _ 
clea  beiug  detached  and  tbe  extcuaor  teodoDS  divided, 
disarticulation  Is  readily  effected  by  fardbljr  axtendlaf 
the  thumb  toward  tl>e  ladial  aide  and  severmg  the  Up- 
menls.  In  disarticuhtting.  the  edge  of  the  ki^  sboud 
bo  kept  close  to  the  base  of  the  bone,  lest  tho  joint  be- 
tween  the  second  metacarpaland  trapezium,  and  throng 
it  the  remaining  carpal  Joints,  be  opened  After  thb 
operation  <u  linear  cicatrix  remains.  Tbe  most  expedi- 
tious method  of  amputating  tlw  thumb  yet  derlMdla 
ttiat  of  Walther,  and  Is  admirably  suited  to  caaea  b 
which  an  aniestltetic  is  not  used.  The  thumb  bdngab' 
ducted,  the  knife  Is  mado  to  eut  ita  way  between  the  flnt 
and  second  nieiocarpal  bones  until  tite  base  o: 
is  n'ache<l  (Fig.  141).     The  thumb  being 

ducted,  the  joint  hctween  its  metacarpal  1> 

pezium  is  opened  and  tntverscd.  The  knife  t*  t 
carried  downward  upon  tlio  mdial  side  of  the  boae, 
where,  by  cutting  outward  to  tbe  level  of  the  lutcrdigltil 
web,  a  radial  Hap  is  made.  AmpuIaUoos  of  the  nttle 
finger  with  its  metacarpal  bone  can  bo  made  in  tbe  same 
manner,  either  by  the 
a\a\  or  by  the  flap 
method. 

Injuries  of  the  |>alm 
of  the  hand  arc  gener- 
ally of  Kueh  a  nature 
tliat  by  a  little  inge- 
nuity oil  the  jHii't  of  the 
HurgMui  part  of  it  can 
be  preserved.  ■^Vhl■n  in 
rare  coses  illiurticulii- 
tion  of  the  liiKt  four 
metarariml  bones  bi^ 
comes  ueeessitry,  the 
thumb  being  left,  it  may 
be  done  hk  fiiDows:  The  fio.  MS. 

hand  being  gmsju'd  and 

lii-ltl  iu  supine  pcihitinn.  a  long,  narrow  blade  is  ' 
Ihningh  tlm  pulni  fnnu  the  Uisc  of  the  fifth  mete 
iHine  to  the  web  of  llie  thumb.     By  cutting  outv 
brosd  semilunar  tliip  i.t  nimle  (Fig.  142).    An  inc 
next  niiide  on  the  Iwek  of  the  li:mil.  lieginning  at ' 
of  the  Ihnmband  citrriiil  obliipiely  upward  to  th 
tliinl  of  the  sifimd  nieliioiriHil  lioiie,  whence  II 
tinned  transversely  oirr  Ilie  thn-e  Inst  metacarp 
until  it  niii-l!4  the  'iviIuiut  Hup  iil  the  ulnar  bore 
liiind.     llidli  llnpH  an-  thUK  retleeled  tn  the  car 
carpnl  joinli.  and  iliKiirtieii  lilt  ion  is  effected 
uhinr  fiile,  the  hiiuil  U'lug  forcibly  abducted. 

ASI1-I-T.V7IIW  .*T  Tim  WitiKT.— luamputatl' 
wrist  the  Hiirgeoii.  has  the  clioiee  of  the  d 
the  i^guTuentury  flap  methods,  both  of  whii 
exeelleut  stump. 
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Circular  Mtthed. — Retracting  tbe  skin  of  the  forearm 
with  his  left  band,  the  opeiator  (a^rrjes  tbe  knife  in  b 
circular  sweep  around  the  liaud  one  inch  below  tbe  sty 
lold  processes.     The  sliin  and  subcutaneous  layers,  being 


i  and  tlie  joint  opened  by 
ftn  Incision  over  the  dorsum  from  one  styloid  process  to 
the  other.  In  makiu);  this  incision  tlie  convexity  of  the 
upper  surface  of  the  carpus  must  be  retnenil>ered.  The 
l&teisl  ligaments  being  next  severed,  the  onlerior  part  of 
the  capsule  and  all  tlie  flexor  tendons  are  cut  through 
witb  one  strolie  of  the  knife  (Fig.  143). 

Antero-potlerior  Flap. — The  operator  seizes  the  lower 
part  of  the  prouated  hand,  and  after  fle.iing  it  makes  a 

cisiou  over  the 
middle  of  the 
hack  of  tlie 
hand  from  one 
styloid  process 
to  the  other 
(Fig.  144). 
After  retlec- 
tioD  of  the  flap 

opened  as  in 
thecircular 
i>tleration,  and 
tbe  operation ' 
i  s  euniplcted 
by  cutting    a 


fla 


f  r. 
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witliin 
ward  (Fig, 
1*-.),  Tliepr.)- 
j>;('tion  of  the 
pLiiform  bone 
often  renders  ttiis  part  of  the  operation  embarra-ssing. 

Method  (^  Didtreuil. — A  very  excellent  result  can  be 
obtained  by  making  a  single  lateral  flap,  either  from  the 
radial  surface  of  the  thumb  or  from  the  soft  parts  cover- 
ing the  fifth  metacarpal  bone,  the  former  being  pref- 
erable.    As  will  be  seen  from  Fig.  146,  the  operation 
consists  in  making  a  semilunar  flap  with  broad  base. 
from  the  integument  which  covers  the  first  metacar- 
pal bone,  the  point  of  tlie  flap  reaching  the  hoxc  of 
the  first  phalanx.     A  transverse  incision  arouu<l  the 
wrist  is  then  mode  and  disarticulation  is  completed 
■B  in  the  other  operations. 
Ampi'tation  op  the  Forearm  may  be  practised  by 


large  number  of  tendons,  is  ill  suited  for  the  latter 
method,  the  circular  operation  being  preferable  (Fig.  147). 
When  theintegumeut  is  greatly  infiltrated  and  the  reflec- 
tion of  a  cuff  is  thereby  rendered  impracticable,  tegu- 
mentary  flaps  can  be  nmde,  the  teadous  being  divided 
by  a  circular  incision  (Fig.  148).  The  presence  of  a  large 
number  of  synovial  shcatlis,  and  the  danger  of  inflam- 
mation in  them  wlieu  they  are  opened  should  not  mili- 
tate against  the  value  of  operations  in  the  lower  third  of 
the  forearm,  since,  by  operating  below  the  insertion  of 
the  proiuilor  radii  ciret,  movements  of  pronation  and 
supination  will 
be  preserved. 

A  numlwr  of 
surgeons  prefer 
the  flap  opera- 
tion in  all  am- 
Sutations  of  the 
irearm.  making 
both    flaps    by 


ciri 

the  aulerior  flap 
can  be  mode  in 
this  manner,  and 
the  posterior  by 
cutting  from 
within  outward. 
When  this 
method  Ls  re- 
sorted to,  tlie  Fia,  jis, 
bones   must  be 

divided  as  high  up  as  possible,  to  overcome  their  ten- 
dency to  protru<le  at  the  angles  of  the  wound.  Musculn- 
tcgumentary  flaps  should  be  used  only  in  the  fleshy  part 
of  the  forearm.  In  all  amputations  in  this  part  the 
catling  Is  to  be  used,  in  llie  mannei'  already  described 
(Fig.  123).  The  divided  tendons  and  nerves  must  be 
drawn  from  the  wound  and  cut  as  short  as  possible. 
The  arteriea  requiring  ligation  are  the  radial,  ulnar,  and 
interosseous.  It  is  particularly  essential  Uiat  the  latter 
should  be  divided  btit  once,  and  carefully  secured.  When 
secondary  hemorrhage 
oceure  after  amputa- 
tion of  the  fori'arm,  it 
is  almost  always  the 
result  of  faulty  liga- 
tion of  this  vessel. 

Amputation  at  the 
Elbow. — The  removal 
of  the  forearm  at  its 
articulation    with    the 


been  first  performed  by  Ambrose  I'ari ,  ,    _  ..__ 

case  of  a  soldier  who  had  received  a  gunshot  wound  of 
the  forearm,  which  was  followed  by  gangrene.  The 
operation  did  not  meet  with  much  favor  by  surgeons 
generally,  tmtll  it  was  again  advised  and  practised 
In  the  second  quarter  of  this  century  by  Tcxt«r,  of 
WUraburg,  by  Dupuytn-ii,  and  by  LJston.  Witb  the 
exception  of  Chenu's  statistics,  the  results  of  amputation 
at  the  elbow  liave  been  very  favorable,  the  death  rate  not 
exceeding  H  per  cent.  (Agnew).     The  la.st-uamed  writer. 


however,  gives  a  morUlity  of  65  per  cent,  as  that  which 
attended  disarticulations  of  the  forearm  during  the 
Crimea.    On  the  other  bond,  of  S9  omputationa  at  the 


A^pnUiioB. 
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the  palmar  siirfatx  iin  a  level  with  the  i-xb'niliil  iiitcr- 
(liKitnl  well.  Thu  incision  i»  thi'u  rarriiil  umiinil  tliu 
right  HJiU- or  tlie  rtiiEtr  (Fig.  ]B«,  Exiiian-li)  in  a  xliglit 
curve  iuto  tlic  ilonwl  siirfaci:  of  tlw  liuul  ot  the  itieU- 
c&rpal  Ikihp.  The  knife  is  tlieii  carriiii  aruunil  the  k-fl 
side  of  Ihf!  liiigiT  ill  tliP  same  imuiner,  the  ends  <if  tin; 
first  iiieiaion  beiiiJt  thus  joineil.  The  U-iidou^,  JHteml 
llpiinentN.  nnd  laiisule  iK-hig  BUU(*ssiveIy  divided,  the 
disartiiiiliiliim  (h  iimiiileted  ami  a,  heurt-Hlui|)ed  wound 
\ctt.  The  niarieius  of  tlds  wound  ciniie  wi-umt*'ly  inlti 
contact  when  tlie  Kmoiidne  Dukits  are  approximated  lo 
one  aiiothiT.  Wlu'u  ci imeliiiesa  of  the  luiinl  is  valm-d 
more  thiin  streiifcth,  it  i»  bi-st  U>  reiiiovu  tlie  liead  of 
tliu  mehuiiriml  Uiiie  with  euttiug  fnrceiw  (Fig.  139), 
Hince  its  iin-wrvatioii  uRually 
leave!)  on  uoKiichLly  pmmincuee. 
Id  persoDH  who  do  manual  iubor 
its  reniova!  Hhmild  Ik'  avuidcil, 
ainee  it  woidil  nuitcrially  lessen 
the  strength  of  the  luinil. 

Tha  inclsiiHiM  for  disiirtiruU- 
tions  of  tlie  thiimli.  index  and 
lillle  fingers  muy  ofu-ti  l>e  ad- 
vsnlageiiualy  nindiHeil  In  siieha 
manoer  aa  io  make  two  liiteral 
fi8ps.  th(L  UiiigiT  lit  which  is  on 
the  frif  side  of  Ihi'  fllijter.  the 


by 


when    llie    index 
Fiii.  ISA.  anil   little   Hiigera 

are  umnutaled. 
When  two  or  more  Ungcrs  are  tji  he  reinovei!,  it  eim 
Cttsily  bo  done  hy  making  two  convex  lliips,  one  mi  tlie 
dorsal  and  the  other  on  llin  palmar  iu:i>i-c't  of  the  hnnd, 
the  latter  beinft  given  tlie  grealt'r  length,  A  Hap  may 
likewise  lie  biken  from  the  siile  ()f  one  flngir.  or 
rectanpnlur  flaps  from  the  opposite  siirfaees  of  the  fin 
jfers  tlijit  ail'   fnriliivst   tiiiiii   uueh   other.     In  ampiitit- 

tiiii]-;  <.l    I   ii'iiiil I    liiiL-r-.   il   is  nenemlly  best  to  re- 

niiiv -ii"-  iiiineceSKury  wiiTiliees 

■    ,vhy 


.      iug  the  i 
Kxeejilinns  mm   be   iiuide  in   the  tirst 
aiiO    fifth  nietnnLrpiil    lioiieM,    wliicli, 
havini;  individiml  synoviid  nu'S,  niiiy  I 
out  the  iliinger  of    iirixluHnK-  eMens 
of  the  wrist.     Amputution  ot  the  enliri'  tiiii 
rarely  Ix;  pnietised,  for  every   portion  (if  it  I.. 
saved  la  of  value  for  opposltitm  to  the  finger 
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it  beconics  necesiwry  to  remove  the  tliiimb  with  it» 
melaearpal  boue.  it  is  IwHt  Mceomplished  by  the  oval 
methoiL  The  point  of  a  knife  should  be  entered  abovB 
its  articulaliiiii  with  the  earpun,  and  a  triangular  incision 
(Fig.  140)  tiuule  iilimg  its  nulial  a»|>ert,  the  sidea  of  the 
triangle  iliverging  fnini  enrh  otlKT  an  tUey  approach  the 


Pig.  141. 


head  of  the  melAcarpat  biinc  and  l>eci>ming  contiauoiu 
with  each  other  in  the  web  and  index  finger.  The  diuS' 
ries  being  detached  and  the  extensor  tendons  divided, 
disHrtieiilutinn  is  n-adily  etfected  by  forcibly  extcadiajf 
the  thunib  t'lwani  the  radial  Hide  and  severing  the  ligB' 
nieiit!<.  lu  disarticulating,  the  e«lgc  of  the  kuifc  should 
be  kept  climc  to  tlie  bai<e  of  the  iMine,  lest  Uiu  joint  bC' 
Iweenllietuiimd  metiiear])alandtiHiH<ziuni.  and  througli 
il  the  remiiining  ear[)al  JulnlH.  be  opened.  Aftiv  thfe 
oiM-raiioii  B>  linear  eifatrix  n-niuins.  Tlie  most  expedi- 
tions method  of  aniputatfng  the  thumb  yet  devisra  Is 
limt  of  Widiher.  and  is  admimblv  suitj.'d  to  eaaea  in 
whieh  im  anieslhetic  is  nut  iisiil.  The  tliiimb  being  ab' 
duelwl,  the  knife  i«  nmde  tneut  itsway  Itetween  tlieOrsI 
nui)  dceond  melnearpnl  boni's  until  the  Imhu  of  the  former 
is  n-neheil  (Pii;  141).  The  thumb  iH'iug  greatly  ab- 
diieled,  tlie  ioint  IhIwciii  il-*  luiliirariitil  Ixine  and  tra- 
peniimi    i-^   "I I    ^ii'l    iii\-i^i'l       Til'     l-.i.ili.-   is   then 

whi'i-i    !.       ■!  ■  I.     ■,    I   ■  ■  ,     I     ■     iijtrrdlirital 


flnK<T 


■ilher 


(lii- 


of   the   hand  u 
ally   of   Kiieh   I 
tliiit    by   a    lillle    il 
niiily  I'n  the  imrt  of 
surgeon   part  of  it 
lie  preservi-d.    Wlii'i 

turn    of    the    lust    f< 


:if  (111 


tliini  of  Ihi' 


>w  blade  is  pafsed 
lie  fifth  metacarpal 
'iitiiug  outward,  a 
■>).  An  Incision  Is 
^[inniug  at  Ihc  web 
iiviinl  to  the  upper 


.     i,i-t  metacarpal  boucs 

until  it  mi'i-lK  Thr   I ;:   r:i|.  ji   ihr  ulnar  border  of  the 

liiind.  Iti>tli  Hill'-.  iiM<  iiiiih  Ji  ili'Liil  lo  the  carpo-mets- 
fiirjiid  ji'iiils.  mill  ilisntii'iiliiiu-ii  is  I'tTecled  from  the 
uliiiir  side,  tlie  baud  bring  f'ln-ilily  alxliieted. 

.\mi'i  TVTniN  AT  TILE  U'iusT.  — In  amputatioiiB  at  tbe 
wrist  (III-  siiigeoii,  liiis  tile  choiee  of  the  circular  and 
the  legUNientjkry  liup  luetliuds,  both  of  wbidi  leave  aa 
excellent  stump. 
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Cireukir  Mtfkod. — Retracting  the  akin  of  the  forearm 
with  his  left  hand,  the  operatur  carrits  the  knife  in  a 
circular  sweep  aruunil  tlie  lianti  one  luch  lielow  tlic  sty 
lold  pn>cesHes.     Tlie  skin  and  sulKutBiieoiu  layers,  1>el&g 


Fin.  113. 


llbented  by  incisions  pcrponiliculur  to  tlie  axis  of  the 
limb  as  far  as  the  styloid  iirocesses,  sboiilit  be  rcfli-eUHi 
like  a  cuD.  Tlie  hanil  beitiff  then  nronutnl  ami  forcibly 
flexed,  the  tendons  are  divided  and  the  juint  npened  by 
an  IdcIsIod  over  the  dorsum  from  one  styloid  iiixxwss  to 
the  other.  Id  muklDg  this  incision  tlie  convtxity  of  tlie 
upper  Biirfacu  of  the  carpus  must  be  remembered.  Tlic 
kteral  ligameuta  bi-jnj;  next  severed,  the  anh'ricir  part  of 
the  capsule  and  all  the  flexor  tendons  are  cut  through 
with  one  stroke  of  the  ttiife  (Fig.  148). 

AnUro-ponUrior  Flap. — The  operator  sKVuti  the  lower 
part  of  the  proaated  liand.  and  nfter  flexinx  it  makes  a 
semiluuar  in- 
cision over  tlio 
middle  of  tlie 
back  of  the 
band  from  one 
Ktyloiil  process 
to  the  other 
(Fis-  U4). 
After  reflec- 
tion uf  the  flap 
the     Joint     is 


hec 


i>|ie ration,  nnil 
the  ojiemtion 
is  ii.m|ilc-U-<l 
hy  cultinK  a 
short  piilnmr 
Hitp  from 
within  out- 
ward (Fi^. 
I4.-.1.  Thepro- 
jci'ticm  of  the 
pisiform  bone 
often  renders  this  part  of  tlie  openitioii  emlinrnLssinj;. 

MetfUid  of  Dabifiiil. — A  very  exwUent  result  ciin  be 
obtained  by  making  a  ainKlc  lalenil  flap,  either  fnini  the 
radial  surface  of  the  thumb  or  from  th<'  soft  nurtq  cover- 
Ins  ^"!  ^^^^  metacarpal  bone,  the  foniier  Ik'itik  pri'f- 
eTvble.    As  will  be  seen  fn)ni  Fig.  1-ttt,  the  o|)t'nillon 
consists  in  making  a  semilunar  flap  with  bnmil  Imim'. 
from  the  integument  which  covith  IIh-  flrxt  n»-ta(~jr- 
p«l  bone,  the  point  of  the  flap  reiieliiiig  tlu-  Ixtse  of 
the  first  phalanx.     A  trnnsversu  imrisiiin  around  the 
wrist  is  then  made  and  dlsarticuluttoii  is  cimipleiiil 
U  in  the  other  operations. 

Ampltation  ok  tub  Forearm  may  be  prnclisiil  by 
the  drculsr.  tegumentarj-,  or  niuscutu-li'gunu'ntiiry  flaji 
The  lower  third  of  the  foreariu,  coutaiuing  a 


mentary  flaps  can  be  made,  tlie  tendons  being  divided 
by  ft  circular  incision  (Fig.  148).  Theprescuceof  a  large 
number  of  synovial  slu-utlis,  and  the  danger  of  inflam- 
niutiOD  m  tlurii  wlien  they  are  opened  should  not  mili- 
tatt.  uganiKt  tliL  ^  iiluc  of  oiH-ratioris  In  the  lower  third  of 
tlie  forearm  smci  by  operating  below  the  insertion  of 
thi  /•loii'itiii  rtiifit  teret,  movements  of  pronation  and 


lUpil 


«iU 


b*.  preairvcd 

t  numbir  of 
surgeons  pa  for 
the  Hap  opera 
tion  in  all  am 
uututiotis  of  the 
Ion  arm  ntakiug 
both     f1)ti>s    by 


lheanl".'rior  flap 
<Mn  be  made  in 
thisnutuner.  atifl 
tlie  posterior  by 
cutting  from 
within  outward. 
When  this 
method  is  re- 
8<)rttd    til,     the  Fio.  1*6. 

bones   niuHt  be 

divided  as  high  up  as  )>o»slble,  to  overcome  their  ten- 
dency to  protrude  at  the  angles  of  the  wound.  Miisculo- 
teguinentury  Haps  sliiiuld  be  useii  imly  In  the  fleshy  part 
of  the  fnnurin.  in  all  uniiuttations  in  tills  |>art  tlie 
catling  is  to  be  usihI.  in  the  manner  already  described 
(Fig  Vi:i).  The  divided  ti-iidons  and  nerves  must  be 
dmwii  from  the  wound  and  cut  an  sliort  as  possible. 
The  arteries  n'liuiring  ligation  are  the  nulial.  ulnar,  and 
interosseous.  It  is  (Hirtkularly  eHScntiid  that  the  latter 
should  bedivided  d'f' o»f«,  and  carefully  si-eiireil.  When 
secondary  hemorrhage 
occura  after  uniputa- 
tiuD  of  the  forearm.  It 
is  almost  always  tbe 
result  of  faulty  liga- 
tion of  thLi  vessel. 

Amputation  at  tkb 
Elbow.— The  removal 
of  the  forearm  at  Eta 
articulation  with  the 
humerus  is  generally 
ackuowledgeil  to  liare 
been  first  performeii  by  Ambrose  I'are,  in  1538.  in  the 
case  of  a  suldk'r  who  hail  received  a  gunshot  wound  of 
the  fi)rearin.  which  was  followed  bv  gangrene.  The 
o|H'iHtton  did  not  meet  with  much  favor  bv  surgeons 
}(eiH-rall}',  until  it  was  again  a<lvised  and  practised 
HI  tlic  second  ijuarter  of  this  <%ntury  by  Textor.  of 
Wtlrzliurg.  by  Dupuytn-n,  and  by  Liston.  With  Ilie 
exception ufCheuu's  statislics.  theresuliji  <if  anipiittitjon 
at  the  elbow  liave  licen  very  fuvorabl<\  tlie  deutii  rate  not 
exceeding  U  i>er  cent.  (Agni-w).     The  liifitiiiiincil  writer. 


however,  gives  a  mortiilily  of  65  per  cent,  as  tliat  which 
attended  disarticulations  of  tlic  forearm  during  the 
Crimea.    On  the  other  band,  of  39  amputations  lit  the 
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cllmw.  niadc  liiirinff  llic  War  of  llic  Hilx-IIiiiii.  in  wliicli 
the  result  wiis  ilebrmiiuil.  unly  \i  suucunibett:  tlti- 
mortality  bt-iiig  Iuhh  tliai)  «  per  ii-i'it. 

Tliu  operations  (^cuemlly  n^sorlvtl  Ui  in  ampMtatioDS  at 
tlie  elbow  arc  tJie  drrulur  anil  n)usculo-t<';;iinii'ntary  l]a|) 
nictlHMJa.  WlU'ti  tlMJ  fomuT  is  praetisul,  a  circular  in- 
ciflion  Hhould  (iividc  tiie  sitin  anil  RulicutaDciiuR  ccllnlur 
layer  of  tlii!  forearm  at  least  two  ineln-M  )n.'Ioh-  tlic  hu- 
meral eonilylcs.  Wlion  a  cuff  nf  KUlllcieiit  length  baa 
been  reHeet*ii,  llie  anterior  mirface  of  llie  i<)iiit  is  made 
prominent  l)v  liV|H'rex tension,  and  divided  bv  a  tranH- 
vcrse  cut  with  llic  end  of  tiie  knife.  When  iliebkU'ml 
ligaments  are  iiext  divided,  titc  joint  surfaceii  are  KiiHi- 
cicntly  M!)iarated  fnun  eaeli  oilier  tii  permit  the  knife  to 
Ik-  passe«l  behind  tiiu  okcranoii,  wiien-  'lie  tendiiu  uf  tlu.- 
trice|)s  iH  tA  l)e  divided.  The  latter  Htf^p  of  tlie  ojicmtion 
is  sotiH-timen  att4'n<k'd  with  sueh  diilleiilly  tiiat  many 
surgetmn  preserve  tlie  olecranon  pnieesx  tiy  Rawing  tlie 
ulna  transverselv  after  disartieulation  of  tlie  miiiuit  has 
been  effwu-il.  The  advaniaK<'s  wlil<'h  are  In  lie  nbtainivl 
by  its  pn'servation,  on  Hemiiint  of  tlie  itiHucnee  whk-li 
the  triet^pH  will  have  over  liie  artilleinl  linih.  are  nuin'  ' 
tlian  balauced  by  the  inereased  iliiiiKt'rs  of  n-teiition  of 
secri'tion    in    the    wound 


Em 


I'llent 


tulu 


also  Ik;  iiblAined  l)y  tcjru- 
mentary  flaps.  As  ren- 
reseiiU'd  in  Vip.  1-lH  (Ks- 
man-h).  h  enrveil  ineisi.m 
ia  made  over  tlie  llevor 
surfueu  of  tlie  forenrin, 
bef^iiiuing  and  encHiij; 
al>outi)ne  inch  Im'Iow  th^' 
ci)n<lyles.  Tlie  lai'p'  m'nii- 
lunar  flap  thus  iuh<1c  is 
retlei'ted  to  its  base.  A 
seeond.  Iml  whorter  eon- 
tlap  is  made  posleri- 


■    oiieralioii 


and  one  more  likely  tii  heal  promptly.  lu  all  amputa- 
liiins  at  the  ellxiw.-  tlie  radial,  ulnar,  and  interosaeoUB 
nrteries  require  lifiation.  Wlien  tlie  ineisiun  through  Uw 
soft  parts  anteriorly  is  made  on  a  higher  level  tban  is 
iirdinarilv  nect^sstiry,  the  brachial  may  be  divided  and 
require  ligation. 

Ami'ittatios  ok  tiie  Ahm. — This  may  be  performed 
at  any  point  bel>iw  the  axillary  folds,  and  all  the  metboda 
i]iulating  may  lie  useil  with  advantage  in  diOerent 
' ''■     -'    -  -tlHKla  often  pennits  the 


1  the  c'lioiee  of 


ed,  exposes  tile  olecranon.  Tin 
completed  by  disariiculation.  as  in  tliat  by  the  circular 
metliod.  The  must  brilliant  ojieration,  an'd  at  the  winie 
time  a  very  satisfactory  one.  Ih  tiiat  by  whieh  a  king 
anterior  flap  is  iiuule  hy  transfixion.  Tlie  knife.  iH-ing 
Introduced  a  little  less  tlian  nn  inch  below  Uk-  external 
condyle  (for  the  right  ann)  of  tlie  huuK-rus.  is  puKlie<l 
dire<rt1y  across  the  front  of  tliu  artii 'illation  to  a  jiofut 
on  the  dame  level  on  the  op|>oMiU;  side.  The  arm  liclng 
ludd  in  a  supine  [Hisition,  a  broad,  almost  reetangular 
flap,  from  four  to  tlvo  inches  in  length,  is  made  by 
cutting  outward.  The  ends  of  the  wound  should  then 
lie  unit^fl  by  a  slightly  convex  incision  cnrrieil  aeross 
tlie  posU'riiir  aspect  of  the  joint.  Disarticulation  is  tlicn 
efl'eeled  &<•  In  the  pH-vioiis  operations. 

When  thf.'soft  [mrtsof  Iheanterior  portion  of  the  forc- 
anii  cannot  be  iiiiii/cil.  Ilie  integument  of  the  |Histerior 
surface  can  be  sbaptil  into  an  adinirahli-  c-overlng  for  the 
end  of  the  bone.  Asliliurst  thus  descrJlK-s  the  elliptical 
ineit^iD  by  which  tlits  is  ticcumplislie<l :  ~  The  ami  being 
M'miflex<Ml.  tlie  jmliit  of  tile  knife  is  entered  nearly  an 
inch  U-low  tlie  internal  condyle  of  the  huinenis.  enrveil 
iipwani  <iver  the  fmiit  <if  the  forearm  nt-iu'ly  to  the  line 
uf  tlie  Joint,  and  downward  again  In  a  jMiuit  an  inch  and 
a  lialf  lielow  tlu'  exlcnial  eondylei  the  arm  U'ing  then 
forcibly  flexed,  tliu  ellipse  is  ciiinplettii  on  the  back  of 
tlie  forearm  by  a  curved  incision  |iassiiig  nearly  tiirec 
inches  below  tlie  tip  of  the  olecranon.  Tlie  ciilf  thus 
inarkml  out  is  TapitUy  dissi'cted  iipwanl  as  far  as  neces- 
sary, when  the  niU)H'l<>s  of  tlw  fnint  of  the  forearm  arc 
cut  alxiiit  lialf  an  inch  below,  and  the  ulnarnerv<-  us  far 
above  the  joint,  and  disarticulation  is  effected  fnmi  the 
outer  side.  The  wound  Is  closiil  trans versidy,  forming 
a  small  curved  cicatrix  in  front  of  the  bone." 

It  is  jiriiliably  always  ntlvisalile.  except  in  cases  of  dis- 
ease, to  preserve  tlie  iirtlcubir  surface  of  the  liiimerus 
intact,  although  f^ir  Williuni  FerguMin  iN-licvcd  tliat  a 
section  above  the  condyles  leaves  a  preferable  stump. 


operator  to  save  a  cousldemble  portion  of  the  arm.  < 
account  of  the  central  position  of  the  humerus,  the  ai 
is  [iniperly  eonsidcn^  the  typical  position  for  the  double 


The  olijcction  to  be  urged  against  it  is  tlic  unequal  re- 
traction of  the  integument  and  underlying  muscles,  the 
latter  generally  {irotruding  a  varying  distance  over  the 
ciitsneoiis  margins  of  the  wound.  Agnew  properly  ad- 
vises tliat,  In  overcome  this  unequal  retraction,  antero- 
iiosterior  nval  skin  flaps  sliould  be  raised  of  sufficient 
length  t<i  cumiiensate  for  the  difference  in  muscular  aod 
culiineouB  ri'lrnction;  after  these  arc  made,  the  muscular 
liajiH  are  formed  eiliier  bv  translixion  or  by  cutting  from 
wilhii    '      ""     '■  -        ■        '        -   .' 


jects.  In  making  tlie  flaps,  the  posterior  should  always 
Iw  inaile  lirst,  the  anterior,  containing  the  important 
v(«sels  and  nerves,  lieing  made  last.  According  to  the 
dimcnsiriiiB  of  tlie  limb,  the  Hups  should  be  made  from 
two  to  three  inches  lu  length. 

In  slender  subjects,  the  <-lrcular  operation  answers  ad- 
niinihly.  In  cxcciilionally  thin  arms,  the  integument 
can  be  retracttil  sultlcu-ntly  to  make  the  operation  by  ft 
single  circular  incision.  As  a  rule,  however,  it  ts  best 
formally  to  reflcctacuS  (Fig.  149),  or  to  make  leclan^- 
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hrcutanetiuB  flaps  by  slittiui;  the  cuff  on  each  side.  In 
diTidiDK  tlie  uiusclca  liy  u  circular  incision,  the  bice]ia 
generally  retracta  more  than  the  remaining  muscli-s.  The 
wound  u  often  ao  irrcKular  in  cousequencc  tliat  a  second 
division  of  tlie  muscles  becomes  neci^ssary  (Fi|>:.  irAI). 
In  caaen  of  injury  atti.-n<lcd  wilh  (rrt-nt  tfcatru['li<)n  of 
tbe  soft  parts  ou  iiui  ilursal  as)icct  rif  tlic  ami.  the  Tealc 
meUiocl.  by  ifclani^ukr  Haps,  oftirH  nartitular  advan 
lages.  The  iiicLsiona  for  niakiuj;  tiK,  Um^  aiiUncir  tlup 
must  be  made  tn  such  a  manner  tlint  thL  mm  r  ( 1 1  aliall 
be  witliout  the  brachial  art<'ry,  whuli  Hhould  bi  <on 
talned  [n  the  Hhort  posterior  flap 

In  amputations  tlimugh  the  niulille  and  loutr  tliirds 
of  tbe  arm,  the  circulatiim  can  In.  c  mtnilkd  ni  tin  or 
dinary  manner  by  ttic  Esinari'li  tuU  or  touniKiiut  In 
amputations  hifclicrup,  wIktc  tliL  toumiijuil  nould  be 
in  the  way  of  the  operator,  and  lialik  b>  i!li]>  tin  mam 
artery  can  be  ci'mpresscil  against  tin  heailtf  the  Ixint 
br  an  asaistant.  or  against  the  Unit  ribaht)te  the  i  hiMi  k 
When  a  tourniquet  is  umkI  in  ampulatious  in  tlu.  upptr 
part  of  tlie  arm,  it  should  be  so  applied  that  a  rolkr 
covers  tlie  axillary  artery  in  tlic  arm  pit  v.  Ink,  tlR>  plate 
of  the  tiiumii|iiet  can  Ik;  llxeil  agaiimt  tin.  acromial  proc 
cg»  of  the  scapula.  TIki  arteriirs  n  <|iiinng  lipilion  after 
amputntion  of  the  an»  are  thu  brat  hial  auixnor  or  in 
fenorprofunila,(K.-caKioually  tlicaiiasloinotKii  andfiinror 
flvc  muscular  branches.  Itsliould  be  rmumlxrtd  likt 
wise,  tliat  in  everj- fifth  subject.  (KConlingtoQmnn  tlitn, 
is  a  high  division  of  the  brachial  into  radial  and  ulnar 

In  S,3T3  cases  of  nmputiul'in  of  the  arm  fir  gunshot 
Injury.  1,248,  or  33.0  j.er  tint-,  tirminat.d  fiitallj  Tlu 
gravity  of  ampiitatkin  of  the  arm  dots  not  iiu  n-asc  « iih 
"      ixicnt  of  the  linil)  removed  atiiputalionr,  through 


the  lower  tliinl  presenting  a  niorlaht)  of  ^l  | 
against  10  p<'r  cent,  (or  Hm|>UlaIions  In  tlu.  mi 
ffl  per  cent  for  those  of  the  up|H  r  thud     In  tlu  e 


tics  of  Gorman,  derived  from  civil  praiiicc  thin  n.mark 
able  feature  in  tlic  prognosis  of  ampntatioua  of  the  arm 
ifleven  more  pronounced,  the  mortality  following  ampu- 
totfona  in  tlic  U|ii>cr,  middle  and  lower  thirds  being  3>i 
percent.  21  perccmt.  and  44 per  cent,  respectively.  Of 
14  amputations  of  tlu:  arm  in  the  Cineiniiali  Hospital  all 
fecovered.  Of  1.17  ampiitiitions  of  the  arm  collected 
from  the  recent  atatialics  of  Enlman.  Page,  and  my  own, 
20,  or  12.8  per  cent.,  died.  For  the  comparative  mor- 
tality aftcramputations  of  the  arm  for  injury  and  fordis- 
esM,  the  reader  is  referred  toTubleal.,  II.,  and  III, 

Amput.^tion  at  the  Siiul'i.ukr. — Although  this 
operatiou  was  referred  to  by  ancient  writi-rs  on  niedicine. 
it  waa  not  performed  as  a  formal  operation  till  lilO. 
wlien  the  elder  Klonind  performed  it  with  a  fatal  result 
In  a  case  of  caries.  The  case  was  not  R'conleil  until 
some  yeara  later,  by  the  younger  ^lomnd.  The  Hccond 
operation,  which  was  successful,  was  iiia<lc  in  ITI.^i  bv 
tbe  elder  1a!  Dran,  likewi,><e  for  carii-s.  That  the  anil 
bad  previously  been  removed  at  the  shoulder  in  a  case 


Faye,  Heister,  and  Bromfleld  repeated  the  operation  from 
time  to  time  on  the  Continent  and  in  England,  but  It  re- 
maJne^l  for  the  diRtiuguishcil  l^arrey  to  give  it  a  firm 
footing  among  surgical  procedures.  Of  111  amputations 
made  liy  him  at  this  part.  H7  recovered. 

In  all  amputations  of  the  shouhier.  the  circulation  in 
the  axillary  artery  must  be  coutrolk-d.     This  can  be  ac- 


tfae  bone  of  the  arm,  but  perceiving  tluit  it  was  Icmw  in 
Um)  joint,  he  save  it  Bcvcrnl  slight  'jerks,'  when  the 
bone  was  readily  drawn  from  tlie  socket."    Itavaton,  La 


complislicd  bv  ih(  us(  of  the  rublier  tnlK  of  the  Esmarch 
Imndagf.  limily  wound  around  tin  axilla  and  sliouldir 
and  held  hj  nn  asHistant  or  cliihpcil  towani  tin.  neik  of 
tlie  patunt  Oig  I'll)  TopnuntUiL  slippmgof  the 
strap  wliiib  in  liUh  to  occur  wlteu  tlie  biad  of  tlie 
hunurus  b-avcfl  the  aoLkit  two  long  transHxion  pins 
maj  be  iisid  tJic  one  in  front  of  and  tlie  oihir  1m  hind 
tlw  acromion  1  he -anterior  pin  is  intnuluced  through 
tlie  nikldle  of  tiu!  anterkir  axillary  fold  near  the  trunk 
line.  It  is  made  to  emerge!  an  inch  above  tlie  shoulder, 
one  inch  to  the  inner  side  of  tlw  acromial  tip.  The 
second  pin  tmnslixc'S  tlu-  posterior  axillary  fold  in  tlic 
same  manner,  eiitcrarlng  iH'liind  the  ai'romion  (Fig.  I53>. 
In  all  amputjilions  of  the  shoukter  the  joint  should  he  ap- 
pr<M<!lie<l  from  the  outer  Kide.  so  tliat  the  artery  sliall  not 
be  divided  until  disarticulation  liaa  been  elfected.  In  this 
manner  an  assistiint  can,  if  ncKX^sary,  pass  his  thumb 
into  the  wound  aln)ve  the  knife  (Fig.  153)  and  compress 
the  vessel  before  it  is  cut. 
Two  pairs  of  ixilicle 
clamp  furccps  with  blades 
three  iiieliea  long  aiililled 
above  the  Hue  of  division 
of  tile  inner  Ikip,  tlie  one 
from  In  front  and  the 
otiK-r  from  iM'hind.  will 
pitrfcctly  eontnil  tiic  ar- 
Icrv  wh'ile  tlieoiieration  is 
biilig  (fimpU'teil.  There- 
by Nkilleii  asMstance.  and 
even  the  Esninreh  strap, 
can  be  dispenses  1  with. 
The  hemorrhage  is  from 
the  RinalliT  vi'sscla  only 
and  is  slight.  When  the 
axilla  is  invadec)  so  high 
that  this  plan  of  luenios- 
Insis  is  inipnictkiible.  the  axilhry  shoiiht  U-  tied  bv  di- 
viding tlw  i)ectoral  iiius<'k  as  Nuggestc<l  by  l)el|H-cli,  or 
the  hiilH-Uivian  Khouk)  lie  tiwl  in  its  tliinl  iiiirl.  us  a  pn"- 
liminary  stl^p  to  tlie  amputation.  Wlii'o  sueh  precau- 
tions as  have  Ixvn  descrilieel  enii  lie  taken,  it  is  not 
necessarv  to  makit  a  preliminary  lipitiim  of  llu'  artery  in 
the  nxilia.  Aniputatiiiiis  at  the  shoulder  joint  can  be 
made  hy  tlu-  oval  or  flap  inetluMl,  and  likewise  by  a 
circular  iiiicratloii  with  (■xt4'mal  limgitiulinul  ineialon, 

ffnil  Mrlliml.--TUM  o|H'mtion.  gi.'iierally  desi}tnated 
l^arrev's  operation  (as  shown  in  Fig.  I,>1),  is  |>errormed 
as  follows:  The  jiatieut  being  placed  in  a  aemirecumtieut 
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posittnii,  -witli  tlie  part  to  be  ampntated  projecting  over 
the  t-dge  of  the  opi-rating  table,  tbc  point  of  tlie  knife  ia 
introduced  jiist  biincath  the  point  of  the  atnimiou  proc. 
ess.  and  carried  down  over  titc  external  surface  for  a  dis- 
tnncc  of  from  two  and  ooe-lialf  to  four  inelii-s,  accordinf; 
to  the  dimensions  of  the  |>flrt.  Tliis  incision  Hlumld  di- 
vide all  the  tissues  down  Ui  the  bone.  From  llio  eentre  of 
this  Ineision  an  oval 
cut  is  carried  around 
the  anu,  pasNOg  a  lit- 
tle Iwluw  tlie  axillary 
fohK  but  involviOK 
only  tite  fikin  and  flu- 
perlieial  fascia.  Tile 
tlups  thus  oullined  aiv 
caTcfiillv  lilicretrd 
fnim  tlii^  ^«me.  The 
I'apmile  i^^  tlicu  freely 


dbya 


Fiu.  Ui. 


the  bead  of 
tile  liuineru«.  aii<l  Ihc 
anil  is  rotaU^l  inward 
and  outwaril  to  fncili- 
tiUi!  the  division  of  tile 
ti-ndons  of  tlic  articu- 
lar miuu'li's;  in  this 
piirt  of  tlie  oiH'mtion, 
Ihe  edge  of  tlie  knife 
must  lie  kei>t  in  close 
contat^t  willi  the  Imiuc. 
TlK-  o|HTntiiin  is  ecni- 
pk'h'd  bv  dividing  the 
soft  pnrts  oil  tlie  in 
temal  surfatrft  of  tlie  am)  on  n  level  with  IIh'  eulniK'ous 
inciHJon  itlr<-ady  iiuule.  While  ft  is  not  es>ieiitiiil.  in  this 
openitiiin.  lo  «irry  the  oval  incision  complc-li-lv  around 
tlie  arm  iH-fon;  iieginuliig  t-lie  dissi'dion  of  Die  tjapn.  it  is 
pn'renhle.  since,  witboiil  it,  tlic  lower  jmrt  of  the  oval 
wound  is  very  iijit  to  be  mifged  and  niieven.  The  wound 
following  Ihis  ii^'iiition  is  tuiiled  so  as  to  leave  a  linear 
cicatrix  paralk-i  to  tin-  axis  of  tlie  biniy  (Fig.  l.">4.  from  n 
phol^igraph  of  one  of  Asliiiurst's  patients). 

In  cusf^s  in  which  tlie  hunierua  is  sliHttereil  to  fuch  a 
degree  that  it  eanui>t  easily  lie  used  In  the  maniii illations 
ncL'(«8ary  for  efTeetiiig  Aisarlic illation,  the  fidlowlng 
modiHcution  (if  the  circular  incision  will  auftwer  a£lmir- 
ably :  Tbc  arm  U'ing  nliiliietcd.  n  circular  incision  at  tlie 
lower  Imnler  of.  or  through,  the  ileltoid  divides  all  the 
soft  iiartt  down  U>  the  lM>ne.  TIiIh,  If  net^'ssary.  iMdi- 
videil  on  the  same  level,  and  all  the  gaping  vcssi'ls  are 
liKnteil.  Wlien  the  anipulalion  of  the  arm  is  thus  com- 
pleteil.  a  long  ini'isioii.  dividing  all  tlK>  ioft  part-*.  Ih 
made  from  tlic  tip  of  tlie  acromion  over  tbc  extenial  sur- 
face of  the  filioulder  totliecircnlur  wound.  The  remain- 
ing stump  of  the  humerus  is  tlicn  sei/ed  with  a  strong 
pair  of  forccpx.  timl  lilicmled  from  its  muscular  attuch- 
meiita  nnri  from  the  joint  by  sliort  incisions  directed  well 
against  tlic  bone  (Esnuir<-h). 

Amputations  at  ttie  shoulder  liy  the  flap  nietho'l  can 
be  made  either  bvlraiislixion  or  Ijv  cut  ting  from  wilhoiit 
inwHTil.  The  latter nH'tlxHl.  while  less  brilliant,  is  pnf- 
crable  In  every  way.  It  slioulil  !»•  ]ii-ifornn-d  in  the 
following  manner:  In  HinjiuliUion  of  tlii'  left  nriu  tlie 
operator  iK^gins  liis  incision  at  Ilie  conici)id  proces.s,  and 
carries  it  down  over  llie  antcrinr  surface  of  the  shoulder 
to  the  level  of  tlie  ins.'rlion  of  the  delloi.l.  iicvoss  which 
it  iscurritHl  inn  wide  curve;  it  is  llieti  prolongi'il  upwuril 
on  tile  posterior  surfiur  of  tlie  shoulder  to  the  junction 
of  tlie  acromion  with  Ihe  spine  of  the  scapula  (Fig.  l.Vi). 
Thin  bR«d  flap,  im'biding  n  great  |)urt  of  ihe  deltoid,  is 
then  mlsetl  by  rapid  stn<keMof  tlu-  knife  and  rctU>eted 
over  thi^iicromion  inonli'rihat  the  joint  n my  lie  exposed. 
This  Is  made  pniminciit  by  pushing  tlie  licad  of  tlw  Ini- 
iiU'nis  iipwaril.  and  is  iat  lie  openeil  by  a  Ininsvcrse  cut 
nixm  the  latter.  Tlie  head  of  tlie  imncis  now  (iisilv  ilis- 
loenUtd.  The  knife  Is  tin -n  cnrriiHl  tieliiiiil  the  hiiincrus 
(lis  shown  in  Fig.l.HI)  and  liown  its  inner  surfiiee  lo  a 
point  one  or  two  inches  Ik'Iow  the  axillary  fold,  when. 


method!  the  arm  must  be  helil  at  a  ri^bt  angle  with  tbe 
body,  while  the  surgeon  grasps  and  rauvs  the  fleshy  part 
of  tlie  shoulder  with  tlie  left  hand.  The  knife  is  entered 
one  or  two  inches  behind  the  acromion  and  pushed 
<lirectly  across  the  front  of  the  joiot,  emerging  Just 
outside  the  coracoid  pniccss  of  the  scapula.  Tnineflxion 
tieing  elTectei).  a  bniatl  Hap  Is  cut  from  within  outwanL 
Tlie  further  steps  of  tlie  operation  are  similar  to  tlioae 
alKive  iletttiled. 

Both  of  the  operations  described  leave  a  wound  that, 
from  its  position,  is  more  readily  drained  than  tliat  which 
is  left  by  the  oval  method.  The  cicatrix  which  remaim 
is  tmnsverse  in  dinx'tion  an<l  curvilinear. 

A  wountl  closely  resembling  tliat  left  by  lArrey's  oral 
operation  remains  after  tla-  formation  of  postero-ex- 
tenialandanlcro-internalflapa  by  Lisfranc's method.  In 
practising  this  method,  when  Uie  left  arm  is  to  be  re- 
moved, a  long  and  narrow  amputating  knife  is  intro- 
iluced  at  the  margin  of  the  posterior  axillary  fold.  The 
blade  is  tlien  piislied  along  tbe  [lostcrior  surface  of  the 
humerus  until  the  liead  of  tbe  bone  lias  lieen  cleared, 
when  tlie  couuler- puncture  can  renilily  be  made  an  inch 
beneath  tlie  clavicle  and  on  tlic  outer  side  of  the  coracoid 
process.  A  broad  poster<i-ex temal  flap  must  then  be 
shapttl  by  cutting  from  within  outwanl.  The  capsule 
is  then  o|H'n<il  as  In  other  operations,  and  an  antero-ia- 
t(-mal  fliip  cut  likewise  from  within  outwanl.  In  opera- 
tions on  the  right  side  the  posterior  flap  is  also  made 
lirst:  the  surge<in,  standing  behind  tlie  patient,  inserts 
the  point  of  the  knife  from  above  and  lets  It  emerge  from 
the  posterior  axillary  fold, 

I'liifessor  Sp<'n(«.  of  Edinburgh,  has  recently  intro- 
diice<l  a  metliiKl  of  aniputating  which  is  but  a  modifica- 
tion of  tlie  oval  operation,  in  which  tlie  perpendicular 
incision  is  made  up<in  the  head  of  tlie  humerus,  nearer  to 
its  inner  than  its  outt'r  surface.  This  Incision  ia  com- 
menced just  lieneatli  and  outside  of  tbe  coracoid  procpas 
ami  carried  through  the  clavicular  flbresof  tbe  pcctoratis 
major  and  deltoid  muscles  until  the  humeral  attachment 
of  the  fiiniier  is  reiiched.  From  the  lower  end  of  this 
ineision  the  exti-mal  and  internal  curvilinear  int' 
an.'  iilmosl  the  same  as 
thost-  of  the  oval  opirni- 
tiim  as  generally  prac- 
tised. The  advantages 
eliiinuHl  by  Profi-Bsor 
Speiice  for  this  nindiH- 
cation  are  the  facility 
with  which  the  disartic- 
ulation can  be  etTecteil. 
the  uvoidaiK'e  of  injury 
to  the  nuiin  trunk  of  the 


,   iinil    the 


the  tirst  edition  of  this 
work  14  cases  of  avnl- 
sioa  of  the  entire  upjs'r 
exireinity  wen'  referrcil 
to,  ivliicli  eii(le<l  favor- 
ably. In  (he  lust  cdi-  Fi«.  1S5. 
t  ion  of  .Vshhurst's  "Siir- 

giTv,"  IT  iiisi-sun'  reconled  of  such  avulsion  which  ended 
favonibly.  Here  also  are  recorded  Mf  cases,  in  which  the 
enlirc  upiier  extremity  including  the  scapula  and  part  of 
Iheeluvieles  wns  renioveil  by  opci-aUon,  with  87  recovt'r- 
ies  and  'H  d<-ntlis.  I)i>rgmann  has  put  on  record  14  ampii- 
liitions  of  the  entire  upiMT extremity,  with  only  1  deatli. 
Favorable  (iiW's  have  likewise  been  recorded  by 'CliavasBe, 
Ochsiicr.  Keen.  Doll,  and  HciltUens.  Barling  has  recently 
ciillcded  IH  cMsi-i  ojiemted  on  within  live  years  wiUiont 
11  ilciitiuf  ■'/■;,.  Nv.  7VviH«.,xxxi..  p,  Ifri).  The  operation 
is  indicated  in  cases  of  severe  crush  of  liie  upper  extretu- 
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ity  wben  exarUcuIation  nt  tlic  simuldcr  would  not  suffice. 
and  In  neoplasms  of  the  iippi-r  i;xtremity  wlien  it  Is 
essential  to  get  as  far  hh  poxslble  froni  the  niscase.  The 
Stat  operation  wns  done  bv  Ciitnininii;,  in  imw.  for  gun- 
shot injury;  the  sccimd.  m  1S3(),  hy  Giirtani  for  a  se- 
vere tntiima  from  an  expWion.  In  IWT  I'aiil  BtTjriT 
tabulated  all  of  the  easiit  rcennicii  ii])  lo  that  time,  and 
submitted  the  most  compn-lii'nsjvc  inonugmph  upon  the 
subject. 

As  in  amputations  at  llic  shoulder  joint.  Ilie  control  of 
hemorrhage  is  tlie  esscutinl  point  oF  Ihe  nperatiim.  It 
is  now  tho  conscnKiis  of  ojiininn  tliat  the  lirst  Htep  of  the 
operation  should  Ih-  the  ri'w-ction  of  the  midille  third  nf 
the  clavicle  as  a  preliniinarr  step  to  tin-  tyincr  of  the  siili 
clavian  artery  and  vein.  It  Is  essential  to  tie  the  hitler 
M  well  as  the  artery,  in  order  U<  prevent  the  injfri>ss  of 
«lr.     According   to  the  publlrulioii  liy  Naase  of  lierj,' 
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mano'e  ea-vs.  the  Berlin  Rurgeon  begins  his  operation 
with  tlic  typical  l)>|:ution  of  the  subclavian  artery  to  the 
outer  Hlje  of  the  aulerior  scalenus  miiscle.  This  is  fol- 
lowed by  division  of  the  clavicle.  Tlie  arm  is  th<-ii 
elevated  and  the  subokvian  vein  tied.  The  bmehiul 
iJexuaisatODcc  divided.  Oelisner  lius  called  attention 
to  the  fact  that  tlils  plexus  ought  to  be  divide<l  with  a 
•harp  knife  rather  titan  with  scissors,  since  the  nhock  la 
thereby  greatly  lessened.  The  cutaneous  incision  must 
vary  somewhat  according  to  the  degree  to  which  the  ixiFt 
parts  about  thcaliouhlerare  involved.  Bergmann  makes 
RD  anterior  incision,  through  the  skin  only,  from  the  fnci- 
•ion  made  for  the  division  of  tlic  clavicle  straight  tlirougli 
tbcaxillatothc  lower anglcof  the  seupula.  Tlie  posterior 
incision  b  madcoverthedorsalaspiTtof  the  scapula  from 
the  resection  line  of  tho  clavicle  to  the  end  of  the  anterior 
fndsion.  The  illustration  will  indicate  the  lines  of  In 
cisions  recommended  by  Tn^ves."  That  for  tlio  antcro- 
iofcrior  flap  extj-iids  oiitwuni  frtmi  the  incision  nuide  for 
the  division  of  the  clavicle  to  the  outer  and  lower  Ixmler 
of  the  axilla,  which  it  cros.iiis  directly  from  liefore  tnek- 
ward,  whence,  it  [tasscB  dow-nwani  to  the  lower  tip  of 
tlK  scapula  posteriorly.  The  posterliir  iiicislou  extends 
across  the  upper  surface  of  tike  shoulilcr,  fnim  which  it 
Inclines  over  tJw  scapiila  U>  iti  Iowit  angle,  as  seen  in 
the  illustration.  After  the  lifting  of  the  cutaneous  flaps, 
the  muscles  antdivkli'd  and  tlu'  sniall  vessels  tied  as  they 
are  encountered.  In  one  nf  Keni's  case?!,  owing  to  the 
iOTolvement  of  the  parts  about  the  acromion,  an  oval 
inciwou  was  made  lieginning  tlmi-  inelies  alKive  the 
acromion,  each  limb  passing  in  front  of  and  iH'hind  the 
shoulder  respectively.  un<l  mi-etlng  in  front  of  the  in- 
ferior angle  of  the  scapulii.  In  tlie  ciises  of  recovery, 
the  wounds  lieal  within  the  course  of  ten  days  or  two 
-werk-s.  In  operations  for  ninliirnnnf  disease,  the  prog- 
nosis is  fanuorc  favorable  when  il  is  ilune  for  myeloid 
fluooina  tlian    for    periosteal   siirt'onia.     Tlii-   pnignosis 

•Trevai!  " Opwutlve  Hurn  ."  vol.  1.,  Flu- «- 


eases  of  Heddaeus  recurrence  mpidlv  took  place. 

Amputation  ov  tiik  Toes,— It  I's  occasionally  neces- 
sary to  remove  the  to<'s  in  eonsequence  of  accident,  dis- 
ease, or  lieforniity.  While  in  cases  of  accident,  it  may 
occasionally  be  well  to  save  a  part  of  one  of  the  smaller 
phalanges,  it  is  g<-nemlly  liest  tluit  the  amputation  be 
made  at  tho  metatarso-plialangi-nl  joint.  In  amputations 
of  the  plialnnges.  a  flap  o)H>ration.  like  tliat  for  the 
ftngers.  must  be  niaih-,  care  Ining  taken,  as  in  all  ampu- 
tations of  tlie  fo<it.  that  the  cicatrix  is  phteed  on  the 
dorsal  aspect  of  the  stomp.  In  amputations  of  an  entire 
Inc.  the  incision  should  1hi  conimence<l  on  tlie  dorsal  sur- 
face of  the  nietJitarsHl  bone,  a  little  alH>ve  tlie  Joint,  but 
considerably  alxtve  the  weli,  and  carriiil  directly  down 
au  inch  or  more.  It  is  tlien  carried  obli<)iiely  amiind  the 
web  on  each  side.  In  such  a  manner  as  to  preserve  as 
much  of  the  soft  parts  as  possiltle.  This  preservation  of 
tissue  IS  neces.sary  for  a  sulllcieiit  eoverltig  for  the  large 
head  of  the  metatarsal  bone.  When  the  o[>eration  is  per- 
fonni  d  III  this  manner,  the  cicatrix  is  tinier  and  (entirely 
removed  from  pressure.  No  part  of  the  mctatarsnl  bone 
should  be  renioved.  lest  tlie  strength  of  the  fitot  be  deteri- 
orated. Disarticulution  of  tlie  gri-at  toe  may  be  effected 
by  tbeoval  method  just  described,  or  by  the 'formation  of 
aa  Internal  flap.  In  the  latter  case,  an  incision  Is  begun 
on  tl»e  outer  side  of  tlie  extensor  tendon,  just  below  the 
joint,  and  carried  bugitudioally  to  the  Iiead  of  tlie  first 
plialanx.  From  its  lower  enil  an  incision  is  carried 
transversely  around  the  inner  side,  to  tiie  flexor  tendon, 
along  the  outer  side  of  which  it  is  continued  backward 
to  the  pbiiitar  fold,  whence  it  is  again  given  a  tmnsvcrse 
direelinn  around  the  outer  side  of  the  toe  until  it  meets 
tlu- first  incision  near  it((eentrc(Stimsim).  Thenctangu- 
lar  flap  thus  marked  out  is  dlsseeti'd  up,  thc^  tendons  are 
divided,  and  disarticulation  is  elTect<-d.  Although  it  is 
sometimes  recommended,  the  head  of  the  first  metatarsal 
bone  should  never  U-  renioved  unless  It  is  Implicated 
in  the  lesion,  since  it  forms  one  of  the  most  important 
points  of  support  in  the  foot. 

Amputation  of  all  the  toesat  the  metatarso-phalangeal 
Joints  may  lie  made  bv  carrying  a  curved  incision  along 
the  groove  between  tJie  Iwse  of  the  toes  and  sole  of  the 
Foot  from  one  margin  of  the  lattiT  to  the  other.  The 
toes  iM-ing  forcibly  flexed,  a  similar  Incision  is  made  along 
the  doraiim.  wliieh  joins  tlic  ends  nf  the  plantar  wounif 
The  semilunar  flaps  thus  formed  are  dissected  back  as  far 
as  the  mctatarso-plialangeal  joints,  when  disaiticuIatioD 
of  the  individual  toes  etui  be  made.  It  certainly  cannot 
l>e  often  that  a  foriiuil  operation  <if  this  nature  Is  called 
into  reiiuisition. 

AMI'UTATIOX   TUKOIIOII    TIIK  MkTATAHSI'S. — In  CODSS- 

i|uence  of  injury  or  dlsi-a-se  it  not  unfretiuently  becomes 
necessary  to  remove  a  [Hirt  orall  of  tiie  metatarsal  Imidcb. 
In  amputations  through  individual  bones  of  tjie  meta- 
tarsus, eonservnlism  must  be  particularly  Insisted  upon, 
since,  except  in  that  of  the  great  bx;  the  complete  re- 
moval ofametjitJirsal  bone  cannot  Inr  accomplished  with- 
out opening  the  large  synovial  sac  which  separates  it 
from  the  first  row  of  the  tarsus.  For  amputations 
through  the  second,  third,  and  fourth  metatarsal  bones, 
the  longitudinal  incision  necessary  for  disarticulation  at 
the  im-tatarso-jilialangi^al  joint  must  be  carried  upward 
for  a  distanit!  varying  according  to  tin-  exti>nl  of  lione  lo 
lie  removeil.  A  short  transverse  incision  is  Uk'Ii  made  to 
facilitate  the  s<-paration  of  the  soft  parts  and  the  use  of 
eitlu-r  <-haiii-saw  or  lione-eutting  forceps.  When  the 
bone  l)as  been  divided,  its  distal  end  is  drawn  fnmi  the 
wound  with  a  pair  of  stout  forceps,  ami  the  ojM'mtlcm  is 
completed  by  severing  tlie  soft  [mrtiion  the  plantar  surface 
i>f  the  fcHrt  with  short  stroki'S  of  the  sealpil.  Tlie  rcniovid 
of  the  first  and  flftli  metatarsal  Iniik-h  <-an  lie  accomplishe<l 


[joiibttess  preferable,  since  it  yields  a  smaller  wound 
and  a  cicatrix  proteel4-d  from  ]in>ssun'.  Tlie  iiiclNions 
for  the  oval  amputation  of  the  great   tiic  with  itH  meta- 
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the  gnat  width  of  the  base 


I  rni'iKUitcs  the  lilxratlon  of  the  flapa. 
In disartbulatiODS ot  tliotirthiiicliiturtiiil  bnni- tlicohlitiue 
Uaovt  >M  ariit'iilalion  with  the 
cuboid  botic  sliould  bi-  bunic  iu 
mind.  Wliou  tlit-  flmt  or  flfth 
metatorBal  bom-  in  amputated  iii 
its  conlinully,  the  scctiuu  should 
be  mode  obliqui'ly  tu  avuid  un- 
due promiurncc  of  tlif  Ktmnp. 

Aniputalioii  in  the  coutinulty 

oF  all  the  riK'tutanul   Ixjum  u 

not  very  iiifri'(iiii.'iitly  calh-ii  for, 

■    inu>n!iequeuceof  in- 

fury  or  gUDgn'iie  fol- 
owiiiR  froHt-bit<-. 
When  it  can  be  rcs(irtt-<l  to.  it  is 
prcferublr  to  ampiilAtitiD 
tlLiDUgh  the  tucHo  -  meUtarsal 
iirtlciilatinti.  TIi<:  uiKrmtioii  is 
commenced  with  a  curved  in- 
ciaitm  carricil  uluiig'  tlie  anterior 
furrow  of  the  Bokr  of  the  foot, 
Fio.  198.  fnim  Ixinlcr  to  border,  and  tlie 

M'miUinur   Hap  thus  outlined  is 

reflected  to  tlie  line  where  Hcctiun  of  tlie  bonea  is  U>  be 

made.     A  Bmalk-r  SL-milunar  Hap  is  then  shaped  from  the 

dorsal  surface  of  tlie  foot.     Tlio 

Interosseous  soft  parts  nrc  then 

divided  transversely  wilh  a  nor 

row    knife,   and     retracted    by 

meaos  of  narrow  strips  of  linen 

when  the  bones  arc  sulHtKntly 

exposed    for   the  applientmu   of 

the  saw  (Pi|{.  ISH).    TliLBpnear 

ance   of    the    wound   resuUine 

from     this    operation     Is    wlII 

shown  in  Fig.  ISU. 
Id  this  age  of  conservatism  in 

surgery,  iu  which  "  tlic  least  sac 

riflcc  of  partn"  is  the  leodiu^ 

tenet  of  surgical  creed  and  prac 

tice,  every  lialf-inch  of  tin  foot  fm   iw 

that  can  tic  savetl  to  the  eriinoni> 

is  properly  cnnsldenil  of  innLlciiluble  value.     It  is  for 

tblB  reason  that,  wlieniis  before  the  times  of  Iley,  Cho- 


been  largely  replaced  by  partial  amputations  throu^ 
the  ditlercut  articulations  which  it  contains.  Tba  par- 
tial ampuUtions  which  will  be  considered  arc  tlie  tma- 
metalarral.    the   mcdio-taraal,    tho 

subiLstmgatoid.  and  their  ntodlll^ 

TAnM>-MET.lTARSAL      Ah  PDTA' 

Tio.v.— A  glance  at  Fig.  161  sbom 
the  dillic'ulty  which  tlic  surgeoa 
must  conU'nil  wilh  in  tliis  ampulm- 
tiun  of  the  foot.  It  Is  the  Ann  Im- 
paciion  of  the  baxe  of  the  seccMid 
nu-talarsal  bone  between  the  inter' 
t\A\  and  external  cuneiform  bonea. 
In  ITOT.  Mr.  Hev.  of  Leeds,  over- 
came this  dilUculty  by  disarticulat- 
ing' the  outer  metatarsal  bonea, 
and  dividing  the  prominent  inter- 
nal cuneiform  ■nilh  a  sow.  6ur- 
Econs  lifter  him  have  generally 
adoptcil  Ihe  plan  of  separating  toe 
outer  thre?  and  ilie  internal  meta- 
ria.  isi  tarsal  Itones  at  their  articulations, 

and  dividing  the  boAe  of  the  secontl 
niclatar»al  U'low  its  urticuktion  with  the  midillc  cunei- 
form. When  disarticulation  of  all  the  metatarsal  bone» 
is  ejected  the  o|}enttion  is  known  at  Lisfmnc's  (1815). 


I.irfranf'ii  ampiilation  of  the  foot  is  made  as  foIloivBr 
The  joint  between  the  ciilKiid  and  prominent  base  of  tfatt 
fifth  metatannl  bone  liaving  been  marked  on  the  outer 
side  of  the  fiHit.  nnd  tliat  between 
the  Unit  metabkr»kl  and  inti-rnal 
cuneifonn  (Hl>i>ut  one  inch  aiid  a 
half  below  the  tiiberoBtty  of  tho 
HCnphoid)  on  the  inner  side,  a  large 
semilunar  indslnn  is  made  lietwecn 
them  on  the  sole  of  the  foot,  the 
eimvexity  of  which  should  . 
over  tlie  heads  of  the  mctnljir>ml 
iKines.  The  planliir  flap  thus  okit- 
lineil  niiiv  ilii'u  hi-  di^iyrtcTl  up  to 

itSlUl"-         'I  li-     l.ii'l     I-   l!iL-    ■■ 

cibly  '■>:.      ;,■ 

the  eiiil-   ■■!    rli..    /.I.mr  .r 
IBl).    Tlie  1lii|i>^  iH'inir  r.'ii 
Ihe  foot  forcililv  extrniliil,  the  op- 
erator  oiK>ns   tlie    joint   fruTn   tlie 
outer  or   inner  niile.   n(<i)rtlin(r  to 
whether  the  right  or  the  li.'ft  fool  Fio.  VO. 

1ie  the  sent  of  the  opemtioti  (Fig. 
1li'2).  The  ariiciilation  of  the  second  metatarsal  bona 
(Fig,  Ifll),  which  iM  less  tlutn  lialf  an  Inch  above  Uie 
general  level  of  tilt-  jiiitil-'^,  inuNt  then  be  opened  by  a 
transverse  cut.  the  lateral  iitlachments  of  the  bone  to 
the  cuneifonn  Ixing  severed  with  the  point  of  the  knite 
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iilel.v  opened  hy  this  pn)cess.  the  remaining  liga- 
ments At  the  side  UDil  sole  of  tlie  foot,  and  the  soft  )>arti< 
fitill  iindividc<l.  nre  M^vcml.  As  the  operation  is  generally' 
pcrfornieil.  the  plantar  Hap  U  merely  outlined  by  an  iuci- 
sion  tbrougli  the  skin  in  Ihe  first  sti-]>  of  the  opcratiuu.  tlio 


Cio.  lU. 

flap  being  cut  from  witliin  outward  after  dixarticulatiou 
has  been  effected.  The  vcssoIh  iisiiaily  requiring  ligation 
are  the  dcirsal  artery  of  tlie  great  toe.  the  metatarsal 
branches,  and  the  plantar  arteries.  Wlien  the  partn  arc 
brought  together  by  suture,  the  stump  ehuuld  be  placed 
In  a  posterior  splint,  to  overcome 
the  contraction  of  tlic  powerful 
muscles  of  the  calf  of  the  leg.  In 
Iley's  amputation,  the  external  in- 
cisions are  identical  witli  thnse 
necessaiy  for  the  Lisfranc  opera- 
tion. The  cicatrix  resulting  from 
citlter  of  tliese  procedures  is  far  re- 
moved from  pressure,  and  the 
stump,  on  account  of  its  length, 
is  one  admirably  fitted  for  use. 

Mbdio-tahbal  Amputation.— 
Alttiough  Oarengcot  and  Heister 
mentioned  the  practicability  of  am 
putation  lietiveen  the  rows  of  the 
tarsal  tones,  the  operation  was  first 

Serformed  liy  Du  Vivier,  of  Hoche- 
irt,  in  1781.     In  ITOl  Chopart  n-- 
Fro.  lea.  peatert  the  operation  a  number  of 

times,  and  publislied  his  experience 
with  it.  It  has  since  been  known  as  "Chopart's  am- 
patation,"  and  the  Joint  between  the  rows  of  the 
M  not  infrequently  designated  by  his 
it  was  opposed  by  larrey,  who  prcfcrre 
the  lower  part  of  tlie  leg,  the  o]>eratioD 
by  Roui  and  Wal- 
ther  on  the  Conti- 
nent, and  bv  Mr. 
James,  of  Exeter, 
and  Syme,  in  Great 

Tlie  articulation 
between  the  sca- 
phoid and  the  bead 
of  the  astragalus, 
and  that  between 
the  cuboid  and  oa 
calcis   are  respect-  ,,,„  jgg 

ivelv    placed    one- 

ball  inch  above  the  tuberosity  of  the  scaphoid  on  the 
inner  border,  and  one  inch  or  more  above  the  nronti- 
Itence  of  the  llfth  mctatar^il  bone  upon  the  ouU-r  border 
of  the  foot.  These  two  points  being  H.xinI,  h  curved 
incision,  extending  to  within  an  inch  or  less  of  the  heads 
of  the  metatarsal  bones,  is  carried  across  tlie  sole  nf  the 
foot,  and  connects  them.  The  foot  being  then  forcibly 
extended,  a  curvilinear  incision,  with  convexity  Ix'low, 
Is  carried  between  the  same  points  across  tlii>  dorsnl 
•orfitce.  The  sraall  dorsal  cutaneous  flap  thus  outlined 
Tou  L— 17 
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is  retracted,  and  by  one  stroke  of  tlie  knife  the  tendons 
are  divided  and  the  joint  widely  a|icned.  The  point  of 
the  knife  then  ilivides  the  lateral  and  plantar  ligaments, 
which  are  put  on  the  streti'li  by 
forcible  extension  until  the  articular 
surfaces  of  tlie  seaplioid  and  cuboiil 
Imnes  are  completely  libemtcd.  By 
inserting  the  knife  behind  these 
tlic  plantar  tlap  is  ci>in])U'ti 


the  dorsal  and  two  [iluntar 
arteries,  an<l  occasionally  a  few  miis. 
cular  twigs.  Ttie  appearance  of  the 
stump  after  the  c<im|ileUon  of  Cho- 

f art's  amputation  is  well  shown  in 
ig,  10.^.  from  Esinarch. 
The  only  dilliculty  at  times  en- 
countered in  this  opcratiim  is  in  the 
o]ieiiii)g  of  the  joint  in  fmiil  of  in- 
stead of  behind  the  scaphoid  l>one. 
The  error  is  readily  recognized 
tlirough  the  presence  of  three  ar- 
ticular facets  on  the  anterior  surface 
of  the  scaphoid  bone,  and  can  easily  be  corrected  if  it 
be  desired,  or  tlie  operation  may  be  completed  by  di' 
vi<ling  the  cuboid  bone  with  a  saw  on  a  line  with  the 
anterior  surface  of  the  scaphoid.  In  this  manner  the 
operator  would  be  practising  Forbes'  modification  of 
the  medio-tarsal  amputation,  a  modiHc^tion  also  men- 
tioned    by    Mr, 

After  Cho- 
part's amputa- 
tion, the  gastroc- 

Boleus  having 
exclusive  con- 
trol of  the 
stump,  there  is 
Fin.  isK.  a  marked   ten- 

dency towani  its 
by perex  tension.  This  may  assume  such  a  degree  tliat 
the  cicatrix  itself  will  be  pressed  upon  in  locomotion. 
This  objection  to  the  operation  is  liest  overcome  by 
liandagiug  the  leg  from  above  downward,  and  keeping 
Uie  limh  flexed.  In  extreme  ca.se9  the  difficulty  is  easily 
rcme<lied  by  division  of  the  tendo  Achil- 
lis,  and  forced  flexion  of  tlie  stump. 

SvnABTnAOAi.oiD  Amputation. — Al- 
though, occoi'ding  to  Vclpeaii.  this  op- 
eration was  made  by  De  I.ignerolles 
and  by  Textor,  it  was  first  given  prom- 
inence b^  Malgaigne.  in  IH46,  In  this 
amputation  all  the  bones  of  the  foot. 
except  the  astragalus,  arc  removed. 
Tlic  operation  is  commenced  by  an  in- 
cision, which,  beginning  behind  aiid 
immediately  above  the  great  tuberos- 
ity of  Uie  OS  calcis.  at  once  divides  the 
tendo  Achillis.  The  incision  is  then 
carried  in  a  wide  curve  on  the  outer 
surface  of  theos  calcis  l)elow  the  ex- 
ternal malleolus  (Fig.  166,  Slalgaigne). 
Thence  it  is  (.'ontinued  over  the  middle 
of  the  ciilx>id  and  anterior  margin  of 
the  st^hoid,  across  th<-  [loniiim*or  the 
foot  (Fig.  187),  and  over  its  internal 
Iwrder  to  the  centre  of  the  s()le(  Figs.  ICHand  160). 
this  point  the  incision  is  tunieil  at  a  right  angle  and  con- 
tinued directly  buck  till  It  meets  the  beginning  of  the  in- 
cision at  the  inner  border  of  the  tendo  Achiltis  (Esmarch). 
The  short  internal  and  lonir  interno- plan  tar  flaps  thus 
formed  are  dissect«'d  up  until  the-  lati'ral  sniTiici-i  of  thp 
OS  calcis  arc  exposed,  wlien  disarticulation  of  the  anterior 
partof  the  foot  is  effected  in  the  medio-tarsal  joint,    Tlie 


FIO.  Ifflt. 


257 


REFERENCE  HANDBOOK  OP  THE  HEDICAL  SCIENCES. 


anterior  end  of  Uicob  calcia  being  then  seized  with  &  lion- 
jawed  forcepB,  and  rotat<?d  from  side  to  side,  tlie  opera- 
non  is  cooiplelad  by  dividing  the  external  lateral  and 
iuteroBseous  ligaments.  Tlie  appearance  of  tlic  Rtunip 
Htter  this  operation  is  sliown  in  Fig, 
ITO  (Eainarch).  The  ntarked  invgii- 
laritles  of  the  inferior  surface  of  the 
astragalus  do  not  interfere  witli  ilH 
usefulness  in  loeonioiioii.  In  a  case  of 
gangrene  in  a  deformed  limb,  Linhart 
jierfurmed  the  BulnKtragaloid  anipula- 
tion,  and  wiiM  enabled  two  yeans  ialer 
to  examine  the  stump.  The  astragalus. 
wliic'h  hati  maintained  a.  perpendicular 
position  befoiv,  and  even  at  the  time 
of  amputation,  had  been  forced  into 
ita  normal  liorizoutat  position  by  the 
act  of  walking. 

A    nuinlfer   of   modifleationa  of  the 
subastragaloid   amputations,   both   in 
the  direction   of  the  iuijsiona  and  in 
the  preservation  of  parts  of  the  os  cal- 
rw.  170.  cis,  iiave  lieen  devised.     In  the  ojiera- 

tiun  of  Mr.  Hancock,  a  large  plantar 
flap  is  reflected  as  far  back  as  the  tubenislties  of  the  cal- 
caueum,  and  a  short  dorsal  tliip  is  fonned  by  a  transverse 
Incision  across  the  foot  on  a  level  with  the  anterior  mar- 
gin of  the  astragalus.  By  tlie  use  of  a  saw,  the  plantar 
na[)  being  retracted,  a  perpendicular  section  of  the  os  cal- 
cis  is  then  ma<le  in  front  of  the  tuberosities.  Disarticula- 
tion of  the  foot,  witli  the  anterior  portion  of  the  os  cnlcis, 
in  the  medio-tarsal  joint  is  nex  t  elTected.  and  the  openiliim 
completed  by  makiug  a  transverse  section  of  the  astrag- 
alus. When  the  tlapa  are  approxiinat^l  the  divided 
surfaces  of  the  latter  bone  and  os  calcis  arc  brought  into 
apposition.  The  operation  of  Mr.  Hancock,  although  as 
ingenious  as  that  of  PirogolT,  is  much  more  diflicult  of 
execution,  and  time  will  probably  show  tliat  the  results 
obtained  from  it  are  far  less  valuable.  In  Tripier's 
operation  the  incision  is  mode  in  the  fonn  of  an  oval,  the 
apex  of  which  is  on  tlie  outer  side  of  the  foot,  just  be- 
neath the  external  malleolus,  while  the  sides  pass  for- 
ward and  inward  over  the  back  and  sole  of  the  foot,  and 
meet  at  its  inner  border.  After  disarticulation  in  the 
medio-taraal  joint,  a  transverse  section  of  the  os  calcis 
completes  tlie  operaUon. 

l^irtial  amputations  of  the  toot,  at  least  in  civil  prac- 
tice, an-  not  attended  with  great  morlalitv.  Of  IVi  ca.ses 
of  Chopart's amputation  examined  bv  dancoik.  only  11 
b^nninated  ratallv.  7  per  cent  ;  the"  fatality  following 
this  operaiion  in  France  luisbeen  much  greater,  Uiinlof 
as  cases  reconlrd  by  Urgir (86.8  per  cent)  having  died 
(Ashhurat).  Of  33  casi-jt  of  Uie  subastragaloid  amjiutu- 
tion,  30  recn%'eml. 
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ccssful.  the  mor- 
tality being  1-1  |H-r 
cent.  Of  these 
partial  aniputa- 
tlonn  tlKTo  were 
tsa  of  the  UK'dio- 
tarsals.  with  11 
deaths;  3:^  l.i«- 
franc  oiMTatiiins 
with  1  dentil,  anil 
17  Hey-s  ampu- 
tations with  6 
deaths.  Of  IS 
amputatious  of  rhe  font  at 
died.  The  mortidily  acconlii  ,. 
pci  cent.  Acconliiig  to  I"!!;.'!-'* 
X.8  per  cent,  for  tnmmiilic  mid 
logical  cases.  In  making:  :i  jmrt 
be  remembered  tliat  the  value  of 
tion  is  proportionatj-  lo  tlir  Ic-n 
Manufacturers  of  artitlcial  limbs 
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lism  is  out  of  place  here,  and  that  amputation  aereial 
inches  above  the  ankle  should  be  given  preference  over 
partial  amputations  in  front  of  or  at  the  ankle. 

Ampittatiun  at  TiiB  A.SKLE. — Historically  asBocialed 
with  this  operation  is  the  name  of  Syme.  of  Edinburgh, 
ftho.  in  1842,  devised  and  practised  a  method  by  which 
a  shapely  and  usefid  stump  could  be  obtained  after  re- 
moval of  the  entire  foot.  Disarticulation  at  the  ankle 
liad  been  performed  during  the  lust  and  early  part  of 
this  century.  It  was  performed  bv  Scdillier,  Rossi,  and 
Baudetis,  au<l  recommended  by  Brasdor  and  Sabatier. 
But  the  circular  operation  of  the  latter  and  the  dottal 
tlap  method  of  Baudens  yielded  alike  unsatisfactory  re- 
sults, and  the  o)>cration  was,  tlicreforc,  discarded  for 
amputation  in  tlie  lower  part  of  the  leg.  Uiteral  flaps 
iiiken  from  below  tlie  malleoli,  as  suggested  by  Velpeau, 
also  failed  to  form  a  sufficient  cusliion  for  the  end  of  Uie 
tibia.  This  great  desideratum  in  amputation  at  tlie 
ankle  is  squarely  met  by  the  operation  of  Syme,  since  its 
principal  feature  is  the  n^tention  of  the  integument  of 
the  heel,  which  is  accustomed  to  pressure,  to  form  the 
end  of  ilie  stump.  The  o|)eration  is  made  in  the  follow- 
ingmanncr;  The  foot  being  held  at  a  right  angle  to  the 
Ixxly,  tlic  malleoli  are  fixed  by  the  thunib  and  fingers  of 


the  left  lian<l,  the  heel  resting  between  them.  Aperpen- 
ilieiilur  incision  toucliiug  the  bone  Is  then  made  acmas 
the  sole  of  the  foot  from  the  tip  of  one  malleolus  to  that 
of  the  other*  (Fig.  171).  The  posterior  lip  of  the  wound 
is  then  seized  with  the  left  hand,  and  the  soft  parts 
covering  the  calcaneum  are  se|>arol«-d  from  it  by  sliort 
strokes  of  tlic  knile.  which  must  be  ke^t  close  against 
the  bone  to  prevent  perfoniliou  of  tlie  integument  and 
damage  to  the  pkintar  vessels.  When,  by  this  proccsa 
of  dissi'ction,  the  tuIieroHities  of  tlK-  os  calcis  have  been 
fairly  exposed,  a  transverse  incision  joining  the  two  ex- 
tiemiticH  of  tlie  lirst  is  <urried  nc^His  the  instep  (Fig. 
171 ).  The  ankle  joint  being  tJius  opeu<Kl  from  in  front, 
the  knife  is  earrk-d  down  oii  (ik'Ii  side  of  the  astragalus 
until  the  lateral  ligaments  are  div!de<l,  when  complete 
disnrik 'Illation  is  effeetiKl.  !tv  forcibly  di'pressing  the 
foot  the  tendi)  Achtllis  shoiilirthen  U- 'divided  frombe- 
fort  biiekward,  when  l)v  u  fi-w  strokes  of  the  knife  tlic 
foot  can  lie  removed  (fijr.  173,  Pl'^murch).  I«stlv,  the 
kniff  is  drawn  anmnd  the  extremities  of  the  tibia  and 
liliiihi,  so  as  to  expose  them  sufllciently  for  lieioK grasped 
in  tin-  hand  mid re]nov<il  by  tliesaw,  "After  the  vessels 
have  I'lTii  liiil.  and  befon'  the  edges  of  the  wound  are 
sfitclifii  to;.-cil»T.  nil  opeiiing  shouhl  lie  made  throu}.'h 
(he  pi«teri.iriiHr[  of  tin- lUp  ubiTeil  is  thinnest,  to aOurd 
ililc|u'ii(lciit<lr;iiii  tnr  tlie  iimltcT." 

The  iipinHniim-  of  ilii>  wound  after  Syme's  amputa- 
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tJott  is  well  shown  in  Fig.  173.  It  will  be  seen  that  the 
heel  flnp  presents  the  fona  of  a  cup.  wliicb  must  be  flat- 
tened by  pressure  against  the  bones  of  the  leg.  While 
there  is  danger,  therefore,  of  making  the  Bap  too  short, 
there  is  likewise  a  danger  in  making  it  too  long,  since  a 
pouch  would  be  formed  for  the  retention  of  inflammatory 
products. 

The  favorable  results  which  follow  Sy me 's  amputation 
In  civil  practice  are  shown  by  the  statistics  of  Hancock 
and  Spence,  who,  among  316  operations,  found  only  25 
deaths  (7  per  cent.).  In  mili- 
tary piactice  the  results  are  far 
less  favorable.  Of  15B  ampu- 
tations nuuie  at  tiie  ankle  dur- 
ing the  Civil  War,  and  In 
which  the  result  was  dct^T- 
mined,  40  terminated  fatally 
(35.1  percent.). 

Pinjg>jf»  Amputatton  — On 
Uie  principle  that  by  preserv 
ing  the  poalenor  portion  of 
the  calcaneum  the  natural 
length  of  the  limb  could  al 
most  be  preserved  Pirogoff 
dunnK  the  Cnmeaa  war  dc 
vised  Uie  osteoplastic  opera 
lion  that  bears  his  name  It 
differs  from  tlii.  operation  of 
Sjme  m  pi'escrving  a  portion 
of  the  OS  catott  in  the  expec 
lalion  that  it  will  unite  firmly 
to  the  divided  end  of  tlie  tibia. 
FID  173  "^^^  incisions  for  this  amputa- 

tion are  identical  with  tliose 
made  in  Syme's  operation.  After  opening-  the  joint 
from  in  front,  the  foot  is  depressed  until  the  posterior 
«itremity  of  the  astragalus  is  exposed,  when  a  saw  is 
introduced  behind  this,  and  the  os  calcis  divided  ex- 
actly on  a  level  with  the  incision  in  the  sole  of  the 
foot  (Figs.  174  and  175,  Eamarch).  Both  malleoli  and  a 
thiu  section  of  the  tibia  and  fibula  are  removed,  as  In 
Syme's  operation.  It  is  generally  advisable  to  divide 
toe  tendo  Aciiillis  and  at  the  same  time  to  perforate  the 
akfa  for  the  passage  of  a  drainage  tube.    The  appearance 


of  the  stump  after  a  auccei^sful  Pirogoff  amputation  is 
well  shown  in  Fig.  176,  taken  fnmiaman  who  died  three 
years  after  the  operation  was  made  by  Liniiart. 

A  number  of  modifications  of  PirogoH's  amputation 
have  been  devised.  Ferguson  and  Aghew  have  wedged 
the  end  of  tlie  os  calcis  into  tlie  interval  tietween  the  mal- 
leoli, and  liave  obtained  good  results.  DitTerent  methods 
of  dividing  the  bone  have  been  devLsed  by  Sedillot, 
QQother,  Le  Fort,  and  Bnms,  to  remove  the  pressure 
from  the  thin  part  of  the  inh'ginnent  on  tlie  back  of  the 
heel,  which  must  bear  it  after  tlie  Pirogoff  nniputjition, 
and  to  keep  tlie  retained  part  of  tlie  os  i^lcis  in  its  nat- 
Uisl  position.     Sedillot  and  GQuther,  therefore,  advised 
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that  an  oblique  section  (from  above  downward  and  for- 
ward) of  ttie  islcaneum,  tibia,  and  fibula  be  made.  Le 
Fort  (Fig.  173)  advised  a  transverse  section  of  the  bone, 
by  which  the  stump  obtains  a  very 
broad  base.  Bruns  has  modified  the 
ojieration  of  Le  Fort  by  sawing  the 
OH  calcis  in  such  a  manner  as  to  make 
tlie  upper  surface  of  the  retained 
part  concave,  the  concavity  thus 
formed  receiving  the  convex  section 
^^^^^^^  of    the   Wbia 

^^^^^^^Hh^^^.  fibula. 

JS9  t^Sn^^^^^^.  ^    further 

j^aH  ^^H^BHIbI^^^.  tn  odiflcation 

w^^BhHH^      °'  ''>""■'■ 

^^^^^*=^^^"^"^^-  -  ■"  p  u  tation 


Theoperalion  is  begun  with  an  elliptiral  it 
ning  one  inch  above  the  lower  edge  of  the  tibia  in  front, 
and  passing  obliquely  in  front  of  the  ankle,  crosses  the 
lieel  below  the  attachment  of  the  tendo  Achillis.  The 
posterior  porUon  of  the  flap  is  dissecled  from  the  bee) 
and  the  tendon  divided  close  to  its  insertion.    The  an- 


FtO.  176. 

tenor  extensor  tendons  are  divided  transversely  as  high 
as  possible.  After  the  malieoli  are  exposed  the  fibula 
and  the  tibia  are  divided  just  above  them.  The  liecl  end 
of  the  flap  is  then  hrouglit  forward  to  c«ver  them.  The 
suture  line  is  safe  from  pressure. 

A  comparison  of  the  merits  of  Syme's  amputation  and 
its  osteoplastic  modi- 
fication shows  ttiat  a 
cure  follows  more 
rapidly  after  the  lat- 
ter tlian  after  the 
former,  although  the 
mortality  of  Piro- 
golt's  amputation  in 
military  practice  Is 
27. 7  per  cent. ,  against 
31.4  per  cent,  follow- 
ing that  of  Syme.  Of 
147  cases  of  Pir- 
ogott's     amputation  Fio.  177. 

collected  by  Han- 
cock. Gross,  and  Pasqiiier,  only  14  proved  fatal,  and 
Volkmann  lias  performed  the  openition  'M  times  with- 
out a  death,  ronsidermi;  the  numlici  of  rearnputa- 
tions  after  Syme's  and  Piiogoff's  opi-mtious.  ilie  Intttr 
would  seeni  to  be  the   more  successful      Uf  83  cases 
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of  Syme's  amputatioD,  20,  or  24  per  cent.,  submitted 
to  reamputation ;  of  49  l^irogoff's  operations.  8,  or  10.3 
per  cent.,  were  subjected  to  reamputation. 

In  cases  of  caries  involving  all  the  bones  of  the  tarsus, 
preference  should  be  given  to  the  Syme  operation,  since 
disease  is  not  unlikely  to  develop  in  the  retained  segment 
of  the  calcaneum.  In  traumatic  cases,  the  great^T  ease 
with  which  it  is  made  and  the  length  of  limb  which  fol- 
lows it  should  incline  the  operator  to  clioose  the  opera- 
tion of  Pirogoff.  That  necrosis  often  follows  the  latter 
operation  is  emphatically  denied  by  its  originator,  who 
had  never  witnessed  it  in  over  sixty  cases  in  which  he  had 
performed  it. 

Amputation  op  tiie  Leg. — An  amputation  may  Ik? 
performed  in  any  part  of  the  leg,  according  to  the  nature 
and  seat  of  disease  or  injury.  "When  the  surgeon  can 
select  the  seat  of  operation,  the  amputation  should  be 
made  two  or  three  inches  above  the  malleoli,  on  account 
of  the  greater  safety  of  the  operation  in  this  lo<*ality 
and  the  greater  power  to  be  exerted  over  an  artificial 
limb.  In  all  amputations  of  the  le^,  the  fibula  should 
be  divided  from  half  an  inch  to  an  mch  above  the  saw 
line  of  the  tibia,  to  prevent  pressure  against  the  outer 
wound  margin.  The  operations  which  have  hitherto 
been  most  frequently  performed  in  amputations  above 
the  malleoli  are  the  circular  and  that  by  lateral  flaps. 
Unhappily,  the  anatomical  construction  of  the  part  is 
such  that  after  these  operations  the  cicatrices  are  central 
and  not  infrequently  adherent,  and  therefore  imable  to 
bear  pressure.  In  this  situation  M.  Guyon  practises  the 
elliptical  method.  According  to  Stimson,  this  operation 
promises  well.  **  The  incision  is  made  in  the  form  of  an 
ellipse,  whose  lower  end  crosses  the  heel  below  the  in- 
sertion of  the  tendo  Achillis,  and  whose  upper  end  is 
about  an  inch  above  the  anterior  articular  eflge  of  the 
tibia.  Be^nning  at  the  lower  end  and  dividing  the 
tendo  Achdlis  at  its  insertion,  and  hugging  the  l)one  all 
the  way,  the  operator  diss<^ts  up  the  flap  posteriorly  as 
high  as  the  upper  end  of  the  ellipse.  The  anterior  mus- 
cles are  then  divided  by  transfixion,  the  bones  sawn 
through,  and  the  posterior  tibial  nerve  resected.  In  this 
operation  the  sheath  of  the  tendo  Achillis  is  not  opened, 
and  the  tendon  itself  serves  afterward  as  a  covering  for 
the  ends  of  the  bones." 

In  amputations  in  the  lower  third  of  the  leg  in  fleshy 
subjects,  a  long  anterior  flap  containing  the  interosseous 
muscles  may  sometimes  he  used  with  advantage  (B<*11). 

The  rectangular  operation  of  Teale  may  likewise  be 
practised  in  this  region,   the   long  anterior  flap  being 


Fig.  17-«. 

made  from  the  soft  part  of  its  anterior  aspect  (Fig.  134. 
see  above.  Methods  of  Amputation).  By  this  method 
the  cicatrix,  being  placed  posteriorly,  is  out  of  the  way 
of  pressure. 

In  the  middle  and  upper  thirds  of  the  leg  very  many 
operators  amputate  by  means  of  antero-posterior  flaps 
alter  the  following  manner  (for  the  left  linil)):  The  point 
of  the  knife  being  entered  at  the  posterior  edirc  of  tl»e 
tibia,  an  incision  is  carried  downward  along  this  for  a 
distance  of  an  inch  and  a  half  or  two  inches;  tlini  by  a 
wide  curve  across  the  anterior  surfa(*e  of  the  leg  it  is 
continued  to  the  posterior  bonier  of  the  flbula.  up  which 
It  is  carried  until  the  level  of  its  commencement  on  the 


opposite  side  is  reached.  The  broad  flap  thus  outlined 
is  rapidly  dissected  up,  the  interosseous  muscles  being 
carefully  severed  from  the  underlying  membrane.  The 
posterior  flap  is  then  made  by  transflxion  and  cutting 
from  within  outwanl,  and  should  be  about  three  inches 
long  (Fig.  178,  Erichsen).  The  flaps  being  held  out  of 
the  way,  the  catling  is  to  be  used  for  completing  the 
division  of  the  interosseous  soft  parts,  care  being  taken 
that  the  arteries  be  divided  transversely  and  only  once. 
After  division  of  the  bones  with  a  saw,  the  sharp  anterior 
edge  of  the  tibia  should  be  removed  obliquely  with  the 
saw  or  bone  cutting  forceps. 

For  the  upper  portions  of  the  leg  the  long  posterior 
rectangular  flap  amputation  advised  by  Henry  Lee  gives 
an  excellent  result.  The  incisions,  similar  to  those  of  the 
Teale  operation,  involve  onl}'  the  skin,  the  long  flap  being 
made  from  the  post(;rior.  the  short  one  from  the  anterior 
surface  of  the  limb.  With  the  long  posterior  flap  only 
the  superficial  muscles  of  the  calf  are  reflected,  tlie  remain- 
ing soft  parts  being  divided  by  a  circular  incision.  A 
good  covering  is  likewise  obtained  in  this  region  by  an 
external  flap,  made  either  by  transflxion  (Sedillot),  or  by 
cutting  from  without  inward  (Langenbeck).  In  the 
former  operation  the  knife  is  entered  a  little  external  to 
the  crest  of  the  tibia,  and  while  the  soft  parts  are  drawn 
to  the  outer  side  with  the  left  hand,  it  is  made  to  graze 
the  surface  of  the  fibida  and  to  perforate  the  posterior 
surface  of  the  limb  as  far  to  the  inner  side  of  the  fibula 
as  possible.  By  cutting  downward,  close  to  the  bones, 
a  broad  rounded  flap,  three  to  four  inches  long,  is  formed. 
The  extremities  of  this  flap  are  then  united  by  a  slightly 
convex  incision  across  the  antero-internal  aspect  of  the 
limb.  The  remaining  soft  parts  being  then  divided  by 
circular  incision,  the  operation  is  completed  in  the  ordi- 
nary way.  In  lAngenbeck's  operation,  the  internal  in- 
cision is  semicircular,  and  the  external  flap  being  cut 
from  without  presents  a  smoother  surface  and  a  more 
perfect  outline.  The  arteries  requiring  ligation  after 
amputation  of  the  leg  are  the  tibials,  peroneal,  and  a 
varying  number  of  muscular  branches. 

Sub))€rtoi(teal  Amputation. — When  amputations  of  the 
leg  are  unsatisfactory,  it  is  chiefly  because  of  two  things, 
namely.  gangn;ne  of  the  flaps,  and  the  tendency  of  the 
stump  to  become  conical,  or,  at  any  rate.  Ut  be  unable  to 
l>ear  pressure.  It  is  for  this  reason  that  Bruns  devised 
his  subperiosteal  amputtition,  of  which  he  reported 
seventeen  cjises  in  1H9IJ.  According  to  a  recent  report,* 
this  operation  was  perfonned  in  eighty-four  cases  with- 
out a  death.  In  only  three  ca.ses  wjis  there  gangrene  of 
the  flaps,  and  in  only  two  cases  was  a  second  amputation 
necessary.  The  operation  is  performed  as  follows:  The 
skin  being  well  retracted  by  an  assistant,  a  circular  in- 
cision involving  all  the  soft  parts  is  carried  down  to  the 
lM)ne.  The  two  perpendicular  incisions,  from  two  to 
three  inches  in  length,  are  tlien  made,  one  along  the  inner 
border  of  the  tibia,  the  other  between  the  muscles  over 
the  flbula.  Both  incisions  are  carried  to  the  bone  through 
tin;  periosteum.  Through  thes<»  incisions  all  the  soft 
parts,  including  the  periosteum,  are  raised  from  the  bone. 
After  the  soft  i)arts  are  well  retracted  the  bones  are 
divided  in  the  usual  way.  After  the  amputation  has 
been  completed,  there  remain  an  anterior  and  a  posterior 
flap  of  periostcMun.  muscles,  ami  .skin.  The  muscles  are 
united  separately  by  buried  suture.  When  the  amputa- 
tion is  done  in  the  u])]>er  j)(^rtion  of  the  leg,  the  circular 
incision  through  the  skin  is  made  at  a  higher  level  than 
that  through  the  niu.sdes. 

OateoplaMtic  Amputations  of  the  />'/7. — In  1892.  Bier.f  of 
Kiel,  first  described  a  method  of  securing  a  w^eight-bear- 
ing  stump,  which,  in  patients  who  are  unable  to  pur- 
chase an  artitlcial  limb,  secures  for  them  a  stump  which 
will  bear  the  body  weight.  The  oi)eration  consists  of  the 
usual  circular  amputation.  Thereupon  follows,  through 
an  oval  window  cut  into  the  soft  parts,  a  cuneiform  ex- 
cision of  j>art  of  the  fibula.     When  the  n^section  surfaces 


♦  Halin  :  "  Boftriiffc  ziir  kllnlschen  Chlrunrlo,"  vol.  xxli.,  part  IL 
t  IX'utache  Zeltw-h.  f.  Chlr.,  vol.  xxxiv.,  p.  436. 
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of  the  tibia  are  brougbt  iDtoappositionakind  of  artificial 
foot  projects  anteriorly.  Tlie  posterior  surface  of  the 
tibia  covered  bj  the  soft  parts  of  the  calf  bear  presau:^. 
Bier  has  opemted  iti  many  cases  with  uniformly  good 
results.  Some  German  sureeons  think  that  this  should 
be  the  normal  procedure.  A  number  of  minor  modiflca- 
tioua  of  tlie  original  method  have  been  made.  When 
tberc  is  any  possibility  that  the  patient  can  secure  an 


practice  is  welt  shown  by  the  statistics  of  Otis.  Of  5,814 
amputations  in  which  the  result  was  determined,  1.758 
terminated  fatally,  the  mortality  being  32.S  per  cent 
From  statistics  obtained  during  Oie  late  War  of  the  Re- 
bellion, it  appears  that  amputation  of  the  leg  is  attended 
with  least  danger  when  performed  in  the  middle  third. 
The  fatality  of  operations  in  the  upper  third  was  27  per 
cent.,  ill  the  middle  third,  30.6 
percent,,  and  in  the  lower  third,  } 
87.6  per  cent.  The  mortality 
of  amputations  of  the  leg  Los 
been  greatly  reduced.  Of  81 
amputations  of  the  leg  5,  or  6.2 
per  cent.,  died.  Id  tlie  Kew 
York    hospitals    the   mortality 


artificial  limb,  the  operation  has  nothing  to  commend  it. 
Figures  179  to  1B2  will  illustrate  tlie  metliod  of  amputa- 
tion and  the  result. 

Since  good  results  follow  all  the  different  methods  of 
operation  In  the  middle  and  upper  portions  of  the  leg, 
the  surgeon  should  be  guided  in  his  choice  solely  by  the 
di-slre  to  socriBce  as  little  of  the  limb  us  possible.  An 
exception  sliould  probably  be  made  in  the  upper  portion 
of  the  upper  third,  where  it  is  better  to  amputate  at  the 
knee  than  to  save  only  the  portion  of  the  tibia  above  its 
tubercle. 

The  mortality  following  amputation  of  the  leg,  as  has 
already  been  seen,  is  largely  determined  by  the  condi- 
tions necessitating  it.  According  to  C'h'adwick.  the 
mortality  of  pathological  amputatiouN  is  16  ]>er  cent. ; 
that  of  amputations  for  trauma  nearly  37  per  cent.  The 
geaeial  mortality  of  the  operation  at  Guy's  Hospital 
for  a  period  of  thirty  years  was  3-')  per  cent. ;  that  for 
traumatic  amputations  being  55  per  cent,  against  15 
per  cent,  following  those  for  disease.  Volkmanu,  who 
employs  a  long  anterior  and  short  posterior  flap,  per- 
formed the  oi>cration  in  54  cases  with  onl^  4  deaths  (7 
per  cent.),  of  which  there  were  14  traumatic  cases  with 
ODly  2  deaths  (14  per  cent).  Of  46  amputations  in  the 
leg  made  by  Bmna,  7  succumbed  (16  per  cent).  The 
fatality  following  amputations  of  the  leg  in  military 


t.  Cblr..  vol.  xlrl. 


is  13  per  cent     In  the  Ncwcastle-on-Tyne  Infirmary  it 

is  nearly  7  per  cent. 

Amputation  at  the  Knee. —According  to  Saba  tier, 
this  operation  was  first  performed  by  Fabricius  Hildanus 
in  l.WI.  in  a  case  of  gunshot  injury.  Although  advo- 
cated by  Guillemeau  (1612)  in  preference  to  higher 
amputation,  there  is  no  record  of  a  repetition  of  the 
operation  until  1704,  when  it  was  successfully  performed 
by  Hoin,  of  Dijon,  for  traumatic  gangrene.  Brasdor 
and  J.  L.  Petit  advised  the  operation,  the  latter  having 
twice  witnessed  It.  In  1830,  Velpeau  attempted  with 
success  firmly  to  establish  the  operation  by  citing  a  num- 
ber of  successful  cases.  The  operation  was  first  per- 
formed in  this  country  by  Nathan  Smith,  of  New  Haven, 
in  1834.  since  which  time  it  lias  gradually  growu  in 
popularity.  Fergusson  and  Legouest  for  a  long  time 
questioned  the  advisability  of  the  operation,  preferring 
amputation  in  the  lower  portion  of  the  thigh.  The 
reasons  which  prevailed  to  give  thisopeiatlon  recognition 
are  the  greater  length  of  the  stumpand  its  ability  to  bear 
pressure,  the  smaller  probability  of  pytemia,  the  medul- 
lary canal  remaining  unopened,  and,  most  Important  of 
all,  the  smaller  mortality  which  follows  this  operation, 
at  least  in  civil  practice,  as  compared  with  amputations 
of  the  thigh. 

Amputation  at  the  knee  may  be  practised  by  either  the 
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be«n  iiractisetl  b>  UuiiilriiH  nnit  bc<lilliu.  tlic  [oniur  iin 
ferriug  tlie  iiitvgiinii-tit  frum  the  Hiik-riur  iwrtitm  of  llii^ 
leg,  tlie  latti^r  tlint  from  tlic  posterior itortiim, a» a covir- 
fng  for  tlic  end  of  tlie  feiiiiir.  The  i)|iemtioii  of  Bniuli-iH 
is  perfontui)  aa  follows:  An  oval  incision  is  iiirricil 
around  tlie  leg,  cro.ssing  its  anterior  siirfiiiv  (Ice  liiiper 


til  tl 


(.■lie 


then  diviile.i  tiiinsversi-ly.  iIh-  ciipsule  is  hi 
and  tilt'  liilcnil  mid  rniciiil  liptm<'iil-<  diviiltil. 
inallnni]int:itt[>n!tuf  tliekiiec.  the  liitter  Ktrtic 
be  divided  with  the  point  or  the  knife,  ami 
forwiml,  to  iireveia  injury  iif  Hit'  imidil 
I  ilisiirtii 


L   the  1 


of    [ 


prefendde  lo  S>-.lillots  nu'tli.ul.  nccinliii;;  lo  ivliiili  i 
lower  part  .if  llic-  .n„l  is  |,liL,<,l  l>,.liinii. 

In  Hnipiiliiliiii;  iil  iJie  kiiir.  a  li>ii;r  lliif  ni:iv  lii'  liiki 
from  tlie  Jinteri.ir  i.r  [i.isleri.ir  snrf.irr  of  lli<'  Icl'.  T 
Iftlter  metliml.  Hint  of  lloin  (Fijr.  i»:t),  can  In-  tnusi  ri-a 
ily  cxeciiled.  lint  is  objeelioiuilile  im  iiriiiiiiil  ot  Hie  e 
ce88  of  nmspular  tissue  iii  the  lluii,  mid  ilu-  liilliculty 
C8tablif>hlng  thorough  (IrnhinLre.  Liliiiil  I1ii|i'>  have  Im 
advised  l>y  Rossi  ami  Sii'|ilien  Siniili,  Tlie  ojieniiii 
whirh  i»  generally  perfomied,  Imivever.  is  (liiil  liy  o: 
long  anterior  ami  one  short  postiTior  1lii|>.  It  i--  ri'adi 
perfomied,  and  leaves  a  woiiik]  thul  is  i-ii-ily  dridne 
and  a  stump  fn  whirh  the  ei('a1ri\  i<^  firiilei'iid  t'm 
pressure. 

O/iemlion. — The  leg  being  ndsed,  a  seiaiiiniar  tla 
three  to  four  inches  lung,  h  oiilliueil  from  tliu  titlf.  tl 


incision  iMginning  a  little  below  tlie  middle  of  the  lateral 

border  of  tlie  condyles      This  flap  is  dissected  up  as  far 

as  Is  base  g  be    g  hen  ncxed,  an  anterior  flap. 

fl  g   Is     utlined  on  the  ant«rior  sur- 

ce  g    ro        he      ds  of  ttie  posterior  Incision 

F  g     84    Ee  ia  T      anterior  flap  is  then  raised 

Is      tae  ts  the  ligamentun)  patella:  ii> 


unilier  of  smaller  ar- 
1.  sura)  and  inuseular. 
il!U>  re<|uire  ligation  in 
lOSlerioT  portion  of  the 


the 


of    Hie 


Fia.  1«t. 

patella,   lesi    intlammatnry 
]irodiiiisneenmulKti-in  the  iwiieh  above  It.    This  proced- 
ure is  f;eiic-ndly  held  to  be  superfluous,  since  the  up|>er 
pari  of  the  wound  can  readily  be  drained  without  it,  and 
"the  removal  of  the  patella 
cmlaugers  the  vitality  of  the 
long  (lap.   It  is  alwavB  ad- 
visable, to  insure  drainage, 
to  divide  the  lateral  attach- 
nienlsof  the  Eyuovial  nicm- 
brane   to   the  femoral  con- 
dyles, by  which  means  the 
retention  of    inHammatorr 
products  in  the  pouch  al- 
luded to  can  be  avoided. 

In  18T0  KU'pheu  Smith* 
descrilieil  an  amjiiitation  bv 
"laleiiil  hiKidcil  flap.  "^  ft 
li-avcs  an  ailniirablc  Hlump, 
the  eicalri.'c  lieiiig  placed 
iH'liiiid  ami  between  tlie 
condyles.  The  writer  gives 
it  the  preference  over  other 
amputations  through  or  im- 
nii-iliiitelv  above  the  knee. 

Fig.  ISO  illustmlcs  the 
incisions  of  this  amputation 
and  llie  method  of  forming 
the  daps.  The  inci-iion  be- 
gins an  inch  below  the  tu- 
berosity of  the  tibia  ami 
Iias.ses  over  the  outer  side 
of  Die  leg  and  is  carried  In 
n  giMitle  curve  to  the  middle 
j.|P^    [^  of    the    posterior    surfoce. 

1  lere  it  ends  opposite  to  the 
!irHeid;ir  line.  A  similar  but  longer  Hap  is  outlined 
lie  iiiiiir  sidf  Tlir>  ll:i|is  are  Hien  disaectnl  up 
are  iii;»l(-  tii  include  evcrnlilng  down  to  the  bone. 
1e  the  Haps  arc  iK'ing  forineil  Hie  limb  must  be 
ilaiiied  in  cvlensiim.     The  clisurtirulation  completes 

■  Atiier,  Joarii,  o[  ltii>  Med.  Scltjnceg.  1M7U,  voL  litx„  p.  3B. 
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AmpntatloB, 


the  operation,  the  semilunar  cftrtllages  being-  retained  io 
the  stump. 

la  the  last  forty  yearH  a  nuiiilN.T  of  niiKiiticationa  of 
the  operalioDS  just  doHcribeil  liavc  Iwcn  introducfd. 
They  all  have  the  feature  in  commnn  that  a  iiortion  of, 
or  the  entire  ('[)n<i^-les  iif  the  femur  uk  to  lie  removed. 
In  184,5  Synic  advised  iimputatiiin  tlirougti  the  condyics, 
making  a  large  posterior  miisciilo-tcgumeotary  flap.  In 
1846  Hr.  Canleii  llrst  pcrfiirmcd  the  oporatiiiii  whicli  has 
since  Ixime  his  lutim-,  and  luts  becon*  deserveiily  popular. 
The  operation  consists  in  tlic  formation  of  a  lon'g  anterior 
Hup.  which,  like  a  hoo<l.  falls  easilv  over  the  divided  end 
of  the  boue.  The  Inelsion.  similar  to  tliat  nutdc  for 
(imputation  at  the  knee,  extends  no  farther  down  tlian 
the  tubercle  of  the  tibia.  Tlie  anterior  flap  U-ing  re- 
tiecled.  the  joint  is  opened  okirt  the  patella,  which  la  not 
included  in  the  Hap,  After  disarticulation  lias  tieen 
effected,  the  soft  parts  of  the  |)OKt<' nor  aspect  of  tlie  limb 
arc  severeil  by  n  single  stroke  of  the  knife,  and  the  sun- 
is  applied  through  the  liases  of  the  condyles.  For  the 
better  coaptation  of  the  ciilane<uis  margins  of  the  wound 
Lister  liaa  advised  the  formation  of  a  short  posterior 
legumentary  Hap.  Mr.  C'arilcn  has  reconleil  80  opera- 
tions, with  only  5  deaths  from  this  iiiethod.  Of  26 
Carden  amputatiuos  made  by  Volkmann.  H  terminated 
fatally. 

Id  185T.  Oritti.  of  Milan,  devl-uil  an  osteoplastic 
operation  by  which  the  artlciilnr  siirfuce  of  the  jiatella  is 
removed  and  placed  in  apposition  with  the  divided  ends 
of  the  femoral  condyles.  The  operalion  wnji  Hrst  prac- 
tise<l  by  Bawostyt/ki  in  1862.  In  this  openition.  long 
anterior  and  short  posterior  rei'taiifruLii  Hupa  are  fiirmetl. 
Paikrt  and  IJidmrt.  after  raJKing  the  anterior  Hap,  ampu- 
tate without  first  dUarticiiLiliii)',  In  INTO  Dr.  Williiim 
Stokes  still  furtlKT  mixllfled  Gritti'!!  opt'mtion  liv  mak- 
ing an  oval  flap  and  dniding  tlic  femur  at  least  lialf  an 
iuch  above  the  antero-siiperi()r  margin  of  tlic  comlylold 
eartilage.  Hence  tills  ampiitaliun  Is  genemily  known  as 
the  tupratonilyhid  amputation,  tliiit  of  ('nnlen  iM-ing 
known  as  the  transcondylniil  ii[M'mtion.  The  nOative 
merits  of  these  various  UH'tlKHls  of  ampulntion  at  the 
knee  have  been  extensively  invcstiinitcil  by  American, 
English,  and  Oemiim  ivrilera.  Edniuiid  Awlri'Ws,  of 
Chicago,  shows  that  dlMarliciilnliiin  at  the  knee  and 
transcondylold  amputation  pivsent  a  liki-  mortulilv  {'iJi 
per  cent.).  Of  Gritti's  ot>eralion  imd  Sfoki-s'  m<«iifl<-a- 
tion,  Dr,  R.  ¥.  Weir  lius  colk-cteil  "6  cases  with  23 
deaths.  'While  time  may  show  that  the  las|.)iieiition<i) 
proei'ilures  niay  be  of  xcrvice  in  umiiutalions  for  dJKeaM-. 
sulticient  eviileiK'<'  Iws  lnH-n  adrliKfil  by  Zeiss.  Beck,  and 
Saliman.  that,  so  fur  as  mililury  pnietiee  is  cinicerniil, 
llic  o|K'ration  ought  to  l«-  almiidoned.     From  the  more 

mi>rlalily  of  amputations  ut  Ihi-  kini'  in  civil  ]inicii<i'  ii 
11  per  cent.,  there  In-ing  7  deiilhs  for  li'-*  o[)c'i-;i(io[is. 

The  mortality  of  amputations  III  tin-  kiu-i-  in  civil  prac- 
tice appears  from  an  e.vaniinalion  of  Tjilili-  I.  (-ec  iiliono. 
Of  W7  nmpiitalioiis  iiiude  for  gunshot  injitvv,  in  wliii-h 
the  result  was  determined,  UMI  si]i-<  iiiiilx'cl,  thi'  mi>rinlity 
l>eine  M.tf  jkt  cent,,  and  exci'cdiii;;  by  -iM  i«r  i-cni.  the 
falailty  of  amputations  in  the  Iowit  iwirt  of  the  fi'niur. 

AMPt:TATi<>x  oi'  TiiK  Tiiioii.— TliU  opemlion  nin;-  Im' 
nilUil  for  in  any  iiart  of  tlu^  thigh,  TlH'Ci-iiiiid  (Hisiiion 
iif  the  femur.  an<l  Its  cxlem^ve  miisciikir  (-<ivcriug,  sanc- 
tion the  application  of  anv  of  tiK'  various  niethmls  of 
Hmputation  in  this  part.  Yiie  clioiec  fnim  iiniong  the 
iliflerent  operations  permits  the  surgiim  at  all  limes  lo 
Mtve  as  much  of  the  femur  as  |)ossible.  I'ntil  twenty 
veurs  ago  amputation  of  llic  tlilirh  was  generally  pef- 

nnd  a  posterior  flap  were  f<iriu''d,  Tbi-  nipiilitv  nii'l  nv^' 
with  wlilch  it  could  !«■  performi-d  wi-iv  ils  i*l.li>f  com 
nieniiotions.  The  manner  in  wiiich  il  is  geiienilly  p.-r- 
rorme^l  is  the  following:  Grasping  and  mi-<iiig  the  soft 
I>art<i  on  the  anterior  aspect  of  the  limb  willi  his  left 
liand.  the  operator  Introduces  the  knife  at  the  side  of  llie 
limb,  at  a  point  an  inch  or  mon^  Ix-hiw  ihc  level  of  (he 
proposed  section  of  the  femur,  and,  carrying  it  across 


the  anterior  surface  of  the  femur,  transflxcs  and  cuts  out 
a  broad  flap  ec|ual  in  length  to  linlf  tlie  diameter  of  tlie 
limb  (Fig.  187.  FergiissonJ.  The  flap  thus  formed  being 
retracted,  the  knife  is  again  Introdueeii  into  the  wound 
heliind  the  femur,  and  a  posterior  flap  formed  by  cutting 
from  within  outwanl  and  downward  through  the  soft 
parts.    The  flap  thus  made  should  be  quite  as  long  as 


Fid.  18T. 

the  anterior,  hince  the  greater  retraction  of  the  posterior 
muscles  would  otherwise  retluce  it  to  a  size  that  would 
prevent  the  u<-eurale  coaptation  of  the  cutaneous  margins 
of  the  wound.  In  very  Hesliy  subjects,  all  of  the  niua- 
cular  tistiu<-  should  not  be  incluiled  In  the  flaps  thus 
made.  When  tlie  flaps  liave  been  made  they  are  re- 
tracted by  an  ns.sistant.  the  bone  is  cleared  of'  the  btill 
nillierciit  soft  parts  by  a  circular  sweep  of  the  knife  at 
the  level  when-  the  saw  is  to  l>e  applied.  In  amputating 
by  musculo- tegumentary  flaps  below  the  middle  rif  the 
thigh,  the  anterior  Hap  should  be  fomicti  flrst;  in  ampu- 
lalions  highiT  up  It  must  lie  ma<le  lust,  in  order  that  the 
femoral  vessels  tiuiy  not  tH>  divided  until  the  ojieration 
lins  Ihh'II  nearly  onnplcted.  The  vessels  rei|Uiring  liga- 
tion in  amjmtations  below  the  mkhile  of  the  thigli  are 
the  femoral,  ainistonioiic.  aud  Ave  or  si.t  muscular 
l/mnclies.  To  insure  a  smooth  margin  to  the  flaps,  it 
is  well  Hrsl  lo  oulline  them  by  an  Incision  extending 
through  the  skin  nlone. 

Ampulation  of  the  lliigli  bv  lateral  musculo -tcgiiment- 
ary  flaps,  as  recr.mmenilcd  by  Vermalc.  should  not  be 
n'sorte(i  to.  sini-e,  owing  to  the  weight  of  the  soft  imrts, 
the  Iliips  are  easily  di.splaceil.  and  the  end  of  the  lione  is 
liiible  to  protnide  from  the  upjier  angle  of  the  wound. 

In  the  midille  and  upper  portions 
i|uestiooably  to 


odifleil  c 


ula 


,  the  eulaiK-ous 

1         - 

ml  lichind.  and 

■^.-l.'sdiviil.-d  bv 

miral.lc  results 

\ 

Volkmann  and 

Uruns   ticliieved    fnin: 


flap,    the    wound   ob-  Fm.  ISS. 

liFnsftiL  excellent  posi- 
tion for  drainage  (Fig,  18S,  Ilueterl.  and  llie  stump  which 
is  left  is  well  suited  for  the  appliintion  of  an  nrlili.'lal 
liinl).  In  [lie  lower  third  of  the  tliigh  the  opcnilioii  may 
be  made  with  only  ii  single  long  anterior  tliip,  which  should 
evtend  as  low  as  the  upper  margin  of  the  patella,  the 
integunK-nt  on  tl«-  poslcrior  Bspecl  of  the  limb  U'iug 
dividHl  by  a  semieir<-ular  incision.  The  latUT  shoidd 
lie  maiie  at  least  half  an  ini'h  lielow  tlx'  miirgins  of  tlu- 
anterior  flap,  to  allow  for  the  greater  retraction  of  the 


Amputation. 
Ampatatlon. 
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posterior  lip  of  the  wound  (Fig.  189).  In  amputations 
near  the  hip  or  through  the  troclianters.  no  other  opem- 
tion  than  that  by  long  anterior  and  short  posterior  flaps 
leaves  a  wound'  that  is  easily  drained.  When  there 
is  any  question  as  to  tlie  vitality  of  the  long  anterior 

flap,  it  is  an  easy  matter  to  in- 
clude with  it  a  varying  thickness 
of  the  muscular  tissue. 

When  an  amputation  of  the 
thigh  is  demanded  for  senile  or 
diabetic  gangrene,  it  is  es.sential 
that  the  flaps  shall  Ik;  short. 
The  circular  amputation,  with 
short  lilx^rating  lateral  incisions 
and  circular  division  of  the  mus- 
cles in  different  planes,  without 
question  gives  the  best  results. 

A  study  of  Table  I.  shows  that 
amputations  of  the  thigh  are  as- 
sociated with  a  mortality  that 
is  largely  responsible  for  the 
high  death  rate  attending  major 
amputations  in  general.  The 
fatiility  of  this  operation  in  civil 
pnictice  increa.ses  as  the  tnmk 
is  approached. 

According  to  Macleotl  and  Le- 
gouest,  this  applies  equally  to 
amputations  for  gimshot  injury. 
According  to  the  statistics  of 
C)tis,  this  view,  which  is  gener- 
ally entertiiined,  nuist  be  modi- 
fied.     Of  768  amputations   for 
gunshot  injurv,  made  in  the  up- 
l»er  third  of  tlie  thigh,  53.8  per 
cent.  died.     Of  the  1,866  ampu- 
tations made  in  the  middle  third,  44.5  per  cent.  died. 
Of  2,901  operations  in  the  lower  third,  53.6  per  cent, 
succumbed. 

The  general  mortality  attending  the  operation  is  rep- 
resented by  6,229  (rases,*  with  3,810  deaths,  the  mortality 
being  53.8  per  cent. 

By  modern  methods  the  mortality  of  amputations  has 
been  greatly  reduced.  From  th(»  soiirces  above  quoted, 
of  465  amputations  of  tin*  thigh,  79.  or  17  per  cent.,  were 
fatal.  Of  154  amputations  for  disca.se  done  at  the  New- 
castle Infinnary,  10  died.  Of  20  done  at  the  Cincinnati 
Hospital,  only  3  died. 

Amputation  .\t  thk  Ilir  — The  first  idea  of  this 
operation,  the  most  formidable  of  justifiable  surgical 
procediu'cs,  appears  to  have  originated  with  Morand  and 
two  of  his  pupils,  Volker  and  Putho<l,  who  practised  it 
on  the  cadaver  in  1738.  A  year  later,  Le  Dnui  taught 
the  operation  in  his  pmctiail  courses,  and  presented  a 
report  on  its  feasibility  to  the  French  Academy.  In  1740 
Ravaton  proposed  to  amj)utate  at  the  hip  joint  on  a  pa- 
tient, but  wtis  dissuaded  therefrom  by  other  surgeons  in 
consultation.  In  1756  and  1759  the  Paris  Academy 
offered  a  prize  for  the  best  treatise  on  the  justifiability 
of  the  opemtion  and  the  best  method  of  performing  it. 
Of  forty-four  contestants,  thirty-four  supported  ~  the 
-operation,  the  prize  being  awarded  to  Barbette,  who 
concisely  mentioned  the  indications  that  made  it  neci-s 
sary.  That  life  could  continue  after  loss  of  the  loAver 
extremities  had  Ix-en  shown  by  the  following  case:  "In 
1748,  there  came  to  the  hosi>ital  of  Orleans,  a  lad  four- 
teen years  of  age.  who  was  the  subject  of  ergotism. 
Gangrene  of  both  lower  extremities  had  supervened,  ex- 
tendmg  on  the  right  side  to  the  hip  joint,  and  on  the  left 
to  the  trochanter.  The  suppumtion  which  was  estab- 
lished almost  separated  the  right  thigh,  the  round  liga- 
ment and  great  sciatic  nerve  alone  holding  it  to  the  tnmk. 
Lacroix,  surgeon  to  the  hospital,  completed  the  sepani- 
tion  of  the  member.  This  operation  succee(l<Ml  so  well 
that  four  d&ys  later  he  also  amputated  the  left  thigh. 
There  was  neither  hemorrhage  nor  pain,  and  the  patient 
progressed  well  till  the  tenth  day,  when  fever  super 
vened,  and  death  followetl  fifteen*  davs  after  the  first 


operation."  In  1773  Perault  removed  the  entire  thigh 
in  a  ca.se  of  traumatic  gangrene  **  of  several  months'  dum- 
tion."  in  which  a  complete  recovery  ensued  in  eighteen 
months. 

Although  in  1774  and  1778  Kerr  and  Thomson  ma<]e 
the  first  amputations  at  the  hip  through  living  tissues  in 
cases  of  coxalgia,  both  operations  terminated  fatally,  and 
the  procedure  was  not  again  resorteil  to  till  the  last 
decade  of  the  past  century.  Amputation  at  the  hip  in 
realitv  owes  its  existence  to  tlie  wars  of  the  French 
Revolution.  In  1794  the  elder  Blandin  performed  it 
thrice,  with  one  rtK'Overy.  During  his  different  cam- 
I)aigns,  Larn*y  repeated  the  operation  seven  times  and 
gave  it  a  standing  among  surgical  procedures,  altliou^h 
it  is  doubtful  whether  any  of  his  cases  recovered.  In 
1812  and  1815,  Brownrigg  and  Guthrie,  after  repeated 
failures,  were  enabled  to  report  successful  amputations 
at  the  hii»  for  gunshot  injury.  The  first  operation  in 
this  country  was  made  in  Kentucky  in  1806,  by  Brashear, 
for  compoiiud  fmcture,  and  ended  in  recovery. 

The  most  comprehensive  statistics  of  the  operation  in 
question  have  been  collc»ctc»d  by  Otis,  LClning,  and 
Ashhurst.  Over  three- fourths  of  all  the  operations 
have  iM'cn  made  since  the  introduction  of  anaesthesia', 
and  fully  two-thirds  of  the  en  tire  number  were  performed 
later  than  1860.  Up  to  1875  Lftning  was  enabled  to  col- 
lect but  497  well-authenticated  cases,  while  in  1881  Ash- 
hurst was  enabled  to  tiibulate  633  operations,  since 
which  time  over  100  cases  have  been  added  to  the  list. 

The  (|uestion  of  supreme  moment  in  amputation  at  the 
hip  joint  is  that  which  pertains  to  a  complete,  and  yet 
safe  method  of  controlling  the  circulation  during  the 
operation.  Its  importance  becomes  manifest  from  the 
fact  that  five  i)er  cent,  of  the  patients  operated  on  do 
not  survive  tla?  operation,  and  that  seventy  percent,  of 
the  deaths  occur  during  the  first  five  days  (LClning).  To 
overcome  this  great  and  immediate  danger  of  amputa- 
tion at  the  hip,  progress  has  been  made  m  the  direction 
of  preserving  the  ])lood  conttiined  in  the  condemned  part 
and  by  temporarily  or  permanently  occluding  the  sources 
of  its  blood  supply.  B^  the  ufte  of  the  elastic  bandage 
from  the  toes  to  the  grom,  and  by  keeping  it  in  place  dur- 
ing the  o))eration  (Erskine  Mason),  or,  in  cases  of  extensive 
suppuration  of  the  extremity,  by  maintaining  the  latter 
in  a  verticjtl  position  for  some  minutes  before  the  opera- 
tion, a  not  inconsiderable  amount  of  blood  can  be  saved 
to  the  economy. 

In  1860  Profes.sor  Pancoast  first  called  attention  to  the 
practicability  of  compressing  the  aorta  against  the  verte- 
bral colunui  by  means  of  an  abdominal  tourniquet.  A 
numlx'r  of  instru- 
ments have  since 
been  devisi'd  sim- 
ilar to  that  of  Pan- 
coast,  ])v  L  i  s  t  e  r, 
Skev,  and  Ksnuirch, 
and  it  is  to  one  of 
these  contrivances 
that  most  surgeons 
have  n-eourse  be- 
fore proceeding  to 
the  opj'nilion  prop 
er.  In  the  tourni 
quet  of  Esinarcli. 
the  a<»rtie  j)a(l  ex- 
erts its  compression 
by  means  of  an  elas- 
tic band  which  is 
passed  through  its 
liandle.  In  the  absence  (►f  a  tcmrniiiuet.  a  pad  can  be 
imi>rovi.^ed  l)y  firmly  winding  a  long  roller  bandage 
around  the  nn'ddle  of  a  stick,  which  should  be  about 
a  foot  l<»ng  and  of  the  thickness  of  the  thumb.  The 
pad  thus  formed  being  placed  in  position,  is  retained 
by  i\\v  or  six  turns  of  an  elastic  bjuidage  around  the  ab- 
domen (Esmarch).  Pr(»fessor  Spence  resorts  to  a  similar 
procedure.  AVhate'ver  tournicpiet  be  used,  it  should  lie 
applied  while  the  patient  is  lying  on  the  right  side,  the 


Fig.  190. 
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pad  being  placed  a  little  to  the  left  of  the  umbilicus 
(Fig.  190,  EBmorcb).  The  operation  should  not  be  com 
mcnced  until  the  operator  has  satisfied  himself  tjiat  the 
circulation  in  the  lower  extremities  is  completely  con- 
trolled. 

It  liaving  been  held,  but  witliout  sufHcient  clinical 
evidence,  tliat  prolonged  compression  of  the  abdominal 
aorta  is  Injurious  from  damage  to 
tlic  bniu(-lR-s  of  tlif  *o!ar  |>lr\iis, 
Bod    by  interfering   wftb     respira 
tion.   compression  of   the  common 
ItiBc    arlcry    thn)ugli 
tbc    rectum   lias   been 
advited  uud  practised. 


Woodbury,  of  Philadelphia,  and  Vac  Buren.  of  New 
York,  proposed  that  this  be  accomplished  bv  the  lisnd 
of  ao  assistant,  while  R.  Davy,  of  London,  aevised  for 
the  same  purpose  a  polished  rod  twenty  inches  long. 
and  from  one-half  to  three-fourtlis  of  an  inch  thick, 
surmounted  at  its  c-xtremily  by  an  Ivory  enlargement, 
with  which  the  artery  is  to  be  compressed  against  the 
brim  of  the  pelvis.  In  one  case  in  which  Davy  used  the 
lever  on  the  right  iliac  artery,  death  followeil  from  a 
rent  Id  the  rectum.  In  17  other  cases  in  which  he  had 
resorted  to  its  use  an  accident  resulted.  According  to 
the  originator  of  the  "lever,"  this  instrument  has  been 
used  iu  40  cases,  in  an  almost  equal  proportion 
of  amputatiiins  of  the  right  and  l<:ft  side,  and 
W  per  cent,  of  the  cases  recovered.  Reccnllj' 
Davy*  reported  10  cases  witli  8  recoveries. 

In  thin  or  emaciated  siihiecls.  the  circulation 
cao  be  controlled  by  digital  compression  of  tlie 
aorta  or  external  iuac  artery,  or  both  may  be 
employed  (Gross).  It  may  likewise  be  effected 
by  the  use  of  a  wide  roller  bandage  placed  over 
the  external  iliac  and  held  in  position  by  an 
elastic  bnnduge.  The  latter  should  t>c  at)out  two 
yards  in  length,  its  centre  being  placed  between 
the  anus  and  tiiberositv  of  the  Ischium :  the  an- 
terior part  of  the  bandage  is  brougbt  above  tiie 
crest  of  the  ilium,  the  posterior  portion  crossiiig 
the  sacro-sciatic  notch  an<l  meeting  the  anterior 
above  the  iliac  crest:  both  are  flrmly  held  in 
position  by  an  assistant.  This  metli<Ml  of  pre- 
venting hcmorrliage  from  both  anterior  and  posterior 
flB{»  lios  been  resorted  to  in  four  cases  by  Jordan  Lloyd, 
of  Birmingliam,  three  of  which  recovered. 

With  the  introduction  of  better  methods  against 
henuirrtiage,  the  use  of  the  aMominal  tourniquet,  of 
Davy's  lever,  and  of  digital  compression  cau  no  longer 
be  advised. 

In  1B76  Trendelenburg,  of  Rostock,  devised  a  steel 
rod  fifteen  inches  long,  one-fourth  of  an  inch  wide,  and 
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one-eighth  of  an  inch  thick,  with  a  movable  point  at- 
tachment which  is  to  be  pushed  through  the  soft  parts 
in  frontof  the  Joint,  an  inch  above  the  level  where  trans- 
fixion is  to  be  made  with  the  knife.  "The  rod  liaving 
been  pushed  through  the  soft  parts,  the  point  is  removed 
and  a  rubber  tube  wound  around  the  protruding  ends  of 
the  rod  in  llgure-of-B  turns.  In  this  manner  compression 
of  all  tlie  soft  parts  in  front  of  the  joint  is  effect- 
ed, and  the  flap  can  lie  made  without  loss  of  blood. 
After  the  vessels  divided  in  the  anterior  flap  have 
been  ligatcd,  the  rod  Is  introduced  through  the 
soft  paria  liehind  the  joint  in  a  similar  manner 
before  the  posterior  flap  is  made."  Although 
tedious  in  its  performance,  this  method  of  con- 
tn>lling  hemorrbage  is  thoroughly  ptw:ttcable  and 
promises  gcni  results.  It  has  been  successfully 
resorted  to  by  Varrick  in  a  case  of  trauntatic  am- 
putation in  a  subject  very  ana'mic  from  hemor- 

In  1890.  Wj'eth  *  described  a  bloodless  amputa- 
tion at  the  hip.  which,  white  it  appears  to  be  an 
:tmpliticatiou  of  Trendelenburg's  method,  is  ex- 
ceedingly simple,  and  can  be  highly  recitmmended 
For  all  amfiutatlons  at  the  hip,  save  those  rare 
cases  in  which  the  disease  involves  the  trochanter. 
In  these  cases  the  transperitoneal  ligation  of  the 
external,  or.  better  still,  of  tlie  common,  iliac  is  I« 
be  preferred  to  the  pins  and  constriction  used  by 
Trendelenburg  and  Wyeth.  The  accompanying 
diagrams  (Figs.  101  an<l  192),  inserted  wiUi  Dr. 
Wyeth 's  permission,  illustrate  the  method  of  the 
introduction  of  the  pins. 

The  patient  is  placc<i  with  the  hip  well  oveY  the 
end  of  the  table,  and  an  Esmarch  bandage  is  ap 
plied.  With  the  bandage  still  in  |>osition,  Dr.  Wy- 
eth's  needles  arc  inserted  as  follows:  "Two  steel 
mattress  needles,  three-sixteenths  of  an  inch  in 
diameter  and  a  foot  ioag.  arc  used.  Tbc  point  of  one 
is  inserted  an  inch  and  a  naif  below  the  anterior  superior 
spine  of  the  ilium  and  slightly  to  the  inner  side  of  this 
prominence  and  is  niadi.  to  tra\er«  the  muscles  and 
deep  fascia  passing  about  half  wa>  between  the  great 
trochanter  and  the  iluu,  spine  ext*mal  to  the  neck  of 
the  femur  and  through  the  substance  of  the  U 
ginc  ftmona  coming  ■ 
About  four  inches  of 
the  needle  sitould  lie 
concealed  by  the  lis 
The  point  of  the 


t  just  back  of  tbc  trochanter. 


Fio.  1 


second  needle  is  entered  an  inch  below  tlie  level  of  the 
crotch,  inlemally  to  the  saplu-nous  opening,  and.  passing 
through  tlie  adductors,  comes  out  about  an  incbandatiall 
in  front  of  the  tuber  ischii.  No  vessels  are  endangered 
by  these  needles.     The  points  are  protected  by  ci 


•  Wjetli :  New  York  Med.  Jouro.,  IMO,  II.,  p.  e£H. 


REFERENCE  HANDBOOK  OF  THE  HEDICAL  BCIENCES. 


ftbovc  the  fixation  D<?edt(«  and  lied."  Tlie  Esmarch 
tiandage  is  tliCD  removed,  aod  if  thi'  operation  is  to  be 
completed  according  to  Dr.  Wyctli's  plan,  a  circulur 
iDCtsion  is  made,  tlie  skin  flap  is  turned  up.  tlic  musoica 
are  divided  at  tlie  lemcr  troclianlcr.  and  llic  bone  is 
sawed  through-  All  vessels  are  tli'.'n  tied.  The  rentaio- 
ing  portion  of  the  femur  ia  tlieu  removed  by  division  of 
the  attarlinienls  o!  tlie  nmBcles. 

MellimU. — Although  a  large  iiunil)pr*  of  methods  of 
amputation  at  the  hip  have  been  deviseil,  only  u  few  of 


Mimeulo-Ugumentnrff  i'tnii*. — Amputation  at  the  hip 
vna  be  most  guickly  HCfompliRlied  br  nieaD!i  of  ontcro 
posterior  mu^'eulnr  flaps,  of  which  the  anterior  is  made 
by  tmii-itivi'i"    iinil  ilii'  pu^-hTirir  hy  CutliuK  from  witliin 

oi[i\iiii.|      ^\  !ili  .lI.1.    ,l--!-i Mil-  operation  can  easily 

hv    |ii     ■  1 1          ■      !■  I  lily  seconds.     At  least 

thn  .    I  ■■■               ■  ■■    ■  hi-,  iisinall  amputations 

(if  I  III'  111  I  ■     '•:  ■    I-       .I  ii-riil  with  the  control 

of  the  rirciil;iri   M  .!       ii     -. 1   follows  llie 

knife  to  gni'^l'  111'   i   i,    ■■  i.   ■      ■■  <liviiie'l  (Fii;, 

193,  lliii'Uir)  ^ih.i  third  lak.'^ 

Charee  of  tlir  fi-    ■   i  ■    ■. 


foot  lonj;.  midwav  i 
pmcfus  of  Uio  iliu 
carried  dw-plv  inlii 
l-oup-irl's  lie-iiiJU'iil 


front  of  the  bone  and  c-iitliiiu  muu  i  i  !        ' 

once  rellected  and  held  out  of  tlu'  u.i         I  ; 

Incbion  on  the  head  of  thr  hiinr   ::  '     i: 

widely  opened,  while  tlir  liinl)  i~  I   i 

everted.     ITy(iMvM.  [i-i-i.   ii.ii-   -    ■.         ■:  ■    ' 

bone  to  start  ti'i. 

when  thelipitiii  'ir,  ,.  h  i.    ■  ■  i.        I  ■     i  .  ii 

introduced  iH'tiijul  iln  in  ni  ■■!  i  h.'  |.  h.m  d..  |..  ■!.  i 
portion  of  the  fjiiisiil.r  is  iliviilni  mi^i  ii  ].(l^n■l■ll'r  ( 
four  inches  in  Icn^lh  is  cut  from  within  oiilwiinl  (I 
ton).  When  the  oprnitinn  i4  inaiie  on  the  rijiht  side. 
knife  is  entered  from  Hit'  inner  side  juKinlxivi-  ilii^  is*-l 
tuberosity.     When  the  posterior  Hup  \»  i-iil  from  wil 

bbural  then:  oiv  tunf-Ove. 


outward,  the  cutaneous  margin  of  tlic  wound  is  gener- 
ally irregular  and  not  well  suited  for  close  fxiaptatioo 
with  the  anterior  flap.  It  is  advisable,  therefore,  par- 
tieularly  in  robust  limbs,  either  to  outline  this  flap  by 
an  incision  tlirough  the  skin,  or  to  cut  it  altogether  froin 
without  inward  (Fig.  IM,  Esmarch)  (Manec).  indeed. 
both  flaps  may  advantageously  be  cut  in  this  manner 
(Guthrie). 

The  great  advantage  of  the  operation  just  described  is 
in  the  rapidity  with  which  it  can  be  executed.  Its  dissd- 
vantages  are  in  tlie  excessively  large  woimd  which  it 
leaves.  Uie  tendency  to  tlie  retention  of  pus  in  the  in- 
termuscular  spac«s,  and  the  great  probability  of  exces- 
sive tiemorrhagc  from  the  posterior  dap. 

A  wound  better  suittnl  for  drainage  is  that  mode  by 
lateral  flaps.  In  this  form  of  operation  a  semicircular 
iaciaion  is  made,  beginning  at  the  tuberosity  of  the 
ischium,  and  terminatmg  od  the  outer  side  of  the  femorHl 
vessels  In  the  centre  of  the  groin.  The  incision  crosses 
the  outer  surface  of  the  thi^  four  or  five  inches  below 
the  troelianter.  The  Hap  thus  outlined  is  then  reflected 
over  the  latter  and  the  Joint  opened.  The  inner  flap  is 
then  made  by  cutting  from  within  outward, 

Tegunifiitary  Flnp  MeUuni. — This  is  an  admirable 
method  to  overcome  the  superfluity  of  muscular  tissue 
in  the  wound  and  th«  coniviquent  tendency  to  purulent 
Infection,  and  It  is  therefore  preferred  by  a  number  of 
operators,  among  whom  are  Agnew  and  Volkmana. 
The  operation  is  dps<'ribed  by  Agnew  as  follows:  "The 
surgeon  makes  a  semilunar  Incision  in  front  of  the  limb, 
with  its  convexity  downward,  and,  commencing  midway 
between  the  anterior  superior  spinous  process  and  the 
trochanter  on  the  outside,  descending  the  thigh  in  k 
longitudinnl  direction  for  five  inches,  then  passing  across 
the  front  of  the  limb  In  an  oval  course,  adding  then?bj 
an  inch  to  (he  length  of  the  flap.  and.  last,  ascending  tbe 
inner  border  of  Ilie  thigh,  and  terminating  one  inch  be- 
low the  niTiius  of  Ihe  pubes.  The  integument  is  iiow 
niiiidly  dissected  up  from  the  deep  fascia  and  entrusted 
lo  the  lingers  of  an  assistant," 

The  next  step  is  to  isolate  tlie  femoral  vessels  above 
the  origin  of  tlic  profunda,  and  to  apply  separately  to 


iidily  found   and   iipitcd   below   the   obturator  mem- 

The  limb  lieing  now  rai^tsl,  the  Hurgcon  proceeds  to 
cut  n  semiliiiiHr  leciLnieritiirv  flap  from' the  back  of  the 
thigh,  .me  iiicJi  ^tioricr  Iti.m  the  anterior.  With  an 
ampiilnliiiL'  kmlv  ihi-inii«cli'''  iin'  then  severed  circularly 
ill  front  111  Ih^-  jiiiiil.  ■■  "lien  lifter  li(  I'mtiou  of  tlic  head 
of  the  iHiiic.  11--  ill  iitliiT  iiiiitii"is,  till'  operation  ii  com- 
plet<'iniy  ilividiiiL' iliniii::h  ihr  M>ft   |mrts  posteriorly." 


■D  two  UgiUrei. 


Amyloforin. 
Amyloid. 
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in  1888  by  Professore  Jolly  and  von  Mering  for  its  sopo- 
rific properties.  It  is  saiii  to  oocupy  a  place  between 
chloral  and  j)aral(leliy(le,  two  parts  being  equal  to  one  of 
the  former  or  three  of  the  latter.  Its  advantage  over 
chloral  is,  that  it  has  no  depressing  effect  on  the  heart.  Its 
smaller  dose  and  less  disagreeable  odor  make  it  preferable 
to  paraldehyde  in  manv  cases.  It  produces  a  calm,  re- 
freshing sleep,  which  lasts  for  six  or  eight  hours,  from 
winch  the  patient  awakens  without  any  ba<l  svmptoms. 
It  is  used  in  insomnia  du(?  to  nervousness,  debility,  men- 
tal excitement,  and  delirium  tremens,  morphioinania,  and 
in  fevers.  It  has  not  proved  of  nnich  use  when  the  sleep- 
lessness is  due  to  pain.  It  does  not  cause  h(»adache, 
nausea,  or  deranged  digestion.  In  very  large  doses  it 
produces  a  lowered  temp<*rature,  shallow  respiration, 
feeble  i)\dse.  loss  of  reflexes,  and  paralvsis  of  extremities. 
It  is  given  in  doses  of  in,  xxx.-xlv.  Its  tiiste  and  odor 
often  prove  objwtionable.  and  may  iKMlisguised  by  com- 
bining with  extract  of  licorice  or  some  aromatic.  It 
may  also  l)e  used  as  an  enema  with  mucilage  of  acacia, 
in  doses  of  ^^,  xl.-xc.  Bcttumo/it  t^//t4ill. 

AMYLOFORM. — A  proprietary  compound,  stated  to  l>e 
a  condensation  product  of  formaldehyde  and  starch.  It 
is  a  white  powder,  odorless,  non-toxic,  and  insoluble  in 
all  ordinary  solvents,  and  is  used  as  a  substitute  for  iodo- 
form. 

Df'Xtrofonn  is  a  similar  compound  of  formaldehyde  and 
dextrin,  and  it  i)ossess('s  the  advantage  of  being  soluble 
in  water  and  of  setting  free  its  formaldehyde  more  read- 
ily. \V.  A.  BajitKh. 

AMYLOID. — (From  amt/htm,  starch,  so  called  from  the 
fact  that  the  amyloid  substance  gives  with  iodine  and 
sulphuric  acid  a  reaction  similar  to  that  of  starch.  Also 
called  waxy,  lardaceous.  or  albuminous  degenemtion. 
French,  Degenerei^rncf  amyloide ;  German,  Ami/l^nd^n- 
t(t rt u ng,   Wachsen fa rt u ftg,  Sjitckeutart u ng. ) 

The  term  amyloid  degeneration  is  applied  to  the  ap- 
pearance, in  the  iK)dy,  of  a  clear,  colorless,  shining,  homo- 
geneous, highly  refmetive,  and  translucent  body,  greatly 
resembling  wax,  firm  in  con.sistency,  and  possessing  but 
little  elasticity.  When  treated  with  iodine  solution,  it 
takes  on  a  mahogany  color,  which  in  marked  cases  may 
l>ecome  bluish  or  green  (see  Plate  VII.)  If  the  speci- 
men thus  treated  is  further  subjected  to  the  action  of 
dilute  sulphuric  acid,  zinc,  or  calcium  chloride,  the 
mahogany  color  may-be  intensified,  or  a  play  of  coloi-s — 
red,  violet,  blue,  of  green — may  be  produced.  This 
action,  however,  does  not  always  occur. 

Because  of  this  characteristic  reaction  with  iodine,  so 
analogous  to  that  of  stiirch,  VirchoAV  was  led  to  believe 
that  the  newly  discovered  substance  was  devoid  of  nitro- 
gen and  closely  allied  to  cellulosi*  or  starch,  and  for  this 
reason  gave  it  the  name  amyloid.     It  was  further  desig 
nated  as  "animal  cellulose'."     On  the  other  hand.  Meckel 
believed  it  to  be  closely  related  to  cholesterin.     Sevenil 
years  after,    the   chemical  investiirations   of   Fricdrich, 
Kekule,   Schmidt,    Hudeneff,   and    Ki\hne    prov(«d   con 
clusively    that    the    so-called    amyloid    was    in    reality 
a    nitrogenous    body  of    an   albuminous   nature.      Ac 
cording  to  Tschermak.  it  is  a  coagulated,  albnnn'nous 
sub.stance,  and  is  possibly  an  intermediate  product  be- 
tween the  proteids  on  one  side  and  fat  and  cholesterin 
on  the  other. 

It  l)ears  also  a  very  close  chemical  relation  to  the  hyaline 
deposit  found  in  blood-vessels  and  connective  tissue,  as 
is  shown  by  the  fact  that  amyloid  oiirans  sometimes  con- 
tain  hyaline  masses  in  no  way  distiniruishable  from  the 
neighboring  amyloid  except  by  theai)plicati(>n  of  specific 
staining  methods.  In  some  cases  the  ]>eriphery  of  large 
masses  of  amyloid  give  the  reactions  for  hyalin  and  not 
for  amyloid.  Litten  found  that  pieces  of  amyloid  tissue 
lost  their  chamcteristic  reactions  and  became  changed  to 
hyaline  when  introduced  into  the  abdominal  eavitv  r»f 
animals.  The  strong  genenil  resemblances  between  the 
two  bodies,  their  similarity  of  location,  and  the  frefpient 
coincidence  of  occurrence  niake  it  very  probable  that  the 


two  substiinces  are  very  closely  related  and  that  they 
may  change  from  one  to*  the  other. 

Amyloid  differs  from  other  albuminous  bodies  in  its 
characteristic  staining  reactions,  in  its  resistance  to  the 
acti(m  of  pepsin,  and  in  its  very  slight  tendency  to  pu- 
trefaction. When  exposed  for  a  long  time  to  the  action 
of  the  gastric  juice  it  slowly  dissolves,  so  that  it  is  pos- 
sible that  its  resistance  to  pepsin  and  agents  of  putrefac- 
tion Is  due  to  its  great  density,  which  hinders  the  pene- 
tration of  fluids.  It  is  likewise  resistant  to  acids  and 
alkalies,  and  is  not  altered  by  alcohol  and  chromic  acid. 
Through  the  i)rolongetl  action  of  dilute  sulphuric  acid 
ty rosin  and  leucin  may  be  obtained  from  amyloid,  its  end 
])roducts  thus  harmonizing  with  its  albuminous  nature. 

But  little  Ls  known  with  certainty  re^rding  the  clauses 
and  nature  of  amyloid  formation.  It  is  one  of  the  most 
conunon  pathological  conditions  of  the  body,  and  may 
exist  as  a  local  change,  or  be  widely  distributed  through 
nuuiy  organs  and  tissues.  It  usually  occurs  as  a  slow-ly 
progressing  disease  in  association  with  various  cachectic 
conditions.  In  these  cases  of  widespread  formation  it 
must  Ikj  the  result  of  some  general  disturbance  of  meta- 
bolism. The  amyloid  substance  does  not  exist  in  the  blood 
as  such,  but  the  material  from  which  it  is  formed  is.  with- 
out doubt,  derived  from  the  blood.  Though  called  amy- 
loid degeneration,  the  process  is  not  to  be  classed  with 
the  true  degenerations  of  cell  protoplasm,  but  is  rather 
to  be  regarded  as  a  i)athological  deposit,  in  tlie  tissues,  of 
a  substance  derived  from  tlie  circulation.  It  has  been 
conclusively  shown  that  the  cells  of  the  affected  tissue 
take  no  active  part  in  the  formation  of  amyloid.  The 
location  of  the  deposit  Is  practically  always  in  the  walls 
of  the  blood-vessels  or  in  the  interstices" of  the  tissues 
immediately  around  the  ves.sels.  and  the  organs  which 
show  the  greatest  degree  of  the  change  are  tliose  abun- 
dantly supplied  with  blood,  as  the  liver,  8plc»en,  and  kid- 
neys.* It  is  possible  that  the  amyloid  substance  is  the 
result  of  the  union  of  some  albuminous  material  derived 
from  the  blood  with  some  constituent  of  the  tissues,  and 
that  the  lowered  vitality  of  the  tissues  resulting  from 
general  or  local  disturbances  of  nutrition  favors  its  forma- 
tion; or,  as  the  result  of  impaired  nutrition,  a  peculiarly 
modified  albuminous  body  may  be  separated  from  the 
blood  through  the  activity  of  Ihe  secretory  cells  of  the 
blood-vessel  walls.  As  the  chief  seat  of  the  amyloid  de- 
posit is  always  just  outside  the  endothelium  of  the 
blood-vessels,  it  becomes  highly  probable  that  it  isa/>7Y>f/- 
nct  of  iH(Utth<Iinl  ciU  aetiriti/,  and  is  depositeil  in  the  tis- 
sues outside  tlu^  endothelium  in  a  manner  analogous 
to  the  deposit  of  hyalin,  lime  salt«,  or  silver  pigment. 
This  i)ath()logical  seeretion  may  be  the  result  of  general 
changes  in  the  circulation  whereby  the  secretory  func- 
tion of  the  eellsof  the  vessels  is  changed,  or  thechanges 
may  be  i)riniary  in  the  cells  themselves.  The  fact  tliat 
local  de])o^ils  of  amyloid  occur  without  apparent  general 
changes  of  nutrition  favors  this  view.  In  the  widespn-ad 
deposit  of  amyloid  in  eaehectic  conditions  the  pathologi- 
cal condition  of  the  cells  may  In*  produced  by  the  altered 
state  of  the  blood ;  in  the  local  deposits  it  may  be  due  to 
lo(  al  changes  in  the  v<'ssels,  caused  by  local  infiammator)' 
processes. 

In  the  majority  of  cases  the  deposit  of  amyloid  appears 
as  a  secondary  ])henoni(Mion  in  various  cachectic  states, 
beinir  most  connnonly  associated  with  chnmic  tubercu- 
losis of  the  lungs  and  bones,  chronic  suppurative  proc- 
esses. svj)hilis,  chronic  dvsentery,  and  leukamiia.  In 
these  diseases  the  most  extensive  deposits  may  l>e  found. 
It  rarely  occurs  in  the  cachexia  (►f  carcinoma,  and  usually 
only  when  there  is  ulceration  of  the  growth.  It  is  also 
found,  though  less  frecpiently,  in  association  with  pseu- 
(loleuk;emia.  chronic  arthritis,  nephritis,  chronic  diar- 
rho'a,  ty])hoid  fever,  prolonged  malaria,  and  after  severe 
forms  of  nichitis.  Occasionally  there  may  occur  in  chil- 
dren a  widespread  deposit  of  amyloid  without  any  dis- 
coverable cause. 

According  to  Cohnheim,  amyloid  deposits  may  l>ecome 
well  developed  in  from  two  to  three  months.  Czemy 
and  Kniwkow  claim  to  have  produced  it  in  animals  in 
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Amyloform. 
Amyloid. 


from  three  to  sixty  flays  through  tlic  establishment  of 
suppurative  processes,  caused  by  injections  of  turpentine 
and  of  staphylococci.  Experiments  made  in  Ziegler's 
lalwratory  throw  doubt  upon  these  investigations.  As  a 
rule,  the  formation  of  amyloid  tak<»s  place  very  slowly. 
It  oc-curs  most  frequently  between  the  tenth  and  thirtieth 
years,  but  may  Ik*  found  in  new-born  infants  (congenittU 
syphilis),  and  also  in  extreme  old  age. 
'  Loc.\LiZATioN. — Amyloid  occurs  most  frequently  as  a 
widespread  deposit  in  one  or  seveml  organs,  especially 
affecting  the  spleen,  liver,  kidneys,  and  lymph  glands. 
Next  to  these  the  mucosa  of  the  intestine,  the  adrenals, 
and  the  omentum  may  show  a  marked  degree  of  the 
change.  In  all  of  the  organs  it  may  occur  to  such  an 
extent  that  it  affects  greatly  the  gross  appearance.  It 
is  less  frecjuently  found  in  the  intima  of  the  great  ves- 
sels, mucosa  of  the  respiratory  and  urinary  i)a'WJiges, 
thyroid,  lungs,  ovaries,  testicles,  prostate,  bone  marrow, 
salivary  glands,  and  muscle.  In  these  its  occurrence  is 
usually  so  limited  that  its  presence  can  be  made  out  only 
by  means  of  the  microscope. 

The  degree  of  the  cliange  varies  very  much  in  differ- 
ent cases.  The  kidneys  may  show  a  marked  deposit, 
while  the  other  organs  may  contain  but  little  amyloid; 
in  other  cases  the  liver  or  spleen  may  be  the  chief  8t*at  of 
the  change.  The  primary  seat  of  the  deposit  and  the 
onler  in  which  the  different  organs  are  affected  vary 
with  the  individual  case,  and  bear  no  definite  relation  to 
the  assf)ciated  pathological  condition. 

Ix)cal  deposits  of  amyloid  occur  in  single  lymph  glands 
following    inflammatory    processes  (mesenteric    glands 
after  typhoid),  in  scars,  local  inflammations,  hyperplastic 
growtlis,  tumors  (osteo -fibroma  of  tongue,  chondroma  of 
lung),  in  the  tf>ngue.  tonsils,  and  larynx  following  syph- 
ilitic proces.ses,  and  in  the  scars  of  liver  gummat^i.     l{lebs 
obtained  the  amyloid  reactions  in  a  hard  cliancre.     Nu- 
merous authors  liave  found  amyloid  in  pathological  con 
ditions  of  the  cornea  and  conjunctiva  (tmchoma,  staphy- 
loma, etc.).     It  has  also  \H'vn  found  in  ohl  blood  clots 
and  thrombi,  and  freipiently  in  the  cartilages  of  old  indi 
viduals  who  have  presented   none  of   the  pathological 
conditions  with  which  amyloid  is  usually  associated. 
These  local  deposits  of  amyloid  sometimes  form  tumor 
like  masses  under  conditions  in  which  it  is  impossible  to 
establish  any  relationship  Ix'tween  them  and  any  other 
pathological  process.     The  corpora  amylacea  found  in 
the  prostate,  nervous  sy.stem.  lung,  ete..  sometimes  give 
a  reaction  resembling  that  of  amyloid  (see  Corjiora  Awi/I 
aeea). 

Macroscopic.xl  Appk.\k.\nces. — When  the  deposit  of 
amyloid  is  at  all  extensive,  it  is  readily  recognizable  by  the 
nakefl  eye :  but  the  degree  and  nature  of  the  depo.sit  and  of 
the  a.s.sociated  degenerative  conditions  vary  so  much  that 
no  general  description  can  \w  given  which  will  apply  to  all 
cases.  The  organ  is  usually  swollen  and  phmiper  than 
normal,  its  edges  are  more  rounded  and  its  fissures  deep- 
ene<l.  Its  volume  and  weight  an*  increased,  the  latter 
sometim(*s  four-  to  fivefold.  The  consistency  is  greatly 
increased;  in  sc.'vere  castas  the  organ  may  have  a  wooden 
liardness.  There  is  also  a  great  loss  of  elasticity,  so  that 
pn-ssure  indentations  made  upon  the  surface  of  the  organ 
remain  for  a  long  time.  The  blood  cont(>nt  of  the  af- 
fecte<l  organ  is  \isually  greatly  diminished,  so  that  its 
color  Ix'comes  grayish  or  yellow  if  much  fatty  change  is 
present.  Very  characteristic  is  the  shining,  translucent. 
waxy  appearance  of  the  cut  surface.  res(^mbling  that 
of  Imcon  (lardaceou.s).  The  differences  in  histological 
gtmctureof  the  various  organs  lead  to  individual  appear- 
ances when  amyloi<l  is  present,  and  these  will  be  descril)ed 
separately. 

The  iociine  test  is  bf»st  applied  to  fresh  tissu<>.  A  mod- 
erately strong  Lugol's  solution  should  be  used  after 
wa.shing  out  the  blood,  as  the  color  resulting  from  the 
ormibination  of  the  red  hiemogh>bin  and  yellowish-l)rf»wn 
io<line  very  closely  resembles  the  mahogany  red  of  the 
amyloid.  The  iodine  srdution  is  poured  over  the  freshly 
cut  surface,  allowed  to  stand  for  a  minute  or  so.  and 
tben  washed  off.     The  amyloid  areas  are  reddish  brown. 


the  non-amyloid  ones  yellow.  If  dilute  sulphuric  acid  is 
now  applied,  the  amyloid  portion  becomes  dark  green  to 
black,  or  dark  violet,  while  the  unaffected  ti.s.sue  is  of  a 
clear  gray  color.  This  gross  reaction  is  plainly  seen,  as  a 
nde.  only  when  the  amyloid  deposit  is  marked ;  but  some 
times,  as  in  the  intima  of  the  large  arteries,  it  may  be 
brought  out  very  distinctly  when  no  other  appearances 
point  to  the  presence  of  amyloifi  (.s(»e  Plate  VII.). 

MiCKoscopicAL  Appkahancks. — Microscopically,  am- 
yloid appears  as  a  homogeneous,  hyaline  substance,  of 
rather  high  refraction,  which  is  deposited  almost  ex- 
clusively in  the  walls  of  the  capillaries  and  smaller  arte- 
rioles. In  its  earliest  stiiges  it  appears  as  a  homoge- 
neous layer  outside  the  endothelium,  but  in  mon*  ad- 
vanced cases,  owing  to  the  atrophy  of  the  intervening 
tissue,  the  masses  of  amyloid  increa.s(^  greatly  in  size  and 
may  finally  become  confluent,  so  that  the  entire  tissue, 
or  a  large  part  of  it,  may  be  replaced  by  amyloid.  In 
this  way  large  nodules  or  tumor-like  masses  are  formed. 
It  must  be  emphasized,  however,  that  in  its  earliest 
stages  the  first  appearance  of  amyloid  is  always  next  to 
endothelium. 

It  is  never  deposited  in  living  cells.  The  tissue  cells 
proper  take  no  active  part  in  the  process,  and  the  changes 
found  in  these  cells  are  to  b(!  regarded  as  secondary. 
The  lumen  of  the  affected  vessel  is  soon  narrowed  by 
the  increasing  deposit,  and  the  resulting  disturbance  (»f 
blood  supply  leads  to  degenerative  changes  (atropliy  and 
fatty  degeneration)  of  the  cells  of  the  affected  region. 
The  deposit  of  amyloid  between  and  around  the  cells 
near  the  blood-vessels  leads  to  similar  changes.  The 
individual  ves.sels  are  not  equally  affected  throughout, 
and  different  vessels  of  the  same  organ  may  show  the 
change  in  very  different  degrees. 

The  micn)scopical  api>earance  of  amyloid  in  sectirms 
stained  with  hrematoxylin  and  eosin  is  s<i  similar  to  that 
of  hyalin  that  a  differential  diagnosis  Ix'tween  the  two 
deposits  can  be  made  only  by  means  of  some  specific 
staining  n*action.  Of  these  the  best  and  most  practical 
is  the  Van  (Jieson's  method.  The  sections  are  over 
stained  in  luematoxylin  and  then  stiuned  for  one-half  to 
one  minute  in  a  concentrated  water  solution  of  picric 
acid  to  which  enough  of  a  concentrated  water  solution 
of  acid  fuchsia  has  i>een  added  to  give  it  a  distinctly  ix^d 
color.  By  this  method  amyloid  is  stained  a  pinkish 
brown  or  yellow,  while  hyalin  takes  a  deep  red  color. 

The  iodine  reaction  does  not  show  so  well  in  hardened 
material,  so  is  best  applied  to  fresh  tissue.  The  specific 
H'actions  of  amyh)id  with  various  aniline  dyes  are  classic 
in  the  history  of  microchemistry,  and  it  is  largely  to  the 
wonderful  amount  of  interest  bestowed  upon  tliese  that 
this  branch  of  pathological  technique  owes  a  very  great 
part  of  its  development  The  aniline  stains  most  com- 
monly used  are  methyl  and  gentian  violet,  methyl  grt»en, 
and  iodine  green.  The  amyloid  tissue  is  best  hardened 
in  alcohol  and  cut  without  embedding.  The  sections  are 
then  stained  for  five  to  ten  minutes  in  a  two  to  five  i)er 
cent,  solution  of  the  stain,  differentiated  with  dilute 
acetic  acid,  and  mounted  in  glycerin  or  syrup.  With 
all  of  these  stains  amyloid  exhibits  a  metachromatosis. 
Methyl  and  gentian  violet  and  iodine  green  stain  the 
amyloid  portion  ruby  red,  while  the  non -amyloid  is 
stained  blue.  Methyl  green  stains  the  amyloici  a  sky- 
blue,  the  non-amyloid  a  bright  green.  None  of  these 
reactions  is  permanent;  the  sections  so  treated  gnidu- 
ally  fade.  On  the  whole,  the  Van  Gieson's  method, 
which  can  be  applied  to  either  paraflin  or  c<'11oidin  s<'e 
tions.  is  the  most  convenient  and  practical  stain  for  the 
differentiation  of  amyloid. 

f.irer. — This  organ  is  very  frecpiently  the  seat  of  amy- 
l(ud  deposit.  Outside  the  endothelium  of  the  liver  cap- 
illaries, l)etween  it  and  the  liver  cell.s,  there  is  (h'pos- 
ited  a  layer  of  amyloid,  which,  as  it  increases  in  thickness, 
presses  upon  the  liver  cells  and  se])anites  them  from  their 
normal  relations  with  the  blood,  .so  that  they  undergo 
atrophy  and  degeneration,  and  finally  may  entirely  dis- 
appear. The  amyloid  masses  thus  become  confluent,  the 
capillary  walls  are  pressed  together,  and  the  only  cells 
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left  in  the  area  are  tlic  endothelial  cells,  which  may  per- 
sist for  a  long  time.  The  intermediate  zone  of  the  lob- 
ule is  almost  always  alTected  to  a  greater  extent  than 
either  the  central  or  the  peripheral  one.  The  walls  of  the 
larger  blood-vessels  may  also  show  the  deposit.  In  more 
advanced  cases  the  entire  lobule  may  be  replaced  by 
amyloid.  This  marked  cliange  is  usually  confined  to 
single  scattered  lobules,  so  that  these  appear  to  the  naked 
eye  as  grains  of  boiled  sago  (sago  liver).  More  rarely 
tiie  greater  part  of  the  liver  may  be  replaced  by  contlu- 
eut  ma.sses  of  amyloid,  whereby  the  organ  ac(iuiivs  a 
wooden  hardness  and  on  section  resembles  tlie  translu- 
cent portions  of  bacon  {Sptck-Lebev). 

Spleen. — In  the  spleen  the  amyloid  deposit  takes  place 
in  the  fine  reticulum  of  the  pulp  beneath  the  endothelium 
of  the  blocxl  spaces.  The  follicles  may  alone  be  affected, 
appearing  enlarged  and  translucent  like  boiled  sago  (sago 
spleen)  -.  or  the  chief  deposit  may  be  throughout  the  pulp, 
or  may  involve  both  pulp  and  follicles  (Sf^rk-Milz,  lard- 
aceous  spleen).  The  arterioles  of  the  follicles  are  often 
the  onlv  portions  of  the  organ  which  show  the  deposit, 
and  it  is  in  these  that  the  earliest  appearance  of  amyloid 
in  the  body  as  a  rule  occurs. 

Ki<fni\i/.— The  afferent  arterioles  of  the  glomenili  are 
usually  first  affected,  then  the  glomeruhir  capillaries  and 
efferent  vessels,  and  finally  the  snmller  vessels  through- 
out the  entire  organ.  The  change  is  never  so  marked  in 
the  medullary  pyramids  as  in  the  cortex,  but  it  may  ap- 
pear earlv  in  the  straight  vessels  of  the  former.  As  the 
disea.se advances  the  deposit  extends  from  the  intertubu- 
lar  capillaries  to  the  basement  membrane  of  the  tubules, 
which  may  appear  as  if  surrounded  by  a  hyaline  ring. 
The  intima  of  the  larger  branches  of  the  renal  artery 
may  show  small  and  irregularly  scattered  deposits. 
Since  the  glomeruli  are  the  chief  seat  of  the  deposit,  they 
appear  on  the  freshly  cut  surface  of  the  organ  as  small, 
firm,  translucent  dots  usually  about  the  size  of  pinheads. 

Lymph  Glands. — Extensive  amyloid  deposit  is  not  com- 
mon in  the  lymph  glands,  but  .scattered  masses  are  very 
frecjuently  found  in  them;  and  the  walls  of  their  small 
arterioles  usually  show  a  moderate  degree  of  change  in 
all  cases  in  which  the  liver,  spleen,  and  kidneys  are  ex  ten 
sively  affected.  Local  inflammatory  changes,  both  of  the 
lymph  glands  and  the  tonsils,  are  very  frequently  accom- 
panied by  the  formation  of  small  masses  of  amyloid  in 
connection  with  hyaline  deposit,  and  the  close  relation  of 
these  substances  is  nowhere  else  so  well  shown  as  in  these 
organs.  In  advanced  cases  the  deposit  may  extend  from 
the  neighborhood  of  the  capillaries  into  the  reticulum, 
causing  atrophv  of  the  lymphadenoid  cells. 

Muscle,  Fat  Yi.viue,  etc. — In  striated  muscle  amyloid 
deposit  is  rarely  found.  It  has  been  found  in  the  tongue 
and  in  the  muscles  of  the  larynx  in  the  shape  of  nodular 
masses.  The  deposit  takes  place  first  in  the  walls  of  the 
ca]»illaries  of  the  endomysium,  and  as  it  increases  in  size 
the  sarcolemma  comes  t<)  be  surrounded  by  a  clear,  hya- 
line mass.  As  the  muscle  fibre  is  thus  separated  from 
its  blood  supply  it  undergoes  atro])hy  and  degenenition. 
finally  disappearing  so  that  the  deposits  of  amyloid  be 
come  confluent  into  nodular  masses.  A  similar  process 
may  take  place  in  heart  muscle  and  in  unstriped  muscle, 
but  is  of  rare  occurrence.  The  amyloid  depcrsits  in 
striped  muscle  occur  very  frecpiently  in  the  scars  of 
gununata,  but  occasionally  no  evidences  of  preceding 
pathological  changes  am  be  made  out.  Adipose  tissue 
is  often  extensively  affected  by  amyloid  (liseas<».  the  de- 
po.sit  talking  i>lace  in  the  walls  ()f  the  larger  blood -vess<'ls 
ami  of  the  intercellular  capillari<'s.  so  that  the  fat  cells 
come  to  be  surrounded  by  a  thin  hyaline  layer. 

Mkcokh  Menthrniua. — The  mucous  menibmnes  of  the 
respiratory  tract  are  very  rarely  atT«'cte(l.  Scatt<*re(l  de- 
posits may  occur  in  the  nuicosa'of  the  stomach  and  int<'s- 
tine,  producing  more  or  less  extensive  thickeninirs  of  the 
mucosa,  which  show  the  characteristic  hoinoir<ii('ous. 
glassy  appearance  of  amyloid.  Large  eh-vations  may 
undergo  ulceration,  and  at  the  bottom  of  the  ulcer  re- 
mains of  the  amyloid  may  be  })reserve<l.  The  larg<*  intes- 
tine is  more  frequently  affected  than  the  small.     The  de- 


posit is  in  the  walls  of  the  capillaries  of  the  mucosa  and 
submucosa.  Only  in  very  rare  cases  is  amyloid  found  in 
the  mucosa  of  the  genito-urinary  tract. 

Gknkk.\l  Nature  of  Amyloid  Disease. — As  stated 
above,  the  formation  of  amyloid  is  almost  always  sec- 
ondary to  other  processes  which  are  ulcerative  or  inflam- 
matory in  cliaracter,  and  of  infective  nature.  While  not 
in  itself  a  true  degeneration  of  cell  protoplasm,  the  proc- 
ess is  essentially  degenerative  in  character,  in  that  it  leads 
to  niiirked  disturbances  of  nutrition.  The  deposit  in  the 
walls  of  the  blood  vessels  leads  to  partial  or  complete 
obliteration  of  their  lumina,  thus  producing  permanent 
interference  with  the  circulation.  As  a  result  of  this 
disturbance  of  nutrition,  atrophy,  fatty  degeneration,  or 
necrosis  of  the  tissue  cells  takes  place.  The  pressure  of 
the  amyloid  deposits  between  the  cells  leads  to  similar 
results.  Fatty  degeneration  and  infiltration  are  almost 
always  present  to  a  greater  or  less  degree  in  amyloid 
disease,  and  to  a  certain  extent  must  be  regarded  as 
coincident  processes  produced,  perhaps,  by  the  same 
general  disturbances  of  metabolism  which  give  rise  to 
amyloid.  Severe  anamiia  is  usually  associated  with  the 
condition,  and  death  takes  place  as  a  rule  from  a  gradu- 
ally increasing  marasmus. 

Symptoms. — The  marked  alterations  in  the  structure 
of  the  affected  organs  and  tissues  lead  to  functional  dis- 
turbances, which,  however,  may  be  very  slight  when 
compared  to  the  extent  of  the  deposit.  The  general 
clinical  picture  of  the  condition  will  vary,  of  course, 
with  the  organ  affected  and  with  the  extent  of  the  dis- 
ease, so  that  a  comprehensive  description  is  not  possible. 
Moreover,  from  the  nature  of  the  case,  it  is  manifestly 
diflicult  or  impossible  to  separate  the  symptoms  of  amy- 
loid deposit  from  those  of  the  disease  leading  to  or  asso- 
ciated with  it  The  nature  of  the  primary  process  will 
modify  very  much  the  clinical  appearances  dependent 
upon  the  amyloid  change.  Frequently  the  beginning  of 
the  condition  is  shown  by  a  rapid  increase  in  the  maras- 
mus already  existing,  and  by  the  enlargement  of  liver 
and  si>leen.  These  phenomena  are  always  more  luarked 
in  syphilis  and  in  chronic  ulcerative  processes  than  in 
pulmonary  tuberculosis.  In  such  conditions  as  chronic 
varicose  ulcers  of  several  years*  standing  a  rapid  increase 
of  the  cachexia  is  usually  pathognomonic  of  amyloid 
disease. 

Associated  with  enlargement  of  the  liver  certain  dis 
turbiinces  of  digestion  go  hand-in-hand:  absence  of  bile 
pigment  in  the  faeces,  fecal  decomposition,  meteorism, 
etc.  Icterus  is  rarely  present,  and  ascites  only  as  asso- 
ciated with  a  general  hydnemic  or  cachectic  anaemia. 
Marked  amyloid  deposit  in  the  kidneys  is  not  always 
shown  by  disturbances  of  its  function.  The  urine  may 
show  no  changes;  but  as  a  rule  albumin  is  present,  the 
amount  is  increased,  and  the  sediment  contains  hyaline 
casts,  though  usually  not  in  great  numbers.  The  lat- 
ter never  give  the  amyloid  reaction,  in  spite  of  the  re- 
])eated  statements  that  they  do.  As  amyloid  deposit 
in  the  kidneys  is.  in  the  majority  of  cases,  associated  with 
chronic  in fiammatory  changes,  the  character  of  the  urine 
may  vary  greatly.  Marked  amyloid  disease  of  the  intes- 
tine is  usually  accompanied  by  foul  diarrhoea. 

Diagnosis. — The  nature  of  the  primary  affection  must 
first  be  consi<lere(l.  If  in  patients  affected  with  any  one 
of  the  chronic  diseases  known  to  be  as.sociated  withamy- 
loi<l  (chronic  tuberculosis,  syphilis,  chronic  suppurative 
process<'s).  ])aiiil<*ss  swellings  of  the  liverand  spleen  arise, 
in  association  with  albuminuria  and  extreme  paleness  of 
the  skin  and  nnicous  niembmnes,  the  diagnosis  of  amy- 
loid is  made  very  jMobable. 

DntATioN. — The  earliest  stages  of  amyloid  change 
cannot  be  ascertaine<l  clinically.  It  is  prolwible  that  in 
many  cases  the  pro(<'ss develops  through  several  or  even 
,  many  years  with  alternate  ]>eriods  of  improvement  and 
i  exacerbation.  It  may.  however,  develop  within  shorter 
'  ]>ei  iods,  as  in  a  case  (^Ixerved  by  C'ohnheim.  in  which  sup- 
puration ot"  bone  after  a  fraciure  led  to  well -developed 
amyloid  <liMase  w  ithin  a  few  months.  The  duration  of 
well -marked  cases  depends  upon  the  organ  chiefly  af- 


270 


PLATE  Vll 


AMYLOID  DEGENEBATION  IN  DIFFERCMT  IWGANS 


.  ;  I 


!       .    '  '   ' 


I'         :■ 
•■1       I  •  ■  •«• 


»      ■    I 


!■ 


•  } 


■  1    •' 


I 


I 
■       t  .    1    V 


.•'••If.'.'*"    I  •   •  '  I  •  S   \'  .  " . 


■  I 


'!• 


■■  •  •■    '.II-  II  :iV;i-. 

.  i;  i"     .      ■    -..1    !*\  .  r 
^   •  ■     •••Jir  V..-  ^ 

.';••-"-    i  'tiii    ii\ 
■•  '      .   ■"'     .:  '    'i  !MM,- 

.*■  ■'■  ■•  ■  M  '-I  [  ..  '•»  .■>" 

■  ■  •  ■  "iJi'i     ii 
•■    ■         ■.    .  :<  '■■.•:U«.i 

■  ■        .  ■ ,  ■  '    i  I 

■ 


I .    I  ( 


■  -< 


I     ' 


IT". It   '■*• 


OF  THE 

L  MEDICAL   KIENCEB 


■<l   -''^^•'  '^^^!^i' 


^* 


SBfs 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


Amylofld* 


fected.  Extensive  chaDges  in  the  kidney  are  much  more 
serious  than  those  of  the  liver  or  spleen,  as  they  lead  to 
death  within  a  few  weeks  or  months. 

Prognosis. — ^Tliis  is  in  general  unfavorable.  It  is 
probable  that  amyloid,  when  once  formed,  is  not  removed 
ut)m  the  site  of  deposit.  In  all  eases  in  wliicli  the  condition 
is  so  marked  tliat  the  diagnosis  is  certain,  death  usually 
occurs  within  short  perioids.  Temporarj'  improvement 
may  take  place ;  and  in  some  cases,  especially  after  oper- 
ation for  chronic  purulent  conditions  of  bone,  the  disease 
apparently  comes  to  a  standstill,  marked  general  im- 
provement takes  place,  the  liver  swelling  decreases,  and 
the  albuminuria  disappears.  It  is,  of  course,  impossible 
to  say  to  what  extent  these  symptoms  were  due  to  the 
amyloid  dLse^ise.  A  similar  improvement  lias  been 
noticed  as  the  result  of  a  prolonged  inunction  cure  in  a 
case  of  amyloid  associated  with  syphilis.  Corneal  tu- 
mors may  slowly  disappear  under  the  influence  of  local 
irritation  and  inflammation. 

.  Treatment. — For  the  well-established  condition  it 
is  hardly  probable  tliat  treatment  will  avail,  though 
iodine,  ammonium  chloride,  potassium  i(xlide,  dilute 
nitric  acid,  etc.,  have  been  recommended.  The  improve 
ment  of  the  local  or  general  primary  condition  is,  of 
course,  the  most  important  therapeutic  line  to  be  fol- 
lowed; and  in  connection  with  this  the  general  improve- 
ment of  nutrition.  Of  far  greater  importance  are  proph- 
ylactic measures,  even  to  the  extent  of  such  radical 
procedures  as  amputation  in  cases  of  chronic  varicose 
ulcerations,  chronic  suppuration  of  bones,  etc.,  in  which 
persistent  operative  and  therapeutic  measures  have  been 
without  result.  Aldred  JSeott  Warthin. 

ANABOLISM.    See  Metabolism. 

ANACARDIACE^,  or  TEREBINTHINACE^.-KThe 
Cashew  family.)  A  remarkable  and  important  family  of 
some  fifty-nine  genera,  chiefly  tropical  or  subtropical, 
exceedingly  varied  in  the  nature  of  its  products.  The 
mango,  the  cashew,  and  the  spondias  or  hog- plum,  are 
important  fruits;  those  of  Pistacia  furnish  a  well-known 
flavoring  agent,  while  its  bark  yields  the  commercial 
resin  mastic;  the  milk  juice  of  several  Japanese  species 
of  Rhus  furnishes  Japanese  lacquer,  and  the  leaves  and 
fruits  of  other  species  of  this  genus  yield  tanning  agents. 
The  oil  which  abounds  in  several  species  of  Rlius  (more 
properly  called  Toxicodendron),  and  in  some  other  genera, 
acts  as  a  powerful  cutaneous  poison.  (See  Potaonons 
Plants.)  H.  H.  Runby. 

ANiCMIA,  PERNICIOUS.  —  (Synonyms:  Progressire 
pemiiidse  Andmie,  Biermer;  Idiopathic  anmnia,  Addi- 
son; EssentieUe  Andmie,  Lebert;  Essentielle  maligne  or 
Essentielle  febrile  Andmie,  Immermann;  Perniziose 
Andmie,  Quincke;  A nernie progressive,  Lepine.) 

Definition. — Pernicious  anaemia  is  a  grave  form  of 
aosBmia  which  is  characterized  by  a  reduction  in   the 
total    amount  of    the  blood  and  by  a  change  in  its 
physical,   anatomical,   and    chemical  characters.      The 
blood  is  thin  and  pale  and  not  coagulable.     The  red  cor- 
puscles are  lessened  in  number  and  changed  in  .««ize  and 
shape.     It  is  a  peculiar  circumstance  that  the  adipose 
tissue  is  generally  maintained,  >Yhile  at  the  same  time 
secondaiT   fatty  degeneration  of    the   heart  is  almost 
always  found  to    be   present.     The  disease  -is    distin- 
^ruished,  clinically,  by  the  symptoms  of  grave  anaBinia. 
often  by  an  irregular  fever,  retinal  hemorrhages,   and 
hemorrhages    underneath   the  skin  and    from  mucous 
membranes.     Its  course  is  usually  progressive,  its  termi- 
nation fatal,  its  duration  from  seven  weeks  to  from  two 
to  three  years.     Complications  are  rare;  death  is  due  to 
exhaustion,  to  syncope,  to  a?dema  of  the  lungs,  or  to 
cerebral  complications. 

This  symptom  complex  may  be  dependent  on  some 
evident  anatomical  change  or  it  may  have  no  demon- 
strable organic  basis.  Tlius  we  distinguish  secondary 
or  symptomatic  progressive  pernicious  aniemia  and  a 
pTiBmry,  essential,  or  cryptogenic  form.     Some  authors 


limit  the  term  pernicious  anaemia  to  the  latter  group,  but 
it  seems  better,  in  view  of  the  identity  of  the  two  con- 
ditions anatomically  and  clinically,  to  apply  the  term  to 
that  peculiar  form  of  ancemia  which  possesses  the  char- 
actenstics  enumerated  above,  whatever  its  cause  may  be. 
In  the  secondary  form  of  pernicious  ansemia  the  symp- 
toms of  the  blood  changes  dominate  the  clinical  picture  so 
that  the  symptoms  referable  to  the  causal  lesion  are  com- 
paratively insignificant,  and  the  ansBmia  becomes  prac- 
tically a  disease  per  se.  This  characteristic  marks  the 
distinction  between  pernicious  ansemia  and  simple 
chronic  amemia  in  which  the  symptoms  of  the  pri- 
mary disease  hold  the  first  place,  although  the  anaemia 
may  be  severe. 

History  Previous  to  1872. — The  publication  by 
Biermer,  in  1872,  of  a  series  of  cases  of  this  disease, 
and  his  assertion  that  he  was  the  first  to  recognize  it, 
aroused  the  latent  energies  of  the  English,  so  that  since 
then  they  have  justly  and  successfully  shown  that  to 
one  of  their  countrymen  is  due  the  credit  of  having  iden- 
tified it  lon^  before  that  time.  Addison  certainly  had 
observed  and  taught  the  clinical  course  of  the  disease, 
and  had  made  inquiries  into  its  pathology.  He  clearly 
established  that  what  he  called  idiopathic  anaemia  was 
an  independent  affection,  and  so  impressed  it  upon  his 
colaborers  and  students  that  ever  since  then  it  'Mias  not 
been  lost  sight  of  at  Guy's."  The  wards  of  that  hospital 
have  furnished  most  of  the  cases  for  English  memoirs, 
and  its  reports  contain  many  observations  and  discus- 
sions on  this  disease.  Prior  to  Addison,  Coombe,  Mar- 
shall Hall,  and  Barclay  reported  isolated  cases  of  fatal 
anaemia.  Since  then,  and  before  Biermer's  publication, 
Wilks,  Bristowe,  Leared,  and  Haberahon  made  con- 
tributions to  our  knowledge  of  the  disease.  The  labors 
of  Taylor,  of  Pye  Smith,  of  Mackenzie,  and  of  others 
have  clearly  proven  the  fact  of  English  priority.  Pro- 
fessor Eichhorst,  in  his  elaborate  monograph,  admits  these 
claims,  while  Pepper,  in  the  United  States,  was  one  of 
the  earliest  to  point  out  the  credit  due  Addison.  In 
the  mean  time,  the  French,  through  Lepine,  presented 
their  claims  of  priority  in  the  early  recognition  of  the 
disease.  Lepine  justly  admits  the  valuable  work  of  Ad- 
dison and  his  followers,  but  says  that  Andral  was  the 
earliest  observer,  and  that  Piorry,  Cazenave,  and  Perroud 
had  recognized  the  affection,  the  latter  detailing  four 
cases,  with  autopsies.  A  dissenting  voice  arose  among 
the  Germans.  Lebert  claimed  that  he  liad,  in  separate 
papers,  described  this  disease,  but  the  evidence  from 
them  shows  that  he  had  confused  chlorosis  with  perni- 
cious anaemia.  Lately,  it  has  been  found  that  American 
physicians  can  enter  claims  of  priority  for  one  of  their 
countrymen.  Channing  described  cases  of  fatal  anaemia 
in  connection  with,  and  independent  of  pregnancjr  as 
early  as  1832.  Not  only  was  he  himself  perfectly  familiar 
with  it,  but  so  also  were  many  of  his  associates. 

History  Since  1872.— The  time  of  the  publication  of 
Biermer's  essay  on  "Progressive  Pernicious  Anaemia" 
makes  an  epoch  in  the  history  of  this  strange  disease. 
He  not  only  embodied  in  his  essay  as  faithful  a  portrayal 
of  the  disease,  as  Addison  and  others  had  done,  but  he 
added  to  it  more  accurate  accounts  of  the  blood  changes 
and  the  occiu-rence  of  retinal  hemorrhages.  Moreover, 
lie  so  impressed  the  medical  world  with  the  important 
results  of  his  observations  that  since  then  the  knowledge 
of  the  disease,  instead  of  being  confined  mostly  to  Eng- 
land, has  become  universal,  and  multitudes  of  observa- 
tions have  been  in  a  short  time  added  to  the  previ- 
ous comparatively  scanty  data.  In  1874  Immermann, 
in  1875  Zenker,  and  in  18 < 6  Quincke,  made  valuable  con- 
tributions to  the  study  of  the  disease,  while  in  1 877  im- 
portant and  elaborate  monographs,  by  MUller  and  Eich- 
horst respectively,  appciired.  Since  then  German  liter- 
ature has  been  rich  in  observations  of  isolated  cases. 
Among  Englishmen,  Pye  Smith,  in  1875.  published  two 
cases  in  the  Deutsches  Archir,  and  since  then,  among 
others  of  his  countrymen.  Bramwell.  Mackenzie,  Finney, 
Coupland,  and  Wilfiam  Hunter  have  written  interesting 
and  important  articles.      In  America,  Pepper,  Howard, 
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Osier.  Stengel,  Thayer.  Cabot,  and  others  have  made 
valuable  observations.  From  a  study  of  its  history  we 
find  that  a  true  conception  of  pernicious  an:rniia  lias 
l)een  arrived  at  only  through  the  combined  labors  of 
many  observers,  'fhus  Addi.son  clearly  detined  the  lim- 
itations of  the  primary  type  of  the  disease;  Wilks  tirst 
observed  some  of  the  bloo<l  changes;  Biermer  described 
the  retinal  hemorrhage.  Then  Immermann  showed  the 
rt'lations  and  importance  of  the  febrile  process;  Quincke 
contributed  to  the  microscopical  ai)pearancesof  the  blood, 
and  showed  its  extreme  deliciency  in  luemoglobin.  and 
the  occurrence  of  siden)sis.  AlH)Ut  the  same  time  Eich- 
horst  published  the  bloml  changes  which  he  considered 
pathognomonic,  and  F\'pper  tirst  demonstrated  the  pos- 
sible relationship  of  this  disease  to  an  affection  of  the  bone 
marrow.  His  work  was  corrobomteil  by  Scheby-Buch, 
Cohnheim.  and  Osier.  The  latter  author  has  also  made 
valuable  investigations  on  the  appearances  of  the  bloml. 
Professor  Howard  was  the  tirst  to  consider  the  relations 
of  this  form  of  an.'cmia  to  other  forms,  and  to  show  that 
any  form  of  anaemia  may  lK*conie  pernicious.  Granting 
the  credit  due  these  eminent  obs<*rvers  f(»r  the  work  they 
have  done,  it  is  not  detracting  from  it  to  say  that  about 
the  year  1830  a  cot^'rie  of  physicians  in  and  about  Boston 
were  well  aware  of  the  occurrence  of  fatal  anaemia 
without  assignable  cause,  and  that  they  had  discussed 
it^s  nature  and  clinical  course  in  their  societies,  and  had 
published  their  obs<Tvations  to  the  world. 

Etiology. — This  is  obscure.  It  is  extremely  difflcult 
to  reckon  the  intluenee  of  the  age,  the  s<'X,  the  habits, 
and  the  condition  of  life  as  predisposing  factors;  and  at 
the  same  time  our  want  of  knowledge  of  the  pathology 
of  the  disease  makes  it  as  difUcult  to  determine  the  ex- 
citing cause.  In  fact,  all  that  can  l)e  sjiid  is  that  under 
certain  circumstances  and  intluences  the  disease  devel- 
ops more  freipiently  than  under  others,  without  our  l)eing 
ai)le  to  give  a  reason.  According  to  some  (Coupland, 
Eichhorst)  it  is  divided  about  equally  lH*tween  the 
sexes.  Bristowe  says  it  is  more  freijuent  in  the  males. 
Mttller,  Inunermann.  and  Biermer  give  predominance  to 
the  female  si'X.  It  is  found  to  occur  as  early  as  at  the 
age  of  live.  f)r  as  late  as  at  sixty -eight. 

The  following  table,  taken  from  Pye-Smith's  very  able 
article,  shows  well  the  relations  of  age  and  sex,  according 
to  various  authors.  **Many  of  the  cases  are  common  to 
all  four  lists." 
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It  is  thus  seen  that  early  a<lult  life  is  the  period  of 
greatest  liability.  The  position  in  life  and  the  occupation 
stH-m  to  have  some  j)redisposing  influence.  In  Germany 
the  poorer  cla.ss(»s.  half -starved  ordinary  laborers,  are 
more  fre(|uently  attacked.  There  are  notiible  exceptions 
to  this  in  England  and  in  this  coimlry.  Cas<*s  have  been 
reported  of  the  wealthy  and  the  well  nourished  IxMng 
affected.  Intem]>emte  ha])its  are  freiiuentiy  recordiMl  in 
the  re]>orts.  The  residents  of  the  country  are  as  often 
affected  as  those  living  in  the  city,  if  not Oftener.  The 
occurrenc(^  of  the  dis<*ase  with  iniusiml  fre<juency  in 
parts  of  Switzerland  led  Inunermann  to  sugge»*t  an  en- 
demic influence,  '^riiough  thedisea^icis  not  so  frcipient  in 
other  coimtries,  it  is  sullieiently  so  todisprove  such  state- 
ments. 

Aside  from  these  factors,  that  probably  act  merely  as 
predisposing  causes,  there  are  a  number  of  conditions 
that  hav<'  been  shown  to  stand  in  tUe  clos4«st  causiil  re- 
lationsliip  to  the  ana'inia ;  chronic  suppunition.  venereal 
excess,  and  diarrh<ea  appear  to  Ik*  the  exciting  causes  in 
certain   ca.ses.     Repeated   bleedings,    such  as  occur  in 


hemorrhoids,  may  lead  to  this  condition.  Atrophy  and 
sclerosis  of  the  inucous  membrane  of  the  stomach  and 
intestines  seem  often  to  be  a  (»u8e.  Infections,  par- 
ticularly syphilis  and  typhoid  fever,  are  held  to  ac- 
count for  some  cases.  Biermer  in  his  earliest  com- 
munication recognized  the  causal  relation  of  pregnancy 
and  parturition  to  the  disease.  Two  intestinal  parasites, 
the  Ankylostomum  duodenale  and  the  Bothriocephalus 
latus.  cause  a  form  of  pernicious  ana>mia,  probably  by  the 
elaboration  of  a  poison.  Many  observers  liave  insisted 
upon  the  occurrence  of  shtHrk,  grief,  or  anxiety  as  ex- 
citing cau.st»s.  This  is  notably  the  opinion  of  Lepine, 
Wilks,  and  Coupland.  ('urtin,  not  knowing  of  the 
views  of  tlu^se  men,  long  ago  formulated  such  an  idc»a, 
and  has  recorded  cases  which  appear  to  liave  arisen  from 
such  cause. 

Morbid  Anatomy. — The  appearance  of  the  body  after 
death  is  characteristic.  The  entire  surface  indicates  an 
al)sence  of  blood — extreme  pallor  of  the  face,  the  ex- 
tremities, the  trunk,  and  the  external  mucous  mem- 
branes, so  that,  if  not  for  the  dirty-yellow  or  straw- 
colored  appeamnce  of  the  face  and  hands,  a  sudden 
profuse  hemorrhage  might  be  considert^d  the  cause  of 
death.  On  the  extremities,  the  back  of  the  hands,  and 
the  dorsum  of  the  feet,  the  ankles  and  wrists,  minute 
extravasations  of  blood  are  often  seen.  They  vary  from 
the  size  of  a  pin's  lu^d  to  that  of  a  split  pea,  and  are 
purple  or  yellow  red  in  color,  ffidema  of  the  feet  and 
ankles,  of  the  hands  and  of  the  face  is  sometimes  seen. 
The  (jpdema  may  be  limited  to  the  eyelids  or  may  be  gen- 
eral. It  may  vary  from  this  slight  amount  to  a  uni- 
versal anasarca.  Wasting  of  the  Ixxly  is  often  not 
marked :  in  fact,  this  absence  of  emaciation  was  thought 
in  the  early  history  of  the  disease  to  be  the  rule,  but  a 
few  well-authenticated  ca.<^*s  are  recorded  in  which  it 
was  present.  The  pres<»nce  of  fat — for  it  is  the  adipose 
and  not  .so  much  tlu;  muscular  tissue  that  remains — ^is 
more  notic(»able  in  the  alnlominal  walls  than  in  any  other 
region  of  the  bo<ly.  It  is  said  that  rigor  mortis  does  not 
tlevelop  early  after  death. 

On  section,  the  most  striking  feature  is  the  bloodless- 
n ess  of  all  the  tissues.  A  large  proportion  of  cases  ex- 
hibit the  presence  of  subcutaneous  (edema  in  the  parts 
indicated  alK)ve,  while  cedemaof  the  lungs  and  meninges 
is  common.  Passive  (»ffusions  into  the  serous  cavities 
occur  less  freciuenlly ;  they  are  generally  small  in  amouut, 
an<l  henc<*  are  not  apj>reciated  during  life.  Considerable 
ascites,  hydro!  h»)rax  of  one  side,  and  hydro  pericardium 
an*  changes  which  have  been  s<'en  only  ran'ly.  The  ex- 
uded serum  is  of  a  deeper  yellow  color  than  usual.  The 
presiTvation  of  adipose  tissue  is  remarkable,  not  only 
in  amount,  but  also  in  appeamnce.  The  subcutaneous 
and  subserous  acciunulations  remain,  and  the  appendices 
epij)loicje  are  well  preserved.  The  color  of  the  fat  is 
bright,  or  sulphur  yellow,  this  being  due  probably  as 
I^'pine  suggests,  to  ferrous  sulphide.  The  muscles  are 
genemlly  tirm  and  red,  though  the  bulk  is  reduce<l.  Fat- 
ty degeneration  of  the  diaphmgm  and  of  the  abdominal 
muscles  has  been  obsiTved. 

In  additicm  to  the  absence  of  emaciation  and  the  ex- 
treme bloodlessness  of  the  body,  one  of  the  characteristics 
of  pernicious  ana-mia  is  the  occurrence  of  small  hemor- 
rhages. These  are  s<*en  in  the  skin  as  minute  extravasa- 
tions; they  are  found  underneath  the  serous  membranes 
— the  pericardium,  the  |>eritoneum,  and  ranOy  the  pleura 
— as  minute*  ]>oints  and  specks;  under  the  endothelium 
of  the  blood-vessels  they  have  also  lH*en  seen.  They 
fretpiently  o<'cur  in  the  brain  sid)stance  as  capillary 
hemorrhages.  Similar  hemorrhages  are  found  in  the 
nuicous  m(*mbnuie  of  the  (esophagus,  the  stx>mach,  and 
the  intcstin(*s.  in  the  lungs  and  upper  air  i>a.s.sage8,  and 
in  the  blad«ler.  Tliemost  frequent  seat  of  theseextrava- 
sjitions.  how(*ver.  is  the  retina.  These  hemorrhages  are 
due  to  rupture  of  capillaries  on  account  of  the  diseased 
state  of  their  walls,  or  to  diapedesis. 

The  last  general  change  that  is  often  seen  on  section 
of  the  body  is  the  occurrence  of  a  dark-gray  staining  of 
the  organs.     This  has  been  proven  to  be  due  to  an  excess 
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of  inm  in  the  tissues.  Rosenstein  found  0.5187  percent, 
of  iron  in  the  liver,  0.2275  per  cent,  in  the  spleen,  0.0422 
per  cent,  in  the  kidneys.  Quincke  found  O.H  per  cent, 
metallic  iron  in  the  liver  and  0.82  per  cent,  in  the  kidneys 
in  one  case.  In  ancjther  case  the  liver  contained  2.1  per 
cent.  The  iron  was  seen  in  the  liver  cells  as  small 
granules.  Ii*C)n  has  also  been  found  in  the  tissue  of  the 
lungs  and  of  the  pancreas,  and  in  the  peritoneuni. 
Purser  found  the  dried  kidneys  to  yield  0.0852  per  cent 
of  iron.  This  increase  of  iron  goes  hand-in-hand  with 
diminution  of  htenioglohin.  Oidtman  (quoted  by  Ro.sen- 
stein)  found,  on  analysis,  the  healthy  liver  to  contain  O.OH 
per  cent,  and  the  spleen  0.15  j)er  cent,  of  iron. 

The  l)lood,  extremely  small  in  amoimt,  is  collected  in 
the  heart  and  larger  venous  trunks.  Attempts  have 
lieen  made  to  estimate  the  total  quantity  of  blood,  buj 
the  results  are  natumlly  uncertain.  Quincke,  in  two 
cases,  computed  the  blood  to  be  5  per  cent,  and  4.84  [»er 
cent,  of  the  body  weight  (8  per  cent,  is  consiclered  nor- 
mal). The  small  amount  of  blood  in  the  body  can  be 
appreciated  during  life  by  attempts  to  secure  some  for 
examination.  A  deep  thrust  of  a  needle  in  an  artificially 
congested  finger,  or  even  an  incision,  is  i*equired  to  ob- 
tain a  few  drops.  It  is  thin  and  watery,  stains  the  hands 
as  does  nitric  acid,  or  kx)ks  like  mu.scle  washings  or 
weak  coffee.  Coagida  are  rarely  found  in  the  cavities 
of  the  heart  and  the  vessels.  If  present,  they  are  soft, 
friable,  and  pale  or  light  brown.  The  blood  removed 
from  the  l)ody  to  a  test  tube,  on  standing,  r<»mains  unco- 
agulatefl  for  a  longtime,  althoughadepositof  the  corpus- 
cular elements  takes  place.  The  specific  gmvity  of  the 
blood  has  been  found  to  l)e  as  low  as  1.025  (Stengle). 

On  microscopical  examinations,  the  n'd  bl(M)d  cor- 
puscles are  found  to  be  decidedly  fewer  in  number  than 
normal,  and  they  are  changed  in  color,  in  .size,  and  in 
shape.  Few,  if  any,  changes  take  place  in  the  white 
corpuscles.  Frequently,  however,  their  ninnber  is  di- 
minished. A  leucocytosis  in  which  the  lymphocytes  are 
in  excess  (sixty  per  cent.)  occure  not  infrequently  tow- 
ard the  end  of  the  disease.  A  polymorphonuclear 
leucocytosis  indicates  a  complication,  such  as  pneumonia 
or  suppuration.  Litten  recorded  a  case  of  pernicious 
ans^mia  which  pas.sed  into  leuk«?mia,  and  Stengel  has 
observed  typical  myelocytes  in  the  disease. 

The  diminution  in  number  of  the  red  corpuscles  some- 
times goes  on  to  an  extreme  degree.  Quincke  records  a 
case  in  which  the  number  fell  to  148,0(K)  per  cubic  milli- 
metre. Cases  are  said  to  have  recoveRMl  when  the  red 
cells  were  reduced  to  360,(K)0  (AVomi,  Mllller);  in  fact, 
recovery  occurred  in  the  case  of  Quincke,  just  men- 
tioned. The  smallest  number  the  writer  has  seen  in 
any  ca.se  which  subsecjuently  recovered  was  570.0(X). 
The  amount  of  reduction  in  fatal  cases  varies  from 
400,000  to  1,0<K^000  corpuscles  per  cubic  millimetre. 
The  re<luction  very  often  takes  place  with  gn*at  nipidity. 
Thus,  in  one  of  I^c^pine's  cases,  in  ten  days  the  number 
fell  to  378,750.  The  increase  in  numlwr  is  not  so  nii)id 
when  improvement  takes  place.  In  the  case  of  Quincke, 
mentioncKi  above,  the  cells  increased  in  ten  we<*ks  from 
143,000  to  1.2:W.000  per  cubic  millimetre.  In  one  of  the 
writer's  cases  the  numlxT  rose  from  570.(M)0to  1.H(M).000 
in  about  nine  months;  a  gmdual  recovery  followed. 

The  red  cells  vary  greatly  in  .size.  They  are  spoken 
of  as  microcy tes,  normocytes,  and  nn-galoeytes.  according 
to  their  size.  The  megalocytes  occur  in  large  numb(»rs 
and  may  constitute  one  eighth  of  all  the  erythrocytes. 
They  vary  in  size  from  9  to  14  //  in  diameter  and  have 
been  observed  as  large  as  IH  //  in  diameter.  They  do  not 
show  the  normal  biconcave  form,  but  appear  glolnilar. 
Small  cells,  called  micr<K"ytes.  occur  frequently  but  less 
constantly.  They  vary  in  size  from  that  of  a  blood 
plaque  up  to  a  normocyte.  The  normal-sized  cells,  as  well 
as  the  larger  and  smaller  ones,  frcciuently  show  bizarre 
shapes — oval.  lK>wl-sha])ed,  tailed  or  p<'ar  shaped,  and 
other  forms.  Quincke  has  called  them  poikilocytes. 
They  occa.si<malIv  show  amo'boiil  movements. 

N'ucleat«*<l  corpuscles  identical  with  thos<'  occurring  in 
embryonal  life  occur  quite  constantly,  though  seldom  in 
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large  numl)er8.  They  vary  in  size  as  do  the  non -nucleated 
cells  and  are  correspondingly  named  microbla.sts,  nor- 
moblasts, and  megaloblasts.  '  They  oc!casionally  show 
karyokinetic  figures.  During  the  course  of  the'disea.**e 
there  are  occiisional  periods,  called  blcHHl  crises,  when  the 
nund)er  of  nucleated  cells  is  greatly  increa.sed,  and  after 
such  a  period  thei*e  is  an  increa.se  in  the  number  of  nor- 
mal erythrocytes. 

The  amount  of  haemoglobin  in  the  bloo<l  is  greatly 
reduced.  It  is  not,  however,  reduced  in  the  same  pro- 
portion as  are  the  red  blood  cells.  The  amount  of 
luemoglobin  in  each  corpuscle  is  increa.sed.  The  rela- 
tively high  percentage  of  ha-moglobin  is  due  chiefly  to 
the  large  average  size  of  the  red  bhxKl  cells.  Eichhorst 
states  that  he  has  observed  ca.se8  in  which  the  ha?mo- 
globin  value  of  the  corpuscles  was  not  above  normal. 
Ehrlich  has  observe<l  certain  erythrocytes  whose  proto- 
plasm fixes  both  the  acid  and  the  lm.sic  stain;  these  he 
calls  polychromatophile  cells.  He  has  called  attention 
to  other  cells  that  show  fine  pigment  granules  scattered 
through  the  protoplasm, — **  dotted  cells."  Both  are  sup- 
posed to  l)e  indications  of  degeneration,  though  the  ap- 
peamnces  may  signify  simply  an  embryonal  condition. 

Chemical  analvses  of  the  blood  have  yielded  no  results 
that  throw  any  light  on  the  nature  or  the  disease,  nor 
have  they  detected  any  changes  that  would  aid  in  diag- 
nosis. The  alkalinity  is  lessened,  the  total  solids  and 
the  albumin  are  diminished.  Probably  the  loss  of  albu- 
min from  the  red  cells  is  greater  than  from  the  plasma. 
Marshall  found  in  one  Ciise  the  total  quantity  of  iron  to 
be  one-third  the  normal. 

CvTooKNic  Organs. — The  splc^en  is  recorded  as  vari- 
able in  size — from  shrivelled  up  or  very  small,  through 
all  gradations  to  enlarged,  weighing  in  one  instance 
453. 5  gm.  It  generally  is  more  charged  with  blood  than  is 
any  otlier  organ.  It  is  not  pulpv,  but  soft  and  congested, 
and  on  micro.scopical  examination  there  is  found  an  ab- 
sence of  pathological  change,  save  an  excess  of  fibrous 
ti.ssue  in  a  few  ca.ses.  Granules  of  ferruginous  pigment 
have  been  met  with.  The  lymphatic  glands  are  usually 
normal.  In  a  few  instances  the  lymphatic  glands  of  the 
mes(»nt(*ry  have  l)een  recorded  as  enlarged,  this  change 
l)eingdue,  as  Pve-8mith  suggests,  to  a  previous  diarrhcra. 
In  one  case  the  lumbar  lymphatic  glands  were  enlarged. 
The  marrow  of  the  h)ng' bones  in  a  considerable  number 
of  cases  shows  very  interesting  changes.  The  appear- 
ances descrilx'd  by  many  observers  correspond  in  the 
main.  The  marrow  is  red  or  violet  colored,  and  is  soft  or 
pultaceous.  Its  fatty  appearance  has  disappeared,  and 
under  the  microscope  the  fat  is  seen  to  be  replaced  by 
colored  c(»rpuscles,  non -nucleated,  varying  in  size  and  in 
the  amount  of  ha'moglobin  which  they  contain;  by  nu- 
cleated red  corpus^'les  of  various  size  and  considerable 
numlwr;  and  by  cells  containing  red  blood  corpuscles. 
In  additir)n  to  this,  the  myeh)plaxe.s,  which  belong  nor- 
mally in  this  region,  are  generally  found,  though  Purser 
noted  their  nb.sence.  These  changes  are  l)est  studied  in 
th(»  marrow  of  the  shafts  of  the  long  bones. 

Cnu  t'LATORY  AppAR.\Trs. — More  marked  pathological 
changes  take  place  in  this  appamtus  than  in  any  other. 
The  heart  is  normal  in  size  or  dilated;  the  muscular 
tissue  is  soft,  flabby,  pale  in  color;  often  the  cavities  are 
empty,  or  they  contain  soft  brown  or  fawn-colored  clots. 
To  the  nakecl  eye  the  appearances  of  fatty  degeneration 
are  most  striking.  There  an;  some  ca.ses  in  wlii<h  this 
change  has  not  bc^en  seen:  when  pres<'nt,  it  is  most 
marked  on  the  nnisculi  papillares  and  columna*  caineie. 
and  appears  as  yellow  dots.  ** zigzag  striations."  or 
** tabby  mottling."'  The  subpcricardial  fat  gencraliy  is 
abundant  (Eichnorst).  The  ventricles  are  more  degen- 
erated than  the  auricles,  it  is  s^iid.  although  the  writer 
has  observed  in  two  cases  an  extreme  ilcgree  of  wast- 
ing of  muscular  fibre  in  the  auricles.  So  marked  was 
it  that  they  tninsmitted  light,  the  fasciculi  of  the  muscle 
could  l>esej>arated.  and  theendo-  an«l  pericardium  seemed 
to  make  up  the  auricular  wall.  The  left  heart  is  more 
markedly  degenemted  than  the  right.  In  one  ease;  of 
the   writer's   the  ccmvers^^*   was   true.      Wilks  first  de- 


273 


Anaemia. 
Ansemla. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


scribed  the  occurrence  of  fatty  heart.  Microscopical  ex- 
amination reveals  the  destruction  of  muscle  striae  and 
their  replacement  by  fat.  The  pericardial  sac  verv 
often  contains  an  excess  of  serum,  rarely  any  blood. 
Ecchymoses,  however,  are  quite  common  underneath 
this  membrane  as  well  as  under  the  endocardium.  The 
valves  are  normal,  or  superficial  specks  of  atheroma  may 
be  seen  on  them.  Similar  changes  are  found  in  the 
intima  of  the  aorta  to  a  slight  degree.  The  capillaries 
have  been  studied  carefully,  and  Lichhorst  says  minute 
aneurisms  may  be  seen;  Mantz  describes  minute  vari- 
cose dilatations  in  the  retina,  Charcot  in  the  brain. 
Nykamp  opposes  these  views,  and  attributes  the  hem- 
orriiages  to  diapedesis.  Rupture  of  the  capillaries  has 
been  observed.  Osier  saw  the  small  vessels  and  crapillaries 
of  the  mesenteric  glands  studded  with  fat  grains.  The 
arrested  development  of  the  heart  and  aorta  and  the  an- 
omalous distribution  of  the  blood -vcss(ds.  stud  by  Vir- 
chow  to  be  presc^ut  in  chlorosis,  were  seen  in  one  of 
Mtlller's  castas.  The  aorta  at  its  origin  was  1  cm.  in 
diameter,  and.  in  one  of  the  writer's  ciisea,  admitted 
the  little  finger  at  the  seat  of  origin  of  the  caUiac  axis. 
The  heart,  however,  was  not  small. 

Respikatoky  Okgans, — Secondarilv  to  the  failure  of 
the  heart  an  opdema  or  hypostasis  of  the  lungs  often 
occurs,  and  this  is  in  a  large  number  of  cases  the  only 
morbid  condition  of  these  organs.  Cxenerally  the  lungs 
are  extremely  anemic.  Sometimes  the  remains  of  an 
old  phthisis  or  an  emphysema  are  seen ;  v(?ry  rarely  are 
the  lungs  the  seat  of  a  croupous  pneumonia.  Hemor- 
rhages underneath  the  bronchial  nuicous  membrane  arv 
found;  sometimes  there  is  a  bronchitis;  pallor  of  the 
membrane  is  noticeable.  The  pleura  is  healthy,  or 
the  seat  of  subserous  ecchymoses;  one  cavity' may 
contain  serum  in  a  large  amount  mingled  sometimes 
with  threads  of  fibrin,  or  both  cavities  may  contain 
small  amounts  of  serum.  The  effusion  is  sometimes 
sanguiuolent. 

Okgans  of  Dioestion. — The  mucous  membrane  of 
the  gastrointestinal  tmct  is  pale,  often  also  a?dematous. 
Very  frequently,  however,  submucous  hemorrhages  and 
hemorrhagic  erosions  are  seen.  They  have  l)een  uoUh\ 
in  the  mouth,  (esophagus,  stcmiacli.  intestines,  and  bili- 
ary passages.  In  the  stomach,  Fenwick,  Pontick,  and 
Habershon  have  found  a  fatty  degeneration  of  the 
tubular  glands.  An  infianmiation  of  the  gastric  mucous 
membrane  has  also  lx*en  recorded.  Hyperplasia  of  the 
connective  tissue  of  the  gastric  mucosa,  with  atrophy 
of  the  tubules,  is  frequent h'  met  with.  The  pres<'nc(^ 
of  intestinal  catarrh,  of  chronic  follicular  enteritis,  and 
of  enlargement  of  tlw  follicles  and  agnu'nated  glands. 
has  been  recorded.  l)ysent<'ric  infiammation  <^f  the  in- 
testines was  observed  by  Quincke  in  one  case,  in  the  late 
stjiges  of  the  dis<'ase. 

The  changes  in  the  mesenteric  glands  have  been  pre- 
viously reconh'd.  as  have  also  to  a  certain  extent  those 
in  the  liver.  That  organ  is  very  often  an;eniic  and  gen- 
cnilly  fatty.  This  fatty  degenenilion  of  the  liver  was 
specially  deserilH'd  early  in  the  history  of  the  diseas<'  by 
"VVilks.  Perroud  thought  tlu;  hepatic  change  was  j)ri- 
mary.  the  l)lood  change  secondary  ;  the  fatty  degeneration 
interfering  with  the  formation  of  blood.  The  degeneni- 
tion  is  seen  in  the  liver  cells,  large  fat  drops  rendering 
the  nuclei  dillieult  of  detection.  De|»osits  of  iron  pig- 
ment have  iK'en  described  l)y  Eichhoi*st  an<l  (Juincke  in 
the  hepatic  cells,  the  blood-vessels,  and  the  interstitial 
ti.ssue.  in  which  parts  they  cause  the  iron-gray  staining 
referred  to  pn-viously.  Minute  extnivas;\tions  of  blood 
have  been  seen.  Rarely  the  liver  is  congested.  The 
size  of  the  organ  varies;  while  it  is  generally  normal, 
it  has  Ixicn  recorde<l  as  lessened  and  also  as  increased. 
The  surface  of  the  liver  is  usually  smr)oth  and  normal; 
a  perihepatitis  has  been  recorded  by  Midler. 

The  liver  tissue  is  smooth  and  compact  <>n  section,  and 
the  acini  are  well  defined;  a  nutmeg  appeanince  has 
been  noted  in  a  few  instances.  The  biliary  pas.s}\ges  are 
normal  or  thin,  and  the  mucous  membmne  is  extremely 
pale.     Suppuration  of  the  gall  bladder  was  present  in 


one  of  Pepper*8  cases.     The  gall  bladder  is  generally  full 
of  bile. 

On  microchemical  examination,  in  addition  to  the 
presence  of  iron,  Lebert  found  leucin  and  ty rosin  in 
abundance  in  the  liver  as  well  as  in  the  pancreas,  lungs, 
kidneys,  and  spleen. 

The  pancreas  is  usually  normal.  It  is  sometimes  en- 
larged, and  Eichhorst  and  Quincke  found  extravasated 
blood  in  the  interacinous  tissue.  Huguenin  observed 
fatty  degeneration  of  the  glandular  epithelium.  Iron 
pigment  has  been  found  in  the  cells  in  some  cases. 

Renal  and  Genital  Organs. — Ecchymoses  have 
been  observed  under  the  capsule  of  the  kidney,  which  is 
readily  removed  in  most  cases.  The  organs  are  pale  and 
firm  on  section :  often  the  appearance  of  fatty  change  is 
seen.  Microscopical  examination  reveals  the  presence  of 
fatty  change  in  the  epithelium  of  the  tubules,  and  in 
some  cases  an  infiltration  with  iron  pigment  is  notice- 
able. The  remaining  portions  of  the  urinary  apparatus 
are  normal,  save  the  occasional  presence  of  submucous 
hemorrhage. 

The  suprarenal  capsules  are  normal.  Broadbcnt  re- 
corded the  occurrence  of  atrophy  of  the  organ.  The 
microscopical  examination  of  these  capsules  in  the 
writer's  case  revealed  slight  increase  of  the  interstitial 
ti.ssue.  with  infiltration  of  lymphoid  elements.  The 
ves.sels  were  engorged  with  bkxxi  and  small  capillary 
hemorrhages  were  seen.  Pigmentation  and  slight  fatty 
infiltration  of  the  cells  in  the  capsule  were  seen,  butpmb- 
ably  this  was  not  greater  than  is  normal.  Granular 
masses,  not  unlike  colonies  of  bacteria,  were  observed. 

No  changes  are  found  in  the  sexual  organs.  MQIler 
noted  subinvolution  of  the  uterus  in  a  case  of  fatal  anae- 
mia following  pregnancy. 

Nervous  SvsTE.\r. — The  brain  and  spinal  cord  may  be 
ana^nuc,  and  the  s(^at  of  minute  ecchymoses  or  even  (with- 
in thebniiu)  of  large  hemorrhages.  The  cerebral  ven- 
tricles sometimes  contain  an  excess  of  serum  or  blood. 
The  hemorrhages  are  chiefly  found  in  the  region  of  the 
corona  nidiata  or  on  the  surface  of  the  cerebrum.  The 
pia  maler  or  the  inner  surface  of  the  dura  is  often  the 
seat  of  ecchymoses.  Eichhorst  and  3lQller  observed 
hemorrhagic  pachymeningitis.  These  authors  also  have 
found  (edema  of  the  membranes.  Microscopically,  Eich- 
horst found  no  change,  save  increased  pigmentation  of 
the  ganglion  cells.  Schumann  (**  Diss.  Inaug.,"  Freiburg, 
1875)  found  increase  of  the  nuclei  of  the  cerebral  neuro- 
glia. The  changes  in  the  vessels  have  been  mentioned. 
IJchtheim  in  1887  first  observed  scleroses  in  the  spinal 
cord.  Numerous  observations  since  then  have  confirmetl 
his  reports.  The  j)osterior  colunms  are  chiefly  affected, 
together  with  less  constant  changes  in  the  lateral  tracts. 
The  irregular  distributioti  of  the  sclerosis  indicates  that 
it  is  not  a  systemic  degeneration,  but  is  due  to  the  action 
of  a  toxic  substance. 

Since  the  earliest  observations  of  pernicious  antemia, 
the  appearances  of  the  sympathetic  system  have  bt^en 
stiKlied.  Quickett  found,  in  Addison's  cjise,  that  the 
semilunar  ganglia  had  undergone  fatty  degeneration. 
Brigidi  found  (/.o  Sj/rrina  nfali,  May,  \&i^\  Ixyndon Med- 
ical  A^ro/v/.  vi..  4^50)  proliferation  of  the  nuclei,  increase 
of  interstitial  tissue,  and  granular  pigmentation  of  the 
ganglion  corpuscles  of  the  solar  plexus.  Wilks  and  Pye- 
Sniith  found  no  changes  in  the  semilunar  ganglia  and 
surrounding  plexuses.  The  writer  found  pigmentation 
of  the  nerve  cells  and  ah^ig  the  nerve  fibres,  with  a 
slightly  granular  ap|>earaiiee  of  the  cells.  Macroscopi- 
caily,  the  ganglia  and  nerve  filaments  were  unusually 
prominent.  Sasiiki  (Virehow's  Archie,  vol.  xcvi.,  1884) 
found  in  a  case  of  pernicious  anaemia,  of  the  gastro- 
intestinal form,  sehTosis  of  the  ganglion  cells,  destruction 
of  some  of  them,  and  homogeneous  hyaline  bcKlies  in 
Auerbaeh's  and  Meissner's  plexuses. 

OiUJANs  OF  Sr*KciAL  Sknse.  —  The  Eye. — The  occur- 
rence of  retinal  hemorrhages  during  life  lias  suggested 
the  necessity  of  making  an  examination  of  the  fundus  of 
the  eye  after  death.  The  changes  found  are  not  different 
from  those  observed  in  other  diseases,  as  at  times  in 
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Late  in  the  disease  crdema  of  the  lungs  or  even  hypo- 
static congestion  is  liable  to  occur. 

Genito-unnury  Sympiomii. — These  are  few;  it  may  be 
said,  in  fact,  that  no  compUiintsare  made  by  the  patient  of 
renal  symptoms.  There  are  no  lumbar  pains,  and  there 
is  no  painful  or  increased  frequency  of  micturition.  The 
urine  is  clear  or  dark  in  color,  acid  in  reaction,  varies  in 
specific  gravity  from  1.010  to  1.020,  being  usually  below 
1.015,  and  is  normal  in  amount.  The  amount  depends 
on  the  occurrence  of  vomiting  or  diarrhini,  being  les- 
sened when  these  conditions  are  present.  Althougli  the 
daily  amount  is  about  tlie  normal  avemge,  cases  have 
been  reported  in  which  the  amount  was  increastnl  from 
2,000  to  3.500  c.c.  daily  (Immemiann);  in  .some  instances 
the  amount  was  reduced  to  800  c.c.  (MUller).  The  excre- 
tion of  urea  is  variable  and  not  characteristic,  while  tliat 
of  uric  acid  is  increased. 

Apart  from  the  changes  mentioned  in  the  normal  con- 
stituents of  the  urine,  few  if  any  pathological  products 
are  found.  In  the  later  stages  of  the  dist^'ase  albumin 
is  sometimes  observed.  Ft  is  present  in  small  amount, 
and  its  occurrence  corresponds  with  that  of  some  gen 
eral  depression  or  tempomry  cardiac  embarra-ssnient. 
Quincke  observed  a  large  amount  of  albumin,  in  one 
instance,  as  did  also  Miiller.  The  kidneys  were  highly 
fatty  in  the  latter  observer's  cas<\  With  the  all)um- 
inuria  that  precedes  death,  there  are  found  hyaline 
casts  (MllUer.  op.  n't.,  ob.s.  .xlviii.,  p.  289). 

Sugar  does  not  occur  in  the  urine  of  patients  with  per- 
nicious ana'mia.  MUlIer  found  leucin  and  tyrosin.  lu- 
dican  is  increased  in  (juantity,  a  fact  that  favors  the 
theory  of  the  toxic  origin  of  the  disease.  Bl(X)d  has 
been  observed  at  times  in  the  urine;  it  comes  from  hem- 
orrhages into  the  pelvis  of  the  kidney  or  from  the  walls 
of  the  bladder.  Revnolds,  in  a  careful  analvsis  of  the 
urine  of  one  of  Dr.  Finney's  patients,  found  an  increase 
in  the  percentage  of  iron,  both  when  the  patient  was 
taking  the  drug  and  when  it  had  been  discontinued  for 
some  time.  In  the  first  instance  he  found  0.7845  gniin 
of  inm,  and  in  the  second  0.308  gnun  in  72  ounces  of 
urine.  Hunter  found  in  one  case  32.5  mgm.  of  inm  in 
the  day's  urine  (3  to  5  mgm.  normal).  He  has  also  found 
quite  constantly  pathological  urobilin. 

The  genital  organs  in  the  male  or  female  are  not 
especially  influenced  in  the  course  of  the  disease.  In 
the  female  the  menstruation  may  be  more  profuse  than 
normal  or  it  may  recur  too  frecjuently,  and  even  men- 
orrliagia  may  develop.  The  pregnant  female  will  abort, 
or  premature  lalK)r  will  take  place. 

Aerroas  Si/tttci/t  <tml  Sp(rt\tf  Sitsen. — Headache  and 
giddiness,  with  subjective  noises  in  the  head  and  ears 
and  subjective  tlashes  of  light,  develop  in  proportion  as 
the  an.Tinia  grows  profound.  There  are  but  few  cases 
in  which  these  svmptoms  are  absent.  Tliev  are  due  to 
the  hydnvmic  condition  of  the  l>l()()d.  As  the  disease 
progres.ses  loss  of  memory  is  seen;  an  apathy  and  slug- 
gishness of  action  of  the  cerebral  faculties  is  cpiite  re- 
markable, and  low  wandering  delirium  gradually  ad- 
vancing to  stupor  and  coma  (dten  mark  the  close  of  the 
disease.  Rarely  convulsions  occur,  while  in  some  in- 
stances paralyses,  chiefly  limited  to  monoplegias,  have 
taken  place  some  time  before  death.  These  cerebral 
symptoms  an*  due  to  hemr)rrhages  within  the  brain  sub- 
stance and  in  the  membranes,  and  to  (cdeina  of  the  brain. 
Symptoms  of  involvement  of  the  spinal  cord  occur. 
They  u.sually  conform  more  or  less  clo<;ely  to  the  symp- 
tom complex  of  tabes  dorsjilis.  or  occasionally  to  that  of 
combined  posterior  and  lateml  selero'iis. 

One  of  the  symptoms  on  which  Biirnur  had  laid  much 
stress  was  the  ophthalmoscopic  ap|>earanee  of  the  fundus 
of  the  eye.  By  him,  and  for  a  time  by  otlurs.  actual 
hemorrhages  were  thought  to  be  constant  attendants  of 
this  di.sease.  It  has  been  shown.  lu»wever,  that  they  are 
present  in  other  caclufxia*  and  may  be  absent  in  this.  In 
twoof  the  writer's  cases  they  were  pres<'nt.  but  in  a  third 
they  were  absent.  Their  pre^-nce  does  not  im])iy  a 
fatal  termination,  nor  their  absence  a  favorable  one  (( 'oiip- 
land).    In  some  instances  they  were  so  large  as  to  impair 


vision  and  even  to  cause  blindness;  generally  they  are 
small.  They  are  many  in  number  generally,  and  are  sit- 
uated around  the  optic  nerve  entrance,  or  they  follow 
the  course  of  the  blood-vessels  in  the  nerve-fibre  layer. 
They  are  most  frequently  in  the  lower  and  outer  quad- 
rants. They  are  seen  as  black,  reddish-  or  yellow-brown 
spots,  round  or  oval,  sometimes  linear-striated  or  **  flame- 
shaped."  The  retina  is  very  often  clouded  or  hazy,  the 
vessels  are  pale,  the  arteries  reduced  in  size,  and  the  veins 
enlarged.  In  some  instances  an  oedema  of  the  disc  or 
a  neuro-retinitis  lias  been  observed,  and  Mackenzie  noted 
white  patches  and  yellow  spots  in  the  effused  blood,  due 
to  "  leucocy tic  infiltration,  and  to  degeneration  in  the 
disturbed  retinal  tissues." 

C0.MPMCAT10N8.  DiRATioN,  Prognosis. — The  com- 
plications of  pernicious  anaemia  are  rare — in  fact,  pneu- 
monia, erysipelas,  dysentery  (Quincke,  one  case),  nephri- 
tis, and  local  suppurations  are  the  only  ones  that  have 
been  observed.  Sequela*  are  absent  in  those  cases  which 
get  well,  but  the  progress  to  full  health  is  slow  and  fit- 
ful, and  may  be  marked  by  serious  relapsc»s.  The  dura- 
tion is  variable.  The  average  appears  to  be  about  five 
months.  In  some  few  instances  the  disease  has  termi- 
nated as  early  as  six  and  eight  weeks  after  its  inception. 
The  writer's  fatal  c^ase  was  of  three  years*  duration,  dat- 
ing from  the  first  evidences  of  failure  in  health.  Coup- 
land  found  that  12  out  of  110  cases  were  ill  for  periods 
extending  beyond  two  years. 

The  prognosis  is  generally  grave.  A  small  proportion 
of  casi'S  get  well.  Pye-Smith  analyzed  122  cases*,  of  this 
number,  20  recoverecl.  Two  only  of  the  27  cases  of  pri- 
mary essential  anamiia  collected  by  Eichhorst  recov- 
ered. The  elements  that  influence  the  prognosis  are  liand 
to  establish.  It  had  been  th(mght  that  a  diminution  of 
corpuscles  to  5lK),000  or  under  would  render  a  prognosis 
unfavorable,  yet  one  of  Quincke's  cases  recovered, 
although  there  were  but  143,000  red  corpuscles  per  cubic 
millimetre.  Quinquand  determined  that  26.5  gm.  per 
1,000  c.c.  about  one-fifth  of  the  normal  quantity,  was  as 
small  an  amount  of  htemoglobin  as  was  compatible  with 
life.  Yet  here  again  Quincke's  observations  are  at  vari- 
ance. He  found  in  four  cases  the  reduction  to  be  one- 
eighth,  one  U'uth.  one-fifteenth,  and  one  thirty-fifth  of 
the  normal;  the  last  was  a  case  in  which  recovery  took 
place.  The  prognosis  is  more  grave  under  the  following 
circumstiinces:  first,  when  the  di.sease  occurs  in  a  preg- 
nant woman;  .second,  when  there  are  numerous  syncopal 
attiicks:  third,  when  fever  is  marked  and  hemorrliages 
are  profuse;  and  la.stly,  when  cerebral  symptoms,  apo- 
plexy, paralysis,  ctv.,  ensue.  I^abor  pains  in  a  pregnant 
woman  affected  with  anaemia  are  the  forerunner  of  death. 
Ehrlieh  considers  the  occurrence  of  numerous  megalo- 
blasts  of  bad  prognostic  omen. 

Occasional  remis.sions  occur  during  the  course  of  the 
disease,  preceded  by  gastric  crises  and  an  increase  of  the 
erythroblasts.  The  number  of  red  blood  cells  increases 
and  may  reach  almost  to  the  normal.  The  geneml  symp- 
toms improve  simultaneously,  but  this  is  only  temporary. 

Di.vc.Nosis. — The  recognition  of  this  condition  would 
be  easy  if  there  were  some  j)athognomonic  alt(*ration  in 
the  blood.  But  most  observers  believe  that  there  are  no 
s])eeitic  (.'hanges.  Ehrlieh,  however,  as.sert,s  with  great 
positiven<'ss  that  the  presence  of  megaloblasts  and  nu- 
merous niegalocyt<*s  is  quite  diagnostic.  While  this  ques- 
ti(»n  is  in  doubt,  the  recognition  of  the  dis<»as(»  must  de- 
pend on  a  careful  considenition  of  every  available  .sign — 
the  clinical  picture,  the  blood  picture,  and  the  possible 
etioloi!:ical  factors. 

Chlorosis  is  distinguished  from  pernicious  anaemia  with 
ease  in  most  cases.  The  former  disease  occurs  in  girls 
near  the  aii<'  of  pubi-rty.  Th<'  genend  condition  is  never 
so  grjivc;  retinal  and  cutaneous  hemorrhages,  and 
hemorragcs  from  mucous  membnuies  almost  never  occur. 
The  "color  index '' of  the  blood  is  alwavs  less  than  nor- 
mal.  while  in  pernicious  anieinia  it  is  increased.  Chlo- 
rosis is  promptly  relieved  or  cured  by  iron ;  this  is  an 
unfailing  test. 

Leuktemia  is  not  likely  to  be  confounded  with  pemi- 
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cious  anaemia  if  an  examination  of  the  blood  is  made.  In 
leukaemia  the  white  blood  cells  are  enormously  increased 
in  numbers,  while  the  leucocytosis  of  pernicious  antemia 
is  never  very  great,  the  highest  we  are  aware  of  being 
80,000  per  cubic  millimetre.  The  spleen  or  the  lymph- 
atic glaiids  are  enlarged  in  leukaemia — conditions  which 
do  not  obtain  in  pernicious  antemia. 

Simple  secondary  antemias.  not  pernicious  in  type, 
may  sometimes  reach  an  extreme  degree.  Their  differ- 
entiation from  pernicious  aniemia  is  more  difficult,  but 
can  usually  be  made  on  the  l)asi8  of  slighter  degrees  of 
blood  changes  and  the  more  ready  response  to  treatment. 
If  megaloblasts  are  not  present,  the  case  is  certainly  not 
one  of  pernicious  anaemia.  Simple  secondary  ansemias 
are  never  more  severe  than  the  primary  condition  would 
seem  to  warrant,  while  a  disproportionately  severe 
aniemia  is  characteristic  of  the  pernicious  secondary  type. 

Pathogenesis. — This  still  remains  obscure,  although 
recent  investigations  have  begun  to  shed  some  light  on 
it.  The  etiological  factors  already  spoken  of  are  prob- 
ably all  in  the  nature  of  predisposing  causes.  The  excit- 
ing cause  is  certainly  something  more  profound.  This 
is  evident  when  we  consider  how  commonlv  these  predis- 
posing factors  are  present,  and  yet  how  seldom  pernicious 
aniemia  occurs. 

Three  theories  have  been  advanced  to  explain  the  de- 
velopment of  the  aniemia.  They  will  be  presented  in 
the  order  of  their  plausibility. 

The  theory  that  is  best  supported  by  evidence  is  that 
which  attributes  the  anaemia  to  excessive  blood  destruc- 
tion (haemolysis)  caused  by  toxins  absorbed  from  the  gas- 
tro-intestinal  tract.  The  anatomical  and  experimental 
<»vidence  in  favor  of  this  view  seems  almost  conclusive. 
Deposits  of  iron  pigment  in  the  liver,  spleen,  and  other 
tissues  were  observed  many  years  ago,  but  in  1889  Sir 
William  Hunter  made  the  obstTvations  significant  by 
demonstrating  experimentally  that  htemolysis  occurring 
in  the  general  circulation  gave  rise  to  hemoglobinuria, 
but  that  if  it  were  prcwluccd  in  the  portal  circulation, 
excretion  of  un>bilin  and  other  iron  pigments  occurred, 
while  many  tissue  cells,  particularly  of  the  liver,  became 
infiltrated  with  iron  pigment.  The  occurrence  of  uro- 
bilin in  the  urine  and  of  iron  pigment  in  the  liver  cells 
strongly  suggests  that  in  pernicious  ana>mia  the  haemoly- 
sis occurs  in  some  part  of  the  portal  circulation.  The 
most  likely  cause  of  such  ImMiiolysis  is,  of  course,  toxic 
products  from  the  gastrointestinal  tnict.  The  fever  that 
occurs  is  an  additional  indication  of  toxaemia. 

The  other  two  theories  advanced  to  explain  this  disease 
have  less  to  support  them.  Stockman  in  1895  suggested 
that  minute  capillary  hemorrlmges  brought  about  by  a 
simple  anaemia  so  impoverish  the  blood  that  further  falty 
degeneration  of  small  vessels  occurs,  causing  additional 
hemorrhage.  Thus  a  rircuhiH  ritioHns  is  estal)lished  that 
IcMBids  from  Iwd  to  woi-se  until  a  fatal  issue  supervenes. 
The  theory  is  one  well  worthy  of  consideration,  but  it  is 
defective  in  not  accounting  for  the  intluences  that  start 
the  blood  on  its  downward  course  in  c<Ttain  ch.s<^s,  while 
the  majority  of  grave  simple ana»mi»is  do  not  l)ecome  per- 
nicious. 

The  theory  of  defective  haMuogenesis  wtis  based  on  the 
condition  of  the  bone  marrow.  The  marrow  of  the  long 
bones  reverts  to  the  embryonal  type  and  is  undoubtedly 
engage<l  in  active  lueniogencsis.  This  is  also  indicated 
by  the  occurrence  of  nucleated  red  blcnxl  cells  in  the  cir- 
culating bloml.  It  was  suppo.sed  that  the  red  cells  pro- 
duced were  turned  out  into  the  circulating  bkKxl  in  an 
immature  and  more  vulnerable  condition,  and  that  on 
this  account  increa.<ied  Iwemolysis  occurred.  Hut  the  oc- 
currence of  identical  changes  in  severe  simph*  ana*niia.s, 
not  pernicious  in  typ<',  and  the  absence  of  the  (^hantre  in 
cc'rtain  cases  of  pernicious  anaemia  make  it  almost  certain 
that  the  m<*dullary  changes  are  secondary  t<)  the  changes 
In  the  blood,  and  not  their  cause. 

A  number  of  observers  have  described  protozoan  and 
liecterial  parasites  in  the  bloml  in  pernicious  anjeinia. 
but  their  relationship  is  so  doubtful  that  it  does  not  seem 
worth  while  to  give  place  to  their  discussion  here. 


Treatment. — Rest,  massage,  a  liberal,  nutritious,  and 
easily  digested  dietary,  the  moderate  use  of  stimulants, 
cheerful  surroundings,  and  probably  a  change  of  scene 
are  the  chief  non-medicinal  means  used  for  the  restoration 
of  health.  Yet  no  definite  results  can  be  given  of  the 
b<»neficial  effects  of  the  above  means,  either  singly  or 
combined,  unless  it  be  of  the  last  measure.  One  of  Fre- 
nch's ca.ses  appeared  to  be  cured  by  removal  to  a  moun- 
tainous territory,  while,  on  the  other  liand,  one  of  the 
writer's ca.st?s  improved  at  a  city  hospital,  suffered  relapse 
in  his  mountain  home,  and  was  completely  cured  on  his 
second  visit  to  the  hospital. 

The  remcflies  commonly  used  in  antemia  have  been  dis- 
appointing in  this  affection.  Iron,  phosphorus.  co<l-liver 
oil,  quinine,  and  strychnine  have  faded  as  bloocl  restorers 
or  general  tonics.  Arsenic,  however,  has  been  found  of 
inestimable  service.  Its  value  was  first  discoverefl  by 
Bramwell.  who  used  it  first  from  a  knowledge  of  its  good 
efft*ct,s  in  fatty  degeneration  of  the  heart. 

Padley  carefully  considers  the  use  of  arsenic,  and 
shows  the  results  of  treatment  by  this  drug  in  70  cases 
collected  from  various  sources.  Of  the  70,  48  were 
treated  without  arsenic:  42  proved  fatal,  2  were  still 
under  treatment,  in  8  the  result  was  unknown,  and 
1  recovered  (authorities,  Hobson,  Coupland,  Mackenzie, 
Bramwell,  Barclay).  Comparing  this  with  the  re- 
markable results  derived  from  the  use  of  arsenic,  the 
most  skeptical  person  will  be  convinced  of  its  utility. 
Twenty-two  cases  were  treate<l  by  arsenic;  16  recov- 
ered, 2  improved,  and  4  were  fatal  (Coupland,  Hobson, 
Bramwell,  Finney,  Broailbent,  Withers,  Moore,  Lockie, 
and  Padley).  The  drug  should  be  given  in  small  doses, 
gradually  increasing  until  its  physiological  effects  are 
produced.  If  gastric  irritation  is  produced,  hypodermic 
injections  of  arsenic  in  the  form  of  Fowler's  solution 
in  five-  to  t^>n-(lrop  doses  may  be  employefl.  Transfu- 
sion has  been  employed  with  temporary  relief  in  some 
instiinces:  rarely  hasit  been  actually  curative;  four  un- 
doubted ca.ses  only  are  recorded  by  Pye-8mith  as  l>eing 
cured.  Quincke  prefers  artt»rial  transfusion,  others  the 
venous.  The  transfusion  may  l)e  done  by  the  direct  or 
by  the  indin^it  method.  In  addition  to  lilood,  milk  has 
been  used  (Thomas.  Pepper).  It  appears  that  a  simple 
sjiline  solution,  used  either  subcutaneously  or  intrave- 
nously, as  the  urgency  of  the  case  demands,  meets  all  the 
requirements,  and  is  not  by  any  means  as  dangerous  as 
the  use  of  the  other  lifiuids.  Bone  marrow  has  recently 
been  intnKluced  on  the  supposition  that  it  would  supply 
either  red  blood  cells  or  an  internal  secretion  supposed  to 
he  found  in  the  bone  marrow.  The  results  obtained  from 
it,s  use  are  far  from  convincing,  vet  sufficiently  good  re- 
sults have  iH'cn  reported  to  justify  continued  trials  of  the 
methcKl,  though  it  finds  little  support  on  theoretical 
grounds.  Stengel  recommends  the  use  of  "marrow 
jam,"  made  by  nuxing  in  a  mortar  e<|ual  parts  of  red 
marrow  from  a  calf  and  glycerin.  From  two  to  four 
drachms  of  this  may  be  given  three  times  a  day. 

Exc(»nent  results,*  and  even  cures,  have  been  reported 
from  the  use  of  gastric  lavage  and  colonic  irrigatir)n.  to- 
gether with  intestinal  antiseptic  measuiv.s.  Believing 
as  we  do,  tentatively  at  least,  that  aut-o-in toxica tion  from 
the  gastrointestinal  tract  is  the  cause  of  the  dis<»ase,  we 
judge  these  measures  to  be  most  rational. 

I)a  Costa  has  benefited  some  cases  by  inhalation  of 
oxygen.  J.  K.  Mitchell,  in  exp<Timents  on  the  normal 
individual,  showed  that  nmssjige  increased  the  nunilMTof 
corpuscles  in  the  circulating  peripheral  blood.  The  elTeet 
was  due,  no  doubt,  to  the  dislodgment  of  corpuscles  ac- 
cumulated in  small  vessels  and  capillaries.  Massjige  is 
therefore  to  Ik*  recommended  in  pernicious  anjcrnia  as  a 
means  of  mobilizing  the  small  armv  of  stairnated  cor- 
puscles.  in  order  to  wage  more  elT<'ctive  war  agauist  the 
lueniolytic  agent. 

The  symptomatic  indications  for  treatment  are  gener- 
ally met  by  the  a«loption  of  siiital)h»  measures.  These 
itKlications  are  gastrointestinal  symptoms,  the  dyspn<ea. 
the  cardiac  pal])itation.  and  hemorrhages.  The  writer 
has  seen  verv  much  benefit  result  from  the  U8(?  of  caf- 
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feine  for  the  caniiac  debility,  four  grains  being  given  at 
a  dose,  thrice  daily. 

It  is  to  be  regrett^  that  we  are  compelled  to  add  that 
often,  in  spite  of  the  most  careful  hygienic  and  medicinal 
treatment,  our  efforts  are  in  vain,  and  the  disease  pro- 
gresses to  a  fatal  tenni nation. 

For  bibliographies  the  reader  is  referred  to  the  pre- 
vious edition  of  this  work,  to  Coupland's  article  in 
AUbutfs  ♦•Svstem  of  Medicine,"  and  to  the  article  of 
Ehrlich  and  f^izarus  in  Nothnagel's  **  ^Speciellc  Patholo- 
gic und  Therapie."  John  11.  Mvsser. 

J^yederick  11.  Howard, 

ANEMIA,  SECONDARY.— Strictly,  all  anaemia  must 
be  considered  secondary.  It  cannot  ho  more  than  a 
symptom  of  some  deeper  cause,  but  there  are  certain 
types  of  amemia  in  which  we  can  form  no  idea  of  any 
underlying  cause,  and  which,  therefore,  we  designate  as 
"  primary  anaemias."  On  the  other  hand,  there  are  other 
cases  of  antemia  in  which  the  symptom  is  clearly  the  re- 
sult of  some  definite  cause,  such  as  hemorrhage,  malaria, 
or  tuberculosis.  Such  cases  we  designate  as  "  secondary 
or  symptomatic  antumia." 

Ajitemia.  of  whatever  variety,  consists  in  a  deteriora- 
tion of  the  blood  with  diminution  either  in  the  number 
of  corpuscles  per  cubic  millimetre,  in  the  amount  of 
haemoglobin  contained  by  individual  corpuscles,  or  in  a 
combination  of  both  changes.  The  latter  form  is  the 
commoner.  Very  pos.sibly  these  changes  in  the  number 
and  quality  of  the  corpuscles  are  all  secondary  to  some 
change  in  the  pla.sma,  but  this  must  be  for  the  pR'sent 
largely  a  matter  of  hypothesis,  as  our  knowledge  of  the 
ch^ges  in  the  plasma  is  still  very  limited. 

Cases  of  secondary  anosmia  liave  been  dividcnl  into  the 
acute  and  the  chronic. 

Acute  Anaemia. 

The  great  majority  of  cases  are,  of  course,  due  to  hem- 
orrhage, either  through  traumatism  with  obvious  hemor- 
rhage through  the  skin,  or  from  rupture  of  the  liver, 
spleen,  or  kidney.  Among  the  other  pathological  con- 
ditions which  are  most  apt  to  lead  to  severe  spontiineous 
hemorrhage,  we  may  mention  the  following  list:  (1) 
Abortion  and  the  puerperium;  ifi)  e.xtra-uterine  preg- 
nancy; (3)  tumors  of  tlie  uterus;  (4)  the  peptic  ulcer, 
gastric  or  duodenal;  (5)  typhoid  fever;  (6)  tulKTCulosis 
of  the  lungs;  (7)  epistaxis;  (8)  carcinoma  of  the  stom- 
ach, intestine,  or  liver;  (9)  aneurism;  (10)  hemorrhagic 
pancreatitis. 

It  has  l)een  shown  experimentally  that  the  withdniwal 
of  even  50  or  70  cm.  of  blood  is  enough  to  make  an  a]>- 
preciable  change  in  its  (piality.  HolTuianii  experimented 
upon  a  healthy  man  who  had  r).211>.(K)()  red  corpuscles 
per  cubic  millimetre,  withdrawing  42.")  gm.  of  blood  by 
venes<*ctiou.  Half  an  hour  after,  the  red  corpuscles 
were  reduced  to  4.7G'2,000;  one  tlav  later.  Ihev  numbered 

•  * 

4,681.000.  The  amount  of  blood  removed  here  was  esti- 
mated to  be  about  six  per  cent,  of  the  total  blood  mass. 
supposing  the  weight  of  the  blood  to  be  one-thirteenth 
of  that  of  the  wjiole  body.  The  fact  that  the  blood 
shows  more  loss  a  day  after  a  hemorrhage  than  half  an 
hour  after  has  lK»en  very  often  observed,  and  the  dilTer- 
ence  is  more  marked  the  larger  the  amount  of  blood  lost. 
This  is  undoubtedly  due  to  the  fact  that  the  blood  im- 
mediately after  hemorrhage  is  unduly  concent nited. 
whereas  later  on  it  is  diluted  again  by  fluid  taken  up 
from  the  surrounding  tissues.  As  n'ganls  the  amount  of 
blood  which  an  individual  may  lose  without  dying,  o!)- 
servations  differ  a  good  deal.  Behier  reconls  a  case  in 
w^hich  the  red  corpuscles  were  reduced  to  one  fifth  their 
normal  number  after  an  attack  of  metrorrhairia,  vet  the 
patient  recovered.  Hayem  describes  the  case  of  a  woman 
who  had,  during  six  days  following  the  puerperium.  a 
number  of  severe  hemorrhages.  Fifteen  houi*s  after  the 
second  of  these,  the  number  of  red  corpuscles  was  re- 
duced to  550,000,  or  eleven  per  cent,  of  the  normal,  yet 
the  woman  recovered.    It  lias  been  repeatedly  observed 


that  women  bear  loss  of  blood  better  than  men.  It 
seems  to  be  prettv  well  established  that  do  animal  caa 
survive  the  loss  o^  more  than  half  its  entire  blood-maas 
at  a  single  hemorrliage.but  apparently  men  can  stand  a 
great  deal  more  than  this.  [For  the  conditions  obtaining 
during  the  regeneration  alter  hemorrhage,  see  Blood 
ForimUion.'\ 

Aside  from  cases  due  to  hemorrhage  we  occasionally 
meet  with  what  is  practically  an  acute  anaemia  in  cases 
of  (1)  Virulent  septicsemia;  (2)  destruction  of  red  cor- 
puscles within  the  vessels  as  a  result  of  poisons;  for  ex- 
ample, snake  poison. 

1.  In  cases  of  acute  puerperal  sepsis.  I  have  known 
the  red  corpuscles  to  fall  within  a  few  days  to  1,450,000 
and  the  htemoglobin  twenty  per  cent.  Grawitz*  reports 
a  case  of  acute  puerperal  sepsis  in  which  the  red  cells 
were  reduced  to  300,000  \rithin  Utenty-fovr  houn  !  This 
case  seems  almost  incredible,  but  is  related  in  great  detail 
in  Grawitz 's  recent  text-book  on  **  Diseases  of  the  Blood.** 

2.  Blood  destruction  as  a  result  of  poisons,  such  as 
chlorate  of  potash  or  nitrobenzol,  may  produce  an  acute 
anaemia,  as  happened  in  a  case  reporUxi  by  Brandenburg: 
A  woman  who  had  taken  two  and  one-half  oimces  of 
chlorate  of  potash  the  night  before  showed  on  the 

First      day,  red  cells. 4,aOQ,OQO 

Second     "         "       2,500,000 

Fourth     **         "       2,300,000 

Fifth        "         "       2,100.000 

Sixth        "         **       1,900,000 

Seventh    "         "       1,800,000— death. 

Symptomatology. — The  Blood. — As  regards  the  con- 
dition of  the  blood  following  hemorrliage,  it  has  been 
already  mentioned  that  the  diminution  in  the  number  of 
corpuscles  per  cubic  millimetre  continues  and  increases 
for  several  days  after  the  hemorrhage.  After  severe 
cases  the  lowest  count  is  not  reached  until  from  five  to 
seven  days  after  the  accident.  While  this  process  of 
deterioration  is  going  on  the  haemoglobin  percentage 
always  falls  more  rapidly  than  the  count  of  red  corpuscles, 
so  that  after  the  first  twelve  or  twenty-four  hours  the 
color  index  is  always  low.  Moreover,  when  regener- 
ation begins,  the  haemoglobin  is  always  slower  to  l^each 
the  normal  than  the  count  of  red  corpu.sclea,  so  that 
the  color  index  may  even  become  lower,  despite  a  distinct 
gain  in  both  red  corpuscles  and  ha?moglobin,  because  the 
latter  gains  so  much  more  slowly.  This  is  not  in  any 
way  j)eculiar  to  acute  anicmias,  but  is  well  exemplified 
in  them. 

In  stained  specimens  normoblasts  begin  to  be  seen 
within  from  twenty-four  to  forty-eight  hours  of  the 
time  of  the  hemorrhage,  or  even  sooner,  and  aix?  contin- 
uously present  in  the  periphenil  circulation  until  blood 
regenemtion  is  complete.  As  a  rule  they  are  scanty, 
and  careful  search  is  necessary  to  lind  them,  unless  the 
blood  loss  be  very  great  and  tlie  regeneration  very  rapid. 
Occasionally  they  are  so  numerous  as  t<^>  appear  in  almost 
every  field.  Yon  Noorden  was  the  first  to  observe  that 
(luring  the  regeneration  period  a  very  large  number  of 
normoblasts  may  l)e  suddenly  discharged  into  the  circu- 
lation within  a  few  hours  or  davs.  This  flo(Hi  of  normo- 
blasts  (juickly  cea.ses.  and  is  then  followed  by  marked 
increase  in  the  total  number  of  red  cells.  Such  an  appear- 
ance of  large  groups  of  normoblasts  intermittently,  and 
followed  by  a  marked  increa.se  in  the  total  count  of  red 
cells,  has  been  named  by  Von  Noorden  a  ** blood  crisis." 

Atyi>ical  staining  reactions  in  the  red  corpus(»les  (polif- 
rhrt/i/t(ito/thih\i)  j.^  often  seen  even  within  the  first  twenty- 
four  hours  after  the  hemorrhage.  Careful  mea.surements 
have  shown  that  the  red  cor])uscles  undergo  a  ^^ffWw^ 
after  hemorrhaire,  both  their  diameter  and  their  thickness 
being  increased.  Drfnrnn'tirH  in  size  and  shape  are  occa- 
sionally present,  but  not  often  marked.  The  ^rhite  cor- 
]ni;<rhs  show,  in  the  majority  of  castas,  an  absolute  or 
relative  increase  in  the  number  of  polymorphonuclear 
neutrophiles.  This  increa.se.  as  has  been  siiid,  is  not  con- 
stiint  and  may  be  of  any  degree  up  to  very  marked  leuco- 

*  La  uuMeclne  modeme,  January  13, 1887» 
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cytosis.  In  rare  cases,  the  leuc(X'yU»s  arc  diminished  in 
gross,  or  the  lymphocytes  may  l>e  relativ{»ly  orabsoluti'ly 
increased.  Myelocytes  in  small  percentages  are  not  in- 
fre(iuently  seen;  iiuleed,  in  one  of  Ehrlich's  cases  six 
days  after  hemorrhage  there  was  13.7  percent,  of  mye- 
locytes with  poikil(K'yt<.)sis  and  occasional  normoblast^s. 
Three  days  later  the  myelocytes  disappeared. 

The  coagulability  of  the  blood  is  iucreasi*d  and  may 
take  place  twice  or  thrice  as  quickly  as  usual. 

Other  SympUwiM. — Pallor  of  the  skin,  lips,  and  con- 
junctiva*, coolness  of  the  extremities,  a  weak  and  trem- 
ulous voice,  spots  Ik* fore  the  eves,  and  noises  in  the 
ears,  with  dyspn<ea.  thirst.  raj>i(l,  weak  pulst*,  low  tem- 
perature, and  perhaps  fainting,  arc  to  Im?  observed  even 
after  hemorrhages  of  moderate  severity.  In  severer 
crises  there  may  Ix*  markeil  cerebral  symi)toms,  aphasia, 
delirium,  hallucination.s.  nausea,  and  vomiting,  also  cold 
sweat,  increased  si'cretion  of  urine,  and  tremor  when 
movement  is  attempted.  In  fatal  cases,  one  sees  near 
the  end  of  life  the  evidence  of  a  great  lack  of  fluid  in  the 
system,  the  skin  becomes  dry,  the  eyes  lustreless:  tibril- 
larj'  twitchings  or  cramps  may  lead  on  to  true  convul- 
sions. The  temperature  falls  Var  below  normal,  and  the 
pulse  becomes  almost  impert*eptible. 

Albuminuria  lias  been  frequently  observed  a.sso<;iated 
with  hyaline  and  granuhir  casts  within  the  first  twenty- 
four  hours  after  the  hemorrhage.  The  urine  is  pale,  and 
its  daily  amount  increased,  owing  to  the  great  thirst.  A 
tendency  to  spontaneous  bleeding  is  occasionally  manifest 
in  the  gums  or  as  a  nose-bleed  or  uterine  hemorrhage. 
The  heart  sounds  are  weak,  often  irregular,  and  fre- 
quently accompanied  or  replaced  by  murmurs,  which 
are  almost  always  systolic  and  loudest  in  the  pulmonary 
area,  though  by  no  means  confined  thc.Tcto. 

Besides  the  nervcms  symptoms  already  mentioned, 
neuralgia,  especially  of  the  cranial  nerves,  may  be  very 
obstinate.  Amblyopia  and  amaurosis  are  occa.*4ionally 
observed.  A  certain  amount  of  neuro-retinitis  with  oc- 
casional hemorrhages  has  been  n»ported. 

Piist  Mortem  Apjtenrnnees. — (a)  The  most  important 
change  is  fatty  degeneration  of  the  he*irt  muscU^s.  which 
may  appt^r  after  hemorrhage  even  in  cases  which  have 
provetl  fatal  within  a  day  or  two.  while  if  life  hml  lK*en 
prolonged  a  few  days  more,  similar  fatty  change  appears 
in  the  capillary  svstem  (especially  in  the  bmin),  and  in 
the  secreting  celfs  of  tlie  liver,  stomach,  and  kidnev. 
This  fatty  cliange  is  not  to  be  explained,  as  was  formerly 
supposed,  by  a  diminished  oxidation  of  the  tissues,  for 
all  recent  observations  have  shown  that  the  oxidation 
pTocesses  are,  if  anything,  increased  in  acute  as  in  chronic 
ameinia. 

ib)  The  bone  marrow  of  the  long  bones  undergoes. 
within  a  few  days,  a  transformation  in  which  the  fat 
cells  are  replaced  by  enormous  numbers  of  normo- 
blasts, so  that  its  color  in  gross  is  clmuged  from  yellow 
to  red. 

Diagnosis. — The  diagnosis  is  doubtful  only  in  cases  of 
internal  concealed  bleeding.  Under  thcs<^  circumstances 
it  may  be  both  dilficult  and  importiuit  in  ca.s<'s  of  (1)  Ex- 
tra-uterine pregnancy  with  ru])turc:  (2)  internal  hemor- 
rhage, ant<»  partum  or  post  ])artum:  (IJ)  post -operative 
or  secondary  hemorrhage;  (4)  violent  accidents  involv- 
ing ''shock." 

1.  Extra- Uterine  Pirr/tiann/. — In  ca.sesof  cxtm-ut^'rine 
pregnancy,  the  diagnosis  may  be  ditticult  before  rupture 
occurs,  but  the  symptoms  of  that  event  are  very  char- 
acteristic. 8f*vere  p<*lvic  pain  suchlenly  ceas<'s.  and  then 
the  patient  l)egins  to  feel  weak,  restless,  faint,  and  thirsty, 
and  presents  a  pale  skin  and  a  weak,  rising  pulse.  Such 
symptoms  can  only  mean  hemorrhage,  and  demand  im- 
mediate operation. 

2.  Internal  Henmrrharje,  Ante  Partum  or  Pnxt  Partum. 
— Any  other  concealed  hemorrhage,  such  as  may  occur 
ante  partum  or  post  partum,  shows  its  existence  by  the 
same  symptoms.  In  case  it  is  intra-ut<.Tine,  an  increase 
in  the  size  of  the  organ  can  be  mad(»  out  by  ])alpation 
and  percussion. 

3.  Pv$i' Operative  or  Secondary  Hemorrhage. — Second- 


ary hemorrhage  after  operation  gives  us  the  same  symp- 
toms and  signs  which  have  already  been  enumerauid. 

4.  Vwlent  AccUknta  In  vol  ring  "»S7//>rA:." — In  cases  of 
surgical  shock,  it  is  often  imporUint  to  determine  how 
far  the  **  shock "  means  anaemia  from  hemorrhage.  If 
hemorrhage  is  going  on,  the  worst  thing  we  can  do  is  to 
wait  in  the  ho))e  that  time  and  stimulation  will  improve 
the  cimdition,  for  time  will,  of  coui-se,  make  the  matter 
constantly  woi*se  as  the  hemorrhage  goes  on.  A  blood 
count  will  often  give  us  information  of  the  utmost  im- 
portance in  such  Ciises.  Should  it  demonstrate  the  ex- 
ist<^»nce  of  a  marked  anaemia  in  a  i>atient  whom  we  have 
no  reason  to  suppose  previously  ana-nnc.  the  diagnosis 
of  internal  hemorrhage  is  clear.  I  recently  saw  a  little 
girl  who  had  been  run  over  in  the  street  and  was  seen  in 
a  condition  of  what  is  often  called  "shock."  There  was 
no  evidence  of  hemorrhage  from  any  part  of  the  skin  or 
mucous  membrane.  A  blood  coimt  showed  a  marked 
anaemia.  A  rapid  hipai-otomy  showed  that  hemorrluige 
was  going  on  from  a  ruptured  kidney.  The  hemorrhage 
was  checked  and  the  child  recovered. 

Tkeatmext. — In  the  treatment  of  acute  ansemia  due 
to  hemorrhage,  when  once  the  bleeding  point  is  found 
and  tied,  the  next  thing  is  to  restore  to  the  depleted 
vessels  an  amount  of  fluid  sufficient  to  keep  up  the  heart 
action  by  giving  it  something  to  contract  on.  Transfu- 
sion of  human  bloo<l  has  now  given  place  to  the  intro- 
duction of  normal  salt  solution,  either  subcutaneously^ 
into  the  rectum,  or  into  a  vein.  If  the  patient  is  uncon- 
scious, fluid  may  be  infused  subcutaneously  with  great 
ease  and  in  considerable  quantity.  If  the  patient  is  con- 
scious, this  pnxjedure  gives  considerably  more  pain  than 
an  intravenous  injection.  The  introducti(m  of  salt  solu- 
tion into  the  rectum  may  be  combined  with  either  one 
or  the  other  of  these  procedures. 

Chronic  An^:mia. 

Among  the  commonest  caus<.»s  for  chronic  deterioration 
of  the  1)1(Xk1  may  be  mentioned  the  following: 

1.  Repeated  hemon'hages.  such  as  occur  in  cases  of 
gastric  ulcer,  menorrhagia  or  metrorrliagia,  hemorrhoids, 
and  haemophilia. 

2.  Prolonged  dmin  upon  the  albuminous  materials  of 
the  blood,  such  as  occurs  in  chronic  dysentery,  long- 
standing suppumtion.  phthisis,  lactation,  and  cirrhosis 
of  the  liver  with  ascites. 

8.  Poisoning  due  to  lead  or  arsenic,  or  in  some  less 
obvious  way  to  toxic  materials  absorbed  from  the  dis- 
eased gastro-enteric  tract,  or  during  the  course  of  a 
case  of  nephritis.  The  fact  is  worth  emphasizing  that  the 
ana'inia  which  occurs  in  nephritis  is  due  not  to  the 
dmin  of  albumin  out  of  the  blood  through  the  kid- 
neys, but  to  a  toxaemia.  In  chronic  diflfuse  nephritis, 
for  example,  the  amount  of  albumin  lost  through  the 
kidneys  is  often  trifling  in  comparison  to  the  amount 
of  aniemia.  Probably  under  this  same  heading  (*.^.,  as 
a  toxaemia)  should  b<'  reckoned  the  anaemia  occurring 
in  connectiim  with  malignant  disease.  It  is  not  simply 
starvation  which  brings  about  the  deterioration  of  the 
blood,  either  in  malignant  disease  or  in  other  conditions  in 
which  the  amount  of  focxl  is  insufficient,  for  it  has  lM*en 
shown  experimentally  that  starvation  as  such  has  no  ten- 
dencv  to  j>r(Klu(?e  anaemia.  After  a  fortv-days'  fa*;t  the 
bloo(l  of  a  j>rofessional  faster  has  l)een  I'ound  to  contain 
more  corpus<'les  per  cubic  millimetre  than  at  the  begin- 
ning of  the  fast. 

4.  Infectious  diseases,  especially  malaria,  .\vphilis. 
typhoid  fever,  acute  articular  rheumatism,  and  s«*pti 
ca'mia  due  t<)  pyogenic  organisms,  are  apt  to  result  in 
ana'mia.  W(?  have  already  uientioncd  under  the  section 
on  Acute  Ana'mia  how  gnive  a  dcterionition  of  the 
blood  may  occur  in  septica-mia.  Tuberculosis  nirely 
leads  to  any  considerable  degree*  of  anaemia,  unless  a 
mixed  infection  with  pyogenic  orgjinisms  is  engrafted 
upon  the  original  disea.s<*,  as  indeed  almost  always  occurs 
in  pulmonary  tuberculosis.  Even  hen*  it  is  very  surpris- 
ing how  little  anaemia  we  often  find,  even  though  the 
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patient  is  dc»athly  pale.  In  no  other  disease  that  I  am 
acquainted  with  Is  there  so  little  annemia  to  be  demon- 
strated in  comparison  with  the  degree  of  pallor.  In  this 
connection  we  may  allude  to  the  so  calleii  tropical  an- 
femia  occurring  in  members  of  white  races  who  have 
resided  a  long  time  in  verj'  hot  climates,  which  lias 
been  shown  to  be  no  true  anosmia  at  all,  but  only  a 
blanching  of  the  skin,  due  very  possibly  to  the  eflFect  of 
the  heat  upon  the  circulation  or  upon  the  pigments  of 
the  skin. 

5.  The  anaemias  occurring  in  insanity  are  so  frequent 
and  so  pronounced  that  the  association  of  the  two  condi 
tions  can  hanily  be  considered  accidental,  nor  can  the 
anaemia  be  explained  as  a  result  of  taking  too  little  food, 
for  reasons  given  above. 

6.  Intestinal  parasiti'S  may  give  rise  to  a  very  grave 
form  of  annemia.  either  of  the  secondary  type  or  in  a 
form  indistinguishable  from  primary  pernicious  anaemia. 

Symptomatology.  —  The  BImHi.  —  In  some  cases  of 
anaemia  the  imprcssion  is  often  almost  irresistible  that 
the  total  amount  of  blood  is  reduced.  We  have  no 
means  of  proving  this,  but  hint.s  are  given  by  the  diffi- 
culty of  obtaining  blood  from  a  puncture  of  ordinary 
depth,  and  by  the  relative  emptiness  of  the  retinal  vessels 
as  seen  by  the  ophthalmosco])e.  The  color  of  the  blood 
as  it  emerges  from  the  point  of  X)uncture  may  be  nearly 
normal  in  relatively  mild  cases,  while  in  the  s<*verer 
grades  of  the  disease  it  looks  pale  and  wat<?ry  or  possibly 
particolored  and  streaky.  This  last  appearance  usually 
means  an  ana?mia  of  the  very  s<?verest  tvpe. 

A  good  gen(*n\l  idea  of  the  severity  of  the  ctLse  may  be 
obtained  by  the  estimation  of  luvmoglobin.  The  lowest 
percentages  are  seen  in  connection  with  malignant  dis- 
ease, acute  septiciemia.  and  any  aflfection  involving  pn)- 
fu.se  hemorrhage  or  suppuration.  Readings  tis  low  as 
fourteen  per  cent,  have  been  made  by  competent  o])serv- 
ers.  It  should  be  sjiid,  however,  that  in  using  the 
Fleischl  Inemoglobinometer  for  percentiiges  of  twenty- 
five  or  less,  the  t<*chni(iue,  as  ordinarily  carried  out,  gives 
us  very  faulty  results.  It  is  much  safer,  in  any  such 
case,  to  fill  the  capillary  pipette  of  the  instrument  several 
times  in  succession,  wasliing  the  contents  each  time  into 
the  same  chaml)er  of  the  cell  in  which  the  bkx>d  and 
water  are  mixed,  and  then  after  iruiking  the  reading  to 
divide  the  result  by  two  or  three,  according  as  we  have 
used  two  or  three  pipettes  full  of  blood.  The  reduction 
in  the  amount  of  lueinoglobin  is  almost  always  out  of  pro- 
portion to  the  diminution  in  the  number  of  corpuseles, 
that  is.  the  individual  corpuscles  which  are  left  contain 
less  hjcmoglobin  per  corpuscle  than  is  normal.  This 
condition  is  es])ecially  marked  in  the  milder  gmdes  of 
the  disease,  and  at  such  times  the  conditions  may  be 
exactlv  tlie  .sjime  as  those  found  in  chlorosis;  for  ex 
amj>le,  one  of  Laache's  cases  of  consumption  showed 
5,14^.000  red  corpuscles  with  only  thirty  live  per  cent 
of  lucmoglobin.  Similar  figures  are  n(»t  infrcijuently  to 
be  recorcied  in  anaemia  secondary  to  malaria,  maliirnant 
disease,  or  nephritis. 

RchI  Corpuscles.  As  suggested  in  the  last  pani 
graph,  the  number  of  red  cori)uscles  shows  in  the  earlier 
stages  of  a  ca.se  of  secondary  an:emia  relatively  little 
diminution  despite  a  considerable  falling  olT  in  the 
amount  of  ha?moglobiu.  If.  however,  the  cau.se  of  the 
anaemia  peimsts,  for  example,  if  the  ])atient  goes  on 
having  malarial  chills,  or  if  the  nephritis  or  cancer  be 
incurable,  a  con.siderable  reduction  in  the  number  of  red 
cells  gradually  makes  itself  evident,  anrl  n>ay  finally 
reach  a  figure  as  low  as  that  chanicteristic  of  pernicious 
anaemia.  The  lowest  count  that  1  have  come  acn)s*^  is  that 
recorded  by  von  Lind)eck — :{0().0(m).  This  case  fully  re- 
covered. Counts  of  l,r)(K).<MK)  or  less  are  not  at  all  infre- 
quent in  malaria. 

The  specific  gravity  of  the  bloo(^  runs  practically 
parallel  to  the  percentage  of  ha-moglohin.  and  the  samV 
is  true  of  the  amount  of  sohd  residue.  Thecoairulability 
of  the  blcK^l  in  secondary  ana'mia  takes  place  consider 
ably  more  rapidly  than  is  normal,  llayem  s  ]>upil.  \.v 
Noble,  who  studied  this  subject  extensively,  has  shown 


that  in  cases  in  which  the  number  of  blood  corpuscles  is 
U^ss  tlian  1.000,000  per  cubic  millimetre  clotting  takes 
place  in  about  half  the  time  occupied  in  normal  cases. 

Stained  Specimens. — 1.  The  pallor  of  the  microscop 
ical  preparation  in  gn>ss  may  Ix;  quite  noticeable  in 
si^vere  cases,  and  in  specimens  stained  with  Ehrlich's 
triple  stain  it  is  not  unc*ommon  to  notice  in  the  mounted 
cover  glass  preparation  a  bluish  tint,  instead  of  the 
orange  yellow  color  which  we  see  in  similarly  mounted 
specimens  of  normal  blood.  I  liave  observed  this  bluish 
tint  more  frequently  in  secondary  tlian  in  primary  an- 
aemias. The  blood  is  unusually  easy  to  spread  between 
cover  glasses;  excellent  specimens  may  be  prepared  even 
by  a  beginner,  who  would  have  dilflculty  in  handling 
normal  blood.  Under  the  microscope  the  most  striking 
cliangc  is  the  sparsem^ss  with  which  the  corpuscles  are 
spread  over  the  field  and  the  pallor  of  the  individual 
cells.  This  pallor  does  not  alfect  the  whole  cell  equally, 
but  shows  itself  especially  in  the  central  portions,  the 
rim  or  periphery  of  the  ctdls  being  left  relatively  well 
stained,  even  when  the  centre  of  the  corpuscles  is  color 
les.s.  The  amount  of  "orange  G"(of  the  triple  stain) 
which  the  cell  takes  up  corresponds  very  accurately  with 
the  amount  of  hamioglobin  which  the  cell  contains.  So 
far  as  we  know,  it  is  only  the  lucmoglobin  which  takes 
the  stain.  To  the  extreme  form  of  this  staining  anomaly 
Littim  formerly  gave  the  name  of  **  pessary -shaped  **  cor 
puscles.  which  were  at  one  time  supposed  by  him  t«  be 
characteristic  of  pernicious  annemia,  in  which  disease,  as 
a  matter  of  fact,  they  are  rarely  seen.  Not  every  cor 
puscle  shows  equal  changes  in  respect  to  its  staining 
properties.  Side  by  side  with  extremely  pale  cells  one 
may  s(»e  some  relatively  well  stained  ones.  This  is 
especially  the  case  in  the  relatively  mild  cases.  Where 
the  hicmoglobin  is  as  low  as  twenty  or  thirty  per  cent, 
one  rarely  sees  a  single  well  staineil  corpuscle  in  the 
whole  preparation,  and  there  may  be  nothing  but  the 
^  pessary  shapcftl "  cells  to  be  found. 

2.  Normal  red  corpu.scles  liave  relatively  slight  aflUnity 
for  basic  stains  and  relatively  strong  affinity  for  acid 
stains      In  many  ana?mic  conditions  these  staining  affini 
ties  are  so  modified  that  some  of  the  corpuscles  take  up 
l)oth  acid  and  basic  stains,  resulting  in  a  diffuse  colora 
tion  by  a  tint  intermediate  between  those  of  the  acid  and 
the  basic  stain    for  example,  a  purple  color  in  ca.se  eosin 
and  methyl  blue  are  used      In  other  cases  there  appears. 
in    specimens    stained   with   Chenzinsky  s    soluticm.    a 
spotted  bluish  pigmentation  cm  a  pink  ground      These 
irregular  sLiiining  reactions  nmy  Ik?  .seen  even  in  relatively 
mild  cases    indeed,  it  is  not  always  be.st  st»en  where  the 
luemoglohin  is  lowest.     Khrlich  still  maintains  tliat  ab 
normal  staining  reactions,  known   technically  as  poly 
chromatophilia,  represent  simply  degenerative  changes. 
but  the  weiijlit  of  recent  research  has  tended  entirely  in 
the  opposite  direction,  and  has  proved  to  my  satisfaction 
that  polychroniatophilic  corjniscles  represent  immature 
forms  which  have  been  prematurely  sent  out  from  their 
place  of  manufacture,  the  marrow 

;j.  Poikilocytosis  Abnormalities  in  the  size  and  shape 
of  the  cor]Hiscles  may  be  seen  even  in  mild  cases  It  is 
important  to  observe  that  the  abnormalities  in  size  con 
sist  in  various  ilegn'cs  of  diminutiim  in  the  diameter  of 
the  cor|>uscl(s.  and  rarely,  if  ever,  in  an  increase  of  ih-ir 
size.  In  the  extreme  ca.ses  almost  all  the  red  corpuscles 
maybe  umiersi/.ed ;  some  may  be  not  more  than  2 // in 
(lianieter  as  coin])ared  with  7  //.  the  normal  size  IX* 
fornuti<'s  of  ><liape  evrn  of  the  most  extreme  and  bizam* 
description,  inay  be  nn't  Avith  in  ordinary  case's  of 
secondaiy  ana-mia.  and  are  in  no  way  characteristic  of 
any  one  type.  Alllioui:h  a  v<'ry  great  variety  of  shapes 
maybe  seen,  there  isastroni:  tendency  to  a  repetition 
of  certain  irrcLiiilarities  The  conunonest  of  these  are* 
(/')  Battledore  slia|.eil  forms.  (A)  siiusji ire  shaped  forms, 
(r)  ovals    ('/)  irreirular  trianirles  or  «|uadrate  forms 

Quite  active  ps(  udo  amuhoid  nioviMuents  are  not   in 
fre(juently    to   he  .^<'en    in  tin*   projecting   points  of  de- 
formed eorp!iN(l«'<  or  in  tiie  corpuscles  as  a  whole.     The 
central  bicoucavity  may  or  may  not  remain  visible 
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4.  Nucleated  Red  Corpuscles.  In  any  form  of  second 
ary  aniemia,  especially  in  the  severer  grades,  one  may  tind 
nucleated  red  corpuscles,  usually  normoblasts.  The 
number  of  normoblasts  to  be  seen  does  not  run  parallel 
to  the  degree  of  amemia,  nor  is  any  especial  variety  of  an 
lemia  particularly  apt  to  show  their  presence,  unless  it  is 
the  post  hemorrhagic  cases.  In  the  latter  condition  they 
appear  in  a  relatively  large  percentage  of  cases,  and  ap- 
parently with  a  certiiin  regularity ;  in  the  other  forms  of 
secondary  anaemia  their  appearance  and  disappearance 
seem  very  arbitrary  and  uuaccountjible.  DiflFerer>t  cases 
of  equal  severity  may  differ  very  widely  in  the  number 
of  normoblasts  seen,  and  even  in  the  same  case  at  differ 
cnt  times  one  finds  a  very  great  variation;  to-day  there 
may  be  many  of  them,  to  morrow  none.  Megaloblasts 
are  not  very  infreciuently  to  be  observed  in  very  severe 
cases,  but  never,  so  far  as  my  experience  of  several 
thousand  ca.ses  goes,  do  they  preponderate  over  the 
number  of  normoblasts. 

5.  White  Corpuscles.  In  certain  varieties  of  secondary 
ansemia,  for  example,  after  hemorrhage,  in  suppurative 
diseases,  and  malignant  neoplasms,  one  usually  gets  a 
considerable  increase  in  the  total  number  of  wuittM*or 
puscles.  the  increase  lx.'ing  made  up  largely  or  wholly  of 
the  polymorphonuclear  forms.  In  one  case  of  cancer  of 
the  kidney  I  counted  92.500  white  cori)u.scles  per  cubic 
millimetre,  ninety-four  per  cent,  of  which  were  poly- 
morphonuclear neuti*ophiles.  On  the  other  hand,  there 
are  many  cases  of  very  severe  anft>mia,  such  as  those  as 
sociated  with  nephritis  or  due  to  malaria,  in  which  there 
is  no  leucocytosis  or  in  which  the  leucocytes  may  be 
diminished.  The  eo.sinophiles  are  usually  diminished 
whenever  the  polymorphonuclear  neutrophiles  are  in 
creased.  In  anaemias  due  to  intestinal  parasites  the 
eosinophiles  may  be  increascnl. 

6.  Bloixi  Plates.  After  hemorrhage  and  in  some  other 
varieties  of  secondary  ana? mia  the  number  of  blood  plates 
will  be  greatly  increased.  Van  Emden.*  in  an  amcmic 
child  with  splenic  tumor,  found  820.000  blood  plates  as 
against  from  180.000  to  256.000.  the  normal  number. 

Other  SmnpU^m^. — (a)  The  effects  of  antemia  upon 
the  central  nervous  system  are  shown  in  manifold  ways, 
almost  all  of  which,  however  can  be  brought  together 
under  the  title  of  ^irritable  iteitk-m'SM."  The  neuro  mus 
cular  system  is  both  irritable  and  weak,  the  irritability 
being  shown  in  incn*ase<l  reflexes  and  a  tendency  to 
cramps  and  to  ** nervous,"  jerky,  restless  movements, 
while  the  weakness  is  shown  in  the  great  ])roneness  to 
fatigue  on  slight exerlicm  and  the  inaptitude  in  perform 
ing  delicate  movement's  recjuiring  skill.  Brain  action 
likewise  shows  both  irritability  ancl  weakness.  There  is 
little  power  for  a  continued  attention  or  for  self-control. 
and  marked  irritability  and  emotional  abnormalities. 
Blurring  or  dark  spots  bi'fore  the  eyes  and  tinnitus 
aurium  are  common.  Headache,  vertigo,  and  fainting 
easily  occur. 

(6)  The  gastro  intestinal  tract  is  easily  irritated,  as  is 
shown  by  the  frequent  occurrence  of  hypersecretion  and 
occasionally  of  diarrlnea.  but  it  is  also  weak  and  unable 
oftentimes  to  perform  it.s  functions  of  digestion  and 
peristalsis.  It  is  hard  to  decide?,  however,  whether  these 
symptoms  are  truly  the  results  of  the  anienuu  or  of  the 
underlying  cause  of  which  the  anu'iiiia  is  symptomatic. 

Appetite  is  almost  always  lost  or  very  tjuickly  ap- 
peas<Ml  Painful  digestion,  due  to  gastric  hypenesthesia 
or  fermentation,  is  the  rule.  Tlieaniountof  li{enu)glo!)in 
is  normal  or  increased  in  the  great  majority  of  cases,  and 
the  motor  functions  of  the  stoniacli  are  well  performed. 
Despite  the  freipiency  of  constipation  there  is  usually 
no  increase  of  intestinal  fermentiition.  and  the  intestine 
seems  to  absorb  normally 

(t)  On  the  part  of  the  respiratory  tract  we  find  usually 
superficial  brt?athing.  which  easily  becomes  labored  aral 
frequent  cm  slight  exertion 

(</)  The  hi»art*s  action  is  weak  yet  easily  irritated  to 
Tioleut  palpitation.     (Edema  of  the  extremities  is  com 

*  '^Bydngen  tot  de  Kennis  von  bet  Bloed,"  Leyden,  1896. 


mon,  and  effusions  into  the  serous  cavities  are  seen 
occasionally  in  marked  cases.  Hemorrhage,  presumably 
due  to  fatty  clianges  in  the  vessel  walls,  is  rare  in  acute 
cases,  but  not  at  all  uncommon  in  chronic  ones;  it  is 
usually  small  in  extent,  and  affects  the  skin  and  mucous 
membranes,  especially  those  of  the  mouth,  stomach,  and 
intestine.  Hemorrhages  are  also  common  in  the  me- 
ninges and  in  the  n»tina.  Occa.sionally  a  considerable 
amount  of  blood  may  be  lost  by  epist^ixis  or  from  the 
gastro-intestinal  tract. 

The  urine  shows  no  characteristic  clianges;  it  Is  often- 
times pale  and  of  low  specific  gravity,  and  may  contain 
a  tmce  of  albumin  and  an  increase  over  the  normal  num- 
l)er  of  casts.  The  temperature  may  or  may  not  be  raised. 
An  interesting  point  in  this  c(mnection  is  the  relation  of 
temperature  to  temperament  in  acute  posthemorrhagic 
ana?mia.  After  profuse  gastric  hemorrhage  due  to  peptic 
ulcer  I  have  twice  seen  continued  fever  (from  lOr  to 
103*  F.),  lasting  several  days.  Both  these  cases  were  in 
patients  of  markedly  neurotic  temperament.  In  the 
grejit  majority  of  ca.ses  of  posthemorrhagic  ana?mia, 
in  which  there  is  no  specially  neurotic  element,  the  tem- 
perature remains  normal. 

DiFFERKNTiAL  DIAGNOSIS. — 1.  Many  cases  are  dubl)ed 
ana?mic  on  the  evidence  of  pallor  of  the  skin,  especially 
if  this  is  ji.s8ociatt»d  with  symptoms  of  general  debility 
or  neurasthenia.  R.  T.  lules  and  others  have  shown 
that  neurasthenics  are  rarely  ana?inic,  and  it  is  important 
to  recognize  that  pallor  of  the  skin  is  consistent  with 
perfectly  normal  blootl  and  with  good  general  health. 
The  condition,  therefore,  most  freijuentlv  mistaken  for 
anaemia  is  probably  neurasthenia  and  debility  or  a  simple 
congenital  pallor  of  the  skin  imas.sociated  with  any  ciis- 
t»a.se.  Pallor  of  the  nuicous  membranes,  especially  those 
of  the  lips  and  conjunctivtc.  is  a  better  test  of  annemia, 
but  not  very  infreijuently  we  sen?  considerable  pallor  of 
the  mucous  membranes,  as  well  as  of  th<*  skin,  and  yet 
no  anaemia  by  blood  examination.  This  is  especially  apt 
to  Ik?  the  ca.se  in  pulmonary  tul)ercuIosis.  in  which  we 
may  find  a  normal  or  even  an  increased  count  of  red 
corpuscles  with  extreme  pallor  of  the  skin  and  mucous 
membranes. 

2.  I  have  known  mvxo'dema  mistaken  for  simple  an- 
aemia with  obesity  and  so  treated.  In  both  di.sea.ses  we 
may  have  subnormal  temperature,  muscular  and  mental 
weakness,  pallor,  and  O'dema;  indeed,  the  two  diseases 
may.  and  often  do.  coexist,  but  simple  amemia  does  not 
canst*  the  marked  changes  in  facial  expression  and 
cutaneous  nutrition,  nor  the  peculiar  mental  helKitude 
and  hestitJiting  speech  characteristic  of  myxcedema.  In 
case  of  doubt,  the  therapeutic  test,  the  use  of  thyroid 
extract,  would  easily  decide. 

8.  Cases  of  incipient  pulmonary  tulKjrculosis.  espe- 
cially in  the  female  sex.  are  not  infrequently  mistaken  for 
simple  anaemia  or  chlorosis.  Only  the  most  careful  ex- 
amination of  the  sputum  and  a  mo.st  thorough  ausculta- 
tion of  the  apices  of  the  lungs  after  cough  will  suftice  to 
exclude  tuberculous  disease,  which  may  exist  entirely 
without  cough  or  with  so  little  cough  that  the  patient  s 
attention  is  not  called  to  it.  Any  fever  occurring  in  a 
case  supposed  to  Ix.*  simple  an:emia  should  make  us  sus- 
picious of  tulxTculosis. 

4.  Pernicious  anjemia  is  at  times  ditlicult  to  distinguish 
from  the  sy  mpt^)matic  form  of  the  disease.  I  hav<'  known 
some  of  the  ca.ses  of  ana'uu'a  .stntondary  to  gastric  cancer  or 
to  chronic  bleeding  hemorrhoids  in  which  onlv  the  blood 
examination  made  it  pos.sibl(r  to  exclude  pernicious  an- 
a*mia.  In  the  .severest  grades  of  secondary  ana'inia 
(which  are  those  most  likely  to  be  mistaken  for  pernicious 
ana'mia).  we  are  very  apt  to  have  leucocytosis.  a  low 
color  index,  an  absence  of  macroc  vt«*s.  and  a  i)redomi- 
nance  of  normoblasts  over  meL^alo])]asts  There  are, 
however,  periods  in  the  course  of  some  cases  jif  perni- 
cious an:enn*a — namely,  periods  of  renii^^sion — in  which 
the  l)lo<)d  may  l>e  indistinguishable  from  that  of  .secondary 
ana*mia.  F^irlier  or  late  r  the  typical  blood  picture  ap- 
j)ears,  but  for  a  time  diagnosis  u>ay  be  ini|)ossible.  I 
have  twice  mistiiken  cas<'s  first  seen  during  this  period 
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for  secondary  anscmia.  From  chlorosis  a  case  of  second- 
ary antemia  occurring  in  a  young  girl  may  be  indistin- 
guishable. The  characteristics  of  the  blood  are  identical, 
and  if  the  etiology  of  the  case  is  not  clear  there  may  be 
nothing  to  set  us  right. 

Prognosis  and  Colrsk. — The  duration  of  the  disease 
and  the  severity  of  th(»  symptoms  depend  largely  upon 
the  nature  of  the  underlying  cause.  In  post -hemorrhagic 
aniemia,  in  which  less  than  one  percent,  of  blood  ma.ss  is 
lost,  it  should  l)e  made  up  in  from  two  to  live  days; 
where  from  one  to  three  per  cent,  of  the  blood  mass  is 
lost,  it  should  be  matle  up  in  from  five  to  fourteen  days; 
finally,  in  the  severest  hemorrlmges,  in  which  over  three 
per  cent,  of  the  blood  mass  is  lost,  it  may  \w  a  month  or 
more  Ix^fore  regenemtion  Ls  complete.  Voung  and  well- 
nourished  persons  are  naturally  nmch  (juicker  in  making 
up  losses  than  are  feeble  or  elderly  persons.  Where  the 
hemorrhage  is  secondary  to  such  disetises  as  typhoid, 
phthisis,  or  cancer,  regeneration  after  hemorrhage  may 
be  very  slow,  or  may  not  Uike  place  at  all.  Bierfreund 
found  that  after  operations  for  mammary  cancer  the 
hsemoglobin  is  much  slower  in  beginning  to  rise  toward 
normal  than  after  operations  for  non-malignant  diseases 
(a  week  later  on  the  average),  and  heas.serts  that  the  hirm- 
oglobin  never  reaches  the  point  at  which  it  was  before. 
This  statement  is  all  the  more  extraordinary  because 
Bierfreund  has  specially  noted  a  gain  in  weight  in  the 
same  patients  on  whose  bl(X)d  the  above  observations 
were  made.  In  Bierfreund's  experience,  it  is  usually 
from  twenty-three  to  twenty-seven  days  after  operation 
on  malignant  tumors  of  the  breast  before  the  haemoglobin 
begins  to  rise. 

The  improvement  of  ca.ses  of  anipmia  is  likely  to  be 
interrupted  by  periods  of  relapse.  This  is  not  so  true 
of  secondary  anaemia  as  it  is  of  pernicious  cases,  but 
nevertheless  holds  to  a  cert^dn  extent. 

Treatment. — Obviimsly  the  first  and  most  important 
indication  is  to  discover  and,  if  possible,  remove  the 
cause  to  which  the  anaemia  is  secondary.  Many  cases 
will  recover  with  no  further  treatment.  As  a  rule, 
however,  recovery  is  considerably  hastened  by  thera- 
peutic measures,  and  where  the  cause  is  unknown,  as 
not  unfrequently  happens,  we  have  to  devote  our  at- 
tentiim  to  the  following  therapeutic  agents. 

Nutrition. — There  is  no  especial  diet  aj^propriate  to 
the  treatment  of  anjenda;  what  is  needed  is  a  full  and 
varied  nutrition,  which  should  certainly  include  red 
meat,  owing  to  its  relatively  large  proportion  of  luemo- 
globin  and  so  of  iron.  The  digestion  may  need  attention, 
but  it  is  important  to  refrain  from  giving  pepsin  and 
hydrochloric  acid  in  any  ease  before  we  have  made  sure 
that  there  is  not  already  a  hypersecretion  such  as  statis- 
tics show  to  be  very  frecpient  in  an;vmia.  The  bowels 
oft(?n  need  treatment  eitli(»r  for  diarrluea  or  constipation, 
more  especiaily  the  latter,  and  relief  of  this  symptom 
will  help  the  general  nutrition,  and  so  the  aniemia. 

Climatic  change  is  undoul)t<'dly  of  service  in  some 
cases,  partly  through  its  psychical  and  partly  through 
its  physical  elTect.  Of  late  years  it  has  been  reeonunendcd 
that  we  send  patients  to  high  altitudes.  ?^\])<Tienee  has 
shown  that  patients  are  very  favomhly  affected  by  alti- 
tude, and  the  rapid  increase  in  blood  cor|)Useles  per  cubic 
millimetre  which  every  jx-i-son,  sound  or  sick,  shows  in 
liigh  altitudes  appears  to  be  not  entirely  tnmsitory. 

Medicinal  treatment  consists  largely  of  pr(»pcr  admin- 
istration of  iron  and  arsenic.  Wide  experience  in  all 
parts  of  the  world  has  shown  that  in  the  great  majority 
of  cases  iron  is  best  administere<l  in  the  form  of  Uiauds 
pills.  As  a  rule,  they  cau.se  no  irritation  of  the  irastro- 
intestinal  tract,  and  do  not  tend  to  consti|)ation.  I 
think  it  is  a  common  mistake  to  use  them  in  too  small 
doses.  To  an  adult  I  never  give  less  than  .six  tive-grain 
jjills  a  day,  two  after  each  meal,  and  after  a  we<'k  or  ten 
days  I  often  increase  this  to  nine  a  day.  three  after  each 
meal.  In  the  mre  castas  in  which  Bland's  pills  are  not  well 
borne  or  are  not  effectual  in  increasing  the  amount  of 
hjcmogk)bin  in  the  blood,  it  is  advisable  t(»  try  one  of  the 
newer  organic  preparations  which  contain  iia-moglobin 


as  such  or  some  substance  nearly  allied  to  it;  for  ex- 
ample, ferratin.  The  only  objection  to  tliese  latter 
remedies  is  that  in  order  to  get  sufficient  quantity  of  them 
into  the  system  to  give  an  equivalent  to  six  of  Blaud's 
pills  per  (lay,  or  one-tenth  of  a  gram  of  metalliciron,  one 
lias  to  spend  a  good  deal  of  money.  The  tincture  of 
chloride  of  iron  should  rarely,  if  ever,  be  given,  on  ac- 
count of  its  strong  tendency  to  produce  constipation,  its 
deleterious  effects  upon  the  teeth,  and  its  verj'  disagree- 
able taste.  All  preparations  of  iron  should  be  given 
aftc'r  Qieals,  never  upon  an  empty  stomach.  Occasion- 
ally arsenic  is  useful,  especially  in  the  severer  grades  of 
aniemia.  It  is  best  given  in  the  fonn  of  Fowler's  solution, 
two  drops  after  meals,  well  diluted,  and  increasing  one 
drop  daily  until  the  physiological  limit  is  reached,  as 
shown  by  the  occurrence  of  itching  or  burning  of  the 
eyelids,  nausea,  or  vomiting.  liichard  C.  Cabot. 

ANEMIA,  SPLENIC.    Sec  Uodgkin's  Disease. 

ANESTHESIA  AND  ANALGESIA.  — Definition  of 
terms:  Aftast/usia,  accurately  speaking,  denotes  the 
loss  of  sense  of  touch.  The  term  is  often  used  to  in- 
dicate the  loss  of  all  forms  of  sensibility — as  pain,  tem- 
perature, muscular  location,  etc.  In  this  article,  when 
the  word  is  used  without  qualification,  it  sliall  mean  the 
loss  of  tactile  sense.  Tactile  sensibility  is  subserved  by 
structures  that  take  cognizance  of  cliange  of  contact, 
and  are  stimulated  by  motion  of  an  external  object  in 
contact  with  the  surface. 

Amtlijemi  is  a  term  employed  to  denote  the  loss  of 
sensibility  to  painful  imprc^ssions. 

Thevmo-arKe^thema  is  a  loss  of  temperature  sense. 

Ataxia  is  a  symptom  of  loss  of  muscular  sensibility. 

**  Muscular  sense  "  is  a  complex  affair,  including  several 
different  forms  of  sensibility.  There  is  the  painnd  sensi- 
bility to  traumatic  impressions,  to  passive  stretching  and 
powerful  contractions,  as  in  cramps.  The  most  charac- 
teristic **  muscular  sense,"  however,  is  that  by  which  is 
determined  the  character  of  movements  and  postures  due 
to  nuiscular  action,  also  the  character  of  passive  move- 
ments and  postures  of  muscles  at  rest.  It  also  includes 
the  recognition  of  resistance  to  contraction,  by  which  is 
estimated  the  difference  in  weight  of  objects;  articular 
sense  is  included. 

Mi'thiMh  of  Tenting  Seimbility. — The  determination  of 
the  varying  degrees  of  anaesthesia  and  analgesia  is  made 
ditllcult  by  the  fact  that  the  physician  must  depend  upon 
the  stat<Mnent  of  the  patient  for  his  information.  The 
intelligence,  attention,  and  sincere  co-operation  of  the 
patient  are  neces.sary  to  secure  reliable  responses.  Fur- 
thermore, individuals  vary,  within  the  limits  of  what 
is  normal,  (juite  appreciably  in  their  sensibility  to 
external  irritation.  Finally,  in  patients  suffering  from 
lesions  which  cause  either  a  slight  or  perhaps  a  greater 
(leirree  of  loss  of  consciousness,  sensibility  is  more  or 
less  diminished  up  to<'ntire  loss  of  sensation,  even  though 
the  lesion  may  cause  no  ana*sthesia  directly. 

In  testing  sf-nsihility  the  patient  should  Ik?  blindfolded 
or  in  some  other  way  ])revented  from  seeing  what  is  be- 
ing (lone,  in  order  that  simulation  or  self-deception  may 
be  avoided,  it  is  remarkable  how  vividly  one  can  feel 
the  prick  of  a  ])in  or  touch  of  a  feather  through  the  me- 
rliuni  of  sitriit.  When  the  lesion  is  \milateml,  a  compar- 
ison of  the  two  siiles  is  very  desind)le.  Various  instru- 
ments of  precision  have  been  devised  by  neurologists  for 
test  in  ir  sensibility.  These  are  convenient  and  desirable 
forsci<Mititic  purj)os<'s.  but  for  clinical  use  they  are  not 
essential.  A  much  more  important  element  is  the  culti- 
vation of  the  judgment  of  the  examiner  by  C(m.stiintly 
using  the  siine  method  of  examination.  No  amount 
r)f  paraphernalia  will  make  up  for  a  lack  of  that  culti- 
vation. A  feather  or  camel's  hair  pencil  or  the  tip  of 
the  ling<»r  may  be  u.s<'(l  for  testing  tactile  sensibility. 
The  objection  to  the  tinger  is  the  possibility  that  there 
may  be  a  ditference  in  teiupeniture  l>etwe<'n  the  exam- 
iner's linger  and  the  patient's  skin,  and  consequently 
that  contact  may   be   recognized  by   temperature  sense 
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even  when  ansesthesia  exists.  A  common  pin  Is  a  valu- 
able instrument  in  ti'stiug  for  analgesia.  By  alternate- 
ly using  the  point  and  head  and  requiring  the  patient 
to  distinguish  iK'tween  them  by  saying  "head'^  or 
** point,"  the  physician  can  determine  wiirther  his  an- 
swers are  l)as<'d  on  pain  or  tiiclile  si-nsi'.  When  testing 
for  ana'sthesia  the  patient  should  be  instructed  to  sjty 
"yes"  each  time  he  is  touched:  or  he  may  be  asked 
to  name  the  p(jint  touched.  This  gives  information  as 
t^  his  power  of  localization.  If  more  detiiiit(;  infonna- 
ti<m  is  desired,  he  mav  be  asked  to  touch  the  exact  spot 
that  hjid  been  touched  bv  the  examiner. 

On  s<jme  accounts  a  better  test  for  analgesia  is  to  i>ick 
up  a  fold  of  skin  and  pinch  the  rounded  portion.  By 
practice  one  is  enabled  to  det4*rmiue  (piite  satisfactorily 
the  degn*e  of  sensibility  by  the  degree  of  pressure  reipiired 
to  prcMluce  a  painful  impression. 

Thermo-ana'sthesia  may  l)e  present  when  tactile  and 
pain  sense  are  normal.  To  asiertain  its  existence  one 
may  employ  two  t^'st  tubes,  one  tilled  with  hot  and  the 
other  with  cold  water.  More  accurate  means  of  measure- 
ment are  needtnl  for  scientific  reconi. 

In  the  prest*nce  of  a  localized  <listurbance  of  sensibility 
the  characteristics  should  be  noted  as  accuratelv  as 
IKJSsible.  If  thert^  is  an  area  of  ana'sthesia  its  lM)und- 
aries  should  be  detinitely  determined.  The  task  is 
not  difticult  when  the  ar(»a  is  sharph'  detined.  but  it 
becomes  more  so  when  it  passes  gmdually  into  the 
normal.  Amesthetic  areus  often  exist  without  the 
patient's  knowledge  and  will  escape  notice  unless  es- 
pecially sought  for.  This  should  always  l)e  dcme  in 
cases  presenting  obscure  abnormal  conditions  of  the 
nervous  svstem. 

For  convenience  of  studv  the  anaesthesias  and  anal- 
gesias  may  l>e  divided  into  two  great  classes:  I.  Those 
of  functional  origin;  II.  those  due  to  some  organic 
lesion. 

Fvnrtional  Deraugemeuts  of  Seimbility, — I  use  the 
word  functional  advisedly  and  with  a  full  knowledge  ami 
appn*ciati(>n  of  the  ]>osition  of  those  who  reganl  every 
derangement  of  function  as  evidence  of  organic  lesion. 
I  shall  not  argue  this  (piestion  further  than  to  sav  that 
in  the  manifestations  of  the  nervous  system  the  evidence 
is  convincing  that  tempomryand  more  or  less  })ermai*ient 
suspension  or  deningement  of  function  may  and  does 
occur  without  the  existence  of  organic  lesion. 

Hv.sterical  anaesthesia  mav  involve  all  varieties  of 
sensation.  In  such  cases  there  will  be  no  response  to 
any  kind  of  sensory  stimulation — such  as  touch  or  pain 
or  heat  or  cold  or  nuiscular  action  or  change  of  posture 
or  location  of  a  part.  Or  the  ana'sthcsia  may  l>e  con- 
fined to  one  variety  of  sensation  while  the  others  may 
remain  normal.  Or  again,  any  two  or  more  of  them  may 
lie  involveti.  Analgesia  is  the  form  of  an:esthesia  most 
frequently  o1)s<tv(mI  in  hysteria.  TIkmi  follow,  in  order 
of  fn.*quency.  lo.'^s  of  tactih'  s<*nse.  tempemture  sense. 
muscular  sense,  and  articular  s<•ns(^  The  last  is  (|uite 
rare  as  an  hvsterical  manifestation,  but  has  been  noted 
by  several  ol>servers.  The  physician  should  not  assume 
that  a  case  of  ataxia  is  hvsterical  until  he  has  discovered 
other  stigmata  and  has  excluded  all  other  probable  sources 
of  ataxia.  F<»r  further  di.scussion  of  the  stigmata  of 
liysteria.  see  under  IlifttUnn. 

The  anat4^>niical  jlistribution  of  ana'sthesia.  in  hysteria, 
is  extn*melv  variable.     No  i>art  of  the  bodv  is  free  from 
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the  liability  of  a  loss  of  sensibility  from  this  cause.  But 
it  may  conveniently  be  consith-red  under  three  types:  I. 
Hemiana'sthesia :  II.  s<'gmental:  111.  diss^'ininaied. 

Hemiana'sthesia  is  the  most  eomnion  type,  and  when 
pn*s<*nt  without  motor  disturbance  it  is  most  suggestive  of 
fivsteria.  It  involves  exactiv  one-half  the  ImkIv  verti- 
«dlv.  thennddle  line,  anteriorly  and  pos1eri<»rlv,  forming 
H  distinct  and  abrupt  line  of  demarcation  between  the 
nonnal  and  ana*sthetic  j>ortions  of  the  skin.  The  mu- 
cous membrane  of  the  same  side  is  also  involved. 
Among  the  cases  of  hemiana'sthesia  from  lesion  of  the 
post4.»rior  portion  of  the  posterior  limb  of  the  internal 
capsule,  there  have  been  reported  some  which  resembled 


those  of  hemiantesthesia  of  hysterical  origin.     These  cases 
are  so  rare*,  however,  ils  to  be  a  curiosity. 

In  the  wgmental  type;  of  anaesthesia  a  hand  and  more 
or  less  of  the  arm,  or  a  foot  with  more  or  less  of  the  leg 
is  anaesthetic— sometimes  called  the  glove  or  sUx'king 
form  of  ana'sthesia:  or  a  part  of  the  face  or  head  may 
be  involved. 

In  the  diss<Mninated  type  ansesthetic  patches,  irregular 
in  size,  .shajK*.  and  distribution,  occur.  Any  conceivable 
part  of  the  surface  may  be  the  site  of  ana'sthcsia.  I  wish 
to  call  attention  to  three  characteristic  features  of  these 
ana'sthetic  arcjis,  that  should  always  Ik*  lM)rne  in  mind 
when  making  a  diiferential  diagnosis:  (1)  The  areas  do 
not  correspond  to  the  distribution  of  nerves;  (*.?)  the 
borders  are  sharply  outlined,  the  change  to  normal  sen 
sibility  being  abrupt,  there  being  no  gmdual  fading 
of  one  into  the  other;  (8)  the  bordei*s  are  not  constant, 
but  are  subject  to  sudden  changes.  This  featun*  has 
iM'cn  especially  emplaisized  by  Dr.  Patrick,  of  Chic^igo. 
This  shiftiness  of  the  borders  is  .so  pathognomonic  that  it 
should  always  b<»  looked  for  in  testing  a  case.  A  very 
soft  pencil  is  needed  to  mark  the  outline  so  that  no 
irritation  of  the  skin  is  produced  whereby  the  patient's 
subsequent  replies  may  be  intiuenccKi.  1  do  not  care 
to  discuss  the  treatment  of  this  condition,  as  it  doubtless 
will  receive  proper  consideration  under  Ilytttena.  But 
I  may  say  in  passing  that  the  suggest! veness  of  the  treat- 
ment is  a  most  potent  factor.  ThcR'fore  the  applica- 
tion of  electricity  to  the  anesthetic  area  in  the  form 
of  a  powerful  static  spark  or  a  strong  galvanic  current 
is  among  the  most  cttici<'nt  of  agents. 

Any  of  the  sjiecial  st»nses  may  be  involved  in  hysterical 
anaesthesia.  AVe  may  thus  have  impainnent  or  loss  of 
sight,  hearing,  taste,  or  smell.  Hysterical  amblyopia 
most  often  consists  in  a  coiu*entric  constriction  of  the 
visual  field.  Bi'sides  this  thcR^  may  be  a  disturliance  of 
the  color  field,  either  a  total  lo.ss  of  color  perception  or, 
what  is  more  connnon.  a  reversal  of  the  color  fiehls. 
the  most  common  fonn  being  that  in  which  the  field  for 
red  is  larger  than  that  for  blue. 

Pharyngeal  anaesthesia  is  commonly  due  to  hysterical 
disturlmnce  of  the  function  of  the  glo.sso-pharyngeal  and 
vagus  nerves,  of  which  "  globus  "  is  another  manifesta 
tion.  ami  ageusia  or  loss  of  taste  still  another.  I>aryngeal 
ana'sthesia  is  not  an  unconunon  stigma  of  hysteria.  The 
well  known  tolemnce  of  examination  of  the  pharj^nx 
and  larynx  on  the  part  of  hysterical  patients  is  due  to  an- 
a'sthesia of  these  parts. 

AiiaathiHiit  and  Analgesia  of  Organic  Origin,  —  In 
studying  the  organic  lesions  of  the  nervous  system 
with  their  cons<M|uent  impairmentor  loss  of  sensation,  we 
cannot  do  Ix'tter  than  to  adopt  an  anatomical  classifica- 
tion. We  shall  consider:  1.  Ix-'sionsof  peripheral  nerves: 
2.  lesions  of  the  cord;  3.  intracmnial  lesions. 

Trigeminal  ana'sthesia,  more  or  less  complete,  rc'sults 
from  a  destructive  lesion  in  any  porti(m  of  the  nerve 
from  its  centnil  origin  to  its  peripheral  terminations. 
The  location  of  the  lesion  may  be  determined  by  the 
extent  and  distribution  of  the  antesthesia,  and— in  the 
case  of  a  lesion  located  at  the  ba.se  of  the  brain — by  not- 
ing the  disonh'red  fmiction  of  other  nerves  involved 
in  this  lesion.  Peripheral  lesions  are  indicated  by  the 
small  portion  of  the  nerve  involved.  If  a  portion  of  the 
face  with  a  corresponding  mucous  surface  is  involved,  one 
branch  of  the  nerve  is  alTected  at  or  near  its  exit  from 
tlu*  cranium.  If  th(e  ana'slhetic  area  comprises  the  dis- 
tribution of  an  entire  nerve  and  is complicale<l  by  trophic 
disturbances,  the  lesion  is  in  the  (iasserian  ganglion  or 
its  immediate  vicinity.  A  h'sion  in  the  posleiior  |)(>rtion 
of  the  posterior  limb  of  the  internal  cai)sule  will  produce 
ana'slluesia  of  one  sid(e  of  the  face  and  oflluesanie  side 
of  the  body,  resembling  hysterical  heinianasthesia  (to 
which  th(e  reader  is  referred).  If  one  side  of  tlw  face  and 
the  opposite  side  of  the  IxHly  an*  anasthetic,  the  lesion  is 
probably  pontile. 

The  j)athological  diagnosis  is  made  by  considering  the 
history  and  development  of  the  abnormal  condition. 
Among  the  more  important  factors  to  be  considered  are 
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neuritis  from  syphilitic,  rheumatic,  toxfpmic,  alcoholic, 
or  other  origiu;  tumors  at  the  base  of  the  braiu;  basal 
meningitis:  traumatism,  either  peripheral  or  centml. 
Trigeminal  anaesthesia  may  Imj  the  initial  symptom  of 
some  clu'onic  degenerative  disease,  such  as  tabes,  chronic 
muscular  atrophy,  syringomyelia,  etc.  In  such  cases, 
however,  if  the  attention  has  b<*en  called  to  that  possibil- 
ity, upon  closer  examination  there  will  be  found  other 
8ymi)to!ns  that  will  lead  to  a  correct  diagnosis.  A  de- 
structive lesion  of  the  tul>ercle  of  Rolando  of  one  side 
causes  a  complete  loss  of  all  forms  of  sensibility  of  the 
trigeminus  of  the  same  side  as  the  lesion,  with  anies- 
thesia  of  t lie  iKKiy  and  limbs  of  the  same  side  and  analgesia 
of  the  opposite  side.  There  are  motor  disturlwnces  ac- 
companying this  lesion  to  which  attention  will  be  Ciilled 
farther  on.  under  IhiiiiumfHthiHa. 

GlffHst^P/uin/nffutl  AnitHtJuttia. — In  focal  destructive 
lesions  of  the  glos.so- pharyngeal  nerve,  anaesthesia  is 
produced  in  the  region  of  distribution  of  its  fibres  of 
common  sensibdity.  viz..  in  the  upper  part  of  the  phar- 
ynx an<i  in  the  upper  portion  of  the  palate.  This  oc- 
curs most  fre(|ueutlv  in  connection  with  paralysis  fol 
lowing  infections  diseases,  such  as  dij)litheria,  but  the 
anaesthesia  is  seldom  limited  to  the  parts  supposed  to  be 
supplied  by  the  sensory  portion  of  tlie  glosso-pharyngeal 
nerve. 

Pnet/mfif/tisft'ic  Au(Fsthesia. — The  liranches  of  the  vagi 
in  which  destructive  focal  lesions  give  rise  to  the  most 
noticeable  aiuesthetic  conditions,  are  tlie  superior  laryn- 
geal and  the  gastric.  I^aryngeal  antesthesia  as  an  inde- 
pendent condition  is  cau.sed  by  focal  lesions  in  the  sensory 
brandies  of  tlie  superior  laryngeal  nerve.  It  may  be 
one  of  the  symptoms  of  degenenition  of  the  laryngeal 
portion  of  the  vagus  nucleus,  as  in  tabes.  In  post -diph- 
theritic conditions  laryngeal  anaesthesia  is  due,  most 
probably,  to  the  action  of  toxins  upon  the  nerve  in  its 
coui'se.  terminations,  or  centres 

The  symptoms  of  laryngeal  anjesthesia  are  such  as  re- 
sult from  the  anaesthesia.  The  absence  of  retlex  cough- 
ing and  the  consequent  retention  of  mucus  and  other 
foreign  matter  give  rise  to  inflammatory  conditions  and 
consequences,  and  upon  examination  abnormal  tolenince 
of  miuiipuLiticm  will  be  found  to  exist. 

Ga^trir  An(f>Hthei*in . — This  results  from  some  lesion  in 
the  gastric  bninelies  nl  the  vagus,  on  account  of  which 
sensory  impulses  are  not  transmitted  from  the  stomach 
to  the  cerebrum.  In  this  condition  imniodenite  (pianli 
ties  of  food  are  re(|uired  to  ai)])ease  hunger,  and  in  total 
ana'sthesia  the  feeling  of  repletion  is  never  exjx'rienecfl. 

The  treatment  of  the  ana'sthesia  of  the  vagus  is  Ix  st 
aceomplisherl  l)y  the  use  of  electricity,  to  be  apjdird  to 
the  seat  of  the  ana'stliesia  if  within  reach.  Tonics,  alter- 
atives, and  eliininatives.  as  indicated  ])y  the  nature  of  the 
malady  upon  which  the  ana'sthesia  depends,  should  al.<o 
be  administered.  Anionic  the  caus;itive  agents  may  be 
mentioned  .syphilis,  alcoholism,  arseni(!.  lead,  vaiioiis 
toxaemias,  auto-intoxication,  and  degenerative  conditions, 
such  as  tabes.  If  a  tumor  presses  upon  the  nerve,  of 
course  tin*  condition  will  be  relieved  onlv  bv  removal  of 
the  ])ressure. 

While  ana'sthesia  and  analgesia  may  occur  in  the  dis- 
tribution of  the  sensorv  bnuiches  of  anv  of  the  spin.d 
nerves,  it  will  not  be  profitable  toconsider  each  in  det.-iil. 
I  shall  confine  my  att<'ntion  to  two  regions:  the  region 
supplied  by  the  brachial  ph'xus  and  that  supplied  !>y  the 
lumbar  and  sacral  plexus<'s.  Disturbance  f  if  ilx*  funeiion 
of  the  nerves  in  these  two  regions  is  more  conspicuous 
than  that  of  any  other  retrion  supplied  by  sj)inal  iht\<s. 
by  reason  of  the  iini)ortance  of  the  ]iarts  involved. 
Furthermore,  their  exposed  position  ami  constant  use 
render  th<"m  more  liable  to  attacks  of  disease  \\vi\  to 
traumatic  injuries.  This  remark  has  reference  <^'^lv  io 
peripheral  lesitms.  To  determine  whether  the  !«■  ion  is 
peripheml  or  centml  retpiires  clrwc  attention  to  the  «li< 
tributit)n  of  the  amesthesia.  to  the  his'ory  of  the  c:i<e. 
and  to  the  mo<le  of  development  of  ih«'  att.ick. 

Ana'sthesia  or  analgesia,  or  both,  will  tiot  infre(ni  r!ly 
be  found  among  the  symptoms  of  peripheml  neuritis. 


both  multiple  and  single.  Hence,  in  searching  for  a 
pathological  diagnosis  in  a  given  case  of  ansesthcsla,  the 
same  pathological  factors  should  be  taken  into  account 
as  in  peripheral  neuritis  and  motor  palsy.  Anaesthesia 
over  the  scapula  is  a  result  of  disease  of  the  suprascapular 
bninch  of  the  brachial  plexus.  The  circumflex  supplies 
the  deltoid  and  the  skin  over  the  muscle.  A  lesion  of 
this  nerve  may  cause  anaesthesia  over  the  lower  part  of 
the  deltoid.  Amesthesia  of  the  radial  side  of  the  forearm 
points  to  a  lesion  of  the  musculocutaneous  nerve. 
Li'sion  of  the  musculo-spiral  nerve  is  very  common,  but 
the  ana'sthesia  is  verv  inconstant,  and  may  involve  the 
radial  side  of  the  hand,  the  back  of  the  thumb,  the  index 
tinger.  and  one-half  of  the  middle  finger. 

Median  nerve  disease  may  cause  loss  of  sensation  on 
the  radial  side  of  the  palm  and  front  of  the  thumb,  of  the 
first  t  wo  fingers  and  of  one-half  of  thQ  third  finger.  The 
backs  of  the  distal  pliahinges  of  the  thumb  and  first  two 
front  fingei's  may  also  be  anaesthetic.  The  ulnar  nerve 
subserves  .''eusat  ion  on  the  ulnar  side  of  the  liand,  back  and 
front,  two  and  one-half  fingers  on  the  back,  and  one  and 
one-half  in  front.  In  lesions  of  the  nerve  anaesthesia  may 
be  present  in  those  areas.  Ix)ssof  sensation  of  the  entire 
brachial  plexus  would  point  to  a  cord  lesion,  except  in 
brachial  neuritis,  when  other  symptoms  would  lead  to  a 
correct  diagnosis. 

Sciatic  ueuriiis,  while  usually  a  verj'  painful  affection, 
may  give  rise  to  loss  of  sensation  in  the  cutaneous  dis- 
tribution of  the  sciatic  nerve.  To  illustrate :  a  lady  sixty 
vears  old  came  to  my  ofllcc  complaining  of  a  dead  feel- 
ing in  her  right  lower  Hmb.  Examination  showed  cutane- 
ous analgesia  in  the  entire  distribution  of  the  sciatic 
nerve,  also  thermo -anaesthesia  in  the  same  region.  Tactile 
sense  normal,  refiexes  subnormal;  muscular  and  articu- 
lar sense  normal,  co-onlination  normal;  muscle  tension 
exaggerated.  The  history  showed  that  three  weeks  pre- 
viously the  patient  had  suflfered  from  tingling,  cramp- 
ing, burning  pain  which  prevented  her  from  using  the 
limb.  Putting  the  muscles  on  a  sudden  stretch  still 
CAused  muscular  pahi.  The  sallow,  muddy  complexion, 
vile  breath,  swollen,  coated  tongue,  tympanitic  and 
constipated  bowels  led  me  to  make  a  diagnosis  of  sciatic 
neuritis  from  gastrointestinal  auto-intoxication.  Free 
elimination  and  correction  of  the  gastm-intestinal  fer- 
mentation caused  rapid  im])rovement  in  the  condition  of 
the  liml).  I  am  convinced  from  this  and  many  other 
sinn'lar  cases  that  a  degenerative  neuritis  may  involve 
one  or  more  kinds  of  senw^ry  fibres  of  a  nerve,  while 
the  other  fil)res  remain  practically  intact.  The  causative 
tactois  are  a  general  poison  with  local  vulnerability. 

Ana'sthesia  of  the  ojiter  lower  part  of  the  liack  of  the 
h'^Z  is  caused  by  a  lesion  of  the  internal  popliteal.  With 
1' siofis  of  the  external  po|>liteal  there  is  anaesthesia  on 
the  outer  half  of  the  front  of  the  leg,  and  on  the  dorsum 
of  the  foot. 

Pliifitar  ana'sthcesia  is  occasionally  caused  by  plantar 
sciatica.  If  the  internal  plantar  nerve  is  involved,  the 
jMiasthesia  will  be  on  the  inner  ])art  of  the  sole  and 
plantar  suiface  of  the  three  inner  toes  and  one-half  the 
fourth.  If  th«'  external  plantar  is  the  nerve  involved 
there  will  be  ana'sthesia  of  the  remaining  outer  part  of 
the  plantar  surface. 

///  thn/mi'id's  Jh'anfMf'. — Slight  ana»sthe.sia  and  numb- 
ness occur  in  the  beginning  of  this  disease,  and  in  mild 
cas -s  it  is  more  or  les<  constant.  In  severe  cases  the  anaes- 
thesia i<  rei>lac'(l  by  si'vere  pain.  If  begins  in  one  or 
more  tinirer^  of  eaclj  hand  and  spreads.  The  toes  are 
sitnilarly  alf* ctrd.  and  so  also  are  sometimes  the  tip  of 
lh<'  no<e  ami  t  Iw  «'ai'^.  • 

Tlte  |tatholr)i;i(al  conditions  which  give  rise  to  loss  of 
s"n  ibili'y  in  |)erij)h('ral  nerves  are  numerous  and  varied, 
aTiil  include  sy^tetnic  or  blood  states  as  well  as  local 
co'idi  ions  .VmonLT  the  former  may  be  mentioned  vari- 
ous to.xainic  conditions,  such  as  malarial  intoxication, 
'r-';nia.  au;o  in'oxication  from  urastro -intestinal  fermen- 
fa  ioTi.  ai,<l  'lir  dilTcrent  toxina-nnas  induced  by  the  in- 
f  I'ioijs  di^ia^'s — diolitlieria  and  typhoid  or  typhus 
fever.     Drug  intoxication    also  plays  a  part.     Among 
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the  drugs  to  be  thought  of,  alcohol,  arsenic,  and  lead 
are  most  prominent.  Among  city  patients,  especially  fe- 
males, excessive  tea  drinking  is  not  an  uncommon  factor. 
In  fact  any  conditicm  that  is  capable  of  pro<Uicing  de- 
terioration of  structure  or  derangement  of  function  is 
liable  to  cause  disturbance  of  peripheral  sensibility  in 
the  form  of  the  various  ana'sthesiie.  Among  the  local 
causes  may  be  mentioned  various  fonns  of  traumatism, 
as  blows  that  suddenly  interrupt  the  conducting  power 
of  the  nerve,  or  persi.stent  pressure,  or  prolonged  stretch- 
ing, as  occurs  in  the  ulner  nerve  when  sleeping  with  the 
elbow  sliarply  Hexed.  Neuromata  in  the  course  of  the 
nerve,  neophisms  in  the  innnediate  vicinity  of  the  nerve 
trunk,  enlarged  gUinds  pressing  upon  it.  exostoses,  in- 
flammatory adhesions  or  cicatricial  l)ands  constricting 
or  binding  it  down,  may  impair  or  abolish  its  function. 

Legion*  Inndriiifj  the  Sjniutl  Cord. — Loss  of  sensaticm 
as  a  symptom  has  a  greater  importance  in  disease  of  the 
spinal  cord  tlian  in  any  other  relation.  It  is  a  very  com- 
mon symptom  of  spinal-cord  lesion,  and  may  result  from 
disease  oi  any  part  of  the  sensory  path  or  from  a  lesion 
of  some  contiguous  structure  by  which  pressure  may 
be  produced  upon  the  part  of  the  cord  whose  function 
it  is  to  transmit  sensory  impressions. 

The  loss  of  sensation  may  be  total  or  partial ;  it  may 
involve  all  forms  of  sensibility,  or  may  aflfect  some  forms 
and  not  others.  This  depentfs  chiefly  upon  the  fact  that 
different  parts  of  the  sensory  path  serve  for  the  transmis- 
sion of  different  forms  of  sensibility.  It  may  be  due  less 
often  to  a  difference  in  the  vulnerability  of  the  different 
kinds  of  fibres.  I>oss  of  different  forms  of  sensibility 
niuy  be  of  more  value  in  the  future,  as  a  means  of  local- 
izing the  seat  of  the  diseast\  than  it  now  is;  for  then 
we  may  have  ascertained  more  accurately  the  path 
for  each  form  of  sensibility.  At  present  our  knowl 
edge  is  too  uncertain  to  base  ])ositive  opinions  upon. 
Furthermore,  it  is  not  improbable  that  the  paths  for  sen- 
sory impulses  are  not  as  constant  in  their  location  nor 
as  compact  in  their  formatitm  as  are  the  motor  tracts. 
There  is  very  strong  evidence,  however,  that  pain  and 
temperature  sensation  are  transmitted  by  the  antero- 
lateral tracts.  In  syringomyelia  involving  these  tracts 
we  are  likely  to  have  analgesia  and  thermo-ana^sthesia, 
while  tactile  sense  remains  unimpaired. 

It  is  sometimes  diflicult  to  determine  whether  the  loss 
of  sensation  in  a  given  case  is  due  to  cord  disea.se  or  dis 
ease  of  the  postenor  nerve  roots.  If  the  lesion  be  in  the 
nerve  roots,  the  reflexes  in  the  amesthetic  area  will  be 
abolished.  If  the  cord  alone  be  involved  in  the  lesion, 
the  reflex  arc  will  not  be  broken  and  reflexes  will  remain 
intact.  It  may  happen  that  a  lesion  of  the  cord  is  .so 
situated  as  to  involve  the  posteri(>r  roots  within  the  cord. 
In  such  a  ca.se  the  reflexes  would  be  abolishe<l  at  the  level 
of  the  lesion,  but  would  remain  intact  below  that  level. 
This  makes  it  neces.siiry  to  test  at  the  level  of  the  lesion  as 
-well  as  below  it.  That  level  may  be  on  the  trunk  or 
limbs.  In  trying  to  determine  whetlnT  a  lesion  is 
peripheral  or  in  the  cord  it  is  well  to  remember  that  as  a 
rule  cord  lesions  are  bilateral,  while  i)eripheral  lesions 
are  unilateral.  Multiple  neuritis  is  an  excepti<m  to  the 
rule,  and  exceptions  to  the  former  will  occur.  Disease 
of  the  nerve  roots  outside  the  cord  usually  involves  all 
forms  of  sensibility,  unless  the  damage  is  very  slight, 
when  tactile  impressicms  may  1h'  arresle<l  and  not  the 
more  energetic  pain  sense.  Damage  to  the  cord  is  more 
likely  to  impair  one  form  without  tlie  others.  Tempera- 
ture S(*n.se  is  not  impaired  witliout  the  jmin  s<*iise. 

Among  the  lesions  in  which  loss  of  sensjition  is  a 
prominent  sym]>tom.  we  may  mention  meningeal  lienior- 
rhiige,  locom(»ter  ataxia,  myelitis,  .syringomyelia,  etc. 

By  the  courtesy  of  Dr.  J.  V.  Lesnet.  of  M»)nt])elier. 
Ohio,  I  was  called  to  see  Mr.  S.,  a  teamster  by  vocation, 
a  strong,  nuiscular.  thick -set  man  about  forty  years  of 
a^e.  Early  in  the  afternoon,  while  on  his  way  to  the 
woiwls  for  logs,  he  stopped  by  tiie  roadside  to  heed  a 
'*call  of  nature."  While  in  the  act  of  defecation  he  sud- 
denly gave  a  cry  of  pain,  and  fell  over  unconscious.  He 
was  picked  upby  his  fellow-workmen  and  brought  to 


his  home  in  the  village,  and  the  doctor  was  called.  He 
soon  regained  consciousness,  when  it  was  found  that  total 
anaesthesia  and  analgesia  exi.sted  from  the  lower  part  of 
the  neck,  <m  a  level  with  the  clavicle,  down.  Motor 
power  and  muscle  sense  wer<'  not  impaired.  He  com- 
plained of  pain  in  the  liack  of  the  neck;  otherwi.se  he 
felt  well.  A  diagnosis  of  meningeal  hemorrhage  of  the 
posterior  portion  of  the  cervical  cord  was  ventured.  Ac- 
(mite  was  exhibited  internally.  A  stdine  cathartic  was 
administered  and  cold  applications  were  made  to  the 
back  of  the  neck.  There  was  no  interfen*nce  with  the 
normal  action  of  the  rectum  or  bladder.  The  patient 
improved  rapidly  and  recovered  completely:  in  a  few 
weeks  he  was  able  to  resume  his  work. 

In  degenerative  diseases  of  the  cord,  involving  the 
sen.sory  tracts,  someone  form  of  sensjition  is  likely  to  be 
impaired  earlier  and  more  com})letely  than  the'others. 
As  I  have  intimated  before,  this  is  prolmbly  owing  to 
a  greater  vulnerability  of  the  parts  involved,  for  some 
local  rea.son. 

In  locomotor  ataxia  aniesthesiii  of  the  .soles  of  the  feet 
is  often  more  obtrusive  and  is  noticed  earlier  by  the  pa- 
tient than  the  ataxy.  A  patient  complaining  of  this 
symptom  should  be  examined  as  to  his  myotatic  irrita- 
bility, CO  ordinati<m,  pupillary  reflex,  and  other  signs 
of  tal>es.  An  earlier  diagnosis  than  is  usual  may  thus 
be  made. 

Anaesthesia  occurs  in  the  course  of  spinal  meningitis, 
but  it  is  usually  preceded  by  hyperalgesia.  The  anaes- 
thesia is  only  of  importance  when  con.sidered  in  connec- 
tion with  other  symptonts. 

Sensory  disturbances  are  among  the  more  obtrusive 
symptoms  in  transverse  myelitis.  Amesthesia  may  come 
on  before,  or  at  the  same  time  as.  the  motor  disturbance. 
All  forms  of  sensation  are  impaired  to  a  greater  or  less 
degree.  Vesicid  and  rectal  anaesthesia  exist,  on  account 
of  which  retention  of  urine  and  constipation  occur. 
These  symptoms  being  observed  will  call  attention  to 
other  features  by  which  a  diagno.sis  will  be  made. 

Tumors  of  the  cord  or  its  envelope  will  cause  loss  of 
sensjition  if  they  are  Im^ted  in  the  sensory  tract  or  en- 
croiich  upon  it  so  as  to  interfere  with  its  function.  Aside 
from  traumatic  injuries  tumors  are  the  most  frecjuent 
cause  of  unilateral  anaesthesia.  In  any  case  of  unilateral 
ana'sthesia  of  obscure  origin  the  possibility  of  a  tumor 
should  be  thought  of.  The  form  of  amesthesia  will  de- 
pend upon  the  portion  of  the  sensory  tract  involved.  In 
this  connection  the  word  tumor  is  u.sed  not  in  its  patho- 
logical sense,  but  in  its  etymological  sense  of  swelling. 
Thus,  the  tumor  may  bean  aneurism,  a  tuberculous  de- 
posit, etc. 

The  sensory  fibres  cross  to  the  opjwsite  side  of  the  cord 
soon  after  their  entrance  into  the  cord.  A  unilateral  in- 
jury to  the  cord  will  consequently  give  rise  to  a  loss  of 
sensation  in  the  side  of  the  body  opposite  the  lesion.  A 
brakeman  on  a  I^ake  Shore  train  was  knocked  from  his 
train  while  passing  under  a  viaduct  in  the  city  of  De- 
troit. He  was  brought  to  Emergency  Hospital  in  an 
uncon.scious  condition  and  placed  under  Dr.  Hal  C.  Wy- 
man's  care.  Examination  showed  crushing  of  the  right 
.side  of  the  fifth  cervical  vertebra.  The  neck  was  ex- 
tended and  suitably  supported  in  position.  When  the 
patient  regaine<l  consciousness,  ana*sthesia  and  analgesia 
of  the  left  side  of  the  body  and  palsy  of  the  right  side 
were  found  to  exist  from  the  neck  down.  Kxag.Lr<'nite(l 
knee  jerk  and  ankle  clonus  were  found  on  the  right  side. 
Skin  reflexes  were  exaggerated  on  the  left  side.  The 
j)atient  recovered  with  anchylosis  of  the  injured  vertebra. 
He  gradually  i)rogressed  toward  th<*  nornial.  so  that  in 
about  two  years  he  was  able  to  resume  his  oecupation. 

AmvxthcHiii  from  Iiitrnrnniidl  Lininn. — In  diseussing 
the  sensory  pathway  in  the  spinal  rord  reference  was 
made  to  the  somewhat  uncertain  condition  of  our  knowl- 
edge of  its  bounchiries.  In  a  genend  way  the  ]iosterior 
coiunms  are  concern<'d  in  the  transmission  of  sensory 
impres.sions,  but  the  antero-latend  colunms  are  also  con- 
cerned in  the  transmission  of  certain  varieti<*s  of  sensation. 
Our  knowledge  of  the  intracranial  sensory  pathway  is 
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still  more  uncertain.  Between  the  upper  end  of  the 
spinal  cord  and  the  internal  capsule  the  path  has  not 
been  definitely  located.  It  prolwibly  passes  up  in  the 
posterior  lialf  of  the  medulla  and  pons,  bt^ueath  the  cor- 
pora (luadrigemiua,  throu<rh  the  tegmentum  of  the  cms 
cerebri,  and  passes  into  tlie  internal  capsule,  where  its 
position  has  been  accurately  determined.  As  may  have 
been  inferred  from  the  remarks  on  the  loss  of  sensation 
in  the  fifth  nerve  with  anae.sthesia  on  the  same  side  of  the 
body  caused  by  a  lesion  in  the  internal  capsule,  the  sen- 
sory path  occupies  the  jmsterior  tliird  of  the  posterior 
limb  of  the  capsule.  As  tlie  path  from  the  fifth  nerve 
joins  it  in  the  upper  part  of  the  pons,  the  i)osterior  part 
of  the  capsule  tmnsmits  sensation  from  tlie  entire  oppo- 
site half  of  the  body  and  head.  skin,  and  nuicous  mem- 
branes. Furthermore,  the  path  of  special  sensibility 
from  the  organs  of  special  sense — vision,  hearing.  ta.ste, 
and  smell  — here  lie  contiguous  to  the  path  of  cutaneous 
sensibility.  In  the  Ciise  of  vision  we  must  remember  that 
there  is  not  a  complete  decussation  of  fibres  at  the  oi>tic 
chiasm;  consequently  tlie  half  of  the  field  of  vision  of 
each  eye  corresponding  to  the  side  from  which  the  other 
sensory  impressions  come,  is  rej)resented  in  the  sensory 
path.  This  is  of  diagnostic  importance  and  will  be  re- 
ferred to  again. 

The  final  distribution  of  the  sensory  path  in  the  cortex 
is  also  a  maltrr  of  some  dou!)t.  The  sensory  fibres  j)ass 
into  the  white  substance  of  the  cent  nil  heniis|)h(*re  and 
go  toward  the  region  covered  by  the  parietal  bone  and 
to  the  (luadmte  lobe  and  gyrus  foniieatus  of  the  mesial 
surface  of  the  cerebrum.  Alueh  discussion  has  been  had 
and  is  still  going  on  as  to  whether  the  central  (motor) 
area  of  the  cortex  is  also  a  sensory  area.  A  destructive 
lesion  in  the  motor  area  causing  paralysis  also  causes 
more  or  less  aniesthesia  of  the  palsied  side.  The  loss  of 
sensation,  however,  is  not  co-e.xtensive  with  the  palsy; 
neither  is  it  ])ennanent  nor  so  persistent.  This,  with 
other  fads,  leads  to  the  opinion  that  the  motor  area  sub- 
serves sensation  not  directly  from  projection  of  the 
fibres  from  the  path  for  cutaneous  sensibility,  but  by 
commissural  filires. 

Hemiplegia  may  e.xist  without  any  sensory  loss  or 
with  everv  degree  of  it.  Ilemian.'esthesia  niav  exist 
ahme  or  in  connection  with  every  degree  of  paralysis  up 
to  complete  lienii])legia.  It  is  unusual  for  both  to  exist 
in  a  high  degree. 

Ilemian.esthesia  mav  involve  all  forms  of  sensibilitv, 
or  some  more  than  others.  In  its  complete  form  it  in 
volves  one  vertical  half  of  the  body,  including  mucous 
membranes.  It  is  alwavs  the  result  of  a  lesir)n  in  the 
pa{h;  for  a  cortical  lesion,  to  produce  heiniana'sthesia, 
W(Kild  need  to  involve  so  much  of  the  cortex  that  the 
disturbance  of  other  functions  would  oveiNhadow  the 
anaesthesia.  If  the  lesion  is  in  the  pons,  the  j^arts  sup- 
plied by  the  fifth  nerve  esca])e.  Hence  the  ana-sthesia 
does  not  involve  the  face  and  head.  The  most  frecjuent 
location  of  a  lesion  causing  heniiana'stlu'sia  is  in  the  ])os- 
terior  part  of  the  internal  ca|)sule.  As  was  sjiid  Ix'fore.  a 
lesion  in  this  locality  causes  coinj>lete  hemianasthesia 
and  involves  at  the  same  time  the  nerves  of  special  sense. 
This  b«»ars  a  strong  n*seinblance  to  hvsterical  hcniianas- 
thesia.  In  the  latter,  however,  one-sided  ainblyoj^ia  is 
most  likely  to  occur,  while  in  the  former  hennano])sia 
will  result ;  that  is,  one-half  of  each  field  of  vision  C(»r- 
responding  to  the  amesihelic  side  will  be  interrupted. 
When  discus.sing  trigeminal  an.-esthesia  I  said  that  the 
destruction  of  the  tubercle  of  Rolando  causes  loss  of  all 
forms  of  sensibility  in  the  distribution  of  the  fifth  nerve, 
and  lo5iS  of  tactile  sense  in  the  l)ody  and  limbs  of  the  side 
of  the  lesion  and  analgesia  of  the  opposite  .side.  The 
motor  disturbances  com pris(»  changes  in  the  pupil,  nar- 
rowing of  the  palpebral  fissure,  lessened  prominence  of 
the  eyeball  on  the  same  side,  and  paresis  of  the  arm  and 
leg  on  the  opposite  side. 

Cortical  lesions  can  produce  liemian.Tsthesia  only  when 
they  are  very  extensive.  The  special  sen.s«'s  may  be  in- 
volved, but  instead  of  hemianopsia  there  will  be  loss  of 
sight  in  the  eye  on  the  anaesthetic  side. 


Hemiaoiesthesia  with  hemiplegia  and  third-nerve  palsy 
of  the  same  side  as  the  lesion  is  evidence  of  lesion  of  the 
crus. 

Tumors  in  the  cerebral  hemispheres  are  likely  to  cause 
more  or  less  loss  of  sensation,  in  combination  with  other 
symptoms,  accoixiing  to  what  portion  of  the  cerebrum  is 
involved. 

Hemiana^sthesia  involving  all  forms  of  sensation  may 
occur  in  connection  with  motor  disturbance  if  the  tumor 
is  located  in  the  central  area  of  the  cortex.  Tumors  of 
the  parietal  region  produce  disturbance  of  the  muscular 
.sense  as  their  most  characteristic  symptom,  together  with 
hemiana?sthesia.  Motor  disturbances  will  occur  if  the 
tumor  encrojiches  upon  the  motor  area.  In  the  occipital 
loljes  tumoi*s  prcMluce  hemiana?sthesia  if  they  encroach 
upon  the  parietal  lol)es.  Disturbances  of  special  sense, 
particularly  sight  and  hearing,  will  also  occur. 

The  study  oif  the  sensory,  as  well  as  the  motor  disturb- 
ances, is  of  value  simply  lx*cause  it  enables  one  to  lo- 
calize the  causes  of  the  symptoms.  This  is  more  useful 
from  a  surgical  than  from  a  medical  standpoint.  For  a 
pathological  diagnosis  we  mu.st  rely  upon  the  history' 
of  the  aise,  its  ukkIc  of  development,  and  concurrent 
conditions.  Any  destructive  lesion  involving  the  sensory 
path  or  cortical  distribution  will  cause  a  greater  or 
less  degree  of  ana*sthesia.  Among  these  may  be  men- 
tioned tumors,  gummata.  aneurisms,  embolism,  thrombo- 
sis, hemorrhage,  and  various  degenerative  and  inflam- 
matory process<*s.  Consideration  of  these  will  be  found 
underthe  appropriate  heads.  Joseph  A,   Weitz. 

ANESTHESIA,  LOCAL   (SURGICAL).— Local  ansps 

thesia.  or  better,  h)Cii\  a iuiif/ettin,  became  possible  when  the 
properties  of  cocaine  were  discoveretl  by  Roller  in  1884. 
I'rcvious  to  that  time  it  was  known  that  an  area  of  the 
skin  could  be  benumbed  by  cold  or  by  depriving  it  for  a 
time  of  its  blood  supply.  But  the  anjesthetic  effect  of  local 
ana'inia  could  l)e  obtained  only  in  an  extremity,  while  the 
chilling  or  even  the  freezing  of  the  skin  by  means  of  a 
spray  of  ether  had  only  a  limited  application.  Roller  dis- 
covered that  a  strong  solution  of  cocaine,  if  applied  to  a 
mucous  membrane  for  a  few  minutes,  will  make  it  in- 
sensitive to  pain.  By  experiments  he  proved  that  a 
solution  of  cocaine  injected  into  the  tissues  has  the  same 
elToct.  This  discovery  ojiened  a  wide  field  for  the  sur- 
geon, as  many  trivial  operations  could  now  be  painlessly 
and  easily  performed  without  the  expense,  discomfort, 
and  danger  attending  the  use  of  a  general  ana?sthetic. 

F'ifteen  years'  experience  with  cocaine  has  fully  justi- 
fied the  claims  of  its  discoverer  for  its  analgesic  powers. 
Experience  has  shown,  however,  that  it  is  by  no  means 
the  harmless  drug  which  its  early  advocates  supposed 
it  to  be.  Medical  literature  has  recorded  a  hmg  list  of 
accidents  from  its  use.  nianv  of  them  followed  bv  a  fatal 
result;  Avhile,  far  more  freciuently,  alarming  symptoms 
have  developed,  which  fortunately  have  subsided  after 
]>rouipt  action  on  the  part  of  the  surgeon.  There  is 
pr(»bal)ly  no  surgeon  of  experience  who  has  not  met 
with  one  or  more  accidents  of  this  character. 

The  idea  uj)pennost  in  the  mind  of  those  who  early 
employed  cocaine  to  minimize  the  pain  in  operations, 
was  to  use  a  solution  strong  enough  to  accomplish  this 
end  with  certainty.  Hence  solutions  containing  five 
per  cent.,  ten  per  cent.,  or  <'ven  twenty  per  cent,  of  the 
drug  were  swabbed  or  sprayed  upon  mucous  surfaces 
or  injected  into  the  tissues.  The  appearance  of  toxic 
synii)tonis  in  certain  ])atients  inipres.sed  upon  the  minds 
of  carefid  men  the  nec<'s<ity  for  a  change  in  the  method 
of  administration  in  voirue.  As  a  result,  some  experi- 
!  menters  began  t(>  employ  weakcT  and  weaker  solutions 
of  cocaine,  while  others  hunted  through  chemical  labora- 
tori<*s  for  some  substance  less  poisonous  than  cocaine, 
with  e(|ual  analgesic  powers,  and  still  others  attemptecl 
to  develoj)  the  possibilities  of  analgesia  by  cold. 

A  suitabh'  fiuid  was  found  in  ethyl  chloride.  For 
convenience  it  is  |)ut  up  in  tubes  having  at  either  end  a 
minute  opening  closed  with  a  screw  cap.  If  the  tube  is 
held  in  the  hand,  a  portion  of  its  contents  is  vaporized 


286 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


AiiKatheaIa« 
Aiueatheala* 


and  exerts  a  pressure  within  tlie  tube.  Hence,  if  the 
lower  cap  is  removed,  a  fine  jet  of  fluid  is  forced  out  of 
the  tube  and  niay  be  sprayed  upon  the  skin.  In  a  few 
moments  whitish  spots  will  appear  wherever  the  cold 
produced  by  evaporation  is  sufficiently  intense  to  freeze 
Uie  water  contained  in  the  skin.  Thismetliod  of  obtain- 
ing analgesia  has  bc-cn  employed  in  Fmn(te  more  than 
elsewhere.  It  is  most  stM-viceable  in  lK*numbing  the 
skin  previous  to  insc»rting  a  neecile  for  aspiration,  or  for 
tapping  hydnK'ele,  or  in  opening  an  abscrss.  From  the 
nature  of  the  case  it  is  unsatisfactory  in  surgical  opera- 
tions requiring  dissection  of  the  ti.ssue.  The  power  of 
ethyl  chloride  is  not  sufticiently  great  to  penetratx? 
deeply,  and  even  if  it  were,  the  risk  of  injury  would 
deter  the  surgeon  from  keeping  a  ti.ssue  frozen  for  any 
length  of  time.  Moreover,  the  reaction,  when  the  blo<Kl 
again  courses  through  the  part,  is  often  an  extremely 
painful  one. 

Still  other  surgeons  have  followed  up  the  effect  of 
local  ana>mia  in  reducing  sensitiveness.  This  method  is 
especially  applicable  to  the  hand  and  foi-earm.  They 
found  tliat  if  the  blo<Kl  is  pressed  from  the  hand  anH 
arm,  and  the  tourniquet  applied  with  suflicient  force  to 
prevent  anv  fresh  bkxKl  from  entering,  sensiition  is 
pretty  nearly  suspended  after  a  hipse  of  ten  or  fifteen 
minutes.  This  method  of  opemting  di'serves  wider 
notice  than  it  has  received.  It  has  i)rove<l  a  valuable 
adjunct  to  a  chemically  produced  analgesia,  since  the 
amount  of  the  reagent  needed  to  deaden  pain  is  far  less 
if  the  circulation  of  blood  is  controlled  in  this  manner. 
The  limb  is  first  stripped  of  its  contained  bl(Mxl  by  the 
application  of  Esmarch's  Imndage  from  the  finger  tips 
to  the  middle  of  the  upper  arm.  each  turn  of  the  spiml 
overlapping  the  turn  below  by  a1>out  half  an  inch.  This 
enables  the  surgeon  t^)  unwind  the  bandage  from  the 
fingers  up,  and  before  the  turns  above  the  ell)ow  are  re- 
moved, the  tourniquet  should  be  applied,  or  the  upper 
turns  themselves  may  Ix)  left  to  act  as  a  tourniquet. 
Attempts  have  ahso  bc?en  made  to  render  blcMxlless  a 
part  of  the  lower  extremity,  or  an  area  of  the  scalp,  or 
of  the  cheek,  etc..  by  pressure  exerted  through  variously 
Bbaped  rings.  Amemia  in  the  regions  mentioned  is  more 
difficult  to  obtain,  and  is,  on  the  whole,  less  satisfactory 
than  that  obtained  in  the  extremities,  as  al)ove  descril)e(l. 

The  efforts  of  other  investigators  to  improve  chemical 
analgesia  have  been  very  successful.  It  was  early  dis- 
covered that  a  soluticm  of  cocaine,  even  though  far  less 
concentrated  than  those  originally  employed,  is  still  en- 
tirely satisfactory  The  cre<iit  of  enforcing  this  fact 
upon  the  medical  world  is  due  especially  to  a  French 
surgeon,  JU^clus.  and  a  German  surgeon,  Schleich. 

Reclus  advocated  the  use  of  a  one-percent,  solution  of 
cocaine,  or,  in  certain  ca.ses.  of  a  two-per  cent,  solution. 
Solutions  of  a  greater  strength  he  never  employs,  claim- 
ing that  they  are  unnecessiiry  and  dangerous.  As  long 
ago  as  1H03  he  published  a  reportof  twothoustuid  opera- 
tions performed  in  complete  analgesia  brought  about  by 
these  weak  .solutions  of  coi-uine.  In  no  instance  was 
there  a  fatal  accident,  nor  even  any  bad  symptoms. 

Schleich  performed  a  great  number  of  experiments  U) 
determine  exactly  how  weak  a  cocaine  solution  can  be 
without  losing  its  analgesic  powers.  His  experiments 
led  him  to  .several  important  conclusions.  In  the  first 
place,  they  showed  that  a  solution  of  cocaine  as  dilute 
as  l:5.(HM)  is  possessed  of  analgesic  power,  although  the 
qUiintity  of  fluid  injected  under  such  circumstances 
n\ust  Ik?  far  great^T  than  that  injected  if  the  soluti<m 
contains  a  high  i)ercentage  of  cocaine.  The  (|uesti(>n 
now  rai.s<:*<l  in  his  mind  was  this:  Does  not  the  water. 
by  distention  of  the?  tissues,  reduce  the  sensitiveness 
of  the  nerves,  either  by  pressure  upon  them  or  s(.'c- 
ondarilv  through  a  local  ana*miaV  F'urther  experiments 
showecf  that  this  supposition  was  partially  true,  and 
that  pure  water  injecttnl  in  considemble  (fuantity  has 
the  power  of  reducing  the  sensitiveness  of  the  i)art<*. 
The  injection  of  pure  water  is,  however,  very  painful. 
He  next  tried  the  effects  of  the  injection  of  normal  salt 
solution.  0.6  per  cent.     This  causes  no  pain,    but  its 


analgesic  effect  is  practically  nil.  A  weaker  solution 
of  salt,  0.2  per  cent.,  proved  more  serviceable.  The  in- 
jection of  this  solution  produces  little  pain  and  brfngs 
about  a  slight  analgesia.  Using  this,  then,  as  a  vehicle, 
he  dissolved  cocaine  in  sufticient  (luantity  t/>  make  a  so- 
lution of  one  part  in  a  thousand.  To  this  mixture  he 
addiM.1  a  minute  (juantity  of  morphine,  l)elieving  that  the 
analgesic  effect  of  the  cocaine  was  thereby  prolonged. 
Since  the  injection  of  Uirge  quantities  of  fluid  in  an 
inflamed  area  causes  great  pain,  Schleich  employs  under 
such  conditions  a  somewhat  stronger  solution  of  cocaine, 
so  that  a  le.ss  (piantity  of  fluid  may  Ihj  injected.  In- 
deed, he  reconunends  the  preparation  of  solutions  of 
tlm-e  different  strengths,  the  formuhe  for  which  are  as 
follows: 


Cooanil  hydnwhlorici    

Morpliiuie  hydroohlorici 

Natr.  rhiorui,  sterllisat 

Aqiue  desllll.  stt^rtllsat 

Addo  add.  carl)oI.  (.tlve  per  cent.) . . . . 


Sol.  I. 

Sol.  II. 

0.2 

0.1 

0.(B5 

0.(65 

0.2 

0.2 

ad.  100.0 

100.0 

fftt.3 

fi:tt.2 

Sol.  III. 

O.Ol 
0.005 
0.2 
KJO.O 

frtt.  2 


Solution  I.  for  hyperaBstbetic  areas  (inflammation,  suppuration,  neu- 

ral^ria). 
Solution  II.  for  moderately  hyperapstheilc  areas. 
Solution  III.,  for  extt^nsive  operations,  to  be  used  alternately  with  tbe 

more  concentrat^id  solutions. 
For  general  work  Schleicb  advises  tbe  use  of  Solution  II.,  or  tbe 

**  normal  ^*  solution  as  be  calls  it. 

Schleich  also  insisted  upon  a  particular  method  of  in- 
jectirm.  To  render  the  skin  insensitive,  the  hypodermic 
needle  should  be  thrust 
into  it  nearly  parallel  to 
the  surface,  and  not 
through  it.  8low  pres- 
.sure  upon  the  piston  will 
force  the  fluid  into  the 
meshes  of  the  skin,  dis- 
tending I  hem  and  causing 
a  white  wheal  to  appear. 
The  needle  should  then 
be  withdmwn  and  rein- 
serted in  the  edge  of  this 
insensitive  wheal,  and  a 
second  injection  made  in 
the  .same  manner  as  the 
first.  A  second  wheal  is 
thus  produced  beyond  the 
first  one,  in  the  farther 
e<ige  of  which  the  needle 
is  again  inserted  for  a 
third  injection.  This 
process  is  repeated  until 
the  bi*numl>ed  area  ex- 
t<"n(ls  throughout  the  line 
of  the  propo.sed  incision 
(Fig.  19:)). 

If  an  abscess  is  to  be 
opened,  or  any  openition 
performed  which  recjuiivs 
cutting  iM'neath  the  level 
of  the  .skin,  the  series  of 
infiltmted  areas  is  made 
to  extend  not  only  across 
the  skin  surface,  but  also 
in  a  semicircle  iK'neath  the 
abscess  or  tumor  (Fig. 
UM5).  For  this  purpose  a 
long  slim  needle  is  re- 
(juired.  and  each  succe<»d- 
ing  injection  is   made   by 

pushing  the  point  of  the  Fio.  195.— Showing  Injection  Along 
>u>«ll,-H  little  farther  un,l..r  >^^^i;^  K«" 'mSl'min^ei'.: 
the  ab.scess  or  tumor.  A  ,x,inLs  of  injwtlon.  After  the 
curveil  hypodermic  needle       tlrst  punrture,  .4,  the  needle  is 

answers  admirablv  for  always  inserted  in  the  cnlge  of  the 
aiiM>^trs     luiuuntniy       lor       ^^^  j^^  ana?8UieUzed.      (Fnmi 

this  purpose.      >V  hen  half      soblelcb.) 
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A  BKMhc*la. 

of  tbe  required  distanci^  itaa  iM-en  lrnv<^rs(Ml.  tlic  □etKllc 
Is  withdrawn  and  JDiwrWtl  fnim  tlie  nClicr  Hide.  Iti  tliis 
manner  even  a  deep  inriwion  iir  (lisuvi'iioD  can  be  made 
in  perfectly  beniinil>ed  lisfmes  (Fig.  187). 

Injections  of  every  clianu-ter  iiitii  Kkiti  already  tense 
from  contatnc<l  exudation  are  extreniely  jMlnfitl  fniin 
the  additional  stretchfnf;  of  tlu-  tisxiteii  uliicli  tltcy  pro. 
(luce.  On  tliis  account,  if  Hic  niiscctw  lo  Im-  opcniil  lies 
iu  tbe  skin  or  so  close  to  it  tliat  the  skin  lata  become 


tight  over  it,  the  pain  can  lie  greatly  leasene<l  by  jiunclur- 
Ing  tlie  most  prominent  point  of  thealiMt'ss  with  a  sharp, 
narrow -Madeu  knife.  A  |H>rli»n  of  the  pus  will  then 
flow  out,  relaxing  tlie  tisaui-s  no  lliut  tlie  whole  tract  lo 
be  incised  can  be  iiainlcssly  fillnl  with  the  rncaine  eolu. 
lion.  Tliia  prelinnimry  jiunclure  can  1m;  n'nd<Tc<l  pain, 
less  liy  tlie  ethyl-clilorit'lc  spray,  or  a  drop  of  cneuinti  may 
be  InstTted  In  Uie  skin  at  this  point. 

Srhleiel)  deserves  a  griiit  deal  of  crwlit  for  liis 
service  In  emplinsiitine  tlic  fact  tliat  onHl^iesia  can  be 
obtained  with  minute  diises  of  cocaine  if  injected  with 
larKc  (juantilics  of  fluid.  His  method  is  known  us  "an- 
testnesia  by  in  I)  It  ration."  Later  cxpeiinients  have  em- 
jiliasixed  the  importance  of  his  discovery,  nlihoufcli  tliey 
have  disproved  some  of  his  minor  theories.  The  an- 
at^sia  of  {iiirc  water,  for  example.  Is  an  analgesia  of 


are  added  to  jture  water,  tlie  Initaticm  caused  liy  tlic  in- 
jection of  water  grailually  diminishes.  When  the  solu- 
tion attains  a  strength  of  O.Ki  per  cent.,  tlie  Irritntlon 
ceases  and  the  annl^'esic  elTect  also  disapiieam.  The 
irritaiiiin  and  aualp-sia  reiitaiu  alisent  until  the  strength 
of  the  solution  reaelii-s  3.5  |H'r  cent.  an<l  then  tliey  Itotli 
reappear.  Taking  II.U  |ht  (vnt,  asanu-an  U'twii'i'i  iliesc 
two  figures  one  Itas  a  salt  sadutliin  whh'h  is  leiiM  irritat' 
Ing  to  tlH-  lissui'S.  The  free/tng  |Miint  (if  this  solutliin  is 
the  freezing  (xiint  of  lihxKl  st'nim.  It  is  then-fiire  nsinot- 
ically  inditTerent  wiau  injeeted  Inio  tlH'  tissues.  It  has 
also' been  pnivi'd  tliat  the  wdiiti'ms  of  varicins  other 
alkalies  and  .-flilts,  niiKh-  of  such  strr^irgtb  that  tlii-ir  fn-e^- 
ing  points  are  the  sanictis  Hint  of  blmol  siTitni,  <1»  not 
irritate  when  injeeted  into  tbe  liKsiie:<,  mid  (iinsecjiicutly 
have  no  analgesic  elTi-ct. 

With  reganl  to  nior|ddne.  it  may  N'  said  that  a  solution 
of  four  per  rent.,  which  lias  the 'same  frccy.lng  )Kihit  as 
blood  serum.  priNliiees  seven-  burning  anil  liyiM-rtesthesia 
and  after ivan I  anal gesia.  Tliis  siilulidn  is.  lif  coui'M',  too 
strong  lo  lie  iisi'd  iik  u  liietil  analgesic.  As  The  solution  is 
diluted  its  local  analgisle ed'ect  rapidlr  dimbii^lics.  while 
the  local  poisonous elTc<-t  is  nlaineil.'  A -^ululion  of  O.I 
percent.  hasnoelTeet  upon  Ihesensitivenev;  of  ihcskin. 
but  it  produ(x-s  a  wellniarked  whe^il.  which  tielies  and 
burns  like  the  hite  of  tin  insnt.  Tlii-'  I'X'nl  |i'im>iii>iis 
elTet't of  morphine  Is  olm>iviil  cvi'm  if  tln'  -^iilutioii  cm- 
ploycd  is  as  dilute  as  I :  Iiiii.oihi  ]i,iru  i>f  wMvr.  i,M\->ivj\\ 

encc  cannot  lie  proved  by  uny  ibr-iiiicnl  I1--I 

Many  other  sultstances  havi-  Ih'i'h  iinilid  u'  sii1i>iitiitr"i 
for  cocaine,  hot  with  one  exii'plioti  tlic'vurriiifiTii-ri'i  it. 
either  on  account  of  tlu'  loiiil  irriiiiiinii  »]ii<)i  tiny 
cause. orliecause  theydonot  jirikliici'ii.sjiii-iriicliitv  luinili- 
ness,  or  lieciiuse  they  are  cvin  iiium'  |>i.i«ini'n<  ibuii 
cocaine.    Take,   for  instance,  am-soii.  u  watcrv  solution 


of  ace  ton  chloroform,  which  lias  a  freezing  point  of  0. 18' 
0,  To  bring  this  to  the  level  of  the  freezing  p^ntof 
lilood  serum.  0,^1'  C.  n-quircs  an  addition  M  the  so- 
lution of  O.B  per  cent  of  salt.  Even  then  the  injectkn 
of  aneson  is  somewlint  painful.  It  produ(xs  analgia 
lasting  several  minutes.  If  diluted  still  further,  the  Ir- 
ritation is  less,  but  the  analgesic  power  rapidly  liiiuin- 
ishes.  For  practical  use  it  cannot  l>e  diluted  wUli  more 
than  three  parts  of  an  indifferent  medium.  Sucli  a  os- 
lution  of  aneson  is  equivalent  In 
analgesic  power,  therefore,  to  a 
cocaine  solution  of  0.02-0.05  per 
■nt. 

Comparing  the  poisonous  effects 
of  the  two  solutions,  co(aiine  is 
found  to  be  far  less  dangerous. 
Wliereaa  100  cm.  of  the  solution  of 
aneson  will  render  a  tabbit  uncon- 
scious for  twenty-four  houre,  100 
cm.  of  a  0.05.pcr.(»nt.  cocaine  so- 
lution will  have  hardly  any  effect 
u]Kin  the  rabbit's  general  condition. 
Quaiacol.  ortlioform.  holocaine,  and 
eucaine  A  all  irritate  or  injure  tbe 
tissues  and  fall  far  below  cocaine  in  analgesic  value. 
Tropaeocainc  stands  nearer  to  it.  though  it  haa  a  slight 
local  irritating  effect.  But  its  poisonous  properties  are 
less  marked  tlian  those  of  coraiiie,  and  its  solutions, 
besides  keeping  well,  may  lie  boiled  without  loas  of 
Analgesic  power.  For  use  it  should  be  dissolved  in  a 
0.6-0. 8.  percent,  salt  solution,  to  the  amount  of  0.1-1.0 
Iier  cent.  Such  a  solution  will  lie  osmotically  indifferent 
and  can  be  used  with  satisfaction.  The  advantages  of 
tro]>acocaine  are,  however,  overshadowed  by  those  of 
ciictdne  li. 

The  best  local  analgesic  tlius  far  discovered  is  known 
as  euraine  i).  Numerous  ex|ieriments  have  shown  that 
this  substance  is  k-ss  poisonous  than  cocaine;  that  ita 
specific  irritation  is  even  less  than  that  of  C0(»ine :  that 
its  solutions  may  be  kept  for  a  longer  time  without 
change,  and  may'lie  sterili7.ed  bv  boiling  without  loss  of 
strength.    Most  important  of  all,  its  analgesic  power  la 


inidgesia  lasts  as  long. 

ideal  drug  of  Its  kind. 

ended  by  Brauu — who 
I-  Id  plui-e  tliesulijeft  of  local 
tiili'  iNL-iis— <'outAnis  t  jHtrtof 
iim  ehloride,  and  1.000  parts 
!■;  mlMure  in  n  great  number 
iiiirl  with  (vimplete  absence  of 
iiti'iii  pniduecs  analgesia  in  a 
nii['.  If.  however,  the  tissue 
■Ir'd  is  jmrticularly  sensitive, 
:'e  of  intiammatioii,  tempera- 
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ture  irritation  may  be  avoided  by  warming  a  solution  to 
the  body  temperature  before  injecting  it. 

The  duration  of  analfi:esia  increases  with  an  increase  in 
the  strength  of  tlie  solution  of  cocaine  or  eucaine  em- 
ployed. Thus  the  analgesia  produced  by  a  0.02  per- 
cent, solution  of  cocaine  will  last  six  minutes,  that  of  a 
0. 1-per-cent.  solution,  fifteen  minutes,  that  of  a  1.0-per- 
cent, solution,  twenty -five  minutes,  while  the  analgesia 
of  very  strong  solutions  will  last  from  one- half  an  hour 
to  an  hour.  These  figures,  which  are  of  course  approxi- 
mate and  not  absolute,  arc  about  the  same  for  cocaine 
and  eucaine. 

A  strong  solution  of  cocaine  or  eucaine  will  diffuse  itself 
throughout  the  neighboring  tissue,  and  in  a  short  time 
exert  an  analgesic  power  beyond  the  immediate  area  dis- 
tended by  the  iniection.  If  the  blood  supply  of  the  part 
is  cut  off  or  reduced  by  a  bandage  or  tourniquet,  this 
diffusion  will  extend  even  more  widely,  since  the  drug 
will  not  so  quickly  be  carried  away  by  the  flow  of  blood. 
With  the  diluter  solutions  diffusion  beyond  the  area  dis- 
tended by  the  fluid  scarcely  takes  place  at  all,  so  that  it 
is  necessary  to  inject  the  fluid  wherever  the  knife  is  to 
follow. 

In  operations  upon  a  finger  or  toe  the  eucaine  may  be 
injected  circularly  around  the  member;  in  this  manner 
all  of  the  cutaneous  nerves  will  be  benumbed,  so  tliat  an 
operation  upon  the  distal  portion  of  the  finger  will  pro- 
duce no  pain.  This  method  of  antesthesia.  called  regional 
anaesthesia,  was  first  introduced  by  Oberst. 

The  hypodermic  needle  employed  for  anaesthesia  should 
be  of  the  finest  and  sliarpest.  There  ^'s  no  comparison  in 
the  amount  of  pain  caused  by  pushing  a  coarse,  blunt 
needle  into  the  tough  skin  and  tliat  produced  by  a 
sharp  needle  of  the  smallest  calibre.  If  this  precaution  is 
observed  it  will  never  be  necessary  to  freeze  the  skin  be- 
fore the  puncture  is  made,  for  the  pain  cause<l  by  the 
insertion  of  such  a  needle  is  merely  like  a  pin  prick. 
The  first  puncture  should  never  be  made  in  an  infiamed 
area  if  it  is  possible  to  avoid  it,  but  in  the  sound  skin 
close  by.  The  second  puncture  can  be  made  in  the 
farther  edge  of  the  first,  and  the  third  in  the  farther 
edge  of  the  second,  and  so  on  until  the  inflamed  area  has 
been  anaesthetized,  absolutely  without  pain  (FMg.  195). 

What  operations  are  suitable  for  local  antesthcsia  must 
be  determined  by  the  individual  surgeon.     Laparotomies 
can  be  performed  under  local  analgesia,  or  a  thigh  may 
be  amputated  absolutely  without  pain   by  this  means. 
Such  operations  have  sometimes  been  performed  with 
the  use  of  cocaine,  but  it  does  not  follow  tliat  because 
they  are  possible  they  ought,  therefore,  to  be  advised. 
Other  considerations  must  come  in,  and  the  necessity  for 
haste,  the  advantages  or  disadvantages  of  allowing  the 
patient  to  retain  consciousness,  the  necessity  for  manipu- 
lation of  the  surrounding  organs,    the    importance  of 
muscular  relaxation,  and  other  points  will  have  imme- 
diate bearing  upon  the  choice  of  an  ansesthetic.     There 
are  doubtless  instances  in  which  the  general  condition  of 
the  patient  will  incline  the  surgeon  to  the  performance 
of  major  operations  with  the  help  of  a  local  anaesthetic, 
which  under  other  circumstances  he  would  always  per- 
form with  a  general  aniesthctic.     It  was  at  one  time  sup- 
posed that  broncho-pneumonia,  which  sometimes  kills  a 
patient  upon  whom  a  severe  operation  has  iK^en  per- 
formed while  under  the  influence  of  ether  or  chloroform, 
might  be  avoided  by  the  use  of  cocaine.     Unfortunat<el3-, 
this  has  not  pn)ved  to  be  the  case,  as  broncho-pneimionia 
may  also  follow  a  severe  operation  upon  an  enfeebled 
patient,  even  though  no  general  aniesthetic  is  given. 

Decision  will  rest  no  less  upon  the  character  of  the  pa- 
tient to  be  operated  upon,  than  upon  the  character  of  the 
operation  to  be  performed.  Very  young  children,  and 
nervous  persons  to  whom  the  thought  of  the  knife  is 
fully  as  distressing  as  the  pain  of  its  cutting,  will  be 
aav^  a  great  deal  of  shock  if  given  a  general  antest  he  tic; 
while  the  surgeon  under  such  circumstances  will  be  able 
to  give  his  undivided  attention  to  the  work  in  hand, 
which  will  not  be  the  case  if  pain  is  dulled  l)y  eucaine 
or  cocaine.    Many  persons,  on   the  other  hand,  liave  a 
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dread  of  suspended  consciousness,  which  will  lead  them 
to  suffer  a  considerable  amount  of  pain  rather  than  to 
submit  to  etherization.  The  practical  plan,  in  all  doubt- 
ful cases,  is  to  prepare  the  patient  for  a  general  anaes- 
thetic, and  to  liave  it  ready.  Then  the  patient  will  re- 
ceive the  local  injections  in  the  comforting  confidence- 
that  if  they  fail  to  relieve  him  of  pain,  he  cim  drown  his 
woes  in  the  ether  cone.  It  has  been  the  experience  of 
the  writer  and  others,  tliat  under  these  circumstances  the 
general  anaesthetic  is  rarely  asked  for. 

There  are  some  lesser  operations,  however,  which 
ought  never  to  be  performed  with  the  help  of  a  Ux^l 
anaesthetic — such  operations  as  the  dissection  of  an 
axilla  whose  glands  are  the  seat  of  cancerous  deposits, 
and  in  general  any  operation  the  success  of  which  de- 
pends upon  the  recognition  of  the  line  between  diseased 
and  healthy  tissue.  The  local  ana*sthetic,  even  though 
it  be  an  osmotically  |>erfect  soluticm.  causes  an  (vdenia 
which  makes  it  more  difticult  for  the  surgeon  to  tell  how 
far  the  disease  extends.  Under  these  circumstances  a 
general  ana?stlietic  should  always  be  given. 

The  only  method  of  pimlucing  local  analgesia  by  drugs 
thus  far  spoken  of  is  the  method  bjr  injection.  The  ap- 
plication of  cocaine  to  the  skin  will  not  produce  anal- 
gesia, unless  the  drug  is  driven  into  it  by  means  of  a 
strong  galvanic  current — the  method  of  cata])horesis,  as 
it  is  called.  But  mucous  membranes  arc  capable  of  ab- 
sorbing a  sufficient  amount  of  cocaine  to  render  them  in- 
sensitive. For  this  purpose  the  solution  employed  must 
be  far  stronger  than  that  employed  in  the  infiltration 
method,  though  there  is  no  doubt  that  unnecessarily 
strong  solutions  have  lx?en  ust»d  upon  the  mucous  mem- 
branes. Several  fatal  cases  have  been  reporte<l  from  the 
injudicious  u.se  of  cocaine  upon  mucous  membranes. 
One  drachm  of  a  four-percent,  solution,  injected  into  the 
urethra,  has  causeil  the  death  of  an  adult  inside  of  four 
minutes,  while  half  of  that  amount  has  killed  a  child 
within  thrve  days  from  the  time  of  injection.  Smaller 
quantities  have  caused  alarming  though  not  fatal  symp- 
toms. In  every  case  in  which  cocaine  or  any  other  drug 
is  injected  the  surgeon  ought  to  know  exactly  how 
much  he  is  administering.  The  minimum  fatal  close*  of 
cocaine  for  an  adult  is  certainly  not  more  than  one-third 
of  a  grain.  This  amount  is  contained  in  seventeen  minims 
of  a  two-percent,  solution,  or  in  eight  minims  of  a  four- 
per-cent.  solution.  The  injection  into  the  urethra  of  a 
twenty-percent,  solution  is  absolutely  unwarrantable, 
while  the  practice  of  anaesthetizing  the  nasal  cavities  by 
means  of  a  si)ray  is  also  to  be  condemned.  Instead,  tlie 
drug  should  be  applied  on  a  swab,  and  then  the  operator 
will  know  how  much  of  the  drug  he  is  applying. 

The  sensibility  of  a  considerable  portion  of  the  body 
can  be  reduced  or  even  entirely  suspended  by  the  injec- 
tion of  a  small  amount  of  cocaine  by  a  lumbar  puncture 
into  the  spinal  canal.  Fifteen  minims  of  a  one-per-cent 
solution  injected  in  this  manner  have  sufficed  to  render 
insensitive  to  pain,  for  a  half-hour  or  more,  the  whole 
lower  half  of  the  body  of  an  adult.  Rather  extensive 
operations  have  been  perfonned  in  this  manner,  but  they 
might  liave  been  done  equally  well,  apparently,  by  means 
of  injections  made  locally,  while  the  lumbar  punctures 
were  followed  in  almost  every  instance  by  headaches 
and  pain  in  the  back  and  legs  for  a  day  or  longer,  and 
in  some  instances  by  attacks  of  vomiting  for  several 
hours.  These  unpleasant  symptoms  were  equally 
marked  in  the  one  instance  in  which  tropacm*aiue  was 
employed  instead  of  cocaine,  so  that  analgesia  by  lumbar 
injfK^tions  has  not  yet  passed  beyond  the  stage  of  scien- 
tific experimentation,  and  it  is  doubtful  if  it  will  do  .so. 

In  spite  of  all  that  has  been  written  in  favor  of  the 
use  of  dilute  solutions  of  cocaine,  or,  better  still,  the  sub- 
stitution of  eucaine  B  for  cocaine,  many  dangerously 
strong  solutions  of  cocaine  will  still  be  employed.  It  is 
not,  therefore,  out  of  place  to  mention  the  toxic  symptoms 
of  tlie  drug,  and  the  appropriate  treatment  for  them.  The 
various  symptoms  mentioned  are  pallor,  profu.se  perspira- 
tion, frequent,  feeble,  irregular,  or  intermittent  pulse, 
unconsciousness,  dizziness,  nausea,  blindness,  deafness, 
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musculrtr  rigidity,  lividity,  convulsive  or  suspended 
respiration,  and  paralysis.  In  the  slighter  cases  of 
poisoning,  the  symptoms  are  over  in  a  few  houi*s. 
Amon^  the  anti(lott»s  recommended  are  amyl  nitrite, 
nitroglycerin,  ammonia,  digitalis,  whiskey.  *  atropine, 
and  nu)rphine,  but  above  all  it  is  important' to  i)lace  the 
patient  in  a  horizontal  position,  to  loo8c»n  his  clothing, 
and  to  perform  artiticial  resi)iration  if  necessary.  Even 
though  attempts  at  resuscitation  are  successful,  it  is  not 
safe  to  leave  a  patient  for  some  time  afterward,  as  a 
second  or  third  collapse  may  occur. 

Another  disadvantage  which  is  connected  with  the  use 
of  cocaine  is  tlie  habit  which  has  often  been  formed  in 
this  manner.  This  danger  is  most  likely  to  follow  the 
ase  of  cocaine  in  the  nose.  On  account  of  its  contractile 
power,  the  n»lief  which  it  affonls  in  inflammatory  condi- 
tions, such  as  acute  coryza  or  hay  fever,  is  so  prompt  and 
delightful  that  the  desire  to  repeat  the  ap]>lication  soon 
becomes  very  strong.  P^ven  more  than  morphine  the 
drug  soon  lias  a  terrible  grasp  upon  the  unfortunate 
sufferer,  which  few  men  have  ever  been  able  to  shak(> 
off.  Many  physicians  have  fallen  a  prey  to  cocaine. 
Under  such  circumstances  a  strong  wonl  again.st  its  care- 
less use  is  not  out  of  place  here,  although  the  habit  has 
not  usually  followed  its  administration  for  local  analgesia. 

Edirard  MiWm  Fiwte. 

ANESTHETICS. — Agents  capable  of  prfnlucing  priva- 
tion of  sensjition,  or  aniesthesia  (from  a,  privative,  and 
aiatfdvofiai,  I  feel),  when  inhaled  or  applied  locally,  have 
been  termed  aua'sthetics.  While  the  word  **  anaesthesia  " 
more  properly  indicates  the  condition  of  want  of  sensi 
bilitv  or  feeling,  it  has  also  been  applied  and  is  com- 
mon\v  used  to  denote  the  state  pnKluced  by  the  admin- 
istration of  the  general  ana'sthetics.  of  which  want  of 
feeling  is  but  one  of  many  factors.  The  word  "  narcosis  " 
(from  vdpKuotg  or  vnftKrf,  numbness  or  paralysis)  is  also 
much  employed  to  signify  the  tfftite  of  the  anaesthetized 
individual,  and  will  be  so  used  in  this  article.  Agents 
which  act  uj)on  the  whole  organism  by  their  absorption 
into  the  blood  are  called  general  anaisthetics.  Those* 
which  act  only  upon  the  part  to  which  they  are  applied 
are  called  hx'til  anjesthetics. 

Anciknt  History. — To  seek  relief  from  pain  is  in- 
stinctive and  the  practice  of  measures  for  this  purpose 
is  undoubtedly  of  as  great  antiquity  as  man's  existence. 
Efforts  to  obtain  freedom  from  suffering  during  surgical 
and  other  painful  procedures  are  recorded  throughout  an- 
cient history,  and  the  works  of  the  earliest  meclieal  writ- 
ers contain  numerous  references  to  methods  in  vogue  in 
their  times  for  the  mitigation  or  prevention  of  pain, 
throuirh  the  exhibition  of  drugs  by  internal  administm- 
tion.  i)y  inhalation,  and  ])y  local  application. 

Mandmgoni.  cannabis  indica,  and  opium  are  the 
agents  that  were  most  conunonly  used  for  this  puipose, 
although  belladonna,  hyoscyamus.  hemlock,  and  others 
are  frequently  mentioned  in  this  ccmnection.  Man- 
dnigora  (atropa  mandragoni)  se(»ms  to  hav<*  been  the 
earliest  and  most  favored  narcotizing  agent  of  the  an- 
cients, and  must  have  been  in  geiienil  use  in  the  times  of 
Dioscorides.  Pliny,  and  Apuleius.  for  in  their  writings 
itsa(rtion  and  uses  are  freelv  discnssi'd. 

Dios^-orides  mentions  three  different  preparations  of 
mandnigora  in  these  terms:  1.  " Sr»me  i)ersons  boil  the 
root  in  wine  doNN  n  to  a  third  part  and  ])reserve  the  de- 
coction, of  which  they  administer  a  (  vat  bus  (  r  iss.-f]  in 
want  of  .sleep  and  severe  pains  of  any  part,  and  also  be- 
fore operations  with  the  knife  or  the  actual  cautery,  that 
they  may  not  be  felt."  2.  "A  wine  is  prepared  frf>m 
the  bark  of  the  root  without  boiling,  and  three  pounds 
of  it  are  put  into  a  cad  us  [about  eiirhteen  galhms]  of 
sweet  wine,  and  three  cyathi  of  this  are  given  to  those 
who  require  to  be  cut  or  cauterized,  when,  being  thrown 
into  a  deep  sleep,  they  do  not  feel  any  pain."  :J.  Of  an- 
other kind  of  mandragom  called  "marion"  he  states: 
**They  relate  that  a  drachm  of  it  being  taken  as  a 
draught,  or  eaten  in  a  cake  or  other  food,  causes  infatu- 
ations, and  takes  away  the  use  of  the  reason.     The  i)er- 


son  sleeps  without  sense,  in  the  attitude  in  which  he 
ate  it,  for  three  or  four  hours  afterward.  Medical  men 
also  use  it  when  they  liavc  to  resort  to  cutting  or  bum- 
ing^*' 

Pliny,  writing  of  the  juice  of  the  leaves  of  mandragora. 
states  that  **  it  has  a  soporific  power  on  the  faculties  of 
those  who  drink  it:  .  .  .  the  dose  ishalf  ac^'athus;  .  .  . 
some  persons  even  die  from  a  considerable  draught;  .  .  . 
it  is  taken  against  serpents,  and  before  cuttings  and 
puncturings,  lest  they  be  felt." 

Apuleius  has  written  of  mandragora:  *'If  any  one  eat 
it  he  will  immediately  die,  unless  he  be  treated  with 
butter  and  honey  and  vomit  quickly.  Further,  if  any 
one  is  to  have  a  limb  mutilated,  burnt,  or  sawn,  he  may 
drink  half  an  ounce  with  wine,  and  whilst  he  sleeps  the 
member  may  be  cut  off  without  any  pain  or  sense." 

Cannabis  mdica.  which  is  probably  the  **  liasheesh  "  or 
**  bhang  "  of  the  East,  the  Ma  yo  of  the  Chinese  and  the 
**  nepenthe  "  of  Homer,  was  employed  by  the  Scythians, 
as  related  by  Herodotus,  for  the  production  of  intoxica- 
tion In  the  East  it  has  long  been  used  for  this  purpose 
and  for  the  relief  of  pain,  particularly  in  the  case  of  crimi- 
nals about  to  undergo  torture.  An  example  of  tlie  use  of 
cannabis  indica  to  prevent  the  pain  of  surgery  occurs  in 
a  biographical  sketch  of  Hoa  tho,  a  Chinese  practitioner, 
of  whom  it  is  stated  that  ''if  the  malady  was  situated  in 
parts  on  which  the  needle,  the  moxa,  or  liquid  medicines 
could  not  act,  for  example  in  the  bones,  in  the  medulla 
of  the  bones,  in  the  stomach,  or  the  intestines,  he  gave 
the  patient  a  preparation  of  hemp,  and,  at  the  end  of 
some  instants,  he  became  as  insensible  as  if  he  had  been 
drunk  or  cleprived  of  life.  Then,  according  to  the  case, 
he  made  openings  and  incisions,  performed  amputations, 
and  removed  the  cause  of  the  malady ;  he  then  brought 
together  the  tissues  with  points  of  suture  and  appHed 
liniments.  After  a  certain  number  of  days  the  patient 
found  himself  re-established  without  having  experienced 
the  slightest  pain  during  the  operation." 

Cannabis  indica  was  almost  invariably  administered 
by  the  inhalation  of  its  fumes  when  burnt,  and  Pliny, 
in  recording  the  properties  of  the  juice  of  mandragora 
leaves,  states :  **  For  these  purposes  [against  8er{)ents  and 
before  cuttings  and  puncturings,  lest  they  be  felt]  it  is 
sufficient  for  some  persons  to  have  sound  sleep  from  the 
smell  [of  the  medicine]." 

In  tlie  thirteenth  century  Theodoric  produced  insen- 
.sibility  to  the  pain  of  operations  by  means  of  narcotic 
inhalations  fnmi  a  ** sleeping  ball"  or  "spongia  somnif- 
era."  u.sed  and  described  by  his  teacher,  Dominus  Hugo 
of  Lucca,  and  thus  made:  "Take  of  opium  and  the  juice 
of  unripe  mulberry,  of  hyoscyamus,  of  the  juice  of  the 
h(^mlock,  of  the  juice  of  tin*  leaves  of  the  mandragora, 
of  the  juice  of  the  woody  ivy.  of  the  juice  of  the  forest 
mulberry,  of  the  .seeds  of  lettuce,  of  the  seed  of  the  bur- 
dock wllich  has  largt;  round  apples,  and  of  the  water 
hemlock,  each  one  ounce;  mix  the  whole  of  them  to- 
gether in  a  brazen  vessel,  and  then  in  it  place  a  new 
sj)onge.  and  let  the  whole  boil  as  long  as  the  sun  lasts 
on  the  dog-days  until  the  si)onge  consumes  it  all  and  it 
is  boiled  away  in  it  (the  sponge).  As  oft  as  there  shall 
be  nei'd  of  it.  jilace  this  sj)ouge  in  hot  water  for  an  hour 
and  let  it  be  apjilied  to  the  nostrils  of  him  who  is  to  bt^ 
operated  on  till  he  has  fallen  asleep:  and  so  let  the  sur- 
gery be  performed.  This  being  finished,  in  onier  to 
awaken  him.  apply  another  sponge,  dipped  in  vinegar, 
frequently  to  the  no.se,  or  let  the  juice  of  the  nvots  of 
fenugreek  be  .s(|uirted  into  his  nostrils.  Presently  he 
awakens.'' 

Although  tho  cfiicieney  of  this  plan  has  been  doubted, 
it  is  recorded  that  in  is:3'2  M.  Dauriol  in  France,  follow- 
ing these  directions,  operated  painlessly  in  five  cases, 
which  he  reported.  Greek  and  Roman  authors  have 
described  the  elT(»ctsof  mandrake  in  preventing  the  pain 
of  operations,  but  it  seems  to  have  been  little  used  by 
them  on  account  of  its  fatal  etTects;  in  fact,  it  is  probable 
that  all  of  the  foregoing  means  of  rendering  surgery 
painless  were  dangerous. 

Pliny  and  Dio.scorides  describe  the  local  benumbing 
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effects  produced  by  the  application  of  pulverized  marble 
(memphitis)  with  vinegar,  stating  that  it  will  •*  stupefy 
parts  to  be  cut  or  cauterized,  for  it  so  paralyzes  the  part 
that  it  feels  no  pain."  Numerous  other  methods  of  pro- 
ducing insensibility  to  the  pain  of  surgical  operations 
are  recorded,  notably  compression  of  the  ves.sels  of  the 
neck  as  practised  by  the  ancient  Assyrians  during 
circumcision,  which  probably  acted  by  producing  the 
imconsciousness  of  cerebral  anaemia  (as  also  brought 
about  by  excessive  and  rapid  venesection  for  similar 
purposes);  compression  of  the  nerves  supplying  the  part 
operated  upon,  as  earned  out  with  some  success  in  1784  by 
James  Moore,  an  English  surgeon.  Hypnotism,  which 
**  was  known  to  the  Indians,  Egyptians,  and  Persians  at 
a  very  remote  period,"  has  been  extensively  tried  as  a 
means  of  rendering  patients  insensible  to  the  pain  of 
operations.  Cloquet  removed  a  breast  painlessly  from  a 
hypnotized  patient  in  1829,  and  at  a  later  perioci  Esdailc 
in  India  performed  several  hundred  operations  upon  pa- 
tients, chiefly  Hindoos,  in  the  hypnotic  state.  Elliotson 
and  Braid  aavocated  the  method  in  England,  and  Liston 
employed  it  with  some  success.  Simpson  investigated 
the  subject  tlioroughly  and  made  many  very  successful 
experiments  with  it,  but  abandoned  it  as  impracticable. 
The  practice  of  hypnotism  for  the  production  of  anes- 
thesia has  never  come  into  general  use  and  probably 
never  will,  from  the  fact  that  only  a  very  small  percent- 
age of  persons  can  be  satisfactorily  put*  into  this  state, 
and  in  these,  repeat€<l  attempts  are  often  necessary  be- 
fore a  sufficiently  deep  sleep  can  be  induced  so  that  the 
subject  will  be  insensible  to  pain.  Furthermore,  the 
condition  of  the  patient  during  the  operation  is  often  far 
fn>m  satisfactory  on  account  of  **  convulsive  movements 
of  the  limbs,  corrugation  of  the  brows,  and  even  loud 
«ries  and  sobs,"  which  occur  in  many  cases. 

For  a  long  period  before  the  introduction  of  the  antes- 
thetics  of  to  day,  opium  and  alcohol  were  the  chief 
agents  employed  to  lessen  operative  pain ;  but  the  results 
were  far  from  satisfactory,  and  M.  Velpeau  in  1889  wrote: 
"  To  escape  pain  in  surgical  operations  is  a  chimei-a  which 
we  are  not  permitted  to  look  for  in  our  day.  A  cutting 
instrument  and  pain,  in  operative  medicine,  are  two 
words  which  never  present  themselves  the  one  without 
the  other,  in  the  mind  of  patients,  and  it  is  necessary 
for  us  as  surgeons  to  admit  their  association." 

Modern  History. — The  incidents  leading  up  to  the 
discovery  of  the  anesthetic  properties  of  nitrous  oxide, 
ether,  and  chloroform,  and  the  introduction  of  these 
agents  into  surgical  practice,  form  one  of  the  most  in- 
teresting chapters  in  medical  history.  In  1799  Humi)hrey 
Davy  published  on  account  of  his  extensive  researches 
concerning  nitrous  oxide,  and  stated  that  "as  nitrous 
oxide,  in  its  extensive  operation,  appears  capable  of  de- 
stroying physical  pain,  it  may  probably  be  used  with 
advantage  during  surgical  operations  in  which  no  great 
effusion  of  blood  takes  place."  Even  before  this  time 
ether  was  used  by  inhalation  for  the  relief  of  affections 
of  the  chest  and  was  known  to  relieve  pain  and  promote 
sleep.  In  1818  Faraday  is  said  to  have  pointed  out  that 
the  inhalation  of  ether  Vapor  produced  effects  similar  to 
those  of  nitrous  oxide.  The  intoxication  resulting  from 
the  breathing  of  diluted  vapors  of  these  agents  became 
very  well  known,  and  was  commonly  practised  as  a 
means  of  pleasure  and  amusement.  During  an  exhibi- 
tion of  this  kind  in  Hartford.  Conn.,  on  December  10, 
1844,  Horace  Wells,  a  dentist  of  that  place,  took  note  of 
the  fact  that  while  under  the  influence  of  "laughing 
gas"  a  Mr.  Cooley  sustained  an  injury  of  the  leg  with 
out  the  least  evidence  of  pain.  The  following  day 
Wells  inhaled  the  gas  and  had  a  large  molar  tooth  ex- 
tracted. As  he  recovered  consciousness  he  stated  that 
it  had  not  hurt  him  "more  than  the  prick  of  a  pin,"  and 
that  it  would  create  "a  new  era  in  tooth-pulling,"  a  pre- 
diction that  has  been  fully  realized,  although  Wells  did 
not  live  to  see  it.  After  his  own  experience  he  immedi- 
ately tried  the  gas  in  his  practice  with  great,  though  not 
invariable,  success.  In  a  public  demonstration  of  its  ac 
tion  at  the  Harvard  Medical  School  a  short  time  later. 


the  patient — owing  no  doubt  to  the  imperfect  method  of 
administration  employed — gave  unmistakable  signs  of 
pain  upon  the  extraction  of  a  tooth.  Wells  was  hissed 
and  ridiculed  by  the  students  present;  and  although  dis- 
couraged and  believing  the  gas  to  be  uncertain  in  its  ac- 
tion, he  continued  to  use  it  in  his  practice  for  a  number 
of  years. 

Wells  died  in  1848,  and  nitrous  oxide  was  generally 
discredited  till  1867,  when  Colton  reported  twenty  thou- 
sand successful  administrations.  After  this  it  rapidly 
assumed  its  present  status  as  an  anaesthetic.  This  dem- 
onstration of  the  action  of  nitrous  oxide  is  not  gener- 
ally looked  upon  as  the  discovery  of  antesthesia,  though 
in  Hartford  a  monument  erected  to  Wells  is  thus  in- 
scribed: 

Horace  Wells,  who  discovered  Ansesthesia, 
December  10,  1844. 

William  T.  G.  Morton,  a  dentist  of  Boston  and  a  partner 
of  Wells  in  1842-43,  devised  an  improvement  in  making 
artificial  teeth  which  neces.sitated  the  extraction  of  all 
old  roots,  over  which  the  plates  were  made  and  worn  at 
that  time.  Great  difficulty  was  experienced  in  inducing 
patients  to  submit  to  this. operation  on  account  of  the 
pain,  and  Morton  sought  diligently  for  better  methods  of 
preventing  it  than  by  the  administration  of  enormous 
doses  of  alcohol  or  opium,  commonly  used  at  this  time 
for  such  purposes.  Familiar  with  the  action  of  nitrous 
oxide,  and  knowing  the  similar  effects  of  ether,  he  was 
led  to  experiment  with  the  latter  upon  himself  and  on 
animals.  After  succeeding  in  completely  etherizing  a 
dog,  he  rendered  himself  unconscious  for  over  seven 
minutes  by  inhaling  ether  fiom  a  handkerchief.  This 
occurred  on  September  30,  1846,  and  the  same  evening 
he  administered  it  to  a  patient  for  tooth  extraction  with 
perfect  success.  Within  a  week  he  requested  Dr.  John 
Collins  Warren,  a  prominent  surgeon  of  Boston,  to  per- 
mit him  to  administer  the  agent  for  him  in  a  surgical 
operation,  and  this  was  done  at  the  Massachusetts  Gen- 
eral Hospital  on  October  16,  1846,  with  such  success  that 
Dr.  Warren,  a  very  conservative  man,  exclaimed  to  the 
large  audience  of  medical  men  and  students  present: 
"Gentlemen,  this  is  no  humbug!  "    • 

This  was  the  first  public  demonstration  of  the  action 
of  ether  as  an  anaesthetic,  and  although  numerous  claims 
of  priority  have  been  made.  Morton  is  generally  credits 
with  giving  the  inestimable  gift  of  anaesthesia  to  the 
world.  The  knowledge  of  this  discovery  and  its  use 
in  dentistry  and  surgery  spread  with  great  rapidity. 
Ether  was  first  administered  in  England  on  December 
19,  1846;  a  few  days  later  it  was  employed  in  France, 
and  in  a  remarkably  short  time  its  use  became  almost 
univei-sal.  On  January  19, 1847,  Simpson  fii-st  employed 
ether  during  labor  for  forceps  (lei i very,  and  a  few  days 
later  to  relieve  the  pain  of  ordinary  labor.  He  immeai- 
ately  called  the  attention  of  the  j)rofession  to  the  subject, 
and  notwithstanding  widespread  and  outspoken  objec 
tions  to  anaesthetics  in  these  cases,  and  even  in  surgery, 
upon  the  religious  opinion  that  pain  under  these  circum- 
stances was  the  will  of  God  and  should  therefore  be 
borne,  their  use  has  become  almost  a  routine  practice 
the  world  over. 

The  success  of  ether  as  an  antiesthetic  incited  a  large 
amount  of  experimentation  with  almost  every  substance, 
in  the  hope  of  discoveriug  a  better  agent  for  this  pur- 
pose, aud  on  November  4,  1847,  the  anjvsthetic  pn)i)t'rty 
of  chloroform  was  discovered  by  Dr.  James  Y.  Simpson, 
who,  with  his  assistants  Dr.  George  Keith  and  Dr. 
Matthews  Duncan,  inhaled  it  from  tumblers  and  were 
all  rendered  unconscious  thereby.  On  the  10th  of  the 
same  month  Simpson  read  a  paper  on  chlorofonn  before 
the  Medico-Chirurgical  Society  of  Edinburgh,  and  on 
the  loth  published  a  pamphlet  on  the  subject,  reporting 
about  fifty  successful  administrations.  The  apparent 
advantages  of  chloroform  over  ether  caused  it  largely  to 
replace  the  latter  throughout  the  world,  with  the  notable 
exception  of  the  northeastern  part  of  the  United  States, 
where  faith  in  ether  has  never  been  shaken  and  chloro- 
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form,  tliou^h  triocl  at  the  time  of  its  di.scovery  as  an  an- 
SBsdu'tic.  was  (jiiickly  dropped  on  account  of  its  danger- 
ous action. 

On  January  28.  1848,  less  than  three  months  after  the 
intn>duction  of  chloroform,  a  death  during  its  adminis- 
tration occurred,  and  this  was  soon  followiKi  by  reports 
of  others  from  every  quarter  of  tlie  gh)be. 

Fnmi  that  time  to  tlie  present,  chloroform  fatalities 
have  been  recorded  with  great  and  apparently  increas- 
ing frequency,  while  deaths  from  ether  have  been  ccmi- 
paratively  rare.  To  these  facts  may  be  attributed  in 
great  part  the  steady  gain  of  ether  throughout  the 
world. 

Since  the  introduction  of  nitrous  oxide,  ether,  and 
chloroform  as  anjcstlietics,  a  large  number  of  similar  sub- 
stances have  been  found  to  possess  this  properly,  and 
several  of  these  have  been  us<>d  to  stnne  extent.  None, 
however,  has  stixnl  the  test  of  time  as  have  the  three 
above  mentioned,  which  to-day  constitute  practically 
the  only  agents  in  general  use. 

Methylene  bichloride,  discovered  by  Regnault  in  1840, 
recommended  as  an  ana»slhetic  by  Sir  B.  W.  Richardson 
in  1867,  and  warmly  advocated  by  Sir  Spencer  Wells, 
was  used  very  considerably  in  Europe  for  a  number  of 
years.  Its  favomblc*  features  were,  agreeable  odor,  nipid 
action,  prompt  recovery,  and  freedom  from  after-effects: 
but  it  proved  to  be  unstife  and  fell  into  disuse.  It  was 
furthermore  found  that  the  substance  commonly  useil  as 
bichloride  of  methylene  was  really  chloroform  diluted 
with  one-fifth  of  methylic  alcohol,  and  that  genuine 
"methylene"  acted  as  a  ccmvulsive  poison  in  the  lower 
animals. 

Ethidene  dichloride,  dis<!overed  by  Regnault  and  used 
to  the  extent  of  one  thou.sand  eight  hundred  and  sev- 
enty-seven udministmlions  by  Clover.  (»n joyed  some 
fiopularity  for  a  time,  but  its  use  nev<'r  became  general, 
ts  action  was  evidently  between  that  of  chloroform  and 
that  of  ether.  Seveml  deaths  and  acci(h*nts  are  re- 
corded from  its  use. 

Ethyl  bromide,  dis<'overed  by  Senillas  in  1827,  was 
first  used  as  an  anjiesthetic  by  T^unnely  in  1H49  and  >vas 
employed  to  some  extent  by  Turn  bull,  ('hisholm.  J. 
Marion  Sims,  R.  J.  Levis,  Sir  B.  AV.  Richanlson,  Mr. 
Clover,  J.  F.  Silk,  and  others.  It  was  studied  experi- 
mentally by  Ributeau,  Berger,  Wood.  Wolff.  Lee.  Ott. 
Lyman.  an<i  others,  and  was  found,  if  given  freely,  to 
be  a  powerful  circulatx)ry  and  respiratory  depressant. 
It  was  very  apt  to  contain  bromic  impurities  and  was 
easily  decompo.sed.  Clinically  it  was  found  to  be  an 
exceedingly  nipid  ana'sihetic,  about  one  minute  being 
sutticient  for  the  production  of  deep  aniesthesia.  and.  if 
at  once  discontinued.  Silk  demonstrated  that  an  average 
aniesthesia  of  4<J.2  seconds  resulted.  Recovery  was 
prompt  and  very  free  from  after-effects  in  the  short  ad- 
ministrations, though  headache,  faintne.ss.  and  vomiting 
often  followed  its  prolonged  use.  Muscular  rigidity 
was  often  encountered  during  its  inhalaticm.  It  caused 
"great  congestion  of  the  face,  n<»ck.  and  upper  part  of 
the  chest."  The  pulse  and  respiration  were  usually  ac- 
celerated. Tjachrymati<m  and  sjilivation  were  often  very 
great;  the  pupils  were  usually  tiilated.  Several  fatalities 
resulted  from  its  administration,  and  although  it  was  used 
by  many  with  great  satisfaction,  particularly  in  momen- 
tary or  short  operations,  its  present  use  is  n<»t  extensive, 
and  it  is  not  generally  reconmiended  as  an  aniesthetic. 
Fowler  has  recently  commended  its  use  in  one  or  two 
drachm  doses,  preliminary  to  ether. 

Elhvl  chloride,  discovered  by  Riivelle  and  studied  by 
Basse,  has  been  successfully  employed  as  an  ana*sthetic 
by  Ileyfelder,  Lotheisen,  Hacker,  Rodier.  Weissner.  and 
others.  Anaesthesia  is  induced  very  rapidly,  from  half  a 
minute  to  two  minutes  being  recpiired.  according  to  the 
individual.  If  immediately  discontinued,  aiuvstliesia 
lasting  from  half  a  minute  to  three  minutes  has  been 
obtained,  the  length  of  the  anjcsthesia  correspondinir  to 
the  length  of  the  administration.  Recovery  has  be(?n 
very  free  from  the  usual  disturbances.  Muscular  re- 
laxation is  not  obtained  from  this  amesthetic  and  the  pa- 


tient is  apt  to  regain  consciousness  during  the  operation. 
The  administration  of  ethyl  chloride  as  a  general  an- 
a'stlietic  has  not  been  extensive  up  to  the  present  time, 
and  furtber  researches  will  be  nectessary  before  its  true 
value  is  determined.  As  a  local  anwstiietic  its  properties- 
are  well  known.  Tuttle  has  recently  recouunended  its- 
administration  preliminary  to  ether. 

Amylene.  discovered  b}'  Btilard  in  1844,  was  carefully 
studied  by  Snow  in  18^0-57.  Two  deaths  occurred 
under  its  influence  out  of  the  two  hundred  and  thirty- 
eight  cases  in  which  he  use<l  it,  and  it  was  discan^ed, 
although  it  had  been  giv(»n  rather  extensively  for  a 
while.  As  an  anaesthetic  it  was  not  ver}-^  satisfactory-. 
It  did  not  pnxluce  muscular  relaxation,  but  with  very 
light  narcosis  complete  analgesia  seemed  to  be  pres- 
ent, and  most  of  Snow's  ca.s«»s  were  operated  upon  in 
this  state.  The  vapor  of  amylene  is  not  pungent,  but 
has  an  ** offensive,  cabbage-like  odor."  It  is  no  longer 
usc*d. 

Pental  is  said  to  be  "a  pure  form  of  amylene  intro- 
duced into  commerce  by  Mering."  It  has  been  used  to 
a  limited  extent,  particularly  for  short  operations.  Its 
action  is  similar  to  that  of  amylene.  tliough  quicker  and 
more  constant.  Dangennis  symptoms  and  deaths  have- 
occurre<l  under  it,  however,  and  it  is  little  used  at 
present. 

Nitrogen,  pure  or  in  combination  with  small  percent- 
ages of  oxygen.  pnHluces  unconsciousness  which  closely 
res<'mbles  the  amesthesia  of  nitrous  oxide.  It  is  not  a 
true  ana'Sthetic,  however,  its  action  depending  solely 
upon  deprivation  of  oxygen  and  consequent  asphyxia. 
Hewitt  has  employed  it  in  twenty-three  cases  of  tooth 
extraction,  practically  pure  nitrogen  being  used  in  some 
and  in  others  nitrogen  plus  oxygen  in  the  proportions 
of  3,  5,  6.6,  7,  and  7.5  per  cent*.  Although  anaesthesia 
was  pro<luced  in  all  of  the  cases,  it  was  not  as  satis- 
factory as  that  of  nitrous  oxide.  The  time  of  adminis- 
tration varie<l  from  fifty  to  ninety-five  seconds,  according- 
to  the  amount  of  oxygen  present.  The  resulting  anies- 
thesia was  somewhat  shorter  than  that  of  nitrous  oxide 
an<l  the  after-effects  were  greater. 

A  large  number  of  substances  similar  to  those  already 
mentioned  have  been  found  to  possess  anaesthetic  prop- 
erties, but  owing  to  di.sjul vantages,  dangers,  and  the 
knowledge  of  better  agents,  they  are  not  used. 

In  the  hope  of  favorably  nuxlifying  the  action  of  the 
more  C(munonly  employed  ana*sthetics,  ether  and  chloro- 
form, various  mixtures  of  these  agents  with  each  other 
and  with  other  substances  have  been  proposed.  The 
A. (-.PI  mixture,  probably  the  l)est  known  of  the.se.  con- 
sists of  alcohol  1  part,  cldorofonn  2  parts,  and  ether  ft- 
parts  by  volume.  Martindale  states  that  almost  uni- 
form volatilization  of  this  mixture  nfsults  if  the  specific 
gravity  of  the  alcohol  is  0.795,  the  chloroform  1.497,  and 
the  ether  0.720.  This  mixture,  originally  advocated  by 
Ilarley,  was  strongly  recommended  by  the  ansesthetic 
committee  of  the  Royal  Medico-Chirurgical  Stxiiety  of 
liOndon,  its  action  being  found  by  them  to  be  about  oair 
way  between  that  of  chloroform  and  ether.  This  com- 
mittee also  recommended  a  mixture  of  chloroform  1 
part,  ether  3  parts,  and  another  of  chloroform  1  part, 
ether  4  parts,  but  gave  pn»ference  to  the  first  or  A.C.E. 
mixture  on  account  of  its  "unifonn  blending"  and 
'*  probably  the  more  e(juabl(»  escape  of  the  constituents 
in  vapor.'' 

Other  well  known  mixtures  are:  The  Vienna  mixture 
— chloroform  1  part,  ether  8  parts:  Billroth's  mixture- 
chloroform  Ji  parts,  alcohol  1  part,  ether  1  part;  Linhart*s- 
mixture — chloroform  4  parts,  alcohol  1  part;  8ansom*3 
mixture — chloroform  ami  alcohol  equal  parts. 

In  1895,  Schleich.  of  Berlin,  advancwl  the  theory  that 
an  anaesthetic  mixture  the  boiling  point  of  which  closely 
approximated  the  temperature  of  the  body,  would  po8» 
sess  great  safety  and  (;ause  the  minimum  of  after-disturb- 
ance by  reason  of  thedetinite  and  suitable  relations  thus 
established  between  absorption,  elimination,  and  the- 
amount  of  the  agent  retained  in  the  circulatioa.  He 
suggested  three  different  mixtures,  as  follows: 
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Anaeatlietica. 
Anaeatlietlcs. 


ClilorDform 

Sulphuric  ether... 
Petroleum  ether. , 


No.  1.— Bolls 

38«»r.(100.4«F.). 

For  ll^rht 

nan'Ofils. 


45  volumes. 
15      '* 


No.  2.— Bolls       No.  3.— Bolls 
40"  C.  (104«»  F.).  42»  C.(107.««»  F.). 


For  medium 
narcosis. 


45  volumes. 
mi 
15       " 


For  deep 
naroosls. 


tin  volumes. 

80 

15 


The  petroleum  ether  used  should  boil  at  from  GC  to 

ey  c. 

These  mixtures  enjoyed  a  brief  popularity,  and  were 
earnestly  reeommended  in  the  Tnited  States  by  Maduro, 
Meyer,  and  othei"s.  ISIany  advantap:es  were  at  first 
•claimed  for  this  fonn  of  ana-sthesia — i.f.,  safety,  marked 
freedom  from  excitement,  cyanosis,  flow  of  mucus, 
bronchitis,  pneumonia,  vomiting.  Very  rapid  recovery 
and  slight  effects  upon  the  heart,  lungs,  or  kidneys  were 
observed.  Clinical  evidence,  however,  soon  disproved 
these  claims,  and  cases  (»f  deep  cyanosis,  alarming  states 
of  the  respirati(m  and  circulation,  nearly  fatal  accidents, 
excessive  vomiting,  broncho-pneumonia,  albuminuria, 
etc.,  occurred  with  such  frequency  that  a  number  of 
tliose  who  had  at  first  a<lvocated  the  method  with  en- 
thusiasm later  published  their  reversed  conclusions. 

In  1898  Dr.  Willy  Meyer  brought  forward  a  new  mix- 
.ture  "on  the  basis  of  the  Schleich  principle,"  as  follows; 


Ethyl  chloride 

».  If  Q  M  )  Etlier,  5*J.75  volumes  ♦ 

"•^-    Khloroform,  43.:J5       "        j 


17  volumes. 
«3 


The  mixture  of  ether  and  chloroform  designated  **  M. 
"8."  is  said  to  be  a  true  molecular  solution  containing  no 
free  ether  or  chlorofonn.  The  boiling  point  of  the  total 
mixture  is  40''  C.  (104"  F.).  Dr.  Meyer  considers  tliis 
Kingic  mixture  a  great  improvement  on  those  of  Schleich, 
^nd  in  its  use  he  has  ob.served  little  general  disturb- 
ance, no  struggling,  infrequent  vomiting,  rapid  recov- 
<*ry,  and  no  disturbance  of  the  lungs  or  kidneys. 

Many  are  opposed  to  the  use  of  anaesthetic  mixtures 
on  the  ground  that  their  action  is  indefinite  and  that, 
owing  to  the  marked  difference  in  the  rate  of  evaporation 
of  their  respe<;tive  ingredients,  the  first  effect  is  chiefly 
<lue  to  the  more  volatile  agent,  the  later  effect  to  the  less 
volatile. 

These,  and  many  otlier  theoretical  objections  to  the 
use  of  antesthetic  mixtures,  are  not  borne  out  by  prac- 
tical exp<?rience,  and  they  are  exten.sively  us^'d  and  have 
been  given  a  definite  place  by  most  writers  onan.Tslhcsia. 

Minor  and  others  have  demonstrated  that  the  boiling 
point  of  a  given  anjesthetic  mixture  is  not  constant  on 
its  evaporation.  It  is  pn»bable  that  the  action  of  such  a 
mixture  is?  that  of  its  most  powerful  ingredient  modified 
by  dilution  and  by  the  effect  of  the  other  ingredients. 

Tyrrell  has  advocated  the  administnition  of  nu'xtures 
of  the  rapors  of  ether  and  chloroform  in  proi>ortions  to 
«uit  the  effect  desired,  and  has  devised  an  apparatus  for 
this  purpose  con.sisting  of  two  Junker  bottles,  a  single 
bellows,  and  a  mechanism  for  regulating  the  proportions 
of  the  vapors. 

The  admini.strati<m  of  amestlietics  in  succession  to  one 
another  fonns  a  distinct  method  of  practice,  and  the 
plan  is  attended  with  numerous  advantages.  *'Gas  and 
^ther."  which  consists  in  the  administration  of  nitrous 
oxide  l>efore  ether,  is  juThaps  the  best  example  of  this, 
and  its  advantages  are  as  follows:  the  induction  of  un- 
<*on.sciou.<iness  is  almost  ideal,  being  accomplished  in  from 
ten  to  twenty  s<*conds  with  practically  no  discomfort, 
such  as  attends  the  breathing  of  agents  which  have  a 
fftrong  and  more  or  less  ])ungent  odor:  complete  ether 
narcosis  may  be  obtained  in  from  two  to  four  minutes 
from  the  beginning  of  the  gas.  with  entire  absence  of  a 
stage  of  excitement.  Chloroform  bef(»re  ether  is  fre- 
quently resorted  to  in  onler  that  the  patient  may  have 
the  comfort  of  the  more  agreeable  and  less  pungent  odor 
of  the  former  and  to  avoid  the  mental  effectt  often  pro- 
<luc(Ki  upon  the  patient  by  the  more  fonnidable-look- 
iD^  apparatus  used  for  the  administration  of  the  latter. 


In  this  plan  it  should  not  be  forgotten  that  a  large  per- 
centage of  the  deaths  from  chloroform  have  occurred 
during  the  early  part  of  its  administration. 

Chloroform  mixtures  before  ether  are  less  dangerous 
and  nearly  as  pleasant.  Ethyl  bromide  and  ethyl  chlo- 
ride before  ether  produce  unconsciousness  nearly  as 
quickly  as  gas.  but  are  less  pleasant  to  inhale.  The 
succession  of  gas.  ether,  and  chloroform  is  suitable  for 
those  ca.ses  in  which  the  latter  agent  is  indicated  and 
in  which  it  is  desirable  to  avoid  the  conditions  present 
during  the  stage  of  excitement.  The  condition  of  the 
respiration  and  circulation  under  nitrous  oxide  renders 
the  succession  of  gas  and  chloroform  a  dangerous  pro- 
cedure, and  it  should  not  be  undertaken. 

A  change  from  one  amesthetic  to  another  is  often  ad- 
vantageous during  an  administration.  Thus  the  sedative 
and  depres.sing  effects  of  chloroform  are  counteracted 
by  the  previous  or  .subsecjuent  administration  of  ether; 
and  the  irritaticm  or  excessive  stimulation  of  ether  is 
overcome  by  changing  to  chloroform. 

A  distinct  method,  often  referred  to  as  "mixed  anies- 
thesia,"  consists  in  the  administration  of  morphine,  alone 
or  with  atropine,  in  conjunction  with  ether  or  chloro- 
form. The  plan  is  the  outcome,  in  great  part,  of  the  ex- 
perience of  Nussbaum.  Beniard,  Guyon.  Labbe,  Kappe- 
ler,  Julliard.  Dartre,  an<i  others.  The  advantages  claimed 
for  this  method  are,  that  the  nan'o.sis  is  strikingly  quiet 
and  smooth,  free  from  excitement,  struggling,  salivation, 
and  the  usual  after-effects,  and  that  narcosis  is  established 
and  maintained  by  a  very  small  amount  of  the  ana'sthetic. 

These  advantages  are  undoubtedly  pronounced,  and 
the  method  is  employed  by  many  with  great  satisfaction. 
Morphine  given  subcutaneously  an  hour  or  two  before 
the  operation,  .so  that  the  full  effect  is  well  established 
by  that  time,  usually  rendei"s  the  patient  calm,  sleepy, 
and  in  an  admirable  frame  of  mind  for  taking  the  anaes- 
thetic. 

Unfortunately,  the  plan  presents  certain  disjid vantages. 
The  a(^tion  of  morphine  is  greatly  intensified  in  the  pres- 
ence of  ether  or  chloroform,  and  its  excessive  action  is 
not  infreciuently  undesirable  or  dangerous.  Alarming 
respiratory  depression  and  prolonge<l  deep  stupor  have 
followed  its  use.  as  observed  by  Dartre,  I>(imarquay, 
Hegnier.  Lucas,  Hewitt,  and  others.  Regnier  and  Lucas 
have  witnessed  a  numlK-r  of  deaths  which  they  attribute 
to  this  methml,  and  others  have  abandoned  it  on  account 
of  these  disadvantajjes.  The  action  of  the  an«a\sthetic  is 
also  increased  in  the  presence  of  morphine  and  an  over- 
dose is  more  ea.sily  administered.  Regnier  asserts  that 
morphine  lessens  the  elimination  of  chloroform  and  thus 
favors  its  dangerous  accumulation  in  the  system.  In 
vi(;w  of  these  facts,  it  is  the  writer's  opinion  that  this 
modification  of  ana*sthesia  is  not  suitable  as  a  routine 
practice,  although  in  selected  cases  it  may  often  be  of 
great  value.  Clinical  experience  has  demonstrated  that 
the  method  is  contraindicated  in  weak  subjects,  in  those 
presenting  respiratory  insufficiency,  and  particularly  if 
dyspncra  from  anv  cause  is  present:  in  patients  present- 
ing any  degree  of  .stupor;  in  operations  likel}'  to  be  at- 
tended by  exces.sive  hemorrhage,  and  in  patients  who 
are  very  susceptible  to  the  action  of  morphine. 

Its  application  wouhl  seem  to  be  particularly  advan- 
tageous in  highly  excitable,  vigorous,  and  neurotic  in- 
dividuals, in  alcoholics,  and  in  those  in  whom  it  would 
be  especially  desirable  to  administer  the  least  po.ssible 
amount  of  the  anjesthetic,  on  account  of  acute  or  ad- 
vanced cardiac,  pulmonary,  or  renal  dis<'ase.  It  has 
been  recommended  for  operations  about  the  mouth  on 
account  of  the  slow  recov(»rv  permitting  the  removal  of 
the  inhaler  for  prolonged  periods.  It  must  Im*  remem- 
bered, however,  that  morphine  til  lays  the  reflex  ex- 
citability of  the  air  pas.sages,  and  that  danger  of  the  en- 
trance and  toh*ration  of  products  of  the  operation  or 
other  foreign  matter  in  the  lungs  is  thereby  increased. 
Morphine  in  doses  ranging  from  gr.  J  to  gr.  J  alone,  or 
combined  with  from  gr.  yio  ^o  i^^-  t.W  ^>f  atropine,  are 
tho.s<*  usually  recommendeil  for  this  purpose.  It  is  obvi- 
ous that  the  dose  should  be  chosen  to  meet  the  conditions 
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presented  by  each  case  and  the  effect  desired,  rather  than 
that  a  stated  amount  sliould  be  administered  in  the 
usual  dogmatic  way.  In  view  of  the  augmented  action 
of  morphine  in  the  presence  of  ether  or  chloroform,  sat- 
isfactory effects  are  usually  produced  by  the  exhibition 
of  mucfi  smaller  doses  than  those  commonly  employed, 
and  it  will  be  found  that  from  gr.  ^^^  to  gr.  |  is  usually 
sufficient.  Chloral  has  also  been  used  l)efore  anaesthesia 
on  the  same  principle  as  that  governing  the  use  of  mor 
phine.  but  the  results  have  not  been  favorable;  danger 
of  collapse  being  rather  increased  in  the  case  of  chloro- 
form and  the  after  effects  lK*iug  exaggerated  in  the  ca.se 
of  ether.  Other  hypnotics  have  been  tried  in  this  way 
with  some  success,  but  the  results  have  not  l)een  pro- 
nounced enough  to  lead  to  their  geneml  adoption. 

The  administmtion  of  oxygen  during  anaesthesia  has 
received  mucli  attention,  especially  its  use  in  conjunc- 
tion with  nitrous  oxide,  the  administration  of  which  in 
a  pure  state  is  complicated  by  asphyxia  resulting  from 
deprivation  of  oxygen.  The  investigations  of  Bert, 
Hellischer.  Hewitt,  and  others  have  demonstrated  that 
this  a.sphyxia  may  be  eliminated  by  combining  oxygen 
with  nitrous  oxide,  without  interfering  with  the  pnxluc- 
tion  of  narcosis.  In  1878  Bert  produced  perfect  and 
long-continued  anrcsthesia  in  dogs  with  a  mixture  of 
about  eighty  three  per  cent,  nitrous  oxide  and  seventeen 
per  cent,  oxygen  administered  under  an  atmospheric 
pressure  in(;reased  by  one  tiftli.  The  year  following. 
the  method  was  successfully  employed  in  human  sub- 
jects and  attmf'ted  much  attention.  Bert  later  suc- 
ceeded in  nareotiziug  animals  with  gas  and  oxygen  at 
the  normal  atmospheric  pres.sure.  Ilillischer  made  u.si* 
of  the  combination  with  great  success  in  over  tit'teeu 
thousand  dental  castas.  Hewitt  has  made  a  particular 
study  of  this  subject,  and  has  demonstrated  thatalthough 
no  detinite  mixture  of  tlies(»  gases  will  produce  ana's- 
thesia  without  asphyxia  in  all  ca.sc\s,  one  containing  ten 
or  twelve  and  one  half  per  cent,  of  oxygen  proved  (piite 
satisfactory  in  average  cases.  The  Iwst  results,  how- 
ever, weie  obtained  by  using  a  regulating  apparatus  by 
means  of  which  the  gases  could  Ik*  administered  in  i)ro- 
portions  to  suit  the  viisi*  in  hand  ami  the  conditioiLs  as 
they  arose  during  lli<*  narco.sis.  Oxygen  has  be<>n  ix»com- 
mended  in  conjunction  with  ether  ami  chloroform  by 
numerous  ob>;<'rvers  (N<»udorfer.  Foy,  Kreutzmann.  Nor- 
throp. Cole.  Buxton,  and  others),  and  while  it  is  prob- 
able that  oxygen  is  not  an  antidote  to  these  agents  and 
will  not  prevent  their  fatal  effects  when  administered  in 
an  overdose,  there  is  no  doubt  that  its  use  will  obviate 
the  asphyxia  which  frequently  complicates  their  admin 
istration,  then'by  removing  an  unpleasant  and  occasion- 
ally dangerous  element  of  the  narcosis. 

Experience  has  demon.st  rated  that  chloroform  and  ether 
may  Ir»  administered  in  such  a  manner  that  the  i>atient 
does  not  suffer  from  lack  of  oxygen,  and  it  is  therefore 
evident  that  the  routine  u.s<;  of  this  agent  during  anjes 
thesia  is  uncalled  for.  Buxton  calls  attention  to  a  pos- 
sible danger  in  its  use  as  follows :  **  The  supply  of  oxygen 
keeps  the  patient  of  a  cherry -red  color,  and  chloroform 
is  pumped  on  until  {\ut  resi)irations  stop  through  poison- 
ing of  the  medulla.  No  i)eripheral  duskiness  or  gradual 
failure  of  respiration  appeal's,  as  the  tissues  remain  i"e<l 
until  circulatirm  and  respiration  cease."  It  has  lu*en 
suggested  that  a  small  proportion  of  amyl  nitrite  added 
to  chloroform  might  offset  the  dangerous  effects  of  th<' 
latter,  and  this  combination  has  been  highly  spoken  of 
by  Sanford,  Balliet,  Sir  B.  \V.  Hieliardson.and  others. 
The  antesthesia  is  sjiid  to  be  eliaracterized  by  greater 
rirculalory  stimulation  than  when  chlorofonu  is  used 
alone.  Sanford  employed  a  mixture  of  two  drachms  of 
amyl  nitrite  to  a  pound  of  chlorofr)nn.  Balliet  a  mixture 
containing  sixteen  drops  to  the  ounce. 

In  view  of  the  physiological  action  of  amyl  nitrite,  it 
would  seem  that  while  its  use  in  this  way  with  chloro- 
form might  be  verv  satisfactory  for  brief  administrations, 
the  powerful  primary  slinndation  of  the  former  counter- 
acting the  not  infrequent  primary  depression  of  the 
latter,  its  prolonged  use  would  be  hazardous  on  account 


of  its  later  paralyzing  action  on  the  vessel  walls  and  it» 
depressing  effect  upon  the  heart. 

riiYsioLooicAL  Action.— Before  taking  up  the  action 
of  anaesthetics  in  the  production  of  narcosis,  it  may  ba 
of  interest  and  significance  to  consider  other  instances  of 
their  power.  The  luminous  oxidation  of  phosphorus  in- 
air  is  suspended  in  an  atmosphere  slightly  impregnated 
with  chlorofonn  or  ether,  and  in  like  manner  the  flame 
of  a  candle  may  be  extinguished  by  the  addition  of 
chloroform  vapor  to  the  surrounding  air.  In  the  pres- 
ence of  amesthetic  substances  fermentation  does  not 
occur,  certain  chemical  reactions  are  prevented,  move- 
ment of  the  leaves  and  rt»spiration  in  plants  are  arrested, 
and  the  germination  of  seeds  and  the  hatching  of  eggfi  are 
checked.  These  effects  are  transient  if  the  exposure  has 
not  been  too  long  continutnl  or  the  strength  of  the  vapor 
too  great.  In  the  latter  event  the  life  of  organic  matter 
of  any  kind  may  be  destroyed. 

The  effect  of  amesthetics  upon  isolated  tissues  of  the 
animal  economy  demonstrates  that  they  have  the  power 
of  arresting  the  fimctional  activity  of  all  its  part«.  The 
nature  of  this  action  is  not  clearly  understood,  but  it  ap- 
panmtly  consists  in  paralysis  or  immobilization  of  the 
ultimate  cellular  elements.  Claude  Bernard  demonstratinl 
that  the  posterior  extremities  of  the  frog  can  be  com- 
pletely paralyzed  by  their  immersion  in  a  weak  chlon)- 
form  solution,  and  that  if  means  are  employed  to  exclude 
these  parts  from  the  general  circulation  the  anterior  por- 
tions of  th(»  body  remain  unaffected.  Experiments  by 
Simp.son,  Nuiuiely,  and  others  on  (»arthworm.s,  leeches. 
centipc*des.  rabbits,  and  other  animals  prove  that  entire 
memlVrs  or  segments  of  their  lunlies  may  be  completely 
amesthetized  apart  from  th(*  r<*mainder.  Gaskell  and 
Shore  pnKluced  fatal  <*essation  of  n*spiration  by  the  ap- 
plication of  a  small  amount  of  chlorofomi  to  the  foui*tli 
ventricle.  AValler's  experiments  relative  to  the  acti(m 
of  anjestlietics  on  nerves  are  of  great  interest.  Isolated 
nervi's  were  expos(*d.  in  a  moist  chamber,  to  intermitt<-nt 
eh'ctrical  excitation  the  responses  Innng  n*corded  by  the 
g>ilvanr)meter.  Under  normal  conditicms  the  nerves  re- 
sjxnided  with  remarkable  regularity  and  endurance,  l)ut 
when  exj>os<'d  to  anu-sthetic  vapors  of  various  strengths 
the  responses  to  excitation  failed  more  or  less  cx)mpletc»ly. 
The  nerves  were  now  .said  to  1h»  '*  ana'sthetized  or  tempo- 
rarily immobilized."  After  brief  exposure  to  air  tlieir 
electromobility  was  rest-ored,  unless  the  strength  of  the 
vapor  had  Im'cii  t(K)  great,  in  which  event  there  was  no 
n»coverv.  the  nerve  l)eing  **  permanentlv  immobilized  or 
killed."* 

Coats  has  demonstrated  that  "the  heart  of  the  fi"«>g 
is  very  si-nsitive  to  chloroform  vai>or.  When  the  heart 
is  expos<'d.  under  a  bell  jar.  to  air  charged  with  chlon)- 
form.  the  heart  became  rapidly  weaker,  till* it  ceaseil 
Ix'ating ;  to  recover  when  the  chloroform  atmosphere  was 
removed.  In  this  resi)ect  chloroform  contrasted  with 
ether." 

The  inhalation  of  ana'Sthetic  vapors  brings  them  in 
intimate  contact  with  the  blood  through  the  enormous 
surface  (»f  the  pulmonary  air  cells.  Here  they  are  ab- 
sorbed by  the  litjuor  sjinguinis  and  by  the  bloo(l  corpus- 
cles, and  are  carried  to  every  part  of  the  Inxiy,  affecting 
each  in  proi)ortion  to  its  susceptibility  or  to  its  spe<'itu 
atlinitv  for  tlu'se  substances.  While  it  is  thus  evid<'nt 
that  all  of  the  tissues  must  be  influenced  to  some  ex- 
tent, the  jjlienoinena  of  ana'sthii.sia.  as  inducwl  by  in- 
halation, are  dm*  almost  entirely  to  the  action  of  the 
narcotic;  u])on  the  nervous  systi-m,  which  exhibits  strik- 
ing susceptibility  to  the  aclicm  of  all  of  this  class  of 
druirs.  This  susceptibility  is  no  doubt  to  Ik*  explained 
by  the  .selective  action  of  anasthetics  upon  the  tissues  (»f 
the  nervous  system  according  to  the  principle  of  a  chem- 
ic-iil  alVmity  between  certain  drugs  and  certain  organs, 
as  jMiinted  out  by  Khrlich  and  confinned  in  the  present 
instance  by  the  observations  of  Lallemand,  Perrin,  and 
Duroy.  that  the  brain  and  spinal  cord  of  persons  killed 
by  chloroform  contain  a  larger  proportion  of  it  than 
other  tissues. 

In  the  production  of  narcosis  it  is  evident  from  tha 
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Srogressivc  manner  in  which  the  signs  appear,  that  the 
ifferent  parts  of  the  nervous  system  possess  different 
degrees  of  resistance  to  this  influence,  and  according  to 
tlio  observations  of  Flourens,  Snow,  and  others  they  are 
overcome  in  the  following  order:  1.  Tlie  cerebrum.  2. 
The  cerebellum.  3.  The  sensory  centres  of  the  cord. 
4.  The  motor  centres  of  the  cord.  5.  The  medulla.  Ac- 
conling  to  Anstie,  certain  signs  point  to  an  early  involve- 
ment of  the  sympathetic  nervous  system. 

While  the  Tdtimate  effect  of  anaesthetics  upon  the  ner- 
vous system  is  to  paralyze  its  various  part*,  it  is  a  con- 
spicuous clinical  fact  that  this  is  usually  precedetl  by 
some  degree  of  excitement  and  functional  perversion. 
This  is  due  to  the  fact  that  all  anajsthetics  act  as  stimu 
laut8  in  less  than  narcotic  doses ;  and  since  it  is  necessary, 
in  view  of  safetv.  that  certain  of  these,  as  chloroform 
and  ether,  should  be  administered  gradually  in  a  diluted 
form,  a  period  of  excitation  and  partial  narcotism  is  fre 
quently  observe<l.  With  nitrous  oxide — which  is  admin- 
istere<l  pure  and  the  action  of  which  is  rapid — such  a 
period  is  exceedingly  rare,  and  when  it  occurs,  is  usually 
due  to  the  admission  of  a  considerable  percentage  of  air 
with  the  gas. 

The  period  of  complete  narcosis  as  recjuired  for  sur- 
gical purposes  is  characterized,  so  far  as  the  nervous 
system  is  concerned,  by  loss  of  consciousness  and  by 
]>aralysis  of  the  centres  governing  sensiition  and  motion, 
while  those  which  control  circulation  and  respiration  are 
but  slightly  affected.  Mere  loss  of  consciousness  is  a 
prominent  factor  in  ordinary  surgical  anaesthesia,  and 
many  operations  may  1k»  satisfactorily  performed  with 
only  enough  of  the  anaesthetic  to  pnMluce  this  condition, 
which  is  one  of  the  earliest  manifestations  of  their  action. 
Painless  oi)eration8  during  the  unconsciou.sne.ss  of  **  pri- 
mary anaesthesia  "  and  of  fainting  are  examples  of  this 
fact. 

Sensory  paralysis  is  also  one  of  the  earliest  and  most 
potent  factors  in  geneml  anaesthesia,  and  (K*curs.  accord - 
mg  to  Anstie,  as  follows  '*It  will  l)e  found,  in  the  great 
majority  of  cas(.^,  that  it  commences  in  the  posterior  ex- 
tremities (at  least  in  vertiibrated  animals),  and  advances 
slowly,  engaging  successively  the  parts  supplied  by 
nerves  more  and  more  from  the  anterior  portions  of  the 
spinal  cord.'*  As  showing  the  relatiim  of  loss  of  con- 
sciousness to  .sensory  paralysis  the  following  ol»servation 
of  Anstie  is  pertinent :  "  The  main  difficulty  of  tracing  ac- 
curately the  coniparative  course  of  the  sen.sory  paralysis 
produced  by  different  narcotics  is,  that,  in  the  case  of 
those  which  affect  the  brain  powerfully,  unconsciousness 
arrives  so  early  as  to  vitiate  the  investigation,  unless  the 
circumstances  of  the  experiment  are  particularly  favor- 
able.'' 

It  is  probable  that  in  the  usual  depth  of  surgical  nar- 
cosis,  quiescence  of  the  motor  appamtus  is  for  the  most 
|)art  dependent  upon  these  two  ccmditions.  loss  of  con- 
sciousness and  sensory  paralysis.  Numerous  fact*  are 
observed  dimng  openitions  under  geneml  amesthesia 
which  sliow  that  the  motor  parts  of  the  nervous  system 
are  not  incapable  of  response  to  din*ct  stimulation  at 
tliat  time;  in  fact,  from  tiie  vigor  of  the  action  thus 
caused,  it  would  seem  tiiat  they  are  but  slightly  affected. 
Of  these  facts  the  following  are  the  more  common;  In 
det»ply  ana*stheti/.(Hl  subjects,  violent  muscular  action  is 
evoked  by  irritation  or  s<'ction  of  tin?  motor  nerves.  Ex- 
amples of  this  are  found  in  the  twitching  of  the  muscles 
of  the  face  which  not  infreiiueiitly  occurs  in  mastoid 
operations  from  irritation  or  injury  of  tin?  facial  n<Tve 
in  the  Fall()|>ian  canal,  an<l  in  similar  movements  of  the 
muscles  of  the  Iwck  and  arm  from  injurv  of  their  nerves 
during  exten.sive  breast  openitions.  I^llectrical  excita- 
tion of  the  phn»nic  nerves  results  in  powerful  movements 
of  the  diaphragm,  even  in  the  most  alarming  (lej»ths  of 
narcosis.  The  various  motor  centres  of  the  brain  are 
capable  of  causing  movements  in  the  i)arts  they  control 
upon  proper  excitation  during  dee]>  anu'sthesia.  and  all 
of  the  phenomena  of  epileptic  wizures  may  be  induced 
in  certain  epileptic  subjects  (particularly  in  cases  of 
traumatic  origin)  b}'  such  irriUition  of  tlie  area  corre- 


sponding to  the  part  in  which  the  motor  manifestations 
of  a  paroxysm  l)egin.  Ankle  clonus  and  many  similar 
motor  reflexes  frequently  occur  from  certain  positions  of 
the  parts  in  completely  anjesthetized  subjects.  These 
and  other  examples  of  the  non-paralyzed  condition  of 
the  motor  nervous  apparatus,  in  complete  and  even  deep 
amesthesia,  would  .seem  to  confirm  the  opinion  that  the 
action  of  the  narcotic  is  chiefly  upon  the  sensory  parts 
and  those  governing  consciousness. 

As  has  biten  seen,  the  last  i)ortion  of  the  nervous  system 
to  be  overcome  by  the  paralyzing  influence  of  anaesthetics 
is  the  medulla,  and  it  follows  that  respiration  and  circu- 
lation are  thus  maintained  after  practically  all  other  body 
functions  have  l)een  al)olished.  Joseph  Coats  has  clearly 
stated  that:  "The  object  of  an  anaesthetic  is  to  suspenJl 
the  action  of  the  nerve  centres  which  have  to  do  with 
sensation  and  motion  while  leaving  the  respiratory  and 
cardiac  centres  intact.  It  is  not  .surprising  that  these 
latter  centres,  which  continue  under  all  circumstances 
throughout  life  their  rhythmic  action,  should  be  more 
resistant  than  others,  and  that  they  should  persist  in 
their  function  after  other  centres  have  succumbed.  We 
may  expect,  however,  that  any  agent  which  sus]iends 
the  function  of  the  centres  of  sensation  and  motion  will 
have  .some  effect  on  those  of  the  respiratory  and  cardiac 
centres,  and  there  is  abundant  evidence  to  show  that  all 
anasthetics  which  produce  their  action  by  being  intro- 
duced by  .some  method  into  the  blood  are  capable  of 
affecting  both  the  respiratory  and  the  canliac  centres." 

It  is  now  a  proper  time  t<^)  consider  the  action  of  anies- 
thetics  upon  the  respiration  and  circulation. 

Action  on  the  liet^pi ration. — In  the  early  stages  of  the 
induction  of  anaesthesia  the  respiration  takes  part  in  the 
general  stimulati(m  or  excitation  which  is  usually  present 
at  this  time.  We  therefore  observe  an  increase  in  the 
I  ate.  depth,  and  vigor  of  the  respiratory  movements.  As 
narcosis  appears  these  subside,  becoming  progressively 
shallower  and  shallower  as  the  action  of  the  ana\sthetic 
increa.ses,  and  finally  cea.sing  altogether  after  a  period  of 
irregularity  as  the  medulla  is  paralyzed.  These  state- 
ments refer  to  the  simple  action  of  anaesthetics  upon  the 
functitm  of  respiration,  and  do  not  take  into  account  the 
complications  which  aris<»  from  certain  states  of  the  cir- 
culati(m  and  from  alterations  in  the  supply  of  ox^'gen, 
as  met  in  actual  practice. 

The  elTect  of  these  factors  will  be  considered  in  the 
following  paragraph,  and  later  under  the  heading. 
Phenomena  of  Ana*sthesia. 

Action  on  the  Circulation. — The  maintenance  of  the 
circulation  depends  upon  the  integrity  of  a  number  of 
factors:  the  action  of  the  heart,  its  nervous  control,  in- 
trinsic and  central,  the  tone  of  the  vasomotor  mechanism, 
and  the  continuance  of  the  respiration.  Anaesthetics  are 
apparently  capable  of  affecting  the  circulation  through 
each  of  these,  and  the  matter  is  consequently  a  complex 
one.  An  administration  so  conducted  as  to  prwluce  un, 
complicated  narcotism,  gradually  increased  till  death, 
would  cause  the  following  changes  in  the  circulation: 
After  a  perio<l  of  stimulation,  in  which  the  heart's  action 
was  increased  in  rate  and  force,  it  would  subside?  to  nor. 
mal  and  below;  the  bloo<l  pressure,  at  first  elevated, 
would  fall  from  vasomotor  paralysis  and  cardiac  en 
feeblement,  and  with  stopi)ageof  the  respiration  the  he^rt 
would  suffer  from  the  withdrawal  of  this  effective  aid  in 
maintaining  the  circulation,  from  tlie  resistance  dim  to 
stoppage  of  the  circulation  in  the  lungs  and  from  non 
aerati(m  of  the  bloo^l.  Already  influenced  bv  the  ir.creas. 
ing  paralysis  of  the  medulla  and  its  own  intrinsic  ganglia, 
the  heart's  action  would  now  become  more  and  more 
ineflicient,  and  would  cease  after  a  period  of  irregularity. 

Such,  in  brief,  would  seem  to  be  the  mod<;  of  action  of 
ana'stheticson  the  respiration  and  cinulatioii,  but  clinical 
experience  has  furnished  an  abundance  of  fact.s  indicat- 
ing that  under  certain  conditions  this  sequence  of  events 
may  be  strikingly  altered.  Deaths  have  occurred  at  all 
IH'riods  of  the  narcosis,  in  many  instances  before  loss  of 
consciousness  and  from  but  a  few  "  whiffs  "  of  the  ana'S- 
tlietic.      Some  of  these  cases  liave   presented  primary 
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failure  of  the  respiration,  but  in  others  the  circulation 
lias  distinctly  failed  first.  In  the  hope  of  clearing  up 
these  points/numerous  experimental  investigations  have 
been  imdertaken,  notably  those  of  the  Royal  Medical  and 
Chirurgical  Society  of  f^ondon,  the  Glasgow  committee 
of  the  British  Medical  A.ssociation,  the  Hyderabad 
Chloroform  Commissions,  as  well  as  those  of  lieichert. 
Wood,  MacWilliam.  Gaskell,  Shon*,  Hare.  Hill,  and 
others.  These  investigations  all  relate  to  the  action  of 
anaesthetics,  particularly  of  chloroform,  on  the  circula- 
tion and  respimtion :  and  while  on  many  points  they  are 
in  perfect  accord,  there  is  great  difference  of  opinion  as 
to  whether  d<'aths  from  anaesthetics  are  due  primarily  to 
action  on  one  or  the  other  of  these*  functions,  some  con- 
tending that  the  respimtion  invariably  fails  lii*st.  others 
that  the  heart  may  be  directly  pandyzed  and  fail  befon* 
the  respiration.  The  conclusions  of  the  Hyderaba<l 
Chloroform  Commissions  on  this  point  are  thus  clearly 
expressed : 

••The  inhalaticm  of  chloroform  vapor,  no  matter  in 
what  doses  or  in  what  maimer  carried  out,  cannot  kill 
a  dog  by  acting  directly  upon  its  hc^art.  We  must 
hi  variably  affect  the  nervous  me(*hanism  of  respira- 
tion before  involving  the  cardiac  centres  of  the  medulla 
oblongata  or  alTectiiig  the  contractions  of  the  ventricles 
and  auricles  to  any  extent  The  commission  further 
consider  that  chloroform  vapor  administered  to  dogs 
never  kills  by  acting  on  the  intnicardiac  ganglia  either 
primarily  or  secondarily.  It  is  impossible  to  pnxluce 
syncope  from  chloroform  in  dogs.  The  commission  are 
of  the  opinion  that  in  the  dog  the  danger  to  life  from 
chloroform  inhalaticm  arises  only  when  the  c<*lls  of  the 
respimtory  centres  (both  respiratory  and  expiratory)  of 
the  medulla  oblongata  have  their  func^tions  interh'red 
with." 

These  positive  assertions  of  the  tirst  Hyderabad  Chloro- 
form Commission  were  the  outcome  of  carefully  and  ably 
conducted  experiments  on  one  hundred  and*  forty -one 
dogs  in  the  year  1888.  They  were  so  opposed  to  clinical 
evidence  and  to  the  results  of  the  experiments  of  the 
Glasgow  Committee  and  others,  that  their  deducti(ms  were 
not  generally  accepted  as  applicable  to  man.  A  second 
Hyderabad  Chloroform  Commission  was  held  in  the  fol- 
lowing year.  The  experiments  numbered  five  hundred 
and  eighty-eight.  They  were  conducted  chiefly  upon 
dogs  and  monkeys  on  thoroughly  scientific  principles 
ana** were  designed  to  show  the  effect  upon  the  blood 
pressure,  heart,  and  respiration  of  the  inhalaticm  of  chloro- 
form, ether,  and  the  A.  C.  E.  mixture,  administered  in 
various  ways  and  under  varying  conditions  "  The  re- 
sults of  this  eommission  were  the  sjime  as  those  of  the 
first,  and  tlie  following  eonelusions  relative  to  the  action 
of  anjisllietics  u])on  the  respiration  and  circulation  are 
siilfieient  for  tlie  present  inirj)ose: 

"Cliloroform.  wlieii  given  continuously  by  any  means 
which  insures  its  free  dilution  with  air,  causes  a  gradual 
fall  in  the  mean  blood  lucssure,  j)rovide(l  the  animal's 
respiration  is  not  impeded  in  any  way.  and  it  continues 
to  breathe  (luii'tlv  witlntut  strui^irlini:  (»r  involuntary 
holding  of  the  breath,  as  almost  always  ha])pens  when 
the  chloroform  i>-  suflieiently  diluted.  As  this  fall  con- 
tinues, the  animal  tirst  beeomes  insensible,  then  the  ri'spi- 
ration  gradually  ceases,  and  lastly  the  heart  str.ps  lu-at- 
ing.  If  the  chloroform  is  less  diluted  the  fall  is  more 
rapid,  but  is  always  gradual,  so  long  as  the  other  eondi 
tions  are  maintained;  an<l  however  concent rMt<'(l  the 
chloroform  may  be.  it  never  causes  sudden  death  from 
stoppage  of  theljeart.  The  greater  the  degree  of  dilu- 
tion the  less  rajiid  is  the  fall,  until  a  dcL'ree  of  dilution 
is  reached  which  no  longer  appreciably  lowers  the  blood 
pressure  or  pnMiuces  ana*sthesia.  11  the  a<hninistration 
of  the  chloroform  is  stopped  at  an  early  staire.  the  ]>res- 
sure  very  soon  begins  to  rise  airain.  and  irradualh'  be- 
comes  normal:  but  if  the  ehlorol'orin  is  pushed  further. 
there  comes  a  time,  not  easy  to  detine,  when  the  blrxxl 
pres.sure  and  respiration  will  no  longer  be  restored  spon- 
taneously, although  the  heart  continues  to  beat  after  the 
inluilatiou  is  stopped.  .  .  .  C-omi)lete  stoppage  of  respi- 


ration always  means  that  an  overdose  has  been  admin- 
istered. " 

The  experiments  of  this  commission  with  etiier  were 
few  and  unsatisfactory. 

I-Aurie.  who  was  a  member  of  both  Hyderabad  chloro- 
form commissions,  has  verj-  concisely  stated  his  views  on 
the  action  of  chloroform  relative  to  the  respiration  and 
circulation  as  follows: 

•*  1.  During  the  first  stage  (from  the  commencement  of 
the  inhalation  to  the  i>oint  where  amesthesia  is  complete) 
chloroform  narcosis  affects  primarily  and  immediately 
the  vasomotor  centre.  This  dilates  the  arterioles,  and  the 
blood  pressure  falls  continuously  throughout,  and  as  the 
narcotic  action  of  the  chloroform  increases,  consciousness 
is  alK)lished.  the  refiex  functions  of  the  brain  and  spinal 
cord,  other  than  ihosi*  necessary  to  sustain  life,  are  also 
abolished,  and  the  period  terminates  with  complete  ansps- 
thesia,  with  or  without  s<mie  narcosis  of  the  respiratory 
centre.  We  all  know  that  sometimes  before  anaesthesia 
is  complete,  stertorous  breathing  is  set  up. 

**  2.  During  the  st^cond  stage  (between  the  point  of  com- 
plete anjusthesia  and  stoppage  of  the  respiration),  while 
the  narcosis  of  the  vasomotor  centre  continues  and  be- 
comes fully  developed,  the  n^spiratorj'  centre  is  gradually 
completely  narcotized.  During  this  stage,  the  mil  of  the 
blo<Hi  pressure  is  due  in  the  first  in.stance  to  the  comple- 
tion of  vjuso -motor  nan-osis,  and  in  the  second  to  weaken- 
ing of  the  heart  from  narcosis  of  the  respiratory  centre 
and  failure  of  the  respiration.  It  is  not  possible  to  say 
exactly  when  the  vasomotorfall  ends  and  the  cardiac  fall 
begin.s:  a  grt»at  deal  will  depend  on  the  strength  of  the 
heart  at  the  beginning  of  the  period  at  which  narcosis  of 
the  respiratory  centi-e  sets  in. 

""  ii.  During  the  thinl  period  (from  the  point  of  stoppage 
of  the  respiration  to  dc>ath  from  failure  and  stoppage  of 
the  heart),  the  respiration  liaving  ceased,  the  nutrition  of 
the  heart  fails,  and  with  completion  of  cardiac  failure 
the  blo(xl  pressure  falls  too,  and  terminates  in  death  at 
zem.  Death  is  not  due  to  asphyxia  or  to  syncope,  but 
to  failure  of  the  nutrition  of  the  ht.»art  after  stoppage  of 
the  respiration  just  as  it  is  in  bullet  wounds  of  the  brain.  ^ 

Brunton,  who  was  a  memlwr  of  the  second  Hyderabad 
Chloroform  Commission,  has  thus  expressed  his  opinion 
on  the  points  under  consideration:  "I  have  stopped  the 
pulsations  of  an  animars  heart  by  blowing  chloroform 
vapor  directly  into  the  lungs.  But  what  I  wish  to  main- 
tain is.  that  notwith.standing  all  this,  when  chloroform 
vapor  is  inhaled  in  the  usual  way  by  inspiratory  efforts 
of  th(*  patient  himself  it  does  not  stop  the  heart,  but  first 
acts  upon  the  resj)iratoiy  centre,  and,  by  stopping  the 
breathing,  prevents  a  quantity  of  chloroform  sufficient 
to  stop  the  heart  from  reaching  that  organ." 

The  elaborat<'  cxi)eriinents  of  MacWilliam  followed 
closely  tliost?  of  the  Hyderabad  Chloroform  Commission, 
and  his  conclusions,  from  experiments  performed  mostly 
on  cats,  are  at  considerable  variance  with  theirs.  A 
number  of  the  more  important  ones  are  as  follows:  "  Dur- 
ing chloroform  anaesthesia  the  blood  pressure  is  lowered 
and  the  heart's  action  is  weakened.  Dilatation  of  the 
heart  occurs  to  an  appreciable  extent,  even  when  chloro- 
form is  administered  gently,  nuxed  with  abundance  of 
air  (uinler  four  per  cent,  of  chloroform  vapor  in  the  air). 
Dilatation  may  occur  even  before  the  conjunctival  reflex 
is  abolished.  Thi»  dilatation  alTects  all  parts  of  the  heart. 
more  or  less — the  left  side  as  well  as  the  right.  It  is  not 
due  t()  chanireN  in  the  pulmonary  circuit.  The  dilatation 
is  not  due  to  the  aeeom]ianying  fall  of  pressure,  to  the 
diminished  resistance  to  the  ventricular  systole,  or  t4)  the 
diminished  hlnod  supply  throuirh  the  coronary  arteries. 
Dilatation  dues  not  result  from  a  similar  fall  of  pressure 
brouirht  about  by  means  other  than  chloroform — forex- 
anijih',  arterial  relaxation  caused  ])y  .section  of  vaso-motor 
nerves.  Dilatation  under  chloroform  often  occurs  very 
<iuiekly.  bef(»ie  there  is  any  tall  t)f  pres.<4ure.  Moreover, 
when  the  dilatation  has  followed  a  fall  of  pressure: 
it  is  not  removed  by  artitieially  raising  the  pressure — 
for  exam])le.  by  cr)iii]iression  of  the  abdominal  aorta. 
There  is  no  distinct  change  in  the  rate  of  the  heart's 
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action  when  (iilatatioii  occurs.  A  sudden  and  com- 
plete cessation  of  the  cardiac  rliythm  is  never  caused 
hy  the  inhahition  of  chloroform,  tardiac  failure  (x*curs 
by  a  more  or  less  sudden  enfeeblemeiit  and  dilatation  of 
tiie  organ,  not  by  a  sudden  complete  ces.sjilion  of  rhythm. 
The  tone  of  the  heart  muscle  is  depressed,  the  cardiac 
walls  become  rebi.ved,  and  the  functional  etliciency  of 
the  organ  is  impaired.  When  the  heart  bc-comes  greatly 
dilated  it  fails  to  be  an  etTective  force  in  keeping  up  the 
circulation,  while  its  rhvthinic  movement  still  continues 
— though  so  feebly  as  to  be  inelticicnl.  (ardiact  failure 
sometimes  occurs  in  this  wav  a  considemble  time  In-fore 
the  respiration  stops,  though  generally  the  respiration 
stops  bi'fore  the  heart  has  become  incapacitated.  The 
dei>ressing  influence  of  cidoroform  on  th«'  heart — leading 
to  <lilatation  of  its  cavities — is  not  excrt<'d  through  the 
vagus  nerves,  but  is  a  direct  effect  of  the  drug  upon  the 
cardiac  mechanism.  Section  of  both  vagi  does  not  ob- 
viate  the  weakening  and  dilating  influence  of  chloroform 
upon  the  heart.  The  weakening  and  dilating  effecti?  of 
chloroform  are  sometimes  manifested  in  tolerably  equal 
degrees  on  both  auricles  and  ventricles:  but  sometimes 
more  readily  upon  the  auricles,  and  at  other  times  upon 
the  ventricles. 

''The  contnist  l)ctween  the  relation  to  the  heart's  ac- 
tion of  chloroform  and  ether  in  amesthetic  doses  is  very 
marked.  AVith  chlorofonn,  cardiac  dilatation  frequently 
occurs — and  often,  indeed,  a  very  marked  dilatation — 
before  the  conjunctival  reflex  is  abolished.  With  ether. 
the  induction  of  an«?sthesia  with  complete  alM>lition  of 
the  conjunctival  reflex  has  not  been  attended  by  any 
noteworthy  dilatation :  indeed,  effects  of  a  stimulating 
character  have  sometimes  been  observed,  and  the  pecul- 
iar periodic  ventricular  depres.si(m  sometimes  following 
chloroform  has  bevu  seen  to  be  removed.  The  occur- 
rence of  fibrillar  contmcticm  (delirium  cordis)  does  not 
appear  to  be  a  primary  m<Kle  of  cardiac  failure  from  the 
inhalation  of  chloroform  in  the  healthy  animal,  though 
it  may  sometimes  supervene  when  the  heart  lias  b<*come 
distended  and  incapacitated  by  chloroform.  The  fall  of 
blood  pressure  imder  chloroform  is  in  its  earlier  stages  due 
mainly  to  the  depressing  effect  of  the  amesthetic  on  the 
vaso-motor  centre,  preceded  often  by  a  slight  stinndation : 
the  later  stages  are  associated  with  failure  of  the  heart  as 
well  asof  the  vasomotor  centn\  The  relative  occurrence 
of  cardiac  dilatation  and  va.so  motor  dcpressicm  varies. 
Sometimes  the  heart  begins  to  dilate  early — before  there 
is  any  fall  of  pressure,  at  other  times  a  large  fall  of  pres- 
sure may  occur  before  cardiac  dilatation  becomes  marke<l. 
In  certain  circum.stances,  when  chloroform  is  very  sud- 
denly taken  in,  a  dangerous  dos<'  may  Ik*  absorl)ed,  and 
the  heart  may  become  seriously  affected  hrfore  the  vaso- 
motor centre  has  had  time  to  l>e  much  dcpres.sed.'' 

H.  C.  Wood  has  taught  for  years :  **  First,  that  although 
-ether  in  moderate (h>s<'s  acts  as  a  stimulant  to  the  circula- 
tion, yet,  in  overwhelming  amount,  it  is  capable  of  de- 
pn»S8ing  the  heart;  but  that  such  depression  of  the  heart 
is  always  less  than  the  depression  of  the  respiration,  and 
therefore  ether  kills  always  through  the  respiniticm. 
Secondly,  that  chloroform  "may  produce  death  by  par- 
alysis of  the  respinitory  centre,  or  by  a  .sinudtaneous 
Arrest  of  respiration  and  circulation,  but  that  primary 
paralysis  of  the  hcjirt  may  occur,  and  is  especially  prone 
to  do  so  when  the  chloroform  vai)or  has  been  given  in 
concentrated  form." 

Reichert,  Wood,  and  Hare  agreed  that  "'chloroform  is 
a  cardiac  paralysant  and  often  dcK's  kill  dogs  by  a  direct 
action  upon  the  hejirt  or  its  contained  ganglia."  The 
conclusions  of  the  Hvdenibad  Chlorofr)rm  Conunissions 
induce<l  the  two  last  named  to  restudv  the  subject,  with 
the  n.»sult  that  they  ** definitely  provi-d  that  in  the  dog 
chlon>form  has  a  distinct,  direct,  ])anilyzing  influence  on 
both  respiration  and  circulation;  that  the  respiraticmmay 
cease  bc^fore  the  heart-beat,  or  the  two  functions  be  sinui- 
taneously  abolisheil;  but  that  in  some  cases  the  heart  is 
arrested  before  respiration.  We  have  w'veral  times  s(»en 
the  respiration  continue  as  long  as  one.  and  even  two 
minutes  after  the  blood  pressure  has  fallen  to  zero,  and 


the  pulse  has  completely  disappeared  from  the  carotid 
artery.  ...  In  a  series  of  experiments  I  have  recently 
made  myself  [Wood]  to  determine  the  changes  in  the  cir- 
culation produced  when  ether  anaesthesia  is  carried  on  to 
death,  I  have  found  that  in  the  first  [H'riods  of  ana'sthesia 
the  blcMMl  pressure  is  usually  elevated,  and  that  it  is  usu- 
ally qintchigh  at  the  time  when  the  respirations  are  very 
shallow  and  imperfect,  and  the  dark  color  of  the  blood 
shows  that  it  is  heavily  charged  with  carlK)nic  acid.  It 
is  not,  however,  very  rare  for  the  bloml  pressure  to  re- 
main near  the  normal,  and  I  have  seen  the  bhM>d  pressure 
begin  to  fall  in  the  very  first  sUiges  of  ether  aiuesthesia; 
moreover,  in  at  lea.st  two  experiments,  death  <x'curred 
from  syncope,  the  respiration  continuing  for  one  or  two 
nnnutes  after  the  comi)lete  cessati<»n  of  the  respiration. 
...  So  far.  then,  as  concerns  the  method  in  which  ether 
and  chloroform  kill,  I  claim  most  urgently  that  there  is  no 
contradiction  between  the  results  as  obtained  by  the  l)ed- 
side  and  in  the  physiological  lalK)ratories,  and  that  a 
complete,  broad  study  of  the  clinical  and  experimental 
evidence  leads  to  one  conclu.sion,  namely,  that  chloroform 
and  ether  are  capable  of  paralyzing  the  respiration  and 
the  circulation  ;  that  in  some  cases  one  function,  in  other 
cases  the  other  fuucticm,  is  primarily  arrested;  but  tliat 
ether  is  less  prone  to  produce  a  primary  arrest  of  the 
heart  than  chloroform." 

Ijcouard  Ilill  has  made  a  large  nundn-r  of  valuable  ex- 
periments and  obsiTvations  on  the  action  of  amesthetics 
with  reference  to  the  respiration  and  circulation,  the  re- 
sult of  which  is  indicateil  b\'  the  following  conclusions: 

"'Chloroform  acts  upon  three  parts  of  the  economy;  (1) 
the  heart,  (2)  the  respiratory  centrci,  (8)  the  arterioles. 
By  its  action  on  the  arterioles,  chloroform  does  not  pro- 
duce directly  faUil  results,  but  inasmuch  as  it  dilates 
these,  it  lowers  the  blood  pressure  and  produces  anaemia 
of  the  resi)irat^)ry  centre.  This  is  a  most  important 
factor  in  regard  to  the  stoppage  of  respiration.  .  .  .  The 
acticm  of  chloroform  upon  the  respiratory  centre  is  two- 
fold. It  is  partly  indirect,  as  we  have  just  stated,  and 
partly  a  direct  action  of  the  chloroform  itself  upon  the 
centre.  Arr<*st  of  respiration  will  be  most  easily  pro- 
duced when  both  these  conditions  of  ana'mia  and  chloro- 
form act  together  on  the  centre.  If  the  centre  be  much 
damaged  by  ana'mia.  far  less  chloroform  will  arrest  its 
action  than  when  it  is  well  supplied  with  bloo<l.  And 
both  thes4*  comlitions  are  presi'nt  tluring  prolongcnl  antes- 
thesia.  This  is  the  explanation  of  death  from  respiratory 
failure  after  chloroform  has  been  administered  for  some 
time.  Partly  from  the  shock  of  operation,  partly  from 
the  prolonged  action  of  chloroform  on  the  heai*t  and 
arterioles,  the  circulation  through  the  respiratory  centre 
has  been  ebbing  and  ebbing  until  the  centre  is  no  longer 
able  to  bear  up  under  the  (iegree  of  anaemia  so  produced, 
combined  with  the  depi-es.sing  effects  of  the  amount  of 
chloroform  which  happens  at  that  moment  to  b<»  admin- 
istered.    Thus  the  respiration  ceases.  .  .  . 

"•  But  the  action  of  chloroform  upon  the  heart  is  a 
much  more  serious  matter.  When  chloroform  dilatt^^  the 
caviti<'S  of  the  heart,  the  power  required  to  empty  them 
increases  as  the  cube  of  their  ra<lius,  yet  at  the  same  time 
the  i>ower  of  the  poi.soned  musch*  is  directly  diminished. 
Th(»re  are  thus  two  factors  acting  in  the  arrest  of  the 
lK»art:  (1)  the  distention  of  its  cavities  and  (2)  the  direct 
weakening  of  its  musele." 

In  the  cross-circulation  experiments  of  Gaskell  and 
Shore,  in  which  the  brain  of  oneanimal  wassup]»lied  with 
blood  from  another,  whereby  "chloroform  could  be  s<*nt 
to  the  vasomotor  centre  witJiout  l^'ing  sent  to  the  heart, 
or  to  the  heart  without  reaching  the  vasomotor  centn»,  it 
was  shown  that  the  vjiso-motor  centre  was  not.  at  any 
rate  at  first,  depressed  by  chloroform,  while  the  heart  was 
primarily  afTecte<l.  and  that  this  weakening  was  the  cause 
of  the  fall  of  bhxwl  pressure."  Kirk  has  advanced  a 
theory,  accounting  for"iirimary  chloroform  syncope,** 
of  which  he  has  given  this  brief  description:  ""The  way 
to  i)roduce  the  primary  syncope  with  certain  ana'sthetic 
vapors,  more  especially  with  such  chlorine  compounds 
as  bichloride  of  methylene  and  chloroform,  is  to  charge 
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the  air  iu  the  lungs  with  a  certain  proportion  of  the  vapor 
of  these  substances,  to  allow  it  a  short  time  to  act,  and 
then  to  let  it  escape  by  permitting  the  patient  to  breathe 
fresh  air.  The  escape  of  the  vapor  under  these  circum 
stances  is  immediately  followed  by  a  violent  reaction  in 
the  circulation,  attended  with  a  dangerous  liability  to 
syncope:  this  reaction,  in  fact,  does  lead  to  syncopic  in 
numerous  instances,  and  the  syncope  so  induc^.^l  may 
prove  fatal.*'  He  further  refers  to  this  reaction  as  a 
** reverse^  movement  of  the  reflex  mechanism."  and  stati'S 
that  **  here  is  to  be  f(»und  the  solution  of  the  enigma  of 
chloroform  syncope  and  of  all  supposed  anomalies  in  the 
action  of  chloroform." 

The  investigations  referred  to,  and  many  others  of 
which  the  limitations  of  this  article  will  not  permit  men 
tion,    seem   t<^)   prove    that  amesthetics  are  capable  of 
dangerously  affecting  the  heart  by  reii.son  of  their  direct 
action  upon  it. 

The  local  action  of  ana*sthetics  upon  the  lungs  has  re- 
ceived considemble  attention.  The  Glasgow  Committee 
noteil  the  fact  that  **  chloroform,  when  administered  by 
the  lungs,  pro<lu(*es,  as  a  direct  hn-al  action,  such  a  change 
in  the  walls  of  the  vessels  as  to  c^iuse  ...  a  retardation 
and  stoppage  of  the  circulation  in  the  lungs,  first  in  th(^ 
capillaries,  then  in  the  arterioles,  and  subse(|uently  in 
the  larger  ves}5<*ls";  in  this  way  acting  as  an  obstruction 
to  both  respiration  and  circulation. 

Holscher  has  arrived  at  tlu*  following  conclusions  re 
garding  the  action  of  ether  upon  the  lungs    "Aside  from 
a  slight  increase  of  mucous  secretion,  ether  vapor  has  no 
other  irritative  action  on  the  tmclK'o  ])ronchial  mucous 
membmne.      The    gli.Ht(»ning   appeamnce   of   the   bron 
chial  and  tracheal  epithelium  is  not  altered  during  nar 


cosis. " 


The  action  of  anaesthetics  on  the  kidneys  has  been 
extensivelv  studied  both  clinicallv  and  experimentallv. 
Clinicailly  it  has  been  shown  that  in  the  d<'ep<*r  degrees 
of  ana?sthesia  the  urine  is  more  or  less  suppressed  and 
contains  albumin  in  a  considerable  percentage  of  cases. 
Weir  has  rejiorted  ob.servations  on  the  urine  in  84  care 
fully  .<ielected  cases,  excluding  operations  upon  the  ab 
domen  and  the  geuito- urinary  organs.  All  were  free  from 
albuminuria  before  etherization,  afterward  9  presented 
a  trace  of  albumin,  the  remaining  25  being  unchanged. 
In  5  cases  presenting  evidence  of  (liseased  kidneys  before 
operation,  there  was  no  increase  of  albuminuria  in  3, 
slight  increa.se  in  2  after  etherization. 

Legniin  found  albmninuria  in  10  out  of  54  persons 
after  chloroform  and  in  12  out  of  41  after  ether.  From 
experiments  on  dogs  this  writer  considered  that  the  effects 
of  chloroform  up(»n  tlu;  kidneys  were  more  lasting  than 
tho.se  of  ether.  Popoff  fouml  occasional  tnmsient  al- 
buminuria after  ether,  but  in  140  carefully  obst'rved  cases 
he  saw  no  perman(?nt  damage  even  in  those  with  evidence 
of  kidney  diseas(»  iM'fore  the  admiin'stmlion. 

Patein  noted  tnuisient  albuminuria  after  chloroform 
in  one-third  of  the  ca.s<-s  observed. 

Thompson  and  Kemp,  in  some  elaboniti*  experiments 
on  the  "effects  of  different  anjvstlH'ties  cm  the  kidneys," 
arrived  at  the  following  conclusions:  "As  regards  ether, 
it  would  appear  that  this  agent  produces  n  HjHcial  ron- 
iractinu  of  the  niutl  avUriohs,  with  a  conse(ju<*nt  damag- 
ing effect  upon  the  renal  secretory  cells,  similar  to  those 
which  follow  clamping  the  renal  artery.  The  kidney 
shrinks  in  bulk,  with  conse(|uent  fall  of  the  oiicometric 
tmcing.  and  accompanied  by  diminution  of  .secretion, 
nmrke<l  albuminuria,  and.  finally,  suppression.  .  .  .  This 
condition  of  the  kidney  is  not  due  to  anv  ehanirc  in  the 
general  arterial  circulation,  since  it  (jceurs  not  only  when 
pure  ether  is  administered,  but  also  in  the  mixtures  in 
which  it  is  a  con.stituent.  if  tlie  semi-clnsed  or  closed 
method  is  employed.  .  .  .  The  effect  of  chloroform  upon 
the  kidneys  s<'enis  to  be  ;///.  Tlie  onconietric  curves  are 
nearly  normal,  and  are  afTeeted  only  throuirli  sliarinir  in 
general  circulatory  changes.  The  secretion  of  urine  con 
tiuues  up  t(»  the  last  numient  of  life,  and  the  albuminuria 
is  so  slii::lit  that  its  presence  at  all  is  apparently  due  only 
to  respiratory  interference." 


Chloroform  mixtures  containing  ether  were  found  to 
affect  the  kidneys  in  the  same  manner  as  chloroform,  if 
administered  by  the  open  method,  as  ether  if  by  the 
closed  method.  Popofi,  Schiff,  Knoll,  and  Wunderlich 
believe  that  the  renal  disturbances  accompanying  etheri- 
zation are  due  **to  general  vasomotor  disturbance,  and 
not  to  local  kidney  changes. " 

In  healthy  kidneys  chloroform  is  said  to  cause  albumi- 
nuria more  frequently  than  ether,  while  in  diseased  kid- 
neys the  use  of  ether  is  said  to  be  more  dangerous  than 
chloroform. 

Thes(»  renal  disturbances  after  amesthesia  are  in  direct 
proportion  to  the  amount  of  tlu;  aiuesthetic  the  patient 
receives.  The  i-esearches  of  Parasporo,  Thiem,  Pischer, 
8clu*nk,  and  others  show  that  lM>th  ether  and  chlorofonn, 
particularly  in  their  prolong(Hl  administration,  are  capa- 
ble of  causing  degenerative,  inflanunatory,  or  necrotic 
changes  in  the  internal  organs. 

A  destructive  action  of  anaesthetics  upon  the  blood 
corpuscles  has  been  disproved,  at  least  in  the  case  of 
ether,  by  the  investigjitiou  of  von  Lerber.  **In  101  cases 
the  bl(KKl  w}is  examined  and  the  haemoglobin  was,  in  the 
majority  of  instance's,  unaltere<l:  the  corpuscles  were 
found  to  be  but  little  clianged  either  in  number  or  in 
appearance,  although  some  leucocytosis  was  present. 
8i)ectn)scopic  examination  of  the  urine  showea  no  in- 
crease of  urobilin."  He  concludes,  therefore,  that  ether 
does  not  exert  any  deleU'rious  effect  upon  the  bloo<l,  as 
claimeil  by  Hermann,  Da  Costa,  and  others.  The  body 
temperature  under  anaesthetics  lias  l)een  studied  by 
Kappeler,  B<»rt,  Hare,  and  others.  Kappeler  found  that 
with  ether  and  chloroform  a  slight  rise  of  tempt^rature 
was  often  observed  during  the  stage  of  excitement. 
Later,  the  temperature  fell  from  0.2"  C.  to  1.1**  C.  under 
chloroform,  and  from  0.3'  C.  to  1.5"  C.  under  ether. 

Acconling  to  the  n*searclies  of  Angelesco  the  tempera- 
ture falls  **  during  the  whole  time  anaesthesia  lasts.  The 
variation  in  temperature  is  most  marked  during  the  first 
and  second  fiftei^n  minutes.  The  temperature  fall  con- 
tinues, though  slight,  during  the  (U*ep  sleep  following 
anaesthesia.  Temperature  logins  to  rise  at  the  moment 
of  waking." 

The  aiuesthetics  aixj  eliminaleil  almost  entirely  by  tlie 
breath.  Small  quantities  of  chlorofonn  liave  been  found 
in  the  urine  and  milk  after  amesthesia. 

The  Phrnoimna  of  A  ii(Pit(hema. — These  depend,  for  the 
most  part,  uj^on  tla;  successive  involvement  and  final 
paralysis  of  the  different  i)arts  of  the  nervous  system. 
S'arcotics  which  act  rapidly,  as  nitrous  oxide,  allow  few 
phenomena,  while  slow-acting  agents,  asalcohol  or  opium, 
funiish  a  great  many.  Ether  and  chloroform  occupy  an 
intermediate  position  in  this  respect.  While  these  phe- 
nomena are  modified  greatly  by  the  rapidity  with  wliich 
the  ana'sthetic  is  administered,  their  sequence,  in  usual 
ca.ses.  is  marked  by  several  pn>mincnt  physiological 
changes,  a(rcording  to  which  the  nanrosis  has  been  divided 
into  degrees  or  stag<'S.  Of  these  terms,  "degrees"  is  the 
better,  for.  as  Snow  has  jxantcd  out,  "  the  slighter  degrees 
of  nan'osis  occrur  in  the  later  stages  of  the  proces.s,  dur- 
ing the  recovery  of  the  patient,  as  well  as  in  the  l)egin- 
ning." 

Although  different  authorities  variously  divide  narco- 
sis into  from  two  to  five  st^iges,  the  four  as  described  by 
Hewitt  present  the  most  distinct  limitations.  Briefly 
outlined  they  are  as  follows:  1.  The  period  of  conscious 
inhalation.  2.  The  pericHl  of  uneons<?iousn<*ss  with  im- 
perfect ana'sthesia.  II  Tiie  pericnl  of  perfect  ana;sthesia. 
4.  The  period  of  excessive  and  dangen)us  narcosis.  The 
phenomena  of  these  periods,  briefly  stattnl,  areas  follows: 

1 .  T/ic  Ptri'tMl  of  ( "tJiifu'ious  [nhnlotioi}. — The  odor  of  the 
agent  is  first  appreciated,  and  if  it  Ik*  pungent  and  strong. 
tiie  regularity  of  the  respiration  will  be  interrupted  by 
delaye<l,  hesitating,  and  imperfect  inspirations,  closure 
of  the  irlottis.  swallowing  movements,  choking,  cough. 
smothering  and  sutVoeative  sensations  with  consequent 
fear,  struggling,  and  resistance.  After  a  few  respirations 
the  following  may  be  experienced:  general  exhilaration 
and  waimth,  fulness  in  the  haul,  buzzing  or  ringing  in 
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the  ears,  dizziness,  exaggemtion  of  hearing  (rendering 
normal  sounds  excressive),  flashes  of  light,  numbness, 
tingling,  and  a  feeling  of  weight  and  stiffness  in  the  ex- 
tremities, emotional  feelings,  sinking  sensations,  and  a 
feeling  of  impending  unconsciousness.  Increased  flow 
of  teare  and  saliva  is  common  in  this  stage,  due  most 
likely  to  the  pungency  of  the  vapor. 

The  pulse  at  this  time  depends  more  upon  the  mental 
state  of  the  patient  than  upon  any  action  of  the  anaes- 
thetic. The  rapid  heart's  action  commonly  noted  is  due 
to  nervousness  or  fright,  and  if  the  latter  is  excessive, 
more  or  less  shock  may  be  present,  with  rapid,  small 
pulse,  pallor,  and  prostmtion. 

The  respiration  is  usually  normal  except  as  above  noted. 
The  pupil  is  variable,  being  affected  by  other  things  than 
the  aniesthetic.  Dilatation  of  the  pupil  is  not  uncommon 
at  this  time,  particularly  in  nervous,  apprehensive  pa- 
tients. 

2.  The  Penod  of  UnconHciousnenH  with  Iinperftct  Anas- 
thf^ia. — Consciousness  is  lost  suddenly,  as  a  rule,  and 
at  about  the  same  time  disordered  cerebration  becomes 
manifest  through  delirious  expression  and  action,  includ- 
ing laughing,  crying,  irmtional  talking,  shouting,  sing- 
ing, hallucinations  of  sight  and  hearing,  struggling, 
fighting,  etc.  These  manifestations  may  increase  io  a 
certain  point  and  then  subside  gradually  or  suddenly: 
speech  becoming  more  and  more  incoherent  and  inartic- 
ulate, and  finally  ceasing  after  a  period  of  mere  plionation. 
Muscular  action  iH'comes  more  and  more  incoordinate, 
and  a  period  of  general  muscular  rigidity  of  a  tonic  char- 
acter frequently  precedes  the  final  relaxation.  Occasion- 
ally, clonic  movements  and  tremors  occur  during  this 
period. 

There  is  usually  an  increase<l  flow  from  the  lachrymal 
and  salivary  glands.  The  pulse  becomes  full,  bounding, 
and  rapid,  often  reaching  the  rate  of  140  or  160,  and, 
under  chloroform,  often  presents  considtfnible  irregular- 
ity. The  blood  pressure  is  inci-eased  and  the  body  tem- 
perature elevated.  The  color  is  heightened,  especially 
about  the  face,  neck,  and  chest,  and  a  bright  red  spotted 
rash  (similar  to  the  erupti(m  of  measles)  not  infrequently 
appears  on  these  parts  from  ether,  and  has  been  called  the 
"ether  rash."  Profuse  perspiration  is  conmion.  The 
respiration,  sharing  in  the  general  excitation,  becomes 
exaggerated,  often  excessively,  and  is  liable  to  some  de- 
gree  of  obstruction  from  one*  or  more  of  the  following 
causes:  (1)  Stertor:  (2)  stridor:  (3)  rigidity  of  the  res- 
piratory muscles;  (4)  valve-like  action  of  the  pharynx, 
cheeks.* lips,  and  nostrils;  (5)  foreign  matter  in  the  air 
passages. 

(1)  Tlie  stertor  present  at  this  time  is  usually  of  a  re- 
flex character  and  is  frequently  associated  with  depriva- 
tion of  oxvgen  from  too  nipid  administration. 

(2)  Stricior  is  also  reflex  and  is  due  to  spasmodic  closure 
of  the  glottis.  It  may  l>e  caused  by  the  pungency  of  the 
vapor  or  other  irritation. 

(3)  The  respiratory  muscles  may  take  part  in  the  gen- 
eral tonic  muscular  rigidity,  to  the  extent  of  preventing 
the  K\spiratory  movements  more  or  less  completely,  and 
alarming  asphyxial  states  may  Iw*  brought  about  in  tiiis 
way.  This  phenomenon  is  usually  associated  with  ten) 
rapid  administration  of  the  aniesthetic  and  consequent 
limitaticm  of  air. 

(4)  Mechanical  obstruction  to  respiration  may  result 
from  valve-like  action  of  the  pharynx,  cheeks,  lips,  and 
nostrils,  favored  by  the  vigor(»us  respiration  present.  If 
the  oral  airwav  is  obstructed  by  reason  of  closure  of  the 
jaws,  the  presence  of  perfect  teeth  and  rigidity  of  the 
lips  and  cheeks,  the  nasal  apertures  will  often  be  inade- 
quate to  the  rush  of  air  on  inspiration  and  the  normal 
action  of  the  dilator  muscles  of  these  orifices  will  be 
overcome  by  the  resulting  suction  force.  The  alie  nasi 
will  be  drawn  together,  and  there  is  then  a  t<*ndency  to 
the  producti<m  of  a  vacuum  in  the  cavities  of  the  nares. 
the  mouth,  and  the  pharynx  on  inspiration.  In  con.se- 
quence  of  this  the  tongue,  the  epiglottis,  and  the  walls  of 
the  pharynx  are  drawn  together  over  the  laryngeal  open- 
ing, and  complete  meclianical  obstruction  may  thus  be 


brought  about,  favored  by  the  hypera*mia  and  swelling 
of  all  of  these  parts  which  take  place  at  this  time,  as 
pointed  out  by  Hewitt.  Obstruction  to  expiration  is^ 
often  observed  at  this  stage.  It  is  the  result  of  closure 
of  the  mouth  and  forward  movement  of  the  tongue 
against  the  teeth,  coupled  with  a  valve  like  action  of  the 
soft  palate  resulting  in  closure  of  the  naso -pharyngeal  air- 
way. This  pro<luces  a  pufting  form  of  expiration  accom- 
panied by  blowing  up  of  the  cheeks  and  not  infrequently 
by  expiratory  stertor.  Muscular  rigidity  of  the  parts  in 
question  plays  a  prominent  part  in  these  forms  of  respira- 
tory obstruction.  The  jaws  are  often  set  by  spasm  of 
the  mas.s<.»ters.  the  cheeks  rigid,  and  the  lips  firmly  closed 
or  pui*s(^d  up  by  muscular  action. 

(."))  Mucus  and  saliva — which  are  f(»rmed  freely  in  this- 
period — often  prcHluce  some  degrc;e  of  obstruction  to  res- 
piration by  being  drawn  into  the  larynx  and  trachea. 
The  siiine  is  true  of  products  of  vomiting  which  may 
occur  at  this  time.  Duskiness  or  cyano.sis  appears  in  pro- 
portion to  the  amount  of  obstruction  produced  in  these 
various  ways.  During  this  period  the  reflexes  are  active, 
although  in  its  later  stages  they  become  sluggish.  The 
pupil  is  variable.  There  is  a  tendency  toward  dilatation 
in  the  early,  and  toward  contraction  in  the  later  stages 
of  this  period. 

As  the  narcosis  deepens,  these  phenomena  of  excitation 
subside.  The  muscles  relax,  the  pulse  and  respiration 
assume  more  normal  characteristics,  ana?sthesia  iK'Comes 
complete,  and  the  patient  passes  into  the  third  jXTiod  of 
narcosis. 

3.  The  ])enfMf  of  ptrfeci  ancfstheMa  is  characterized  by 
complete  nuiscular  relaxation ;  by  absence  or  marked  slug- 
gishness of  the  lid  and  of  conjunctival  or  corneal  reflex: 
by  a  state  of  the  pupil  which  under  ether  is  somewhat 
dilated,  under  chloroform  somewhat  contracted,  and  the 
reaction  of  which  to  light  is  sluggish  or  absent;  and  by 
a  state  of  the  respiration  and  circulation  not  markedly 
different  from  normal,  the  respiration  being  inclined  to- 
stertor  of  a  palatine  or  snoring  character.  In  the  early 
stages  of  this  degree  the  sensibility  of  ordinary  parts  is 
abolished,  but  certain  special  localities,  as  the  anus,  peri- 
neum, bladder,  matrix  of  great  Uw  nail.  etc..  are  not  in- 
capable of  causing  reflex  responses  to  irritation  and  are 
only  overcome  in  the  more  advanced  stages. 

The  body  temperature  is  lowered,  the  heightened  color 
lessens,  and  the  spotted  rash  of  ether  becomes  confluent. 

4.  The  penf*fl  of  eJtceHHire  antf  dnngermis  narcosis  is 
characterized  by  dilated  and  fixed  pupils,  entire  absence 
of  conjunctival  or  corneal  reflex,  a  half-open  condition  of 
the  eyelids,  and  gradual  failure  of  the  respiration  and  cir- 
culation. As  this  period  approaches,  the  respiration  fre- 
quently takes  on  a  gjisping  character,  with  very  quick, 
short  inspirations,  each  of  which  is  accompanied  by  a 
downward  movement  of  the  lower  jaw  causing  the 
mouth  to  open.  This  is  the  form  of  breathing  usually 
seen  in  nearly  all  dying  persons  and  is  distinctly  charac- 
teristic of  impending  death.  The  breathing  may,  how- 
ever, simply  become  more  and  more  feeble,  shallow,  and 
irregular:  it  may  Ix^  rapid  or  slow,  and  it  may  cease 
gradually  or  suddenly.  The  puKse  is  usually  slowed  in 
this  period,  although' it  may  remain  rapid.  It  gradually 
loses  volume  and  strength,  and  before  ceasing  becomes 
irregular  and  intermittent.  If  this  degree  of  narcosis  has 
been  brought  about  slowly,  the  pulse  persists  till  after 
respiratory  failure  has  become  cimiplete.  It  is  then  rap 
idly  affected  by  the  resirlting  asphyxia. 

This  general  account  of  the  phenomena  of  aiuesthesia 
is  Iwsed  upon  a  gradual  and  unconi])lieated  a<lininistra- 
tion.  It  has  been  elsewhere  shown  that  if  this  is  t(X) 
rapidly  conducted,  an  overwhelming  effect  upon  the  res- 
piration or  circulation  may  be  pro{luce<l  suddenly  and 
without  reference  to  the  usual  succession  of  signs.  While 
the  phenomena  above  noted  are  those  of  narcosis  in  gen- 
eral, the  different  anaesthetic  agents  po.sscvss  individual 
peculiarities  of  a<tion  whieli  serve  to  make  their  narcosis 
characteristic.  Tiie  narcosis  of  nitrous  oxide  is  charac- 
terized by  the  great  rapidity  with  which  complete  ana*s- 
thesia  is  established,  the  apparent  absence  of  stages,  the 
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scarcity  of  phenomena,  the  lack  of  muscular  relaxation, 
and  the  grt»at  tendency  to  the  production  of  asphyxia! 
states.  The  narcosis  of  ether  is  characterized  by  phenom- 
ena of  irritation  and  stimulation,  by  a  moderate  tendency 
to  the  production  of  asphyxial  states,  and  by  the  markwl 
absence  of  phenomena  of  depi^ession  as  compared  with 
chloroform.  The  narcosis  of  chloroform,  as  comparoil 
with  tliat  of  ether,  is  characterized  by  the  absence  of  irri- 
tation and  stimulation,  by  a  tendency  to  the  production 
of  mechanical  asphyxia,  and  by  the  occurrence  of  phenom- 
•ena  of  depression. 

(For  details  of  the  administnition  of  the  general  anaes- 
thetics for  surgical  purposes,  the  reader  is  referred  to  tlie 
author's  article  on  ('hloyoforni,  Kthcr,  and  Other  An(f¥- 
Ihetic  Ayeuts,  Admiuht ration  of.) 

Thnnas  L.  Bennett. 

AN^STHOL. — This  is  an  aniesthetic  recently  intro- 
duced by  Willy  Mever,  of  New  York,  to  rei>bK'e  the 
A.C.E.  mixture,  ife  mixes  chloroform  and  ether  in 
molecular  proportions,  i.e.,  43.25  percent,  of  chloroform 
and  56.75  percent,  of  ether  by  volume,  and  calls  the  mix- 
ture **M.  S."  Of  this  he  takes  88  volumes,  and  adds  to 
it  17  volumes  of  ethyl  chloride.  The  mixture  has  a  boil- 
ing point  of  40"  C.  (104 '  F.),  and  would  seem  to  be  open 
to  the  objection  urged  against  the  A.  C.  E.  mixture,  that 
<jonstituents  of  different  volatilities  do  not  volatilize 
•equally.  We  might  expect  the  ethyl  chloride  to  vaporize 
more  rapidly  than  the  ether,  and  this  more  rapidly  than 
the  chloroform.  W.  A.  liiii<tedo. 

ANAKHRE.     See  Goundou. 

ANAPHRODISIACS.— This  is  a  term  applitni  ti)  agents 
^iiich  are  used  to  les.<5en  an  immoderate  or  morbid  sexual 
desire,  but  the  treatment  must  be  of  wide  scope  and  in- 
clude the  moml,  dietetic,  and  hygienic  management  of 
the  case,  while  not  iufi-ecjuently  .surgery  must  be  calle<l 
upon.  The  causes  of  aphrmlisia  are  niany,  and  not  the 
least  important  is  reflex  irritation  of  the  genitalia,  causetl 
by  physical  peculiarities  or  deformities,  phimoses,  strict- 
ures of  the  urethm,  diseases  of  the  prostate,  chronic  con- 
stipation, fissures  or  hemorrhoids  of  the  anus,  eczema, 
highly  concentrated  urine,  etc.  In  other  cases  the  reflex 
irritation  may  l)e  caused  by  the  presence  of  worms  in  the 
rectum  or  in  the  vagina,  in  the  case  of  female  children, 
and  by  excessive  exercise  causing  friction  of  the  thighs  in 
young  children  (horseback  riding,  bicycle  riding).  Th<*se 
conditions  will  each  call  for  its  own  special  treatment  in 
addition  to  the  genenil  measures  which'should  l>e  adopted ; 
for  the  detection  and  relief  of  the  exciting  cause  arc  difti- 
cult  problems  and  far  more  iini)ortant  than  the  exhi])i- 
ti(m  of  drugs.  For  another  class  of  j)atieuts.  those  suf- 
fering from  diseases  of  the  nervous  system  or  those  with 
psychical  })erversion,  the  es.seutial  of  treatment  is  con- 
fidence in  the  physician,  on  the  part  of  the  patient,  and 
suggestion,  hypnotic  or  otherwise.  Many  authenticated 
cases  have  Ix'cn  recorded  of  permanent  cures  based  uj)on 
the  treatment  by  suggestion,  anil  it  is  invaluable  in  cases 
of  neurasthenia. 

In  general,  for  the  treatment  i)f  aphrodisia  nothing 
will  \yo  found  better  than  physical  and  particularly 
mental  work  to  the  point  of  fatigue.  The  latter  accom- 
plishes its  results  in  two  wavs:  first,  bv  exhanstiiiir  the 
brain  where  the  sexual  impulse  (if  not  retlex^  has  its 
origin;  and  secondly,  by  .so absorbing  the  patient's  inter- 
est as  to  preclude  the  occupation  of  his  mind  by  hiseivious 
thoughts,  pictures,  and  mental  impri'ssions.  The  an- 
aphrwlisiac  effect  of  mental  activity  is  easily  cxplaiin-d 
when  we  consider  the  hu'gc  amount  of  nervous  energy 
which  accompanies  each  conjugal  act.  i 

In  the  genend  management  of  a  case  the  jdiysician  ' 
should  advise  a  non -sedentary  life,  as  much  as  possible 
in  the  open  air,  light  diet,  with  an  absence  of  meats, 
coffee,  highly  seasoned  focnls,  and  alcoholic  stimulants: 
the  kidnevs  should  Ik*  kept  well  flushed,  the  Ixjwels  well 
open,  and  the  patient  should  slec])  on  a  hair  mattress. 
with  light  covering,  in  a  ccxd.  well-ventilated  room.     As 


a  full  bladder  is  frequently  a  cause  of  irritation,  it  should 
be  emptied  upon  going  to  bed  and  the  first  thing  in  the 
morning.  The  patient  should  arise  early  and  take  a  cold 
douche  or  sponge  bath.  The  only  mechanical  contriT- 
ance  which  seems  to  be  of  much  benefit  is  one  that  will 
prevent  the  patient  from  sleeping  on  his  back,  and  for 
this  purpose  a  towel  knotted  at  the  back  may  be  used. 
The  insertion  of  rings  in  the  prepuce  or  labia  and  the 
local  applicat  ion  of  caustics  are  to  be  condemned.  Dnigs 
which  may  be  used  are  the  bromides,  gr.  x.  to  xx.  thiie 
times  a  day.  and  antimony,  chloral,  saTicin,  conium,  and 
other  depressants:  nauseants  mav  be  used  with  care,  and 
are  effective  sometimes.  t-harles  Adams  Holder, 

ANAPLASIA. — This  word  is  used  bv  some  writers 
synonymously  with  anaplasty,  having  tlie  meaning  of  a 
repair*^  of  injured  parts  by  means  of  plastic  operation. 
In  1893  its  use  in  an  entirely  different  sense  was  intro- 
duced by  liansemann,  who  wished  to  designate  by  some 
si>ecific  term  the  morphological  and  physiological  differ- 
ences which  exist  between  the  cells  of  malignant  tumors 
and  those  of  the  normal  parent  tissue. 

The  ty])e  and  cliaracter  of  the  parent  cells  are  usually 
pH'served  to  .some  extent  in  the  tumor  cells  which  arisip 
from  them ;  as,  for  (example,  tlie  cells  of  a  squamous-cell 
carcinoma  of  the  skin  may  undergo  a  homv  change: 
those  of  an  adenocarcinoma  arising  5from  cylindrical  cells 
are  more  or  less  cylindrical  in  shape;  the  cells  of  an 
adeno-carcinoma  of  the  thyroid  may  produce  a  colloid- 
like substance ;  metastases  of  an  adeno-carcinoma  of  the 
liver  may  secrete  a  bile-like  fluid;  and  the  sarcomata 
arising  from  the  chromatophores  of  the  skin  produce 
melanin.  These  resemblances  of  tumor  cells  to  their 
parent  cells  are  not  so  marked  as  the  differences  which 
exist  between  them,  both  in  morphological  and  physio- 
logical characteristics.  The  latter  are  shown  by  striking 
variations  in  size  and  form ;  by  changes  in  the  finer  struc- 
ture of  the  nucleus  and  cell  body  as  shown  by  staining 
reactions  (by perch romatosLs,  hypochromatosis,  etc.);  by 
abnormal  cell-division  forms;  by  the  changed  chemical 
character  or  tot:il  absence  of  cell  function ;  and  by  Uie 
tendency  to  undergo  degeneration.  To  all  of  these 
altemtions  in  cell  character  which  constitute  malignancy 
llansemann  would  apply  the  term  anaplasia,  as  opposed 
to  heteropla.sia  and  metaplasia.  According  to  his  view, 
the  significiuice  of  these  changes  must  he  that  the  cells 
of  malignant  tumors  have  lost  in  differentiation  and  so 
have  accpiired  the  power  of  individual  existence.  The 
manner  in  which  the  cells  have  undergone  this  cliange 
or  the  etiology  of  malignant  tumors  is  not  included  m 
the  moaning  of  the  term.  There  can  be  no  doubt  that 
the  use  of  tlie  term  anaplasia  in  this  application  is  of  great 
service;  and  though  Hansemann's  views  have  met  with 
nuich  op]>osition,  it  has  gained  a  wide  acceptance  in 
modern  pathology.  Aldred  Scott  Warthin. 

BlULIOGRAPHY. 

Uans4'iiiaiin:    Suulien  ni)er  S|MM-ifl(>ltilt,  AltniLsmus  und   Anaplasia 
drr  /rllfii,  lieiiin,  ISSKJ.    Die  mikroseoplsrhe  Diofmoso  dor  bOsarti- 

jren  (it'>(h\vul>te,  Ilerlin,  1SS)T. 

ANASARCA.     See  Cirrulatfon,  DiHorderAof. 

ANATOMY,  HISTORY  OF.— Considering  the  necessity 

of  the  anatomical  sciences  as  a  basis  for  the  proper  study 
of  the  healing  art.  and  the  high  position  assigned  them 
in  modern  times,  it  may  se<'m  stninge  that  their  early 
develo])njcnt  was  slow,  and  the  knowledge  of  the  an- 
cients concerning  tlie  structure  (»f  the  human  body  crude 
and  superticial.  The  i»rincipal  cause  of  this  was  the 
l^rcvalence  of  aniniist  ic  iilcas,  it  being  thought  that  spirits 
iidiabiied  or  controllecl  the  body  in  some  mvsterious  way. 
Involuntary  movement^,  such  as  the  pulsation  of  the 
hi'art  and  arteries,  the  twitching  of  muscles,  the  phenom- 
ena of  respiration  and  Ixxlily  heat,  were  all  C<msidered 
indubitable  signs  of  the  presence  (»f  such  spirits,  to  which 
were  a^crilxM)  most  cases  of  disease  and  disonlereti  action- 
After  leaving  the  bo<ly  the  sj)irit  was  thought  to  main- 
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tain  some  ottcult  relation  to  it.  Hence  the  corporeal  itj- 
inains  were  either  preserved  with  pious  care,  or  burned 
or  entombed  to  prevent  tlieir  .*iufferini^  insult  or  injury 
tliat  might  affect  tlu;  career  of  the  spirit  in  the  other 
world.  Min^jjh'd  with  these  superstitious  ideas  were 
others  derived  from  horror  of  death  and  repulsion  from 
corrupting  fle.sh.  Contact  with  a  d(»ad  body  was  usually 
held  to  be  adetilemcnt  rcipiiring  lon^  puritication.  and  to 
attempt  to  inspect  its  internal  .structure  was  a  .sjicrilege 
meriting  the  si'Vercst  punishment.  Dissection  was,  under 
such  circumstancvs.  pnictically  impossible.  It  is  certain 
that  but  few  writers  of  antitpiity  were  able  to  avail  tliem- 
st»lves  of  this  metlnnl  of  research. 

The  sources  of  infonr.ation  were  therefore  indirect. 
Animals  kille<l  either  for  Uhk\  or  siicritice,  the  occasional 
examination  of  persons  severely  wounded  or  suffering 
from  ercKiing  dis<'ases,  the  noting  of  the  effects  of  put  re 
faction  which  displayed  the  deepiT  structures,  esp<»cially 
the  bones,  were  the  usual  means  em]>loyed  for  the  in- 
vestigation of  the  human  body.  In  Egypt,  it  is  true, 
bodies  were  evis<^*erated  for  the  purpose  of  preserving 
them  as  mummies;  but  tliis ap])ears  to  have  been  done 
by  a  low  ckiss  of  servants  under  the  direction  of  priests 
who  regarded  the  interests  of  the  spirit  in  the  other 
world  as  the  only  esst^ntial,  and  who  therefore  gave  no 
thought  to  exact  anaUmiical  knowledge. 

Yet  among  the  ancient  Egyptians  are  found  some  of 
the  earliest  attempts  at  recording  anatomical  data.  The 
Ebers  i>apyru8,  of  about  155()  «.c.,  ami  sjiid  to  be  tin; 
oldest  complete  book  extant,  relates  to  the  healing  art 
and  contains  incidental  allu.sion  to  the  structure  of  the 
body.  Vessels  and  nerves  are  together  designated  as 
**metu";  of  which  four  are  distributed  to  the  nostrils, 
four  to  the  temples,  four  to  the  head,  two  in  each  hand 
and  foot,  etc.  The  heart  is  reganled  as  the  centre  of  the 
vascular  system,  and  vessels  ccmtaining  blood,  air,  water 
and  other  fluids  pass  from  it  to  all  parts  of  the  body. 
Vital  spirits  are  said  to  enter  one  nostril  and  penetrate  to 
the  heart;  an  idea  which  was  to  liave  a  givat  etTect  upon 
Hoatomy  and  physiology  as  far  down  as  the  seventeenth 
century.  Similar  determinations,  of  no  greater  value,  are 
found  m  papyri  of  a  somewhat  later  date. 

Contemporary  with  the  Egvptian  cultun>,  or  pos.siblv 
anterior  to  it.  was  that  of  Clialda-a and  Assyria  from  whicli 
the  Phccnicians  and  Hebrews  derived  much.  One  of  the 
contributors  to  the  Ebers  papyrus  is  stated  to  be  from 
Byblus,  a  town  of  Phn?nicia.  Certain  cuneiform  inscrip- 
tions indicate  that  the  situation  of  the  vessels  of  the  neck 
was  known,  as  they  descrilx;  th(^  compression  of  these 
structures  to  relieve  the  pains  of  circumcision. 

The  anatomy  of  the  Hebrews  was  probably  derived 
mainly  from  Chaldean,  Assyrian,  and  Egyptian  sources. 
The  principle  of  life  was  believed  to  reside  in  the  blood 
(Gen.  ix.  4;  Lev.  xvii.  11),  which  was  accordingly  for- 
bidden as  food  and  used  as  a  propitiatory  off(>ring.  The 
heart  was  supposed  to  be  the  seat  of  the  understanding, 
courage,  and  love;  to  dilate  with  jov,  contnutt  with  sad- 
ness, harden  or  soften  with  the  passions.  These  expres- 
sions, which  have  become  wholly  figurative  in  modern 
times,  w^ere  formerly  believed  to  be  literally  true.  The 
later  Talmudists  had  some  anatomical  knowledge  of  the 
female  genitalia,  the  oesophagus,  the  lungs,  the  kidneys, 
the  spinal  cord,  and  the  cauda  equina.  One  of  the  nib- 
bis,  at  the  close  of  the  first  century,  is  said  to  have  boiled 
a  body  for  the  purpose  of  obtaining  the  skeleton.  A 
fabulous  bone,  "luz,"  was  tlumght  to  l)ecome  the  seed  of 
the  body  from  which  it  is  to  be  renewed  at  the  resurrec- 
tion. 

The  early  writings  of  India  contain  no  anatomical 
knowledge  except  names  of  a  few^  jiarts  ()f  the  body. 
Somewhat  later  (900-200  b  c.)  there  are  rude  atteinj)ts 
at  the  enumeration  of  structures.  To  what  extent  thes<' 
enumerations  are  based  upon  actual  examination  and 
misinterpretation  of  anatcmiical  facts  it  is  impossible  to 
«y.  In  them  the  primitive  elements  of  the  bod}-  are  air, 
bile,  and  phlegm,  air  having  its  s<'at  Ik'Iow  the  navel,  tin; 
bile  between  the  navel  and  the  heart,  the  phlegm  above 
the  heart.    Seven  organic  products  were  believed  to  be 


formed  from  these  ])rimitive  elements:  watery  chyle 
which  in  the  liver  and  spleen  forms  bl(K)d.  from  which 
ari.ses  ficsh  which  forms  cellular  tissue,  from  whence 
comes  bone  which  generates  marrow,  which  gives  origin 
to  stMuen  and  menstrual  bkxHl.  The  ancient  Hindoos  are 
said  to  have  practis<*d  dis.section.  it  being  held  lawful  to 
pursue  such  invest igati<ais  for  s<*icntit1c  purj)oses,  though 
under  many  limitations  and  restrictions;  but  the  sculp- 
tures of  the  rtK.k cut  temples  of  Elephanta  and  Ellora 
show  ignorance?  of  the  anatomy  of  muscles.  Later  au- 
thors appear  to  have  had  a  vague  idea  of  the  circulation 
of  the  blood,  as  thev  state  that  the  waterv  chvle  circu- 
lates  through  the  vessels  and  irrigiites  thcsy.stcmas  water 
does  a  tield. 

The  Chinese  nave  not.  even  at  tlic  present  day,  any 
exact  anatomical  knowledge.  The  tracing  of  tlieir  crude 
notions  kick  to  the  mists  of  the  past  is  of  purely  archeo- 
logic  interest,  and  it  is  difticult  to  say  whether  the  allega- 
tions of  great  anti([uity  made  for  simie  of  their  medical 
writingsare  based  upon  authentic  facts.  They  considered 
the  elements  of  the  iMxly  to  be  air.  water,  "metal,"  and 
'*wood";  the  liver  tr)  be  the  seat  of  the  intelligence,  the 
stmt  of  life  to  be  in  the  middle  of  the  breast.  Arteries  and 
veins  were  not  separately  distinguished,  but  some  notion 
of  a  circulation  or  tmnslation  of  the  blood  appears  to 
have  been  advanced,  as  it  is  stated  that  it  completes  a 
course  throughout  the  l)ody  five  times  in  twenty -four 
hours. 

The  Japanese  in  matters  of  anatomy  copied  from  the 
Chinese.  Their  older  writings  are  curious  mixtures  of 
fact  and  error.  They  teach  that  the  heart  contains  blood, 
rules  all  the  other  visceni.  and  is  connected  with  the 
liver,  lung.H,  spleen,  and  kidnevs:  that  blcHHl  is  prepared 
in  three  "combustion  organs'^  of  rather  mythical  char- 
acter, perhaps  the  thomcic  duct,  the  pancreas,  and  the 
lacteals.  They  as.sert  the  structure  of  the  lungs  to  l)e 
like  that  of  a  honeycomb,  and  state  that  they  contain 
a  nourishing  gas  which  penetrates  the  whole  body  out- 
side the  ves.s<*ls  that  carry  the  bhuMl.  The  brain,  the 
spinal  conl.  and  the  marrow  are  said  to  be  of  one  nature, 
the  bniin  having  the  highest  rank.  The  seat  of  the  soul 
is  statfti  by  most  authors  to  be  the  heart,  as  it  has  l)een 
s(.rn  in  some  animals  to  beat  after  the  severing  of  the 
hejid  from  the  bcnly.  Others  plact*  it  in  the  brain,  the 
spleen,  the  lungs,  the  kidneys,  or  the  liver.  The  nerves 
are  often  confounded  with  the  tendons,  often  descril)ed  as 
tubular  canals.  In  the  middle  of  the  eightt^^'uth  century, 
a  physician  name<l  Yamawaki  obtained  pennission  fro'm 
Ids  prince  to  dissect  a  iMMly,  an  illegal  act  that  could  be 
done  only  under  powerful  protection.  He  published  his- 
observations  and  de<'laRHl  that  the  older  teaching  should 
no  longer  be  thoughtlessly  followed.  Dissection  was 
thereafter  surreptitiously  practised,  and  very  accurate 
wooden  mmlels  of  the  skeleton  were  made.  After  this, 
anatomical  works  from  the  Dutch  w^ere  translated  into 
Japanese. 

It  is  among  the  Greeks  that  we  first  m«jet  with  a  knowl- 
tnlge  of  anatomy  that  can  Ihj  called  scientific.  With  keen 
and  active  intelligence  they  examincni  and  speculated 
upon  all  things  in  the  worid  around  them.  Prepos- 
ses.sed  with  the  anthropocentric  theory  of  the  universe, 
they  attained  oidy  a  partial  and  distorted  vi(;w  of  natural 
phenomena,  but  often  .showed  a.stonishing  powers  of  gen- 
emlization  in  speculative  theories.  Anjong  tlwm  aro»' 
the  group  of  .so-called  "natuml  philosoj>liers. "  at  the 
head  of  whom  we  find  Pythagoras  (.")S4-,")()4  n.<'.).  He 
attempted  to  explain  natural  phenoinina  by  means  of 
harmonic  numbers  which  hv  considered  as  actual  entities 
having  mysterious  powers,  the  elements  of  the  Inxly 
being  compri.s<'d  in  the  numlxT  10.  each  single  luimber 
(l-|-2-j-8-}-4)  having  therein  a  couiiterj>art.  He  was  the 
i\Tnl  to  deny  th(»  spontaneous  generation  of  animals, 
holding  that  all  life  must  spring  from  germs  preexist- 
ing in  the  .semen  which,  formed  from  the  bniin  of  the 
male,  combines  with  moistnn^  from  the  bniin  of  the 
female,  In-ing  the  perfected  foam  of  the  blood.  This 
idea  is  perhaps  connected  with  that  of  the  origin  of  the 
goddess  of  generation,  Aphrodite  (a^/x5f,  foam),  from  the 
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foam  of  the  sea.  To  the  successoi-s  of  Pythagoras  arc 
assigned  by  later  writers  some  anatomical  investigations 
ami  discoveries.  Thus  Empedi>cles  (about  50()  b.c.)  dis- 
covered the  labyrinth  of  the  ear,  Alcmteon,  his  contem- 
porary, the  Eustachian  tube  and  the  optic  nerve,  Diogenes 
of  ApoUonia  (450  r..c.)  described  the  great  vessels,  all 
after  the  dissection  of  animals.  It  is  to  him  we  owe  the 
names  of  the  amnion  and  the  chorion,  membranous  en- 
velopes of  the  fojtus.  Empedocles  is  said  to  have  ad- 
vanccil  some  crude  ideas  of  the  modern  doctrine  of  the 
survival  of  fit  and  adapted  animal  forms.  Democritus 
(about  4o()  B.C.)  studied  and  comimied  the  organs  of  man 
with  those  of  lower  annuals  and  observed  that  they  be- 
come adapted  to  certain  purp(>s<'S. 

As  in  many  primitive  nations,  the  phvsicians  of  the 
<f  reeks  became  segregated  into  a  guild.  T^his  was  known 
as  the  AsclepiadiV,  after  the  god  Asclepijis  or  ^-Esculapius. 
from  whom  they  claimed  descent.  With  the  advance  of 
culture,  the  need  of  a  more  careful  investigation  of  the 
human  body  betrame  evident,  and  about  430  u.c.  a  group 
of  physicians  of  this  guild  arose  who  pursued  a  more 
rational  method.  The  principal  of  tlies*'  was  the  cele- 
brated Hippocmtes,  often  called  the  **  father  of  mcfdicine." 
A  large  b(xly  of  writings  formerly  ascribed  to  him  has 
been  shown  by  modern  research  to  be  the  product  of  his 
school  rather  than  his  individual  work.  The  anatomical 
data  foun<l  therein  are  e violently  ol)tained  mainly  from 
tlie  dissection  of  animals,  although  the  osteology  is  that 
of  man.  The  stat(*menls  concerning  the  bones  and  sutures 
of  the  skull  are  fairly  accurate,  as  are  also  those  concern- 
ing the  larger  bones  and  joints.  The  heart  (apparent  1}- 
described  from  that  of  man)  is  recognized  as  forcing  the 
blood  and  pneuma  or  vital  si)irits  of  the  air  through  the 
vessi?ls,  and  tlie  bmin  is  in  some  writings  distinguished  as 
the  organ  of  thought  and  conscious  sensjit ion.  Tolerably 
accunite  though  thest*  facts  may  be,  the  conceptions  of 
the  elementarv  constitution  of  the  body  were  erroneous 
in  the  extreme,  being  similar  to  the  speculations  of  the 
natural  philosophers.  It  was  believed  that  the  bodies  of 
living  things  were  composed  of  four  elements — earth, 
water,  air,  and  fire — i)roper  mixtures  of  which  produced 
the  so  called  elementary  fluids  blo(Kl,  mucus,  black  and 
yellow  bile;  that  yellow  bile  was  formed  in  the  liver, 
black  l)ile  in  the  spleen;  that  the  different  organs  were 
produced  by  the  action  of '* innate  heat"  upon  the  ele- 
mental fluids,  the  food  stulTs,  and  the  aciueousand  earthy 
bases  of  the  bmlv.  ^luscles  were  not  usually  recoirnized 
as  distinct  from  the  general  mass  of  the  flesh.  Arteries 
were  not  distinguished  from  veins,  both  being  (l('scribe<l 
under  the;  connnon  name  of  <p/f3ir.  Under  the  term 
rtvpa,  nerves  were  likewise  confounded  with  t<*ndons  or 
even  sometimes  with  vessels.  The  bmin  is  described  in 
some  passages  as  an  organ  for  the  absorption  (►f  super- 
fluous mucus  which  it  again  gives  out.  and  for  the  secre- 
tion of  semen  which  is  eonvcvt*<l  to  tlie  t<*stes  bv  tlie 
spinal  cord.  The  lungs  are  sjiid  to  take  ui>  cold  air  and 
pass  it  through  tubes  ('i/ir;//>///)  to  the  heart  for  the  pur- 
pose of  cooling  that  organ.  These  characterizations  show 
that  the  ideas  then  prevalent  as  to  tlie  structun'  of  tlu' 
l)ody  were  largely  imaginary,  the  necessity  of  controlling 
hypotheses  by  exact  obs<*rvation  not  yet  being  fully 
realized. 

The  conceptions  of  Plato  as  to  the  constitution  of  the 
iKMly  and  its  union  with  a  mortal  an<l  an  immortal  essence 
were  founded  upon  the  Ilippoemtie  anatomy.  He  im- 
agined the  seat  of  the  innnortal  soul  to  be  in  the  head, 
that  of  the  higher  passions  in  the  upper  thorax,  antl  the 
lieart  to  l)e  **  the  centre  or  knot  of  t Ik*  blood -vcsm-Is,  the 
spring  or  fountain  of  the  blood  which  is  carried  impetu- 
ously around";  and  that  it  is  cooled  bv  the  soft.  spouL'^v, 
and  bloo<lless  lungs.  The  lower  passions  he  supi)os«'d  to 
be  placed  in  the  thorax  below  the  diaphragm,  "in  the 
same  house"  with  the  liver,  which  is  "solid  and  smo<nh 
and  bright  and  sweet,  and  also  bitter,  in  (»rder  that  the 
power  of  thought  wliicli  originates  in  the  mind  may  be  re- 
flecte<l  as  in  a  mirror."  The  uterus  he  considered  a  wan. 
dering  organ,  that,  like  a  wild  beast,  seeks  sjitisfaction  for 
its  inordinate  desires.     Death  he  thought  to  be  caused  by 


the  separation  of  the  soul  from  the  marrow,  of  which  the 
brain  is  tlie  most  perfect  pan,  and  whose  basis  is  **  tri- 
angles"— a  Pytliagorean  conception. 

Id  these  remarkable  speculations  we  discern  an  attempt 
to  ascertain  by  imagination  alone,  without  any  careful 
examination,  the  purpose  or  end  for  which  structures  are 
formed.  This  teleological  error,  the  belief  that  the  mind 
can  discern  the  ** final  causes"  of  structure,  tinctured  all 
the  anatomical  investigations  of  the  ancients. 

Aristotle  (384-323  B.C.),  a  pupil  of  Plato,  opposed  the 
idealism  of  his  master,  insisting  tliat  the  proper  method 
of  advancing  science  is  to  first  collect  all  the  facts  Or 
particulars  and  afterward  deduce  from  them  causes  and 
principles.  His  extraordinary  industry  and  activity  and 
his  penetrating  intelligence  had  a  great  influence  not  only 
upon  his  own  time,  but  upon  the  scientific  thought  of  all 
subsequent  ages.  He  may  be  said  to  liavc  originated  the 
sciences  of  comparative  anatomy  and  morphology,  and 
was  the  first  to  conceive  the  animal  kingdom  as  a  con- 
nected genetic  chain.  By  the  aid  of  Alexander  the  Great 
he  was  able  to  collect  vast  stones  of  material,  which  he 
utilized  as  far  as  the  limited  resources  of  that  age  would 
permit.  He  dissected  numerous  animals  and  gave  a  fairly 
accurate  idea  of  their  constitution.  A  great  deal  of  bis 
cla.ssificatory  work  holds  good  to  the  present  day.  He 
distinguished  arteries  from  veins  by  their  structure,  but 
grouped  them  together  as  ^^e/J*f,  correctly  describing 
many  of  their  principal  branches.  He  considered,  how- 
ever, that  some  of  the  arteries  carried  only  ** pneuma." 
Certain  of  the  nerves  he  distinguished  from  tendons, 
sui>posing  them  to  ho  hollow  tubes  {7r6fHu\  a  name  which 
he  also  applied  to  the  ureters.  Ves.sels  and  nerves  he 
belie v(?d  to  arise  from  the  heart,  which  he  therefore  con- 
sidered as  the  seat  of  movement  and  of  the  soul.  Differ- 
ent from  the  usual  four  elements  is  his  principle  of  life, 
a  fifvh  element  (quintn  eHM-nda  of  after  writers)  which 
pnKluces  h(^t  and  cold.  He  appears  to  have  considered 
this,  however,  as  a  function  of  the  organized  body.  He 
seems  to  have  been  aware  of  the  lact<ials  and  to  have  sup- 
posed them  to  empty  into  the  inferior  vena  cava  and  the 
aorta.  His  division  of  the  b(xly  into  structures  and  prod- 
ucts composed  of  parts  similar  to  each  other  and  the 
whole  which  they  compose  (homa'omeria)  and  of  others 
formed  of  dis.similar  parts  is  an  adumbration  of  the 
modern  concept i(m  of  tissues  and  organs.  In  the  domain 
(»f  purely  human  anatomy  he  depends  upon  otherauthors, 
and  expressly  sjiys  "the  internal i)arts  of  the  hinnanbody 
are  imknownorare  suj^posed  to  be  thes:une  as  the  similar 
or  analoiious  parts  of  animals."  He  studied  the  develop- 
ment of  the  chick  in  the  v^^^^  and  hehl  that  it  was  an 
advance  from  a  siin]»le  to  a  more  com pliciited  fonn.  Ob- 
servations of  putrefying  matter  and  of  many  cases  in 
which  germinal  develoi)ment  is  obscured  led  him  to  the 
view  tliat  animals  may  be  genenited  spontaneously — 
""  Comiptio  nnlna  tst  (jimnttio  aJUn'tm.'"'  These  views 
were  destined  to  have  a  j)owerful  influence  upon  subse- 
quent speculation 

A  conicmpomry  of  Aristotle.  Pmxagoras  (about  335 
\\  (  ),  ai>p(ars  to  have  been  the  first  clearly  to  distinguish 
arteries  from  veins  both  by  structure  and  function.  He 
held  that  arteries  normally  contain  air  during  life,  but 
when  Wounded,  blood  isdmwn  into  them  from  the  sur- 
rounding ])aris.  The  brain  he  supposed  to  be  an  ap- 
jx'ndaL^e  to  the  s]^inal  cord 

Under  the  ])atrona.L'^e  (»f  the  Ptolenues  the  natural 
.sciences  t1ourisIi(Ml  gnatly  in  Kgypt  during  the  third  cen- 
tury before  Christ.  At  Alexandria  the  "Museum  "  was 
founded,  an  in">tituti(»n  very  like  a  modern  university, 
])rovi(le(l  w  itli  a  h\V)iv  body  of  teachers  and  having  stu- 
dents from  the  (Mitire  civilized  world.  Here  dissection 
was  pu])licly  practised  for  the  first  time;  the  Egyptian 
custom  (»f  end)alniing  the  dead  probably  aiding  to  break 
down  the  j^rejudice  against  it.  A  large  number  of 
anatomical  specimens  were  made  and  a  vast  library  col- 
lect<Ml.  The  advances  were  considerable.  Herophilus 
CJIJ.VX)  n.r  ).  called  by  Fallopius  "the  evangelist  of 
anjitomists.''  especially  investigated  the  brain,  which  he 
believed  to  be  the  organ  of  thought  and  motion.     He 
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named  the  ailanius  scnptorius,  suniiising  it  to  bctlie  seat 
of  the  soul,  discovered  the  sinuses  of  tlic  dura  mater,  the 
confluence  of  the  sinuses,  winch  still  Ix'ars  his  name 
(ti)rcutar  HerophiU),  the  retina,  the  uvea,  and  ciliary  proc- 
esses of  the  eve,  the  hvoid  bone,  the  lacteals  and  Ivm- 
phatics.  He  gave  the  duoilenum  its  present  designation 
((JufJiKcwJa/crvAyi' =  duodenum),  distinguished  the  arteries 
from  the  veins,  and  admitted  that  both  contained  bhxxi. 
It  is  said  that  he  even  vivisected  criminals  to  obtain  a 
knowledge  of  the  soul. 

His  contemporary  and  rival,  Erasistratus.  was  no  less 
famous.  He  also  saw  the  lacteals.  and  distinguished 
nerves  of  sensaticm  from  those  of  motion.  He  held  that 
the  vital  spirits  received  from  the  air  were  changed  to 
animal  spirits  in  the  brain,  described  well  the  heart  and 
its  valvi's,  assumed  a  virtual  connection  4)etween  the 
arteries  and  the  veins,  holding  that  they  discharge  op- 
posite each  other.  The  arteri(?s  he  supi)ostHl  to  carry  air. 
blood  being  dmwn  into  them  when  wounded.  The  sub- 
stance of  glandular  organs  he  named  the  paren(rhyma 
(rrapiyxifM,  poured  in  iK-side),  holding  that  it  is  formed 
from  altered  blocnl  eflTused  from  the  blo<Kl-Yes5>els.  The 
name  still  remains.  He  held  that  the  development  of  the 
fa»tus  is  by  epigenesis  or  new  formation,  instead  of  by 
preformaticm.  He  remarked  the  induration  of  the  liver 
in  dropsy,  and  may  thus  be  said  to  have  l)een  the  first  to 
make  observations  in  j)athological  anatomy. 

The  school  of  Alexandria  gnulually  declined  and  made 
no  further  progress  in  anatomy,  it  even  being  held  by 
certain  of  its  teachers  that  a  knowledge  of  that  science 
was  unnecessary  for  the  healing  art.  The  intluence  of 
the  anatomical  teaching  of  Herophilus  and  Erasistratus 
was.  however,  of  wide  extent. 

-iVsclepiades  (128-50  b.c.)  revived  the  atomic  theory  of 
Leucippus,  Democritus,  and  Epicurus,  applying  it  to  the 
structure  of  the  Ixxly,  which  he  conceived  as  composed  of 
innumerable  minute" particles,  the  *'  leptomeres,"  cogniz- 
able by  the  understanding  though  not  by  the  senses,  be- 
twe(»n  whose  interstices  the  fluids  of  the  b(xly  move.  This 
appears  to  be  the  first  hint  of  the  modern  cell  theory. 

The  rise  of  the  Roman  empire  transferred  the  cen- 
tre of  civic  activitv  from  the  Eastern  cities  to  Rome. 
Among  the  earlier  ftoman  writers  on  medical  subjects  we 
find  Celsus,  who  lived  under  Tiberius  and  Claudius  (about 
50  B.C.  to  7  A.D.).  Such  of  his  works  as  have  survived 
are  interesting  as  showing  the  value  placed  upon  anatom- 
ical studies  at  this  perio<i.  lit?  speaks  decidedly  as  to 
dissection:  "The  examination  of  dead  subjects  is  impera- 
tively necessary  for  students,  as  they  ought  to  know  the 
position  and  ortier  of  the  parts."  (')f  osteology  and  the 
larger  viscera  he  shows  some  accumte  knowledge  marred 
by  numerous  errors. 

>Iarinus  (under  Nero)  is  known  to  mh  only  through  the 
writingsof  Galen,  whopmLses  his  anatomical  knowledge. 
He  is  said  to  liave  given  excellent  descrii)tions  of  the 
muscles  and  glands.  He  distinguished  s«'ven  pairs  of 
cranial  nerves,  apparently  tho.se  mentioned  by  Galen,  as 
follows:  I.  Optic;  H.  oculomotor  and  patheticus;  III. 
ophtlialmic  bnuK-h  of  the  trigeminus.  IV.  superior  and 
inferior  maxillary  bmnches  of  the  triij:eniinus,  V  facial 
and  auditory;  VI.  glosso  pharyngeal,  vagus,  .spinal  ac- 
ce.ssf)r)' and  sympathetic:  VII   hypoglossal  (?). 

Rufus  of  Ephesus  (under  Trajan)  had  considenible 
reputation  as  an  anatomist.  lb'  discovered  the  Fallopian 
tulK*  (in  the  sheep),  the  optic  chiasm,  and  the  capsule  of 
the  crvstalline  lens.  He  wrote  a  work  intended  for  stu- 
dents'  us*',  giving  the  names  of  parts  of  the  body,  but 
only  fragments  of  this  remain. 

Soranus  of  Ephesus  (unrler  Trajan  and  Hadrian.  s(mie 
twenty  years  before  Galen)  described  with  con.sidemble 
acrcuracy  the  internal  genital  organs  of  the  female,  and  it 
fteems  clear  that  he  must  have  di.s.s<.'cted  sufliciently  to 
inspect  them.  He  distingui.shed  the  vagina  from  the 
uterus,  stated  that  the  latter  has  the  form  of  a  cupping 
frlass,  and  is  connecte<i  with  contiguous  parts  by  means 
of  membranes.  8^)that  it  is  impossible  that  it  should  be  en- 
dowed with  independent  movement.  Ifis  statements c<m- 
ccmlDg  the  ovanes  and  oviducts  are.  however,  obscure. 


Far  surpassing  these,  and  indeeil  exielling  all  other 
writers  of  antiquity  in  anatomical  exactitude,  was 
Claudius  Galen  of  Fergamus,  a  physician  at  Rome  imder 
the  Antonines  (a.d  131-201).  He 'studied  at  Alexandria, 
and  esteemed  himself  especially  fortunate  in  having  there 
.seen  a  complete  human  skeletcm.  He  was  an  arduous 
investigator,  dissecting  many  animals  and  even  vivisect- 
ing some  in  order  to  a.scertain  the  f mictions  of  nerves. 
He  may  indeed  be  said  to  have  been  the  first  physio- 
logical anatomist.  Numerous  errors  of  descripti(m  niake 
it  certain  that  he  never  dissected  the  human  ImmIv,  but  it 
is  (»vident  that  he  investigated  that  of  the  monkey,  prob- 
ably MacHCftn  ecnmhituH  (GeolTr.)  of  the  north  coast  of 
Africa.  Many  of  his  descriptions  hold  good  to-day,  and 
all  are  of  such  value  that  his  authority  in  anatomV  was 
dominant  for  more  than  thirteen  himdred  years.  lu*  was 
strongly  prepossessed  with  teleological  ideas,  and  assumed 
false  physiologic4il  notions  (usually  derived  from  his 
predecessors)  as  a  basis  for  the  interpretation  of  structure. 
He  was  greatly  impressed  with  the  dignity  and  impor- 
tance of  his  work,  calling  it  "a  religious  hymn  in  honor 
of  the  Creditor. " 

He  held  that  the  f(x»d  undergoes  *'co<tion'*  in  the 
stomach,  from  whence  it  passt's  to  the  liver,  where,  by 
the  influence  of  "natural  spirits,"  it  is  converted  into 
blood  which  enters  the  vena  cava,  part  of  it  proceeding 
peripherally  to  give  alimentation  to  the  limbs,  part  to 
the  left  side  of  the  heart  where  the  **  innate  heat"  removes 
from  it  the  part  unsuitable  for  the  nutrition  of  the  moi*e 
delicate  organs  of  the  body  (smoke,  fuliginous  matter) 
which  is  expelled  by  the  lungs.  He  supposed  the  greater 
part  of  the  blood  to  be  distributed  by  a  to  rtnd  fro  oscil- 
lation in  the  veins  throughout  the  body,  while  a  portion 
passes  through  minute  holes  in  the  interventricular 
septum  into  the  left  ventricle,  where  it  mingles  with 
pneuma  received  from  the  lungs  with  the  bloixl  in  the 
j)ulmonary  veins  forming  **  vital  spirits"  (Hippocrates); 
the  mingled  bhxxi  and  vital  spirits  then  pass  into  the 
aorta  aiul  the  arteries,  in  whi(!h  they  oscillate  to  and  fro, 
giving  life  to  the  body.  He  adopted  the  view  of  Erasis- 
tratus, that  pore-like  openings  at  the  termination  of  the 
arteries  connnunicate  with  the  veins.  He  taught  that 
there  are,  therefore,  two  kinds  of  blood:  one,  contained 
within  the  vein.s,  suitable  for  nutrition  and  growth:  the 
other,  in  the  arteries,  suitable  for  the  maintenance  of  life. 
The  blood  that  goes  to  the  brain  there  undergcH'sa  further 
change:  by  th<M'horoid  plexusesof  the  ventricles  its  vital 
spirits  are  further  retlned  to  ** animal  spirits"  suitable  for 
pro<lu('ing  moti<m  and  activity  (Erasistratus);  the  unused 
residue  is  expelled  through  the  cribriform  plate  of  the 
ethmoid  bone ;  the  animal  spirits  being  distributed  to  vari- 
ous parts  of  the  body  by  means  of  the  tubular  nerves 
(Aristotle).  The  brain  he  deemed  an  organ  for  the  secre- 
tion of  mucus  and  at  the  same  time  the  seat  of  the  soul, 
of  which  th(?  natural  spirit.s,  the  vital  spirits,  and  the  ani- 
mal spirits  are  all  nuKlalities. 

Notwithstanding  these  faulty  assumptions,  which 
greatly  retanh'd  the  develoi)ment  of  correct  ideas  con- 
cerning the  actual  functions  of  tlu'  body,  the  si;rvices 
that  Gah'U  rendered  to  anatomy  were  real  and  important. 
His  descriptions  are  clear,  exact,  and.  barring  some 
errors  ih'rived  from  his  preconceptions  or  the  material  he 
used,  fairly  accurate. 

In  osteoioijrv  and  arthrologv  he  is  at  his  best,  and  many 
of  his  designations  of  bones  and  joints  are  still  in  use  In 
the  nuiscular  .system  he  described  for  the  tirst  time  the 
nuisdes  of  the  face,  larynx,  and  tongue.  The  niu.scles  of 
the  limbs  he  s<*pamted  nearly  as  is  now  done.  He  omitted 
the  opj>onens  i)ollicis  (not  found  in  apes),  while  in  his 
description  of  the  nuiscles  of  the  foot  he  included  some 
ape  like  characters.  His  descriptions  of  the  vascular 
system  are  marred  by  his  preconceptions.  He  made  the 
veins  arise  from  the  liver,  the  arteries  from  the  begirt, 
which  he  did  not  considi-r  to  be  musrular  although  com- 
l)Osed  of  tibres.  He  considired  the  spinal  cord  to  bean 
appendage  to  the  bminan<l  developed  from  it,  that  nerves 
of  sens{ition  arise  from  thc^  bniin,  tho.se  of  motion  from 
the  spinal  cord,  and  mixed  nerves  from  the  medulUi  ob- 
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lon^tH.  He  n(»tc<l  that  the;  wnsory  nerves  arc  soft,  the 
motor  harder.  The  olfaetory  bulb  ami  tract  he  ctorreetly 
<*onsiflere<l  as  an  <'\t«.*nsi«)n  (»f  the  bmni,  and  hence  ex- 
cUuled  it  from  his  (^numeration  of  the  cmnial  nerves 
(Mttrinus?).  He  knew  the  ventricles  of  the  brain,  the 
fornix,  the  corpom  ({Uadri^emina.  the  tenns  nates  and 
testes  applied  to  the  latter  bein«^  liis  own.  He  was  ac- 
(|uuinted  witli  the  membnuies  of  the  bmin.  with  the 
pleura,  the  pericardium,  and  the  periloni'um.  The  divi- 
sions of  the  alimenturv  canal  he  accuratelv  descrilwd. 
The  irenital  organs  of  the  male  and  female  he  con.sidered 
es.s«*ntiallv  the  same,  the  ovaries  (•(►rrespondin^  to  the 
t^'Stes  and  secretin*^  a  seminal  tluid  that  is  conveyed  to 
ihe  uterus  by  the  Fallopian  tubes. 

The  decline  of  the  Homan  empire  causetl  a  gradual  de- 
<"ay  of  intellectual  cidture  and  a  total  neglect  of  all 
sciences  of  invest ij^at ion.  It  is  only  occasionally  that  we 
find  in  the  writings  of  some  compiler  like  Oriba.sius  (.\.i). 
32(M(KJ)  an  indication  of  a  new  discoverv.  He  is  said  to 
liavebeeu  tin?  first  to  descrilx*  themembnina  tympani  and 
thesidivary  glands.  The  cultivation  of  literature  gnulu- 
ally  declined  and  but  few.  even  of  tlie  clergy,  could  read 
or  write.  Superstition  and  vague  tmdition  usurped  the 
place  of  .science.  No  om*  thought  it  necesstiry  to  ascertain 
the  structure  of  the  human  b<Klv  when  it  was  universjdlv 
held  that  it  was  c«)ntrolled  by  spiritual  infiuences  wholly 
independent  of  phy.*jical  or  natural  laws.  Anatomy  was 
forgotten  and  the  treatisesof  its  founders  either  destroy  e<I 
or  sulTered  to  remain  in  almost  complete  oblivion.  Al- 
most, not  quite,  for  the  torch  of  sci(  nee,  laid  down  by  the 
rude  hands  of  the  West,  wjis  taken  up  and  n*lighte<l  by 
thi"  scholars  ^f  the  I'^ast. 

The  Anibians  now  began  to  take  an  active  i)art  in  in- 
tellectual culture.  In  imitation  c»f  the  stluKil  of  Alexan- 
dria they  founded  great  universities  at  Bagdad,  Bassomh. 
Damius<;us.  Alexandria.  Cordova,  and  (iranada.  Ft)rbid- 
den  bv  the  Konin  to  dissect  the  human  bodv,  or  oven  to 
maki*  any  representation  of  it,  the  physicians  of  these 
s<'hools  had  recourse  to  (ireek  authors,  particularly  to 
Hipp(M'rate.s,  Aristotle,  and  (Jalen.  On  these  they  made 
Umg  commentaries,  their  remarks  often  showing  per- 
spicacity and  judgment.  The  most  important  authors  of 
the  And)ian  s<*hool  who  treated  of  anatomv  are  Hha/es 
(Abu  Bekr-Al  I^izi.  H.-)U- <r-^M  .v.d.).  Ali  Abbas  (A li  ben 
el-Abba.s.  Haly  Abbas.  lW()-904),  and  Avicenna  (Abu-Ali- 
Ibn  Sina,  1>S(K1(KJ7).  Their  direct  contributions  to  anat 
(miy  were  not  great,  but  their  nomenclature  was  for  a 
time  adopted  by  European  writers.  A  tmnslation  of  Ali 
Abbas'  work  into  Latin.  l)v  Constantinus  Afer,  a  Bene 
dictim*  monk  (n'rrtt  lOSO).  is  probably  the  first  work  on 
anatomy  in  that  language  (Hyrtl). 

The  leav«'ning  infiuence  of  the  crusades  now  began  to 
be  felt.  The  uniting  of  the  scattered  peoples  of  Western 
Europe  intr)  va.st  armies  that  made  long  journeys  by 
land  and  sea,  and  came  in  contact  with  nations  of  totally 
different  culture  and  habitsof  thought,  had  great  effect  in 
(Mnnbining  the  small,  warring,  feudal  facli<ms  into  larger 
social  units  more;  su.sceptible  of  advancement,  in  opening 
new  avenues  of  conunerce,  in  dilTusing  a  knowledge  of 
the  learning  of  the  I']aist,  and  in  bringing  about  a  revival 
of  intellectual  activity.  N«*w  luiiversities  were  founded 
throughout  Euroj)*';  at  BoloLnia  in  nir».  at  Padua  in 
12*iH,  at  Salanmma  in  ri:J9.  at  tlu-  Sorbonne  in  V2'y{i. 
Others  whose  foundations  dated  back  to  the  Roman 
period  received  new  accessions.  Among  the  latter  were 
Salerno  and  Montpellicr.  at  each  of  which  an  active  medi- 
cal sch(M>l  was  establislM'd.  At  Salerno  was  s^m-u  the  first 
symptom  of  a  revival  of  pnictical  anatomy,  for  it  is  .s-iid 
that  the  Emperor  Frederick  II.  (111)4  r2.")'0)  ma<le  a  law 
that  no  one  should  pr.ictise  surgery  without  having  been 
previously  examined  in  anatomy,  and  provided  that  a 
dis,section  of  the  hmnan  body  .should  be  nuule  at  Salerno 
cmee  every  five  years,  inviting  physicians  and  surgeons 
frrun  all  parts  of  the  emjiire  to  witness  it.  It  has  been 
erroneously  state«l  that  the  bull  of  I*ope  Boniface,  dr 
Hf-pultnriH,  issued  in  IIJOO,  was  an  interdict  against  dissi'c- 
tion;  bur  it  was  really  intended  to  prevent  the  practice 
of  dismembering  and  boiling  dead  crusaders  for  the  pur- 


l>ose  of  more  ea.sily  transi)orting  their  bones  to  their 
native  lan<l.  The  Senate  of  Venic(\  in  1308.  decreed 
that  a  human  IxMly  should  Im>  dis.st>cte<l  annually.  It  is 
uncertain  to  what  extent  these  dis.sc>ctions  were  carried, 
but  it  is  probable  that  only  tin;  larger  viscera  were  ex- 
amined. 

Among  the  prcKluets  of  the  sch(K»l  of  Salerno  that  liavo 
survived  are  the  "Anatome  Forci "  of  Copho,  and  the 
anonvmous  "  Demonstratio  Anat(»mica."  These*  are  both 
based  wholly  upon  dis.section  of  animals. 

There  is  evidence  that  at  this  period  autopsies  "^vere 
occasiimally  held  to  determine  the  csiuse  of  death,  whether 
by  poLsoningor  otherwisi*.  It  is  also  .said  that  the  botiic*s 
of  those  who  had  been  hanged  were,  in  Italy,  not  infre- 
quently given  over  to  ))hy.sicians  for  dissetiion.  (Xfa- 
sionally  1mm lies  were  stoh-n  for  anatomical  purjKJses. 

It  is  at  about  this  time  that  occurn^l  the  first  attempts 
at  pictorial  representations  of  l>odily  structure.  These 
are  found  in  a  translation  of  Galen  made  by  Nicholas 
Regio  and  publislied  at  Dresilen  in  the  fourteenth  w^ntury. 
Two  manust-riptson  anatomy  by  Mondevilleand  Mapster 
Ricardus  that  have  survived  from  the  school  of  Mout- 
pellier  also  <'ontain  crude  drawings  of  structures. 

The  credit  of  fii-st  establishing  systematic  public  dem- 
onstrations of  anatomy  iK'longsundoubtiHlIy  to  Mundiuus 
(I^iimondo  da  Lu//i,  Mondino,  riT($-r286).  who  taught  at 
I^)logna.  Not  content  with  expounding  Galen,  Abbas, 
and  Avicenna.  \w.  brought  the  scienct»  back  to  the  correct 
I>ath  «)f  (K'ular  investigation.  At  least  thrt»e  Ixxiies  of 
women  were  publicly  di.ssected  by  him,  and  there  is  reason 
to  iM'lieve  that  the  number  was  considerably  greater.  He 
is  the  author  of  a  small  work  known  as  tlie  ^  Auathoiiiia 
Mimdini.  **  that  was  circulated  <'Xtensively  in  manuscript 
Ix'fore  the  invention  of  printing,  and  afterwani  ran 
through  at  least  twenty-three  editions.  Although  very 
incomi)lete  and  containing  ninnerous  errors,  it  was  used 
as  a  t«'Xt  b(K)k  for  twohumln'd  ymrs.  It  is  ver}' diffi- 
cult to  read,  as  much  of  the  nomenclature  is  bom>wetl 
directly  from  Anibian  authors.  The  alHlomen  apiM'arsas 
the  "mynich."  the  peritoneum  the  "cyphach."  the 
omentum  the  "zirbus,"  the  sternum  "the  shield  of  the 
mouth  of  the  stomach."  Sane  of  liisafiiX'tlatiousan'  still 
used,  as  "  nucha  "  for  tin*  nape  of  th<*  neck.  '*saphena"  for 
the  gr(>at  .superlicial  v(>in  of  the  thigh.  His  anatomy  is 
cru(le  and  incompletj*  rather  than  |M>sitively  ernmeous. 
He  ln*ld  that  the  IwKly  has  three  cavities  (ventres):  the 
head,  cimtaining  animal  members;  the  thorax,  spiritual 
memlHTs;  the  abdomen,  natuml  memlK*rs.  His  anatomy 
of  the  heart  is  fairlv  accumte,  and  he  nturlv  discovereii 
the  lessiT  circulation,  as  he  sjiys  that  blood  is  carriiKl 
from  tlu^  heart  to  the  lungs  by  the  pulmonary  artery. 

In  view  of  the  im|)ertect  and  incomplete  character  of 
this  treatise  of  Mundinus,  it  is  difficult  to  understand  its 
great  infiuence  upon  the  anatomi(*al  instruction  of  that 
age.  It  was,  however,  th(»  fii-st  work  since  Galen  avow- 
••dly  based  u|K)n  jM^rsonal  in.specti(m  of  the  human  bo<ly, 
an<l  it  appealed  to  the  mediaeval  spirit  of  curiosity  that 
now  began  to  manifest  its4>lf.  The  simie  impulses  tha^ 
led  Marco  Polo  to  the  territories  of  the  Gn^at  Khan  and 
imjM'lh'd  tin*  alclM'mists  to  new  disct)veries  in  their  senn*h 
for  tht*  tninsmutation  of  metals,  animated  many  physicians 
of  that  time  in  their  examination  of  the  iMxIy  of  man.  A 
zeal  for  anatonn'cal  studies  aros(»,  first  in  the  Italian. 
afterwani  in  tlu^  French  and  German  universities.  At 
Mumlinus'  own  university  of  Bologna  definite  rules  for 
dis.section  wer«'  established.  At  M<»ntp(fllier  the  medical 
faculty  obtain«'d  from  the  Duke  of  Anjoua  regular  I ici*nso 
to  diss<'ct  the  cadavers  of  criminals,  which  was  succes- 
sivi'ly  continued  by  the  kings  of  Fmnc<r  (Charles  VI., 
V\\)i\\  Charles  VI 11..  149«).  In  I^nigue  dis.section  WiL«i 
f)nictised  from  the  very  foundation  of  the  university  in 
lo4H.  and  a  building  was  given  for  that  special  purpose 
in  14<»0.  At  Vienna  dissection  was  ) tract isi'd  as  earl v  as 
1404,  and  made  a  definite  part  of  the  m<><lical  curriculum 
in  lliW.  Pojx'  Sixtus  IV.  gmnte<l  siH*cial  authority  for 
disse(!t  ions  at  Tubingen  in  14S2.  The  first  anatomy  act 
was  pa.s.sed  in  loio,  allowing  the  company  of  barbers  and 
surgeons  of  Loudon  four  bodies  annually  for  dissection. 
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Yet  this  was  now  he  re  carried  on  with  the  care  and  pre- 
cision that  characterize  work  in  nuKiern  scJ|(K)Is.  Tlie 
freeing  of  niuscl<\s,  vessels,  and  nerves  from  the  tissues 
that  envelop  them  seems  not  to  have  heen  iinderstm>d. 
Usually  the  great  cavities  of  the  hotly  were  opened  and 
the  principal  viscera  therein  contained  were  displayed 
and  demonstrated.  Slices  were  removed  from  the  cadaver 
by  a  razor  in  the  hands  of  an  attendant.  The  nunlern 
methods  of  injection  an«l  preservation  were,  of  course, 
unknown;  and  a  cadaver  was  sr)on  a  mass  of  disgusting 
and  noxitms  putrescence.  There  was  as  yet  no  approach 
to  exact  and  complete  anatomical  investigation. 

Tliat  anatomy  was  but  of  slight  assistance  to  either 
medicine  or  surgery  is  amply  shown  by  the  records  of  the 
time.  Inde<'d,  it  fell  into  such  disrepute  ihat  Pamcelsus 
(Theophra.stus  Bombastus  von  Hohenhcim.  14DS-1541) 
declareti  it  to  be  useless  to  know  the  internal  structure  of 
the  iKxly,  that  a  knowledge  of  the  shape  or  situation  of 
the  lungs,  heart,  or  stomach  was  of  no  value  in  the  diag- 
nosis or  tn*atment  of  diseas(\  In  1525  he  burned  the 
works  of  Cralen  and  Avicenna  I)efore  his  pupils  at  Basle, 
denouncing  these  tx'achers  as  blind  guides.  Scmie  of  tli<' 
doctrines  of  Paracelsus  reappear  at  later  periinls.  He 
considered  the  bwly  to  be  a  mi<TOcosm  representing  the 
entire  extenial  universe,  formed  from  ])re-existing  and 
indestnictible  germs  (Weismann's  germ  plasm),  and  gov- 
erned by  astrological  influences,  the  sun  atfecting  the 
heart,  the  mo<m  the  brain,  Mercury  the  liver,  etc.,  etc. 
The  functions  of  the  body  he  supposed  to  be  carried  on 
by  the  ardurus,  a  sort  of  d^us  in  machina,  that  resided  in 
the  belly. 

Among  those  who  carried  on  the  work  started  by 
Mundinus  and  somewhat  extended  the  domain  of  anatomy 
are: 

Gabriele  de  Zerbi  (1408-1505),  professor  at  Padua, 
Bologna,  and  Rome,  who  first  separated  the  organs  into 
systems,  described  the  musculature  of  the  stomach,  and 
the  pumrta  lachr>'malia.  He  knew  that  the  tunica  vagi- 
nalis t<rstis  is  derived  from  the  fX'rit^Hieum. 

Achillinus  (Alessandro  Achillini.  1403-1512),  pn)fess<)r 
at  Bologna  and  Padua,  author  of  a  conunentary  on  Mun- 
dinus. who  discovered  the  malleus  and  the  incus,  the 
labyrinth  of  the  ear.  the  patheticus  nerve,  the  ileo-ciecal 
valve,  and  the  entrance  of  the  bile  duct  into  the  duo- 
denum. 

Alessandro  Benedetti  (1460-1525),  professorat  Padua  in 
1490.  afterward  at  Venice,  who  built  the  first  anatomical 
amphitheatre.  His  demonstrations  were  [)ubli(!  and  he 
complains  of  the  "numenms  populace"  that  crowded  to 
them.  He  wrote  a  work  on  anatomy  that  is  one  of  tlu* 
very  best  of  the  pericxl. 

Berengarius  Carj)ensis  (Jacopo  Berengario  Cari)i,  1470- 
1530),  professor  at  Pavia  and  Bologna,  author  of  a  com- 
mentary on  Mundinus.  He  showed  the  mythical  character 
of  the  rete  viiraJnle  \\\\\{:\\  Galen  had  des**ribed  as  existing 
on  the  internal  carotid  arteries  (jis  in  the  h<'rbivora),  and 
was  the  first  to  deny  that  orifices  existed  in  the  interven- 
tricular septum.  He  stated  that  he  had  <lis.sected  more 
than  a  hundre<l  cadavers,  but  do<*s  not  siiy  that  these 
were  all  human. 

Marcus  Antonius  (Marc  Antonio  della  Torre.  14X1- 
1512),  professor  at  Padua  and  Pavia,  the  pupil  of 
Lionanioda  Vinci  who  is  .stiid  to  have  designed  plates  for 
his  work.  Lionardo  was  himself  an  anatomist  fully 
equal  tf»  any  of  the  pre-Ve.salian  «  poch.  lU  made  many 
dissections  and  carefully  reproduced  them  in  drawings 
that  show  a  great  deal  of  anatoniictd  knowledge,  lie 
S€M?ms  to  have  come  nearer  to  the  circidation  of  the  bltMnl 
than  any  of  his  contemporaries.  "The  heart."  he  says. 
•*  is  a  muscle  of  great  strength,  much  stronger  than  the 
other  muscles.  The  blixnl  tliat  returns  when  the  hejirt 
opens  again  is  not  the  sjime  as  that  wliicli  closes  the 
valves."  It  should  l)e  remembered  that  both  Raphael 
and  Michael  Angelo  studied  anatomy  and  left  anatomical 
drawings.  Concerning  Michael  Anijelo.  the  slandfious 
story  was  circulated  that  he  had  i>raclised  vivisection  on 
a  criminal  in  order  to  get  the;  expression  that  he  desired 
to  portray  id  a  picture  of  the  crucifixion. 

Vol.  I.— ao 


Vidus  Vidius  (Guido  Guidi,  1545-1569),  physician  to 
Francis  I.,  and  professorat  Paris  and  Pisa,  whose  name  is 
H'tained  in  the  Vidian  carnal  and  the  Vidian  nerve;  Guin. 
therus  Andernacen.sis  (GUntber  von  Andemach,  1487- 
1574).  profes-sor  at  Lou  vain  and  Paris;  and  Jacobus 
Sylvius  (Jaccpies  Dubois,  147H-1555).  professor  at  Paris, 
are  all  chiefly  famous  as  being  the  instructors  of  Vesa 
liu.s.  (illnther  had  both  Vesjiliusand  Servetusas  prosec- 
tors in  his  laboratory  at  the  .siinie  time.  His  description 
of  the  valves  of  the  lu-art  isgocnl,  and  he  appears  to  have 
been  the  first  to  discover  thai  both  air  and  blood  undergo 
changes  in  passing  through  the  lungs.  Sylvius  greatly 
improved  nomenclature,  jussigning  designations  to  mus- 
cles and  vessels,  tlistinguishing  voluntary  from  involun- 
tary muscles,  and  demonstrating  more  by  personal  dissec- 
tion than  was  done  in  other  schools.  He  discovered  valves 
in  some  of  the  veins,  but  appears  to  have  had  no  idea 
of  tlu'ir  function. 

The  time  was  now  ripe  for  a  new  advance.  The  in- 
vention of  printing  and  consiiipient  general  dilTusion  of 
ancient  literature,  the  discovery  of  new  countries  and 
continent. s,  the  progress  of  invention  and  the  flourishing 
condition  of  pictorial  and  plastic  art,  created  an  int<d- 
lectual  activity  that  woidd  no  longer  brook  the  restraints 
of  schoijls  and  the  un.supported  dicta  of  the  ancients. 
The  j)ower  of  tradition,  which  had  weigheii  like  an  incu- 
bus upcm  anatomical  teaching  for  over  thirteen  hundred 
years,  wjis  now  to  be  rudely  slmken.  There  arose  a  group 
of  anatomists  who  were  to  pursue  their  work  again  in  the 
proper  si)irit  of  fre(^  incpiiry  and  to  institute  for  the  first 
time  in  the  history  of  the  .science  a  careful  examination  of 
the  human  Ixxly  maih?  with  thoroughness  and  skill.  The 
chief  of  these  was  Andrew  Wesel.  moreconunonly  known 
by  his  I.,jitin  apiK'llali  ve  of  Andreas  Vesjdius,  who  was  born 
at  Brussels.  December  iM,  1514.  He  was  the  son,  grand- 
son, and  great-grandson  of  distinguished  physicians,  a 
fact  of  which  he  was  justly  proud.  He  showed  a  taste 
for  anatomical  investigations  at  an  early  age,  and  after 
an  excellent  training  in  Latin,  Greek,  and  perhaps  in 
Arabic,  at  the  university  of  Lou  vain,  he  went  to  Paris  to 
work  in  the  laboratory  conducted  by  Vidius  and  after- 
ward by  Sylvius  at  the  school  founded  in  1530  by  Francis 
I.  His  description  of  the  way  in  which  anatomy  was 
pursued  there  shows  the  .state  of  tc^aching  at  that  time. 
The  demonstrations  were  mostly  upon  animals,  and  upon 
those  rare  (X'casions  when  the  human  bo<ly  was  examined 
it  was  hurried  ov(;r  in  three  lessons,  the  teacher  merely 
opening  the  great  cavities  and  so  ha.stening  over  the  dem- 
onstration that  "more  anatomy  might  be  learned  in  the 
.shop  of  a  butcher  than  in  such  a  di.ssecting  room.**  Ex- 
cept the  eight  nuiscles  of  the  abdomen  which  were  badly 
mangled  and  improperly  prepared,  not  a  muscle  was 
demonstrated,  nor  were  any  bones  shown,  much  less  were 
nerves,  veins,  and  arteries  properly  dissected  and  dis- 
played. 

At  <Hld  times  Vesalius  haunted  the  city  cemeteries  to 
procure  chance  bones  turned  up  by  the  spade  of  the 
.sexton.  He  early  noted  erroi's  in  the  descriptions  of 
( Jalen  and  Minidinus.  Returning  to  L(m  vain  he  conducted 
anatomical  demonstrations  then*,  and  possessed  himself, 
it  is  .said,  of  an  <*ntire  human  skeleton  by  remaining  all 
night  beyond  th(^  city  gates  and  robbing  the  gibbet  of  a 
body  partially  destroyed  by  birds.  He  afterward  wen* 
to  Italv,  and  received,  in  i5JJ7,  at  twenlv-three  years  of 
age.  tlnMipprantment  of  profes.sor  of  anatomy  at  Padua, 
already  famous  for  its  anat<tmical  instructi<»n.  Here  he 
at  once  achieved  a  striking  success.  His  demonstrations 
were  crowded;  the  clergy,  the  laity,  even  women  thnaig-* 
in«^  to  hear  him.  He  remained  in  Italv  seven  vears.  de- 
livering  courses  in  Pisji  and  Bologna  us  wrll  as  at 
Padua,  a  proceeding  rendered  possihl<-  by  tin*  short  dura- 
tion of  each  cours«»,  vi/..  .seven  weeks.  While  not  em- 
j>loyed  in  teaching  he  gavr  his  time  to  the  composition  of 
ids*  great  work.  *' De  Humani  Corporis  Fabrica,  Libri 
VII.,-'  the  first  attempt  at  a  complete  expo.sition  of  the 
structure  of  the  human  bod  v. 

In  this  we  find  the  n*sult  of  his  own  personal  researches, 
a  careful  and  generally  accurate  description  of  the  auatom- 
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ical  features  of  man  made  for  the  first  time  from  actual 
inspection.  As  Yesalius  himself  says,  it  is  an  attempt  to 
demonstrate  the  structure  of  man  upon  man  himself. 
Galen's  many  errors,  caused  by  his  almost  exclusive  study 
of  inferior  animals,  were  unsparingly  noted.  Excellent 
plates  made  from  drawings  of  preparations  illustratt^ 
the  work.  These  were  so  good  that  they  were  often 
ascribed  to  Titian,  but  they  were  probably  the  work  of 
Stephen  von  C'alcar,  one  ofTilian's  pupils,  with  perhaps 
some  aid  and  advice  from  the  master  and  an  occiisional 
drawing  fnnn  Vesalius  himself,  who  was  skilful  with  the 
pencil. 

From  this  epoch-making  work  modern  anatomy  may 
be  said  to  have  its  birth.  It  is.  however,  by  no  means 
free  from  errors,  both  those  due  to  ha.sty  preparation,  and 
those  arising  from  the  preconceptions  then  current. 
Vesalius  still  supposed  that  mucus  pa.ssed  through  the 
holes  in  the  cribriform  plate,  that  the  tubular  nerves  dis 
tributed  animal  spirits,  etc.  Many  of  his  errors  were 
pointed  out  by  his  con  tern  porjiries. 

This  new  departure  should  be  considered  as  belonging 
to  the  movement  of  the  age.  As  has  been  already  noted. 
the  world  was  becoming  impatient  of  traditionary  au- 
thority and  seeking  for  facts  by  jiersonal  observation  and 
research.  Vesalius'  great  work  appeared  in  154li,  in  the 
same  year  that  Copernicus  published  his  treatise  **()n  the 
Motions  of  the  Heavenly  B(Klies";  it  was  in  1521  that 
Luther  made  his  memorable  appeal  before  the  Diet  of 
Worms,  and  in  1534  that  he  completed  his  tmnslation  of 
the  Bible. 

The  adherents  of  ancient  tmdition  did  not  yield  with 
out  a  stniggle.  V'esiUius  was  denounced  by  many,  his 
former  teacher  Sylvius  calling  him  an  impious  madman 
whose  breath  poisoned  Europe.  The  errors  of  Galen 
which  Vesalius  had  pointed  out  were  explained  in  the 
most  grotesque  manner,  either  by  supposing  a  (rorniption 
of  Galen's  text,  or  by  the  hypothesis  that  the  human 
body  hiid  changed  since  Galen's  time.  The  seven  pieces 
of  the  sternum  which  Galen  had  described  (from  apes) 
were  8uppo.sed  to  indicate  how  much  larger  and  more  de- 
veloped the  thorax  was  in  Galen's  time;  the  curvatun* 
of  the  thigh  bones,  not  seen  in  modern  man.  was  said  to 
be  their  natund  free  condition  before  they  were  straight 
ened  by  the  wearing  of  tight  breeches.  More  important 
were  criticisms  directed  toward  Vesjdius'  own  demon 
strations  by  Eustachius.  who  pointed  out  a  number  of 
errors,  and  thoroughly  disapproved  of  the  conduct  of 
Sylvius.  Vesalius  seems  lo  have  taken  this  opposition 
very  much  to  heart.  He  had  previou.sly  resigned  his 
chair,  and  now  he  went  to  Madrid,  where,  in  the  gl(W)my 
court  of  Philip  II..  he  found  a  mo.st  micongenial  atnios 
phere.  He  was  surrounded  by  enemies  who  attempted 
to  stop  his  work  by  the  power  of  the  Incjuisition.  Philip 
asked  from  the  University  of  Salamaneji  an  oj>iniou  as 
to  the  permissibility  of  dis.se(tion,  and  the  reply  of  the 
learned  doctors  was  that  since  it  is  useful  to  man  it  may 
Ikj  allowed  (1550).  Restless  and  ill  at  ea.s<'.  Vesjdius 
wished  to  return  to  his  chair  in  Italy,  now  vacant  by  the 
death  of  Fallopius.  He  was  destined  never  to  do  this. 
Making  a  voyage  to  Palestine  in  the  fullllnient  of  some 
vow,*  recalled  while  there  by  the  Senate  of  Veiiiee  to  re 
Bume  his  chair,  he  was  shipwrecked  on  the  island  of 
Zante,  and  suffered  st)  much  from  exposure  that  he  died 
there,  October  15,  1564.  He  was  one  of  the  great 
pioneers  and  pathmakers  of  science,  worthy  to  niiik  with 
Copernicus  and  Columbus.  Anatomy  has  never  lost  the 
impulsion  due  to  his  arduous  efforts.  He  found  it  a  mass 
of  crude  sp>eculat ions  bas(*d  on  ancient  MUiiioriiy,  he  lelt 
it  a  recognized  science  having  for  its  hasisactual  ohserva 
tion  of  structure. 

Vesiilius  was  by  no  means  alone.  Two  other  great 
figures  stand  out  at  this  ejioch.  Eustachius  (Bartolonunci* 
Eustacchi,  1520-1574),  profes.sor  of  anatomy  at  Home,  and 


♦The  n'lxtrt  thut  h«»  was  oondeniiHMl  t<>  di-alh  by  tin*  IivinUitlon  for 
opening  by  a<ri«len!  the  body  of  a  livinyr  man.  juhI  that  hi>  s»'tiletn'«' 
was  by  Ptiilfp  ooniTniit4?d  to  a  pilfirrlmage,  Hpi>eai-H  to  K*  wholly  with- 
out foundation,  unsupported  by  Uie  records  of  the  iDqui.sitioii  or  of 
the  royal  archives. 


Fallopius  (Gabriele  Fallopio,  1.528-15e2).  professor  at 
Ferrara,  Pisa,  and  Padua.  It  is  to  Eustachius  that  we 
owe  the  first  idea  of  investigating  the  tissues,  also  the 
conception  that  to  understand  adult  structures  we  should 
examine  the  fetal  ones.  To  correct  the  current  errors  in 
Vesalius  and  others,  he  prepared  a  great  illustrated  work 
on  the  controversies  of  anatomists,  but  it  was  never 
publisluKl.  and  the  plates  that  he  had  made  for  it  at  gn*at 
expense  were  long  supposeil  to  be  lost,  but  were  finally 
di.scovered  in  the  v'atican  library  and  presente<l  by  Pope 
Clement  XI.  to  Ijancisi,  who  published  them  in  1714 
They  were  the  first  copper  plates  used  for  anatomical 
illustrations,  and  show  that  their  author  liad  anticipated 
many  of  the  discoveries  of  his  successors.  TheGasserian 
ganglion  and  the  pancreatic  <luct  are  clearly  shown,  and 
the  ciliary  mus^-le  not  onl}-  figured  but  given  its  modem 
designation.  The  name  of  Eustachius  is  preserved  in  the 
EiLstachian  tube,  sixid  to  have  been  first  discovered  by 
Alcmieon,  and  the  Eustachian  valve  of  the  fetal  heart. 
He  first  described  the  mend)ranous  cochlea  and  the  tensor 
tympani  muscle,  the  origin  of  the  optic  nerve,  the  ab- 
ducens  nerve,  the  suprarenal  capsules,  and  the  ventricles 
of  the  larynx. 

Fallopius  was  esi)eciallv  renowned  for  his  exact  de- 
scription of  the  organs  of  hearing.  He  discovered  the 
aqueductus  and  hiatus  Fallopii,  the  communication  of 
the  mastoid  cells  with  the  middle  ear,  the  sta{>es  (also 
claimed  by  Eustachius).  the  fenestra  ovalis,  the  chorda 
tympani,  the  aqueductus  vestibuli,  and  the  lamina  spira- 
lis. He  gave  the  membmna  tympani  its  present  name  and 
named  the  Fallopian  tubes  (previously  discovered  by 
Hero]>hilus)  the  tubie  scnnnak»s.  Poupart's  ligament 
was  first  described  by  him,  as  also  the  hymen,  the  clitoris, 
the  seminal  vesicles,  and  the  uriniferous  tubules.  He 
also  described  the  ileo-ctecal  valve,  which  was,  however, 
probably  known  to  Achillinus.  He  discussed  the  de- 
velopment of  bones  and  teeth,  and  knew  the  ganglia  of 
the  spinal  nerves. 

In  their  zeal  for  knowledge  the  anatomists  of  that  aget 
are  reputwl  to  have  not  infrequently  overstepped  the 
boimds  of  connnon  humanity.     Vesalius,  following  the^ 
example  of  Herophilus,  is  said  to  have  vivisected  crimi  — 
mils,  and  the  records  found  in  the  criminal  archives  o 
Florence  (1545-1570)  show  l)eyond  dispute  that  it  was  b; 
no  means  uncommon  to  send'  living  persons  to  Pisa  **t 
be  made  an  anatomy."    "While  this  language  seems  to  i 
dicate  that  such  subjects  weie  dissected  alive,  there  is 
on  the  other  hand,  some  evidence  to  show  that  they  we 
first  executed  by  smothering  or  otherwise. 

Many  other  almost  equally  famous  men  contribute 
to  the  anatomical  knowletlge  of  the  period.  Amoc 
these  are  the  following: 

Servet us  (Miguel  Serveto.  1509-1553),  a  Spaniard 
Villanova,  in  Armgon,  buined  at  the  stake  by  Calvin. 
(fcneva,  for  heretical  opinions.     He  was  the  first  clearly 
describe  the  pulmonary  circulation  and  the  change  fr 
venous  to  arterial  blood  that  occurs  in  the  lung.     T 
description  occurs  in  the  mre  work '*  Christian ismi  Re- 
tutio.  "  published  by  him  at  Vienne  in  1553.     In  this 
elrarly  slates  that  air  mixed  with  blood  passes  from 
lungs  to  the  heart.     ^^  A  pyhnonibuA  ad  cor  non  nm_ 
tn  r  s((1  nii.vtns  i^^tittjiiiue  iniliiiur  ad  aricnam  renafta 
lie  had,  however,  no  idea  of  the  greater  or  general 
culation. 

Columbus    (Matteo  Healdo    Colombo,  1494-1559). 
warm  friend  of  Vesilius.  and  who  immediatelv  su 
him  at  Patiua  and  afterward  taught  at  Pisa  and  R 
He  (lisscctiMl  Willi  gnat  assiduity,  completing  at 
fourteen  bodies  in  a  year.     He  al.so  ransacked  old 
nel  houses  for  hones  and  <*ompared  about   half  a 
lion  of  skulls,     lie  was  an  ardent  inve.sti gator,  de 
st rated   e\])enmentally  the    lesser  circulation,   prot^ 
without  any  knowledge  of  the  prior  w^ork  of  Serv 
and  had  an  aecunite  idea  of  the  lunctionsof  the  v 
of  the  heart. 

Ingnissias  ((fiovanni  F'ilipo  Ingnissia,  1510-1580),, 
fessor  at  Nai^h-s.  of  higii   rank  as  an  osteologist, 
studied  the  sphenoid  and  ethmoid  bones. 
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Cananus  (Giambattista  Canano,  1515-1579),  one  of  the 
earliest  to  mention  the  valves  of  the  veins  (1547). 

Csesalpinus  (Andreas  Csesalpini,  1517-1603),  the  first  to 
use  the  term  eireulaiio  in  speaking  of  the  movement  of 
the  blood.  He  liad  no  clear  and  definite  ideas  on  the 
subject,  believing  that  the  movement  was  oscillatory. 

Arantius  (Giulio  Cesare  Aranzio,  1530-1589),  professor 
at  Bologna,  who  discovered  the  ductus  arteriosus,  the  cor- 
pora Arantii,  named  the  hippocampus  major,  carefully  de- 
scribed the  gravid  uterus,  which  he  considered  a  muscular 
organ,  and  first  spoke  of  a  separation  of  the  maternal 
and  fetal  blood. 

Coiterus  (Volcher  Koyter.  1534-1600).  of  GrOningen, 
who  investigated  the  osteology  of  the  foetus  and  the  de- 
velopment of  the  bones. 

Varolius  (Constanzo  Varolio,  1543-1575),  professor  at 
Rome,  who  made  special  re.searches  into  the  brain  and  ner- 
vous system,  describing  the  base  of  the  brain  and  tlic  ap- 
parent origin  of  the  cranial  nerves.  His  name  is  pre- 
served in  the  pons  Varolii. 

Bauhfnus  (Caspar  Bauhin,  1560-1624),  professor  at 
Basle,  who  made  improvements  in  terminology.  (The  dis- 
covery of  the  ileo-rapcal  valve,  ascribed  to  him,  is  due  to 
Fallopius.) 

Spigelius  (Adrian  van  den  Spieghel,  1578-1625),  of 
Brussels,  who  made  a  special  study  of  the  liver,  one  of 
whose  lobes  still  bears  his  name. 

Fabricius  ab  Aquapendente  (Girolamo  Fabrizio,  1537- 
1619,  so  called  to  distinguish  him  from  Fabricius  Hil- 
danus,  a  celebrated  surgeon  of  the  period),  who  was  the 
successor  of  Fallopius  at  Padua,  and  worthilv  maintained 
the  reputation  of  that  celebrated  school,     lie  erected  at 
his  own  expense  an  anatomical  amphitheatre  which  still 
remains.     It  is  a  small  dark  pit  with  seats  rising  almost 
perpendicularly  about  it,  excluding  the  light  so  that  all 
dissections  must  have  been  by  candle  light !    It  was  here 
that  Harvey  learned  anatomy  and  obtained  from  Fabricius 
the  germs  of  the  knowledge  which  was  to  result  in  the 
discovery  of  the  circulation  of  the  blood.     Fabricius  was 
the  first  to  demonstrate  in  a  complete  manner  the  valves 
of  the  veins.     The  first  mention  of  these  is  by  Stephanus 
(Cliarles  fetienne)  of  Paris  in  1845,  who  refers  to  them  as 
**  apophyses  membranarum,"    intended    to   prevent  the 
regurgitation  of  the  blood.     Sylvius  (1555)  noted  them  in 
aeverai  veins,  Eustachius  in  the  coronary  vein  (1563). 
Vesalius  seems  not  to  have  realized  their  importance. 
l>ut  figures  them  in  the  hepatic  veins.     Fabricius,  how- 
ever, wrote  a  complete  treatise  upon  them  ("  De  Venarum 
'Ostiolis,"  1603),  and  .states  that  they  prevent  the  overdis- 
tiention  of  ves-sels  when  blood  pa.sses  from  the  larger  to 
^he  smaller  veins.     He  also  studied  the  development  of  the 
^uman  foetus  and  of  the  embryo  chick,  the  muscular  coat 
n^f  the  bladder,  the  (esophagus,  stomach,  and  intestines, 
;j)articularly  the  appendix   vermiformis.     lie  was  suc- 
^cseeded  at  Padua  by  Casserius  (Giulio  Casserio,  1561-1616), 
>«rho  paid  especial  attention  to  the  organs  of  voice  and 
bearing  and  discovertKl  the  stapedius  muscle.     The  nuis- 
•^ulo-cutaneous  nerve  of  the  arm  is  sometimes  called  the 
:^3ervus  perforans  Casserii. 

The  zeal  for  investigation  instituted  by  Vesalius  and 
•^caiiricdon  by  his  contemporaries  and  immediate  successors 
^^was  undoubtedly  a  great  advance  over  the    iguonint 
-^tpathy  that  precedefl  it,  but  it  was  not  so  much  a  new 
■^Movement  as  a  revival  of  an  old  one.     The  anatomy  of 
^hat  time  was,  after  all,  the  anatomy  of  the  Greeks,  car- 
:ried  to  a  greater  degree  of  detail,  it  is  true,  but  marred 
'by  the  same  Ideological  errors.     The  spiritualistic  iheo- 
Ties  of  Hippocrates,  Aristotle,  and  Galen  still  prevailed 
•^ind  blinded  the  eyes  of  anatomi.sts  to  the  true  significance 
-of  structure.     The  doctrine  of  the  tissues,  hinted  at  by 
Aristotle,  and  dimly  groped  after  by  Eustachius  and  Fal- 
lopius, had  borne  as  yet  no  fruit.     The  development  of 
the  embryo  had  been  but  little  studied  and  its  details 
were  imperfectly  known.     In  osteology  and  arthrology 
the  advances  were  greatest,  the  general  features  of  the 
hones,  joints,  and  ligaments  being  well  d(?scribed;  but 
their  nomenclature  was  as  yet  undeveloped,  they  being 
designated  in  each  region  by  numbers.     In  the  vascular 


system  the  veins  were  considered  the  most  important  ves- 
sels, it  being  supposed  that  the  blood  in  them  had  an  os- 
cillatory movement  which  the  valves  modified  without 
absolutely  controlling  its  direction.  The  heart  had  been 
fairly  well  described,  but  as  no  one  had  shown  experi- 
mentally the  impossibility  of  regurgitation  of  blood  into 
it  from  the  aorta  and  the  pulmonary  artery,  it  was  still 
supposed  to  be  a  sort  of  mixing  reservoir  "for  the  blood 
and  animal  spirits.  The  permeability  of  the  interventric- 
ular septum  was  still  in  dispute,  it  being  held  necessary 
for  the  mixing  of  the  blood.  The  powerful  muscular 
character  of  the  heart  was  still  unrecognized,  and  though 
the  lesser  or  pulmonary  circulation  had  been  mentioned 
by  Servetus  and  Columbus,  it  was  not  generally  accepted. 
The  lymphatics,  although  seen  and  vaguely  mentioned  by 
several  ancient  authors,  were  not  understood. 

The  macroscopic  anatomy  of  the  brain  was  not  yet  well 
known ;  the  ventricles  were  supposed  to  be  the  reservoirs 
of  the  vital  spirits,  and  the  nerves  to  be  tubular  in  cliar- 
acter.  The  distribution  of  the  cranial  nerves  was  not 
clearly  made  out. 

In  splanchnology  vague  ideas  prevailed.  The  liver 
and  spleen  were  thought  to  be  potent  organs  for  the 
elaboration  of  blood,  which  was  made  in  them  as  fast  as 
it  was  distributed  by  the  heart  through  the  veins  and 
arteries  to  be  poured  out  into  the  substance  of  the  organs. 
The  pancreas,  although  discovered  by  Galen,  was  over- 
looked, as  it  is  evident  that  Vesalius  mistook  for  that 
organ  the  collective  mesenteric  glands.  The  ovaries 
were  believed  to  produce  a  female  semen. 

Anatomical  instruction  was  still  carried  on  mainly  by 
demonstrations  by  the  professor.  The  prosectors  usu- 
ally made  dissections  in  sight  of  the  pupils,  the  professor 
sitting  opposite  and  with  a  little  wand  pointing  out  the 
part  described.  The  muscles  were  dissected  in  one  day, 
the  contents  of  the  head,  chest,  and  abdomen  in  a  second, 
the  bones  and  ligaments  in  a  third.  It  was  not  usually 
practicable  to  extend  this  time  on  account  of  the  rapid 
decay  of  the  body.  As,  however,  the  whole  day  was 
occupied  by  each  demonstration,  the  work  was  not  as 
superficial  as  might  at  first  appear. 

Another  great  advance  was  now  made  in  a  domain 
which,  although  physiological  in  its  scope,  yet  reacted 
powerifully  upon  anatomy  by  affecting  conceptions  of 
bodily  structure.  This  was  the  careful  inductive  demon- 
stration (commonly  called  discovery)  of  the  circulation 
of  the  blood  made  by  the  renowned  William  Harvey  who 
was  born  April  1,  1578.  He  studied  at  Cambridge  and 
Padua,  graduating  from  both  universities  in  16(S.  In 
Italy  he  became  acquainted  with  the  views  of  Fabricius 
whose  pupil  he  was,  as  to  the  wide  distribution  of  the 
valves  of  the  veins,  and  those  of  Columbus  regarding 
the  pulmonary  circulation.  It  was  not,  however,  untn 
he  had  made  many  vivisections  and  studied  the  move- 
ments of  the  heart  in  many  living  animals,  under  vaiy- 
ing  conditions,  that  he  attained  to  a  coiTcct  idea  of  the 
double  circuit  made  by  the  blood. 

Harvey  began  to  teach  the  new  doctrine  in  his  lectures 
at  the  Royal  College  of  Physicians  as  early  as  1615,  but 
did  not  publish  tliem  until  1628,  when  appeared,  at 
Frankfort,  his  "  Exercitatio  Anatomica  de  Motu  Cordis  et 
Sanguinis  in  Animalibus"  (An  anatomical  treatise  on  the 
movements  of  the  heart  and  the  blood  in  animals).  In 
this  he  frankly  breaks  with  traditional  teaching :  **  I  pro- 
fess to  learn  and  teach  anatomy  not  from  books,  but  from 
dissections;  not  from  the  suppositions  of  philosophers, 
but  from  the  fabric  of  nature."  *  Showing  that  the  ana- 
tomical arrangement  of  the  valves  of  the  veins  and  of 
the  heart  neces-sarily  implies  a  movement  of  the  blood 
from  the  veins  toward  the  heart  and  from  the  heart  into 
the  arteries,  he  demonstrated  such  movement  by  a  com- 
pression of  veins  and  arteries  and  by  various  other  ex- 
periments in  living  animals,  making  an  earnest  plea  for 

♦  In  the  possession  of  the  Royal  Collejre  of  Physicians  of  London 
are  preparations  of  the  blooil-vessels,  mountwl  on  IkmitUs  and  show- 
ing the  aortic  valves,  that  are  said  tt)  have  been  prepared  by  Harvey 
when  a  student  in  Italy  and  used  for  deinoustration  to  bis  classes, 
tiyrtl  believes  them  to  be  the  oldest  anatomical  preparations  extant. 
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comparative  anatomy:  **llatl  anatomists  only  Ixren  as 
conversant  with  tiie  dissection  of  the  lower  animals  as 
they  are  with  that  of  the  human  body,  the  matters  that 
have  hitherto  kept  them  in  a  perplexity  of  doubt  would, 
in  my  opinion,  have  met  them  freed  from  every  kind  of 
difflcuhy."  For  the  first  time  we  see  doubt  cast  upon 
the  doctrine  of  "spirits."  Says  Harvey:  "We  are  too 
much  in  the  habit  of  worshipping  names  to  the  neglect 
of  things.  Tlie  word  blood  luus  nothing  of  gnindiloquence 
about  it,  for  it  signifies  a  substance  wliich  we  have  before 
our  eyes  and  can  touch;  but  before  such  titles  as  spirit 
and  innate  heat  we  stand  agape." 

The  new  dixit riue  was  at  first  universally  rejecttMl. 
especially  in  Italy  where  most  of  the  pn'liminary  dis- 
coveries liad  been  made;  that  led  to  Harvey's  conclusions. 
As  in  the  ca.se  of  Ve.salius.  the  innovator  was  greeted 
with  abus(?  and  detraction  instead  of  demonstration  and 
legitimate  argumifut.  Harvey  received  this,  however, 
with  a  singularly  calm  and  jiwiicial  spirit.  He  says:  ^'To 
return  evil  speaking  with  evil  speaking  I  hold  to  Ix*  un- 
worthy in  a  philosopher  and  s^'archcr  after  truth.  I  be- 
lieve that  I  shall  do  better  and  more  atlviscdly  if  I  meet 
so  many  indicationsof  ill-breeding  with  the  light  of  faith- 
ful and  conclusive  obsi'rvation."  Tin*  only  oj>pt»nent  he 
deigned  to  answer  was  Jean  Uiolan  (Ki(»lanus,  Jr.,  1577- 
1057),  professor  at  I^iris.  so  renowned  for  his  acerbity  in 
controversv  that  it  was  sjiid  of  him  that  he  would  rather 
give  up  a  friend  than  yield  an  opinion.  Harvey's  reply 
was  judicial  and  complete,  but  faile<l  to  convince  iiiolan. 
who  obtained  a  decree  from  the  Faculty  at  Paris  forbid- 
ding the  teaching  of  tluj  new  doctrine,  and  opposed  it  up 
to  the  time  of  his  death.  Harvey  lived  to  see  his  views 
almost  univiTSiilly  accepted,  dying  in  1()57.  a  ftrw  years 
before  Malpighi  discovered  the  capillaries  and  thus  placed 
theanjitoniieal  basis  of  the  circulation  beyond  cavil  (Uitil). 

Harvey's  work  called  more  attcaition  to  tlu^  heart,  and 
many  points  in  its  gross  anatomy  were  now  established. 
Among  those  who  worked  to  thisenrl  may  be  mentioned 
Richard  Lower  of  London  (KWl-IOiH,  tuberculum  Low- 
eri),  liaymond  Vieus.sens  (lt}-41-171H,  f(js.sa  ovalis).  pro- 
fessor at  Mont  pell  ier.  Nils  Str'nsen  (Nicholas  Stenonis, 
1638-1086),  professor  at  Copenhagen,  who  worked  at  the 
musculature  and  loo])ed  fibres,  and  Adam  Christian  The 
besiu8(U>86-l732),  who  discovered  the  fonunina  Thcbesii. 

As  a  consetjuence  r>f  the  doctrine  of  the  circulation, 
the  distribution  of  blood-vessels  was  more  accunitely 
studied.  A  passjige  in  Sylvius  is  sometimes  cited  to 
show  that  he  suggested  injection.s,  but  it  is  clear  that  he 
could  not  have  made  any  elTective  use  (»f  them.  Tlu* 
first  to  do  this  was  Stephen  Blancjuird,  of  Middleburg. 
Holland  (1050-1702),  who,  in  1()75,  succc-eded  in  injeet- 
ing  the  blood-vessels.  ( )t  hers  obtained  great  su(  cess  with 
this  metiiod,  especially  Frederick  Ffuysch  (1()M8-17:U). 
professor  at  Amstenhim,  whose  preparations  were  justly 
famou.s.  It  is  to  him  we  owe  the  demonstration  of  the 
va.scular  distribution  in  the  choroid  of  the  eye  (tiuiica 
Ruyschiana  —  chorio-capillaris)  I'sing  fine  injections  he 
found  ves.sels  in  everv  part  of  the  ImkIv  in  such  numbers 
tliat  he  inclined  to  the  belief  that  the*  body  was  mainly 
composed  of  th<'m,  "'tntmn  rio'imn  r.r  nitiruUM.-'' 

(•losely  associated  with  the  anatomy  of  the  blood- 
vascular  system  is  that  of  the  lymphatics.  These  struc- 
tures were  probably  seen  in  goats  by  Aristotle  and  He- 
ropliilihs.  but  as  their  course  and  termination  were  not 
determined,  the  remarks  of  tho.s<' authors  concerning  them 
were  overlooked  or  misunderstcwMl.  Fustachius  sjiw  ami 
described  the  thoracic  duct  in  the  horse.  su[)posing  it  to 
be  a  vein  for  the  nourishnunt  of  the  thorax.  The  chylif- 
erous  lymphatics  were  first  obs<rve4l  in  10'.22  by  (Jasi)are 
Aselli (1581-1020),  professor  at  Pavia.  in  the  mesentery  of 
a  dog  lately  fed.  Misled  by  the  prevalent  conceptions  as 
to  blood  formation,  he  thotight  they  could  be  tmeed  to  the 
liver.  His  di.scovery  was  not  published  until  1027.  and 
the  next  year  such  ves-sels  were  demnnsTiiited  in  \\\v. 
mesentery  of  a  criminal  two  hours  aflerdeaih  by  Fabrice 
de  Peire.sc.  a  senator  of  Aix.  to  whom  Oassi-ndi  had 
communicated  A.sellius'  discovery.  In  1047.  Jean  Pec- 
quet (1622-1074),  a  student  at  Montpellier.  accidentally 


discovered  tlie  thoracic  duct  inadogand  trace<l  it  through 
the  diaphragm  to  tlie  R'ceptaculum  chyli  (reservoir  of 
Pec(|uet).  It  was  still  considere<l  a  vein,  though  further 
res<.?arch  showeil  its  connection  with  the  mesenteric 
glands.  The  distinct  i(m  lK*twwn  the  lymphatics  and  the 
mesenteric  veins  was  first  made  bv  Natlianael  Highmore 
(16i;V-1684),  of  Shaftesbury.  Jan  Van  Home  (1621-1670), 
professor  at  Leyden,  was  the  first  to  observe  the  thoracic 
duct  in  man,  thougli  Olaus  Rudbeck  (1630-1702),  pro- 
fessor at  Upsiila,  noted  it  al)out  the  same  time.  The  latter 
also  discovered  the  general  lymphatics,  distinguishing 
them  as  vasa  serosa  in  1651,  their  present  uame  being 
given  by  Thomas  Bartholin  (1616-1680).  professor  at  Co- 
penhagen, who  ^n.*atly  extended  the  knowledge  of  them. 
Finally  Anton  Nuck  (1650-1092),  professor  at  Leyden,  in- 
vented the  methcxl  of  injwting  these  ves.sels  with  mer- 
cury and  tract*d  them  to  nearly  all  parts  of  the  body. 

It  ^as  at  about  this  periiHi  that  anatomical  science  oH- 
tained  great  a.s.sistance  by  the  invention  of  the  microscopt». 
As  an  instrument  of  rese^irch  the  simple  microscope  was- 
not  used  until  the  seventeenth  century,  although  the 
magnifying  power  of  lenses  seems  to  liave  been  Known 
in  remote  antiquity.  The  gn'ater  power  of  the  com- 
pound microscope  invented  about  1590  by  Hans  and 
Zacharias  Janssen,  of  Middelburg,  Holland,  still  further 
stinudated  investigaticm  and  led  to  the  discoveries  of 
Malpighi,  Leeuwenhoi*k,  HfnHi  and  others.  The  impiT- 
fection  of  the  instrument  so  greatly  affected  its  utility 
that  many  anatomists  distrusted  the  results  obtained  from 
its  us<\  After  many  attempts  and  partial  successes  by 
others,  Chevalier  of  Paris  (1824)  and  Amici  of  Modena 
(1827)  finally  succeeded  in  corretrting  chromatic  and 
spherical  alH*rrati(m,  thus  pnxlucing  an  instrument  by 
which  minute  structure  can  be  accurately  investigated. 

The  inunediate  result  of  micro.scopical  investigation 
was,  on  the  one  hand,  greatly  to  extend  the  knowleclge 
of  structure,  and,  on  the  other,  to  introduce  novel  ide}is 
regarding  gen<*mtion  and  the  diffusion  of  animal  life. 
Mar('ello  Malpighi  (162H-1694),  pn)fessor  at  Bologna* 
Pisa,  and  Messina,  a  man  of  great  scientific  force,  laid  the 
foundations  of  mixlern  botany,  of  histological  anatomy, 
and  of  embryology.  His  discovery  of  the  capillaries  m 
the  lung  of  the  frog  has  already  Iwen  mentioned.  Moly- 
neux  (1083)  and  Lccuwcnh(K'k(l(^) almost  immediately 
extended  this  by  finding  them  in  the  extremities  of  liz- 
ards and  tadpoles.  Malpighi  discovertnl  the  red  cor- 
puscles of  the  bl(H)d  in  1005.  He  published  the  first  ac- 
curate account  of  the  cons<*cutive  development  of  t he- 
chick,  carrying  his  investigations  as  far  as  the  imperfect 
instruments  and  methods  of  his  time  would  permit.  He* 
greatly  advanced  the  knowledge  of  glands,  showing  the 
structure  of  acini  and  ducts,  dcmonstmted  the  glomeruli 
of  the  ki<lney  and  the*  splenic  corjiuscles  which  still  bear 
his  name.  an<l  by  infiating  the  air  vesicles  allowed  the 
glan<lular  structure  of  the  lungs  and  the  impossibility  of 
air  passing  into  the  vessels  by  mechanical  means.  MisUhI 
by  his  imperfect  instruments  and  crude  methods  of  prep- 
aration he  endeavored  to  show  that  the  brain  also  has 
a  glandular  chanicter.  Having  cooked  the  organ  ho 
thought  that  the  gray  mat t«'r appeared  on  examination  to 
be  conipos^'d  of  minute  spherules  connected  with  tlie 
fibrous  central  porticMi.  He  assumed  that  these  spheniles. 
secreted  the  nervous  fiuid  which  was  distributed  by  the 
nerves.  This  accorde<l  with  the  prevah'Ut  ideas  and 
greatly  retarded  a  tru(?  appreciation  of  the  structure  of 
the  bniin. 

.Many  other  anatomists  a<l(h*d  to  our  knowledge  of 
glan«ls:  Francis  (Jlisson  (1597-1077),  professor  at  Cam- 
bridge, gave  a  description  of  the  liver  that  is  the  basis  of 
our  knowledge  at  the  present  day;  Johann  Creorg  Wir- 
sung,  j>rofes.sor  at  Padua  in  1(»42.  tliscovered  in  man  the 
pancreatic  duct.  ]>reviously  found  in  the  fowl  by  hia 
pupil  Moritz  Hofmann  (UJ2 1-1 098),  afterward  professor 
at  Altorf.  a  discovery  that  retarded  rather  than  advancvd 
anatomical  science,  for  the  pamrreas  was  supjjosed  to  l>e 
a  lymphatic  gland  and  the  duct  a  lymphatic  leading  fnan 
the  intestine  to  the  liver,  and  thus  confirmed  erroneoua 
views  of  lymphatic  distribution ;  Thomas  Wharton  (161(K 
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f  London,  wrote  of  tlie  nature  and  classification 
ds,  and  discovered  the  duct  of  the  submaxillary 
lat  bears  his  name. 

aris  a  remarkable  advance  was  made  by  the  es- 
aent  by  Jeim  Riolan,  Jr.,  of  the  Jardin  du  Roi, 
rd  the  Jardin  des  Phintes,  which  was,  in  effect,  a 
al  laboratory  where  various  problems  of  human 
iparative  anatomy  could  be  studied.  Jean  Gui- 
)uvemey  (1648-1730)  was  an  able  demonstrator 
)  popular  that  noblemen  flocked  to  hear  him.  He 
red  the  vulvo-vaginal  glands  (in  the  cow),  to  which 
Bartholin's  name  was  afterward  attached.  He 
firmed  the  existence  of  the  bulbo-urethral  glands, 
covered  by  Mery  (1645-1722)  and  named  after  the 
anatomist  Cow  per. 

s  Littr6  (1658-1725)  described  the  urethral  glands 
IT  his  name,  and  Martin  Naboth  (1675-1721)  the 
5f  the  neck  of  the  uterus  and  the  closed  follicles 
same  region.  Lorenzo  Bellini  (1643-1704),  pro- 
it  Pisa,  examined  more  carefully  the  sti*ucture  of 
ney  (uriniferous  tubules).  Thomas  Bartholin 
580),  professor  at  Copenhagen,  one  of  the  most 
lished  anatomists  of  the  seventeenth  century,  dis- 
the  duct  of  the  sublingual  gland  which  joins 
n's  duct,  while  the  ducU  of  that  gland  that  optn 
jly  into  the  mouth  were  found  by  August  Quirin 
inn  (Rivinus,  1652-1753).  professor  at  Leij)sic. 
ct  of  the  parotid  gland,  seen  and  described  as  a 
t  by  Casserius,  was  first  recognized  as  a  duct 
ter  Needham,  of  London,  in  i655.  Nils  Sien- 
;hoIas  Stenonis,  1636-1686),  professor  at  Copen- 
mentioned  it  in  his  inaugural  thesis  in  1658,  and 
)very  is  often  assigned  to  him.  Stensen  was  one 
most  able  thinkers  of  his  time.  He  held  that  in 
)  understand  the  function  of  organs  we  must 
termine  their  structure,  and  tliat  no  accurate 
Jge  of  the  brain  can  be  had  until  we  understand 
ucting  tracts.  He  declared,  contrary  to  the  pre- 
opinion,  that  petrifactions  are  not  mere  erratic 
►f  nature,  but  the  remains  of  plants  and  animals 
merly  lived.  The  glands  of  the  intestinal  tract 
vestigated  by  Johann  Conrad  Brunner  (1653-1727) 
lann  Conrad  Pever  (1653-1712);  tho.se  of  the  eye- 
Heinrich  Meibom  (1638-1700),  professor  at  Helm- 
vhile  Conrad  Victor  Schneider  (1614-1680),  pro- 
t  Wittenburg,  demonstrated  the  true  nature  of  the 
lembrane  of  the  nasal  fos.sa»,  and  thus  overthrew 
ent  doctrine  of  the  secretion  of  mucus  (pituita) 
brain  and  of  the  cerebral  origin  of  catarrhal  dis- 
Antonio  Pacchioni  (1665-1726),  professor  at 
iiscovered  the  bodies  that  bear  his  name,  situated 
e  superior  longitudinal  sinus;  and  the  synovial 
and  so-called  synovial  glands  were  described  by 
L  Havers  (1692). 

Pythagorean  and  Galenical  doctrine  that  the  em- 
formed  from  two  kinds  of  semen,  generated  re- 
;ly  by  the  male  and  female,  was  generally  held. 
,  following  in  the  footsteps  of  his  muster  Fabricius, 
:atcd  the  course  of  development  not  only  in  fowls 
mammals,  and  published  (1651)  a  treatise  on  de- 
ent  in  which  he  formulated  the  famous  proposi- 
t  the  Cf^g  is  the  primary  stage  of  development  for 
lals.  The  original  phmse  is,  '*  Ornm  (mc  pnmor- 
mmune  omnibus  a/u'inulihttx,"  afterward  currentlv 
ated  as,  **  Omne  rirum  ex  oro.''^  According  to  this 
le  ovum  is  the  essential  element  in  the  genera- 
►cess.  This  belief  was  shaken  by  the  discovery, 
,  by  Johann  Ham,  a  pupil  of  Leeuwenlioek,  at 
,  of  the  spermatozoa,  which  were  at  once  accepted 
y  as  the  true  generative  elements,  and  were  even 
red  to  be  minute  but  completely  formed  creatures, 
ng  in  miniature  all  the  organs  of  the  adult.  There 
)8e  two  schools,  the  Aninialculists  and  the  Ovists, 
pectively  maintained  the  efficacy  of  the  male  and 
products.  Nathanael  Highmore  (1613-1684),  a 
in  of  Shaftesbury,  Englancl.  investigated  the  tes- 
e  seminal  ducts,  and  the  epididymis.  His  name  is 
ed  in  the  corpus  Highmorianum  and  the  antrum 


of  Highmore.  Wharton  described  the  round  ligament  of 
the  uterus  as  the  excretory  duct  for  the  female  semen, 
but  the  question  of  the  hypothetical  product  was  finally 
settled  by  Caspar  Bartholin,  who  correctly  described  the 
functions  of  the  vulvo-vaginal  glands.  T* he  mammalian 
ovum  eluded  research  for  a  long  time.  The  ovisacs 
(Graafian  follicles)  were  discoverc^d  by  Regnier  de  Graaf 
(1641-1673),  who  supposed  them  at  first  to  be  ova,  though 
he  seems  later  to  have  had  a  correct  idea  of  their  nature. 
When  Naboth  discovered  the  closed  follicles  of  the  neck 
of  the  uterus,  he  too  supposed  that  he  had  found  the  ova 
(ovula  Nabothi).  It  is  said  that  Van  Home  (1621-1670), 
professor  at  Leyden,  saw  the  ovum  in  1668,  but  it  was 
not  definitely  and  unquestionably  recognized  until  von 
Baer  demonstrated  it  in  1827.  Nicolas  Andry  de  Bois 
regard  (1658-1742)  was  the  first  to  note  the  entrance  of  a 
spermatozoon  into  an  ovum,  and  Ixjlieved  that  it  did  this 
in  order  to  feed.  Antonio  Vallisneri  (1661-1730),  pro- 
fessor at  Padua,  held,  on  the  contrary,  that  the  ovum 
was  necessary  for  generaticm,  and  supposed  the  spermat- 
ozoon to  be  unessential.  Needham  first  showed  that  the 
fa'tus  was  nourished  by  maternal  blood. 

In  the  nervous  system  considerable  advances  were  made 
during  this  period.  Although  Harvey  stated  that  he  was 
unable  to  discover  the  animal  spirits,  yet  he  does  not 
seem  to  have  been  able  wholly  to  free  himself  from  the 
influence  of  the  prevailing  doctrine.  Rene  Descartes 
(Cartesius,  1596-1650),  the  eminent  mathematician,  held 
that  although  the  soul  was  immanent  throughout  the 
whole  body,  it  must  be  specially  centralized  in  the  pineal 
gland,  that  being  the  only  unpaired  organ  of  the  brain 
and  situated  so  as  effectually  to  control  the  animal  spirits 
contained  in  the  ventricles.  He  held  that  the  brain  is  the 
seat  of  sensation,  motion,  and  thought,  sensation  being 
due  to  impulses  transmitted  to  that  organ  by  nerves, 
motion  to  the  contraction  of  muscles  induced  by  impulses 
also  transmitted  by  the  nerves.  He  seems  to  have  been 
aware  of  reflex  action,  noting  that  sensation  may  cause 
motion  independently  of  the  will.  He  thus  anticipated 
discoveries  made  nearly  two  hundred  years  later,  and 
was  the  first  to  attempt  to  explain  the  phenomena  of  life 
by  purely  physical  causes.  He  was  a  warm  adherent  of 
Ilarvey's  doctrine  of  the  circulation.  Johann  Jacob 
Wepffer  (1620-1695)  was  the  first  distinctly  to  deny  that 
spirits  were  generated  in  the  cavities  of  the  brain. 
Pacchioni  considered  the  dura  mater  as  an  organ  for 
effecting  the  circulation  of  the  spirits,  and  provided  it 
with  three  muscles  and  four  tendons. 

Francois  de  le  BOe  (Franciscus  Sylvius,  1614-1672), 
professor  at  Leyden,  carefully  studied  the  brain  and  gave 
true  ideas  of  its  interior  spaces.  His  name  is  preserved 
in  the  aqueduct,  fi.ssure,  fos.sa,  and  artery  of  Sylvius. 
The  fifth  ventricle  is  sometimes  called  the  Sylvian  ven- 
tricle. Raymond  V^ieu.ssens  (1641-1715),  of  J^mtpellier, 
also  investigated  the  brain.  He  was  the  firit^piescribe 
the  anterior  pyramids  of  the  medulla  oblongnta,  the  olive 
and  the  centrum  ovale.  His  name  remains  \n  the  valve 
of  Vieus.sens  or  anterior  medullary  velum.  Duvemey  de- 
scribed the  decussation  of  the  pyramids  and  the  connec- 
tion of  the  jugular  sinuses  with  the  jugular  vein;  while 
Humphrey  Ridley  (1653-1708)  described  the  restiform 
body  and  the  circular  sinus.  Malpighi  recognized  the 
functional  importance  of  the  gray  matter  of  the  brain, 
and  Burrhus  (1616-1695)  showed  that  one-fourth  of  the 
cerebral  substance  was  a  spermaceti-like  fat.  Much  ad- 
vance was  made  by  the  investigations  of  Thomas  Willis 
(1622-1675),  professor  at  Oxford,  who  showed  that  the 
brain  gradually  increases  in  complexity  as  we  ascend  the 
animal  series,  and  considered  that  its  anatomy  could  only 
be  properly  understood  by  comparative  studies.  He  re- 
named and  rearranged  the  cranial  nerves,  separating  the 
nervus  intercostalis  or  sympathetic  from  the  vagus.  In 
his  enumeration  he  made  ten  pairs,  including  the  first 
cervical  nerve,  and  classing  as  single  pairs  the  auditory 
and  facial,  and  the  glosso-pharyngeal,  vagus,  and  spinal 
accessory.  He  described  the  optic  thalamus  and  the  cor- 
pus striatum. 

Osteology  continued  to  be  assiduously  cultivated     It 
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is  from  Ole  Worm  (1588-1654),  professor  at  Copenliagen, 
that  the  WorniiaD  bones  are  nameti ;  and  Clopion  Havers 
(1692),  an  English  physician,  demonstrated  the  structure 
of  bone  (Haversian  canals  and  systems).  Tiie  structure 
and  action  of  muscles  were  specially  investigated  by  Sten- 
scn,  by  Borelli  (1608-1679),  the  celebratefl  mathematician, 
and  by  Hooke  (1635-1703),  who  was  the  tirst  to  recognize 
the  primitive  librilla*. 

Knowledge  of  tlie  viscera  was  essentially  advanced 
by  John  Mayow  (1645-1679).  of  Oxford,  who  was  the  tirst 
to  recognize  the  true  function  of  the  lungs:  by  Theodor 
Kerkring  of  Amsterdam  (1640-1693).  who  described  the 
valvuliE  connivent^s  of  the  intestine ;  by  .Jacques  Benigne 
Winslow  (1669-1760),  of  Paris  (fonimeii  of  Winslow,  pos- 
terior ligament  of  knee  joint),  and  by  James  Douglas 
(1675-1742),  of  London  (liougius*  pouch  of  peritoneum, 
semilunar  fold,  etc.). 

The  eye  was  specially  examined  by  several  investi- 
gators, wlio  considered  it  because  of  its  interest  as  an 
optical  instrument.  Among  these  we  may  mention 
Johann  Kepler  (1571-1630)  the  astronomer,  who  demon- 
strated the  optical  properties  of  the  crystalliiH*  lens  and 
showed  that  it  is  not  the  seat  of  vision,  as  was  held  by 
Hippocrates:  Christoph  Scheiner  (1575-1650),  who  de 
monstrated  the  image  on  the  retina  and  .studied  the  move- 
ments of  the  pupil  and  the  mechanism  of  accommodation : 
Descartes,  who  compared  the  eye  to  a  camera  obscura 
and  suggested  that  accommodation  for  near  vision  was 
affected  by  changing  the  tigure  of  the  lens:  and  Ednie 
Mariotte  (died  1684),  who  discovered  the  '* blind  spot"  of 
the  retina. 

Another  great  result  of  the  intro<luction  of  the  micro- 
scope was  a  vast  increase  in  the  knowledge  of  living 
things.  The  source  of  life  and  the  *'  vital  principle  "  had 
been  favorite  subjects  for  specidation  among  the  phi- 
losophers and  poets  of  antiijuity.  and  the  generation  of 
living  from  ncm  living  matter  was  held  to  be  demonstrated 
by  many  ordinary  plienomena.  such  as  the  appearance 
of  maggots  in  putrefying  meat  and  of  other  insect  larva' 
in  stagnant  water.  Aristotle  even  held  that  tadpoles  and 
snakes  wen*  generated  from  the  mud  of  the  Nile.  As 
the  laws  of  dc^velopment  were  more  carefully  studied  this 
**generatio  jecjuivoca  "  was  controverted,  especially,  in 
the  cast?  of  the  chick,  bv  Harvev  and  Fabricius.  Fnui- 
cesco  Redi  (162(^1694)  i>rofes.sor  at  Pisii.  by  a  series  of 
well-conducted  experiments,  showed  that  meat  did  not 
produce  maggots  when  protected  from  tlies  by  means 
of  gauze.  The  doctrine,  discarded  for  the  higher  forms 
of  life.  was.  however,  revived  by  the  discoveries  of  the 
microscope.  Antony  van  Leeuwenhoek  (1632-1723).  of 
Delft,  discovered  that  stagnant  water  and  infusions  con- 
taining animal  or  vegetable  matter  swarmed  in  a  few 
days  with  minute  forms  of  life,  the  "  infusoria.  "  Xicolaas 
Hartsoeker  (1656-1725),  extended  these  researches  and 
held  that  the  air  was  tilled  with  auiinalcula  that  settled 
upon  plants  an<l  from  them  passed  into  infusions.  This 
view,  afterward  ccmclusively  demonstrated  by  Spallan 
zani,  bewime  known  as  "panspermatism"  and  is  the  fore- 
runner of  the  modern  "germ  theory.  " 

The  eighteenth  century  was  distinguished  rather  for  its 
work  in  elaborating  and  <letining  what  had  previously 
been  discovered  than  bvanv  great  advances  in  anatomical 
science.  A  few  remarkable  men  a])])eare(l  who  advanced 
generalizations  that  were  afterward  t<>  bear  fruit,  but 
they  were  in  advance  of  their  time  and  had  l)ut  little  in- 
fluence upon  their  contemporaries.  The  inieroscojx"  wjis 
still  very  defective  and  fell  to  be  a  wholly  imt  rust  worthy 
instrument  when  used  with  the  higher  ])ow  ers.  Speeu 
lation  was  rife,  and  in  the  abs<'nce  of  direct  ol)<;<'rvaiion 
philosophers  held  the  tield.  Of  these  s]i(»ul(l  be  men- 
tioned Leibnitz  (1646-1716),  who  .shares  with  Xewton  the 
renown  of  inventing  calculus.  He  supi>osed  the  univers<' 
to  be  composed  of  monads,  nnnute.  invisible,  intelligent 
constituents  of  all  bodies  and  being.s.  that  in  the  human 
body  are  governed  by  a  central  monad,  the  .soul;  as  the 
universe  is  governed  by  a  central  monad.  God.  lie  was 
a  tirm  believer  in  the  unifomn'ty  of  acti(m  of  natural 
causes  and  the  author  of  the  celebrated  aphorism,  "  ^attird 


non  fiiHi  mltum."  Like  Paracelsus,  (Jeorg  Ernst  Stahl 
(1660-1784)  scorned  anatomy  and  physiology,  holding 
the  soul,  which  eludes  investigation,  to  be  the  supreme 
principle.  This  doctrine  was  temic*d" animism."  FYied- 
rich  Hoffmann  (1660-1742).  professor  at  Halle,  taught 
that  the  medulla  oblongata  is  the  chief  reservoir  of  atner, 
an  extremely  volatile  principle  circulating  through  the 
vessels  and  ncrvt^s.  David  Hartley  (170^1757)  consid- 
ered the  white  nufdullary  sub.stance  of  the  brain  as  an 
organ  for  the  secretion  of  thought,  and  explained  mental 
prcKX'sses  as  caused  by  minute  vibrations  (vibratiuncles) 
of  particles  in  the  nerves.  Cabanis  (1757-1808)  had  a 
similar  idea,  which  he  expressed  rather  grossly,  compar- 
ing the  brain  to  the  stomach,  sense  impressions  to  food, 
thought  to  excrement,  etc.  Theophile  de  Bordeu  (1722- 
1776)  considered  the  stomach,  heart,  and  brain  as  the 
"trip(Kl  of  life,"  regulating  the  other  organs.  Finally, 
there  should  Ik'  mentioned  among  these  spK?cuIative  phi- 
losophers Lorenzo  Oken  (1776-lh51),  who  held  that  the 
entire  organic  world  originated  from  sea  slime  formed  of 
microscopically  minute  vesicles.  This  is  apparently  an 
adumbration  of  Bathybiusand  the  cellular  theory,' but 
ai)pears  to  be  only  a  chance  hit  not  derived  from  observa- 
tion. Oken  also  independently  worked  out  a  theory  of 
the  vertebral  character  of  the  skull,  but  many  of  his 
speculations  were  wild  and  absurd. 

It  is  in  this  century  that  we  tirst  see  the  influence  of 
speculative  ideas  concerning  the  relation  of  the  structure 
of  man  to  that  of  other  organisms — ideas  which  have  liad 
a  powerful  effect  upon  modern  anatomical  science.  The 
collection  of  materials  in  the  field  of  biology  had  become 
so  vast  that  some  system  of  classification  became  neces- 
sjirv.  Steps  toward  this  were  tirst  taken  in  the  realm  of 
plants  by  John  liay  (1628-1705),  who  revived  the  Aris- 
totelian idea  of  genera  and  species  and  established,  as 
criteria  for  species,  inunutability  of  form  and  non-fertility 
with  other  sj)ecies.  Ttmrnefort  (1656-1708)  gave  a  clear 
detinition  of  a  species  as  individuals  having  some  dis- 
tinct characteristic,  and  of  a  genusasa  collection  of  species- 
res<'mbling  each  other  in  structure.  It  was.  however. 
Karl  von  Linne  (LinnaMis.  1707-1778).  of  Rashult  in 
Smaland,  Sweden,  profes.sor  at  Up.sala.  who,  by  invent- 
ing the  binomial  nomenclature  and  applying  it  widely  to 
all  known  species  of  animals  and  plants,  finally  estab- 
lished firmly  the  idea  of  the  inunutability  of  species.  He 
even  extended  his  system  of  classification  to  diseases,  of 
which  he  described  three  hundred  and  twenty-five  gen- 
era. His  earlier  view  was  that  all  the  species  of  plants 
and  aninuds  wen;  innnutably  created  at  the  beginning  of 
the  world,  but  in  his  later  works  he  appears  to  admit  a 
certain  amount  of  variation.  In  the  classific-ation  of  Linne 
man  was  j^laced  at  the  head  of  the  order  Primates,  com-' 
prising  also  apes,  lemurs,  and  bat.s.  The  recently  discov- 
en'd  orang  was  classified  in  the  stune  genus  with  man  as 
"  Homo  silvestris,"  and  the  great  naturalist  declares  him- 
self unable  to  di.scern  any  character  by  which  the  great 
apes  can  be  majle  generically  distinct  from  man.  The 
race  of  man  himself,  llomo  mapienH,  he  suMivided  into 
sixgrouj^s:  II.  ferus(sjivage);  H.  Americanus;  H.  Euro- 
])aHis;  H.  Asialicus;  H.  asser  (negroes);  H.  monstrosus 
(abnormal). 

The  great  rival  and  contem])orarv  of  Linne  wasGtK>r;a:e 
Louis  Leelere  de  BntTon  ( 1707-178^<).  director  of  the  Jardin 
(hi  Hoi  at  Paris,  and  a  very  prolific  writer  in  all  domains 
of  natural  history.  At  tirst  Buffon  agreed  with  Linne  lis 
to  the  immutability  of  species,  but  in  his  studies  of  coni- 
])arative  anatomy  he  met  with  many  difficidties,  and  soon 
admitted  that  many  variations  may  arise  through  changes 
of  climate,  food.  etc. ;  that  the  lea.sl  perfected  species  dis- 
appear; and  finally  he  even  hinted  at  the  possibility  that 
all  s])ecies  of  animals  were  derived  from  a  common  stock. 
While  he  by  no  means  clearly  worked  out  these  ideas. 
they  contain  the  germs  of  the  doctrine  of  adapt^ition  and 
the  survival  of  the  fittest,  and  it  is  evident  that  he  real- 
ized that  genera  and  species  are  merely  human  inventions 
made  for  convenience  in  classification. 

In  like  manner  we  may  discern  in  Maupertuis  (169^ 
1759),  i)rcsident  of  the  FkTiin  Academy,  and  a  celebrated 
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mathematician  and  astronomer,  an  approach  to  some 
modern  theories  of  heredity  and  variation.  He  held  that 
all  matter  has  psychic  qualities,  that  the  particles  of  the 
embryo  retain  and  transmit  impressions  derived  from 
their  parents,  chance  combinations  producing  differences 
which  accumulate  and  thus  form  new  species.  It  was 
Charles  Bonnet  (1720-1793)  who  first  advanced  the  view 
that  animals  can  be  arranged  in  a  graded  series  with  man 
at  the  head.  His  conception  of  the  series  was  that  it 
was  necessarily  linear.  Erasmus  Darwin  (1731-1802),  the 
grandfather  of  the  great  naturalist,  anticipated  some  of 
the  views  that  afterward  made  his  grandson  famous.  He 
allowed  tliat  the  structure  of  animals  changes  because 
of  their  exertions,  that  many  of  these  changes  are  trans- 
mitted to  posterity  (transmission  of  acquired  charac- 
ters), and  that  many  anatomical  features  of  man  indicate 
that  his  primitive  attitude  was  quadrupedal.  Reason- 
ing from  such  data,  he  maintained  that  all  warm-blooded 
animals  may  have  arisen  from  a  single  living  filament 
which  improved  and  transmitted  its  improvements  to 
posterity. 

The  poet  Goethe  (1749-1832)  was  also  famous  for  his 
morphological  researches.  Besides  the  remarkable  con- 
tribution to  botany  in  which  he  advanced  the  hypothesis 
of  the  metamorphosis  of  leaves  into  parts  of  the  flower 
and  fruit,  he  also  suggested  that  the  skull  of  vertebrates 
is  composed  of  modified  vertebrae.  He  recognized  the 
importance  and  significance  of  vestigial  structures  and 
predicted  that  a  premaxillary  bone  would  be  found  in 
the  human  fcctus. 

Widely  different  from  these  phih)sophers  who  sought 
to  explain  the  complicated  structure  of  man  by  the 
operation  of  natural  forces,  were  the  views  of  the  eminent 
philosopher  and  metaphysician  Emmanuel  Kant  (1724- 
1804),  who  held  that  a  great  gap  necessarily  exists  be- 
tween organic  and  inorganic  matter,  and  that  while  in  the 
latter  natural  causes  prevail,  the  former  is  the  product  of 
preonlained  intention,  beyond  the  power  of  man  to  com- 
prehend. 

Closely  allied  with  these  theories  of  the  relation  of  thcj 
structure  of  man  to  that  of  other  animals  are  others  re- 
garding his  individual  development.  The  imperfections 
of  the  microscope  and  of  technical  methmls  prevent^xi  an 
accurate  determination  of  the  earlier  embryonic  stages, 
and  it  was  imagined  that  all  details  of  the  completed 
structure  are  prefigured  in  the  impregnated  ovum.  This 
necessarily  involved  the  conclusion  that  the  successive 
generations  of  offspring  must  also  be  prefigured  in  the 
same  manner.  Bordeu  accordingly  declared  that  the 
semen  of  Adam  must  have  contained  the  archetype  of  all 
mankind.  The  whole  of  the  past  and  present  organic 
life  of  the  globe  was  held  to  have  been  contained  in 
miniature  in  the  first  created  beings,  the  successive  indi- 
viduals merely  developing  by  growth  from  these  pre- 
formed and  structurally  complete  miniatures.  This  is 
the  celebrated  theory  of  preformation  or  encasement  (em- 
htntement)  which  has  profoundly  interested  biologists  for 
the  past  one  hundred  and  fifty  years.  It  was  to  this  un- 
folding that  Bonnet  applied  the  term  evfdutu/n,  a  meaning 
widely  different  from  that  now  in  common  use.  The 
great  weight  of  authority  at  first  favored  this  view,  and 
the  celebrated  Albrecht  von  Haller  (1708-1777),  professor 
at  Berne  and  Gftttingen,  a  most  learned  and  acute  ob- 
server, w"ho.se  reputation  was  so  great  that  he  practically 
controlled  the  scientific  thought  of  the  latter  half  of  tin; 
eight<?enth  century,  even  calculated  the  number  of  Ix'ings 
encased  in  the  ovarv  of  Eve,  the  mother  of  mankind, 
placing  it  at  about  200,000,000,000. 

In  opposition  to  this  is  the  theory  of  post -format  ion  or 
epigenesis  advanced  by  Hippocrates  and  Aristotle,  ac- 
cording to  which  the  human  body  develops  from  a  struc- 
tureless blastema  by  successive  stages  not  necessarily  re- 
sembling the  adult  individiuil.  This  view  was  revived 
by  Caspar  Friedrich  Wolff  (1735-1794).  who  published, 
in  1759,  his  now  celebrated  thesis,  *•  Theoria  Geni'mtionis." 
which  contained  an  account  of  accurate  observations 
showing  that  the  organs  of  the  body  are  not  preformed  in 
the  foetus,  but  developed  from  membranous  sheets  (the 


blastodermic  membranes  of  later  embryologists)  which 
are  themselves  composed  of  globules  or  vesicles  (cells). 
These  idc»as  were  not  accepted  by  the  anatomists  of  hia 
day.  Opposed  to  them  was  the  great  authority  of  Haller, 
who  declared,  ^^ Nulla  est  epige?iens,^^  trnd  they  were  quite 
forgotten  until  fifty  years  later  when  Meckel  called  at- 
tention to  them.  Wolff's  name  remains  to  us  in  the 
Wolffian  bodies  or  primordial  kidneys. 

It  was  from  Haller  that  the  doctrine  of  the  vital  and 
animal  spirits  finally  received  its  coifp  de  grace.  By  a 
series  of  most  carefully  conducted  experiments  he  showed 
that  there  exists  in  living  issues  a  property  of  motility 
independent  of  the  nervous  or  vascular  systems.  This 
he  tenned  irritability.  Haller  is  often  justly  termed  the 
father  of  physiology,  which  he  himself  loved  to  call  liv- 
ing anatomy.  His  works  abound  in  most  excellent  an- 
atomical observations.  He  was  an  indefatigable  worker, 
dissectingasmany  as  four  hundred  bodies  in  the  space  of 
seventeen  years.  He  classifie<l  structures  according  to 
their  properties  and  thus  paved  the  way  for  Bichat.  Many 
structures  have  been  at  one  time  or  another  named  after 
him.     He  was  the  first  to  describe  the  pes  hippocampi. 

The  d(x;trine  of  spontaneous  generation  continued  to 
be  discussed.  Antonio  Maria  Valsalva  (1666-1723).  pro- 
fessor at  Bologna,  a  pupil  of  JVIalpighi  and  a  teacher  of 
Morgagni,  finding  that  living  forms  still  appeared  in 
liquids  that  he  liad  heated  and  then  enclosed  in  vessels, 
concluded  that  they  must  have  originated  from  the 
liquids  themselves;  but  this  was  overthrown  by  the  ex- 
periments of  Lazzaro  Spallanzani  (1729-1799),. professor 
at  Reggio,  Modena.  and  Pavia,  who  repeated  the  experi- 
ments with  careful  precautions  and  failed  to  produce  life. 
It  was  to  this  observer  that  we  owe  the  demonstration 
tliat  the  spennatozoa  are  the  constituents  of  semen  essen- 
tial to  fertilization.  He  showed  that  the  fluid  obtained 
by  filtering  semen  has  no  effect,  also  that  no  exhalations 
from  semen  can  cause  impregnation.  Thus  were  over- 
thrown some  of  the  more  fanciful  hypotheses  of  genera- 
tion. 

Throughout  the  eighteenth  century  we  find  isolated  at- 
tempts at  generalizing  the  complicated  structures  of  the 
body  under  a  few  categories.  Almost  equalU'  famous 
with  Haller  for  his  erudition  was  Hermann  Boerhaave 
(1668-1738),  professor  at  Lt^yden.  a  skilful  anatomist  who 
discovered  the  sudoriparous  glands  of  the  skin,  and  held 
that  the  elementary  structures  composing  the  body  are 
vessels  and  fibres.  In  Andreas  Bonn  (1738-1818),  pro- 
fessor at  Amsterdam,  we  discern  a  decided  advance.  He 
endeavored  to  show  that  all  structures  can  finally  be  re- 
duced to  membranes.  Of  these  he  made  four  classes:  (1) 
the  tectoilal — skin,  mucous  membrane,  etc. ;  (2)  fibrous — 
fascia  and  aponeuroses ;  (3)  synovial,  and  (4)  serous. 

The  real  founder  of  the  science  of  general  anatomy 
was,  however,  Marie  Francois  Xavier  Bichat  (1771-1802), 
who,  by  his  philosophical  insight  and  great  energy  in  re- 
search, demon.strated  the  existence  of  the  tissues  of  the 
Iwxly  in  a  complete  and  definite  manner.  Distrusting 
the  microscope,  he  made  his  distinctions  by  the  chemical, 
physical,  or  vital  properties  of  each  tissue — i.e.,  by  its  be- 
havior with  various  rt^agents:  by  its  color,  density,  etc. ; 
or  by  its  alterations  in  health  and  disease.  Of  these 
tissues  or  tissue  systems  he  made  twenty -one,  such  as  the 
cellular,  the  osseous,  the  fibrous,  the  arterial,  etc.  As 
these*  tissues  are  everywhere  the  same,  their  dis<nises  must 
be  identical,  hence  this  sepamtion  is  a  proper  foundation 
for  pathological  anatomy.  He  considered  life  to  be  the 
composite  effect  of  the  separate  interaction  of  the  forces 
resident  in  the.se  tissues.  He  died  at  the  early  age  of 
thirty -one,  from  overwork  and  disea.se  contnicted  in  the 
putrid  dissecting  rooms  of  his  day,  having  effected  the 
greatest  advance  in  anatomical  knowledge  made  since  the 
time  of  Vesalius. 

The  anatomy  of  diseased  organs  was,  prior  to  Bichat, 
specially  investigjited  by  the  illustrious  Giovanni  I^ttista 
Morgagni  (1682-1771),  who  may  be  said  to  be  the  founder 
of  pathological  anatomy.  He  was  likewise  an  ardent 
investigator  in  the  normal  field,  as  will  appear  from  the 
large  number  of  structures  that  bear  his  name:  as  the 
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caruucula  Morgagni  (middle  lobe  of  prostate),  frenura 
Morgagni  (iK*ur  ileo-ca'cal  valve),  fossa  Morgagni  (navicu- 
lar fossa  of  urethra),  hydatids  of  Morgagni  (on  timbriu?  of 
Fallopian  tube),  columns  of  Morgagni  (in  the  rectum), 
etc.,  etc. 

Closely  allied  to  pathological  anatomy  is  surgical  an- 
atomy, which  made  many  important  advances.  John 
Hunter  (1728-1793),  an  indefatigable  investigator,  is  said 
to  liave  dissect<.Hi  s<mie  thousands  of  bodies.  It  is  to  him 
that  we  owe  a  demonstmtion  of  the  ease  with  which  col- 
lateral circulation  is  establishe<l  after  ligation  of  ves.sels, 
and  the  reparative  signitic^mce  of  intlammatiou.  lie  also 
appears  to  have  been  aware  of  the  law  of  recapitulation 
in  embryology,  by  which  the  feet  us  of  an  animal  succes- 
sively passes  through  forms  resend)ling  creatures  l)elow  it 
in  the  animal  scale.  During  thirty  years  he  worked  at  col- 
lecting a  museum  illustmtive  of  comj>anitive  and  human 
anatomy  and  pathology,  which  tinally  comprised  some 
fourteen  thousjuid  specimens.  It  is  still  considered  one 
of  the  l)est  extant.  It  is  from  him  that  is  named  the 
canal  traversed  by  the  femoml  artery  under  the  adductor 
magnus. 

Other  workers  in  surgical  anatomy  were  Antonio 
Scarpa  (175*2-1832),  professor  at  M(><lena  (Scarpa's  tri- 
angle, fascia,  nerve.  gangli(»n,  etc.):  Fmnz  Caspar 
Hesselbach  (1 759-181 6),  professor  at  Wllrzburg  (IIes.sel- 
bach's  triangle):  Antonio  de  Giml  ernat  (17(52-1774),  pro- 
fessor at  liiircelona  (Gimbernat's  ligament). 

Certain  begirmings  were  now  made  in  tlie  study  of  the 
comparative  anatomy  of  the  races  of  man,  Pieter  (.'ami)er 
(1722-1789),  i)rofessorat  Amst(?rdam,  Fnuieker,  and  Gron- 
ingen,  was  a  widely  learnKl  man:  at  once  an  anatomi.st. 
a  zoologist,  a  geologist,  and  an  artist,  he  published  in  al- 
most everv  bmnch  of  natural  historv  essjivs  remarkable 
for  tlieir  originality  and  research.  He  was  the  first  to 
show  that  the  hollow  bones  of  birds  are  connected  with 
their  respiratory  appamtus,  and  wrote  an  important  me- 
moir on  the  anatomy  of  the  orang,  showing  that  that 
animal  could  not  be  considered  as  degenerated  from  man, 
as  liad  been  sui)posed  by  some.  Noticing  that  painters 
took  no  pains  to  depict  the  special  physiognomy  of  the 
races  of  mankind,  he  began  to  study  nicial  types  and  in- 
vented the  celebrated  "facial  angle. ''  formed  by  a  plane 
tangent  to  the  most  prominent  points  of  the  forehead  and 
face  and  another  drawn  through  the  auditory  openings 
and  the  alai  of  the  nose.  He  found  that  this  angle  gradu- 
ally decreases  as  we  descend  through  the  animal  king- 
dom, and  conchuh'd  that  the  dilTerent  races  of  mankin<l 
might  be  distinguished  by  it.  A  wider  examination  has 
shown  that  this  vi«*w  is  incorrect,  but  the  method  insti- 
tuted bv  him  of  measurinir  i>ortionsof  the  skull  bv  means 
of  angles  has  been  extensively  used  in  other  directions. 

Another  famous  angular  measurement  was  that  of  the 
occipital  angle  of  L.  .1.  M.  Daubenton  (17H)-1799),  the 
cunitor  and  almost  the  creator  of  tlu;  splendid  muse- 
um of  the  Jardin  des  Plantes.  This  was  intendejl  to  meas- 
ure the  inelination  of  the  foramen  magnum,  which  also 
varies  verv  nnich  in  the  animal  scale,  and  has  relation  to 
the  erect  position  of  the  b<Hly. 

The  comparison  of  crania  was  systematically  pursued 
by  Johann  Friedrich  Blumenbaeh  (17.")2-1J^40).  jirofesscir 
at  Gftttingen.  who  ])rescribed  for  the  <xaminati(»n  of 
skulls  certain  positions  that  arestill  in  use.  He  possessed 
a  very  large  cr)llection  of  crania,  and  made  imjiorlant 
generalizations  regarding  the  races  of  men.  While  con- 
sidering these  as  very  numerous,  he  grou])ed  them  in  tive 
principal  division.s,  to  w  hich  he  a])p]ie(l  designations  that 
held  for  more  than  a  centurv.  Three  of  these  he  consid- 
ered  primary:  the  Caucasian,  ]Monfrolian.  and  Ethiopian: 
two  secondary  or  intermediate:  the  American  and  Ma- 
layan. 

Logically  connected  with  this,  although  not  developed 
until  earlv   in    the  nineteenth   centurv,    was   the   curi- 
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ous  dcK'trine  widely  known  as  "]>hrenoloirv,"  thoush  its 
founder,  Fmnz  Joseph  Gall,  of  Haden  (175><-1S2h),  called 
it  "* organology."  Gall  was  by  no  means  ignorant  of  t\w 
gross  anatomy  of  the  brain,  but  he  knew  nothing  of  its 
histology  and  supposed  the  white  substance  to  be  eciualiy 


active  with  the  gray  in  intellectual  processes.  Noticing 
the  convergent  fibres  of  the  corona  radiata.  he  conceived 
the  idea  that  the  brain  was  a  series  of  pyramidal  *^  organs  " 
whose  bases  were  superficial  and  whose  apices  were 
deeply  buried  in  the  medulla  oblongata.  These  organs 
correspond  to  supposed  functions  of  the  mind,  concerning 
which  he  appeare  not  to  have  had  any  well -digested 
philosophical  ideas.  He  believed  tliat  he  had  demon- 
strated tliat  the  organs  varied  in  size  and  external  promi- 
nence in  diiferent  individuals  to  such  an  extent  that 
character  and  mental  aptitudes  could  be  told  by  palpation 
of  the  i)rotuberancesof  the  cranium,  due  allow'ance  being 
made  for  the  natural  bony  prominences  common  to  all 
skulls.  Gall  describeil  twenty -seven  organs,  his  pupil 
Spurzheim  added  ten  more,  and  his  followers  in  this 
country  increased  these  by  six,  making  a  total  of  forty- 
three.  *  When  the  nerve  cells  were  discovered  and  it  was 
seen  that  the  gray  matter  was  the  effective  working  ele- 
ment of  the  brain,  and  that  the  surface  projecting  exter- 
nally was  only  a  small  portion  of  the  cortical  area,  phre- 
nology had  no  longer  a  satisfactory  reason  for  existence 
as  a  doctrine.  However,  it  retained  a  considerable  vogue 
for  a  time,  being  especially  diffuscnl  by  peripatetic  lectur- 
ers whose  inrtuence  in  spreading  among  the  people  a 
knowledge  of  the  physical  Imsis  of  mind  was  often  con- 
siderable. 

A  correct  appreciation  of  some  parts  of  the  body  was 
now  greatly  aided  by  the  advancement  of  chemistry. 
Oxygen  was  discovered  by  Priestley  in  1774.  Its  true 
significance  was  not,  however,  understood  until  the  dem- 
onstrations of  Lavoisier  (1743-1794),  who  showed  its 
importance  in  combustion  and  respiration.  Antoine 
Franvois  de  Fourcroy  (1755-1809)  was  the  first  to  investi- 
gate the  composition  of  organic  products,  and  William 
C.  Cruikshank  (1745-1800)  discovered  urea. 

The  delimitiition  of  the  organs  of  the  body  in  the  liv- 
ing, whii!h  may  be  said  to  be  an  anatomical  art,  was  now 
much  advanced  by  the  invention  of  percussion  by  Joseph 
Leopold  Auenbrugger  (1722-1809),  a  physician  of  Vienna. 

The  advances  made  in  the  knowledge  of  the  grosser 
structure's  were  rather  refinements  upon  what  was  already 
roughly  skt.'tched  out  than  incursions  into  new  fields. 
Josias  Weitbrecht  (1702-1747)  was  the  author  of  a  cele- 
brated treatise  upon  syndcsmology  that  contains  the  ele- 
ments of  our  knowledge  of  ligaments  to-day.  Exup^>Fe 
Joseph  Bertin  (1712-1781),  an  academician  of  Paris,  de- 
scribed the  iliofemoral  ligament,  the  sphenoidal  turbi- 
nated bones,  and  the  sei)ta  of  the  kidney.  Bernhard  Sieg- 
fried Albinus  (\Veis.s,  1607-1770),  professor  at  Leyden, 
greatly  improved  myology  by  the  publication  of  mag- 
niticent  colored  plates  showing  the  muscular  system  most 
carefully  delineated.  He  was  also  the  first  to  demon- 
strate by  injections  the  connection  iK'tween  the  vascular 
systems  of  the  motln-r  and  the  firtus. 

In  the  vascular  system  considerable  advances  were 
made,  (filbert  Ibe.schet  (17S4-1 845)  described  the  veins 
and  canals  of  the  diplof^;  William  Hunter  (1718-1788). 
brother  of  John  and  lecturer  at  .Middlesex  Hospital,  de- 
monstnited  the  arrangement  of  the  lymphatics  and 
showed  them  to  be  absorbents.  He  was  also  the  author 
of  a  paper  on  the  anatomy  of  the  gravid  uterus  which  is 
the  basis  of  all  subse(|uent  descriptions.  It  particularly 
notes  the  changes  in  the  cavity  and  the  fonnation  of  the 
decidua.  He  carefully  descriV»ed  the  descent  of  the  testes, 
and  his  name  is  often  cou]>led  with  t\w  round  ligament 
of  the  uterus  an<l  the  gubernaculum  testis.  William 
Hewson  ( I7Ji!)-l  774)  also  contributed  t^>  knowledge  of  the 
lactealsan<l  lymphatics.  tra<ing  them  in  birds,  fishes,  and 
reptiles.  Paolo  Mascagni  (17.V2-1H15)  profes.sor  at  Siena, 
Pisii.  and  Florence,  published  elaborate  studies  of  the 
lymphatics  which  were  afterward  continued  by  Vincenz 
Frohmann  (1794-1^^7),  j)rofessor  at  Heidelberg  and  Lou- 
vain. 

In  the  realm  of  the  nervous  sysiem  considerable  ad- 
vances were  made.  Giovanni  ^laria  Lancisi  (1654-1720), 
the  teacher  of  .Morgagni  and  ])hysician  to  the  Poi>e.  de- 
scribed more  carefully  than  had  been  done  before  some 
features  of  the   brain  (nerves  of  Lancisi).     Alexander 
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Monro  I.  (1697-1767),  one  of  Boerhaave's  favorite  pupils, 
professor  at  Edinburgh,  gave  an  excellent  description  of 
the  bones  and  nerves ;  but  liia  fame  was  eclipsed  by  that 
of  his  son,  Alexander  Monro  II.  (1738-1817).  also  professor 
at  Edinburgh,  who  was  especially  noted  for  his  work  in 
the  anatomy  of  the  brain  (foramen  of  Monro,  sulcus  of 
Monro).  He  was  the  first  to  attempt  a  description  of  all 
the  burssB  mucosae  of  the  body.  Felix  V'icq  d'Azyr 
(1748-1794),  an  academician  of  Paris,  demonstrator  at  the 
Jaixlin  du  Roi,  and  excellently  versed  in  comparative  and 
veterinary  anatomy,  also  studied  the  brain  and  added  to 
our  knowledge  of  the  minute  structure  of  the  white  and 
gray  matter  (line  and  bundle  of  Vicq  d'Azyr).  Johann 
Christian  Reil  (1759-1813)  lirst  descril)ed  the  insula  or 
island  of  Reil.  Luigi  Rolando  (1773-1831),  professor  at 
Turin,  distinguished  hims(?lf  by  careful  rest^arches  in 
both  the  brain  and  spinal  cord  (fissure,  gelatinous  sub- 
stance, and  tubercle  of  Rolando). 

The  cranial  nerves  received  renewed  attention.  It  was 
Johann  Jacob  Iluber  (1707-1778),  professor  at  G6ttingen 
and  Cassel,  who  clearly  pointed  out  the  ern)r  of  Willis  in 
placing  the  suboccipital  nerve  among  the  cranial  nerves, 
though  Haller  also  commented  upon  this.  Carl  Samuel 
Anderscli  (1732-1777)  distinguished  from  each  other  for 
the  first  time  the  ninth,  tenth,  and  eleventh  nerves,  and 
discovered  the  petrous  ganglion.  Samuel  Thomas  SOm- 
mering  (1755-1830)  was  the  first  to  separate  the  facial 
and  the  auditory  nerves,  thus  establishing  the  twelve 
cranial  nerves  as  we  now  enumerate  them.  This  enumer- 
ation, usually  ascribed  to  SOmmering,  was  really  first 
definitely  proposed,  in  1794,  by  Johann  Christoph  'Mayer 
(1747-1801).  The  little  intermediary  nerve  that  makes 
the  tale  of  the  cranial  nerves  absolutelv  complete  was 
first  descril)ed  by  Heinrich  August  VVrisberg  (1739-1808), 
professor  in  G5ttingen,  who  also  made  other  discoveries, 
his  name  remaining  in  the  lesser  cutaneous  nerve  of  the 
arm,  in  one  of  the  cartilages  of  the  larynx,  and  in  a  small 
ganglion  in  the  substance  of  the  heart. 

Johann  Friedrich  Meckel,  the  first  in  a  succession  of 
&mous  anatomists  of  the  name  (1714-1774),  professor  at 
Berlin,  gave  especial  attention  to  the  trigeminus  and 
facial  nerves  and  was  the  first  to  describe  the  spheno- 
palatine ganglion  and  the  space  in  the  dura  mater  that 
contains  the  ganglion  of  the  trigeminus.  The  latter 
structure  appears  to  have  been  tirst  recognized  as  a 
ffanglion  by  J,  Lorenz  Gasser,  of  Vienna,  about  1750. 
Meckel  had  previously  described  it  as  a  ta?nia  nervosa, 
and  Vieussensasa  plexusganglioniformis,  and  Eustachius 
had  figured  it  in  his  celebrated  plates.  It  was  named  by 
Hirsch  as  the  ganglion  Gasserianum,  in  honor  of  his  illus- 
trious master. 

The  tympanic  nerve  and  the  jugular  ganglion  of  the 
glosso-pharyngeal  nerve  were  first  descrilH'd  by  Johann 
Ehrenritter* (about  1775),  professor  at  Vienna,  although 
from  the  exact  researches  of  L.  L.  Jacobson  (1783-1843), 
professor  at  Copenhagen,  the  nerve  usually  bears  his 
name.  To  the  latter  author  is  also  ascribed  the  discov- 
ery of  Jacobson 's  organ  in  the  nasal  fosste  of  the  sheep 
and  of  its  vestiges  in  man. 

A  physiological  discovery  of  much  importance  in  the 
elucidation  of  the  anatomy  of  the  nervous  system  was 
that  of  the  distinction  Ix^tween  the  motor  and  the  sensorj' 
roots  of  the  spinal  nerves  made  by  Georg  Prochaska 
(1749-1820),  professor  at  Prague.  This  was  afterward 
clearly  established  by  the  Edinburgh  anatomist.  Sir 
Charles  Bell  (1774-1842).  who  also  showed  conclusively 
the  motor  function  of  the  facial  nerve.  The  posterior 
thoracic  nerve  is  often  called  the  external  respiratory 
nerve  of  Bell. 

In  the  anatomy  of  the  viscera  there  should  be  men- 
tioned the  investigations  of  Lorenz  HeLster  (1683-1758), 
professor  at  Altorf  and  Helmstadt,  who  discovered  the 
spiral  valve  in  the  neck  of  the  gall  bladder;  Antoine  Fer- 
rein  (1693-1769),  professor  at  Paris,  who  investigated  the 
kidney  and  the  organs  of  voice;  Joseph  Lieutaiid  (1703- 
1780),  who  descrilK'd  anew  the  bladder,  mentioning  for  the 
flrst  time  the  trigone.  He  was  famous  in  pathological 
anatomy,  publishing  a  work  based  on  the  examination  of 


twelve  himdred  bodies.  Johann  Nathanael  Lieberktlhn 
(1711-1765)  was  famous  for  injected  preparations  and 
made  some  excellent  observations  on  the  minute  anatomy 
of  the  intestinal  nuicous  membrane,  including  the  villi 
and  glands.  Johann  C'hristian  Rosenmliller  (1771-1820), 
professor  at  I^ipsic,  investigated  the  nasal  fossa*  and  the 
annexes  of  the  uterus.  The  anatomy  of  the  vocal  organs 
was  also  investigated  by  Denis  Dodart  (1634-1707),  who 
hekl  that  the  voice  was  caused  by  a  vibration  of  the  air 
in  the  larynx,  while  Ferrein  held  that  it  was  due  to  a  vi- 
bration of  the  vocal  chords.  Giovanni  Domenico  San- 
torini  (1681-1737)  also  paid  especial  attention  to  the  organs 
of  voice,  to  the  emissary  veins  of  the  cranium,  and  to  the 
muscles  of  the  face  (corpuscula  Santorini  of  the  larynx, 
emissaria  Santorini,  cartilage  of  Santorini  in  the  nose, 
musculus  risorius  Santorini  of  the  face). 

The  anatomy  of  the  eye  was  especially  enriched  by 
important  discoveries  during  this  period.  Francois 
Pourfour  du  Petit  (1664-1741)  paid  especial  attention  to 
the  lens  and  described  the  lacunar  spaces  in  the  suspen- 
sory ligament,  often  called  the  canal  of  Petit.  Jacob 
Hovius,  a  Dutch  anatomist  (about  1702),  appears  to  have 
discovered  the  chorio-capillary  layer  of  the  chorioid,  af- 
terward accredited  to  Ruysch  (tunica  Ruyschiana).  He 
also  described  the  venjt  vorticosa*.  Eberllard  Jacob  von 
Wachendorff  discovered  the  pupillary  membrane  in  1740, 
though  it  is  possible  that  it  may  have  been  x>reviously 
known  to  Albinus.  Jacques  Rene  Tenon  (1724-1816),  an 
academician  at  Paris,  described  the  fascial  attachments  of 
the  eyeball  more  accurately  than  had  been  heretofore  done 
(capsule  of  Tenon,  space  of  Tenon).  In  some  oases  con- 
troversies arose  as  to  priority  of  discovery:  the  separable 
posterior  layer  of  the  cornea,  which  was  apparently  seen 
and  descrilx'd  by  Benedict  Duddell,  an  oculist  of  London 
in  1729,  was  rediscovered  by  Jean  Descemet,  professor  at 
Paris  (1732-1810),  and  at  about  the  same  lime  by  Pierre 
Demours  (1702-1795),  demonstrator  at  the  Jardin  du  Roi. 
The  most  important  treatise  on  the  anatomy  of  the  eye 
that  appeared  during  the  last  century,  and  the  basis  of  all 
that  lias  since  been  published,  is  that  of  Johann  Gottfried 
Zinn  (1727-1759),  professor  at  G5ttingen  (zonule  of  Zinn, 
ligament  of  Zinn).  Felice  Fontana  (1730-1805),  professor 
at  Pisa,  described  the  attachment  of  the  iris  and  the  trabec- 
ular tissue  since  known  as  the  spaces  of  Fontana.  Johann 
Gottfried  Berger  (1651>-1736)  was  probably  the  first  to 
indicate  the  existence  of  the  orbicular  muscular  fibres  of 
the  iris. 

The  profound  and  exact  researches  in  the  anatomy 
of  the  internal  ear  made  by  Domenico  Cotugno  (Cotun- 
nius,  173(5-1822),  professor  at  Naples,  were  probably 
the  most  significant  of  any  made  in  this  region  dur- 
ing the  century.  He  also  iuvestigjited  the  pathological 
anatomy  of  the  skin,  and  was  the  lirst  to  demonstrate  by 
boiling  the  existence  of  albumin  in  urine.  His  name  re- 
mains in  the  liquor  of  Cotunnius  or  perilymph,  the  aque- 
duct of  Cotunnius  (aqueductus  vestibuli),  and  the  nerve 
of  Cotunnius  (nas(^>- palatine  nerve). 

The  great  advance  in  the  anatomical  sciences  during 
the  nineteenth  century  has  been  primarily  due  to  what 
may  be  termed  their  st^cularizatiou,  that  is  to  say,  to  the 
extension  of  research  by  placing  it  in  the  hands  of  all 
students  inclined  to  pursue  it.  At  the  beginning  of  the 
century  the  old  method  of  teaching  by  m(*ans  of  demon- 
stration was  still  almost  ever}- where  pursued.  Students 
were  rarely  able  to  dissect,  and  the  procuring  of  bodies 
for  anatomical  purposes  was  l)eset  with  difficulties.  In 
1827  the  University  of  Edinburgh,  with  nine  hundred 
students,  made  dissection  compulsory,  and  this  excellent 
example  was  immediately  followed  by  London.  Liver- 
pool, and  Dublin. 

In  consequence  of  this  the  demand  for  human  cadavers 
was  greatly  increased  and  the  price  so  enhanced  that  un- 
scrupulous persons  were  tempted  to  procure  them  by 
surreptitious  means.  Grave-robbing,  hitherto  excep- 
tional, now  became  common,  and  in  every  large  city 
where  medical  schools  flourished  there  became  establishecl 
a  set  of  ruffians  who  made  it  their  business  to  supply 
dissecting  tables  with  bodies  ruthlessly  torn  from  the 
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/graves  to  whioli  thcv  liad  been  consiijndl  by  soiTowin>^ 
frifinis.  The  laru^i*  iron  cages  luiilt  over  iiiaiiy  graves 
and  the  formidable  enclosures  of  ceinetcrii^s  of  this  period 
in  England  and  Scothmd  testify  to  a  widespread  fear, 
and  a  glance  at  the  literature  I)f  the  early  iwirt  of  this 
century  will  show  what  an  elTect  this  ghastly  practice 
had  uiM)n  tlie  popular  mind.  It  woidd  Ik*  easy  to  give 
many  authentic  examph's  which  were  not  contin«*d  to 
common  law-brcjikers.  lor.  led  bv  a  youthful  h>ve  for 
adventure  or  j^erhaps  in  s<»me  cases  by  a  real  7.<"al  for 
knowledge,  bands  of  students  and  even  of  professional 
men  broke  into  cemeteri«"sund  violated  gmves.  The  law 
required  of  medical  pnwtitionersa  com|H'tent  knowledge 
of  anatomy,  and  vet  denied  them  the  means  necesstirv  for 
atUiining  it. 

The  absunlity  of  such  a  position  was  not  realized  until 
the  sluK'king  disclosures  of  the  trial  of  Hurke  and  Hare 
at  Edinburgh  in  Decemlx^r.  1S2S.  It  was  shown  that 
thes*'  scoundrels  hud  murdered  at  h-ast  sixteen  persons  for 
the  pur|)ose  of  s«'lling  their  bodies.  Similar  cas<'s  wen* 
those  of  Bishop  and  Williams,  executi^l  in  Londcm  in 
1831.  Bishop  had  follow<'d  his  nefarious  trade  for  twelve 
years,  and  had  S()hl  to  the  (colleges  at  least  tive  hundred 
biHlies.  some  of  which  were  doiibtless  tho.se  of  munlered 
victims.  The  ex<-itement  occasioned  by  these  trials  h'd 
to  a  parliamentiiry  incpiiry  and  the  pas.sage  of  the  War- 
burton  anat<>my  act.  August  I,  \H'.V2.  which  legalizeil  dis- 
8ecti<jn  under  certain  restrictions  and  provided  for  turn- 
ing over  to  the  medictil  schools  the  IxMlies  of  unclaimed 
paupers.  Upon  the  continent  of  Kurope  similar  regula- 
tions had  already  been  for  some  tinw  established. 

The  cooiMTaiion  of  a  large  iiuml)cr  of  additional  work- 
ers U'd  to  greater  precision  in  all  anatomical  >yurk.  t«) 
the  aceunuilation  of  a  vast  body  of  additional  facts,  and 
finally  to  a  more  comprehensive  and  satisfactory  genenili- 
zation  of  the  principles  that  miderlie  an<l  affect  anatomi- 
cal structure.  The  id<'a  of  the  tiliation  and  progres.sive 
development  of  all  organic  beings — considered  a  wild  and 
unsubstantial  hyj)othcsis  <Iuring  the  eighteenth  century 
— has  constantly  gained  in  weiglit  and  iorce  !)y  increas 
ing  knowledg**  of  existing  forms — comparative  anatomy; 
of  extinct  forms — paleontology;  an<l  of  individual  de- 
velopment— embryology.  This  increase  in  knowledge 
has  !)een  greatly  aided  by  improvement  in  the  microscope, 
which  has  become  an  eilicient  and  reliabh*  instrument  of 
res4*arch,  and  by  the  application  of  chemical  an<l  mechan- 
ical methods  to  the  pnpanition  of  tissues  for  micros<'opi- 
cal  examination,  which  methods  are  grouped  together 
undiT  the  term  of  micro.scopical  technology. 

Fragments  from  the  writings  of  some  of  th<?  ancient 
philosophers,  notably  Empcdoclcs  and  DemcK-ritus.  show- 
that  ideas  of  adaptation  and  nuitability  of  forms  had 
occurred  to  them.  So.  too.  we  tintl  tnices  of  such  sfX'cu- 
lations  in  the  writfTs  of  the  last  century:  FiutTon,  Knis- 
nuis  Darwin,  and  (ioi'the.  These  ideas  were  <levelopcd 
into  a  coherent  sv.stem  by  Jean  F^amarck  (1744-1H21M.  pro- 
fessorof  natural  history  at  the  Jardiu  (h's  I^lantes  andone 
of  the  most  acute  minds  of  his  age.  His  force  as  a  nat- 
unilist  will  be  appreciated  wlu-n  wc  n-call  that  we  owe 
to  him  the  division  of  animals  into  vertebnites  and  in- 
vertebnites,  and  also  the  separation  of  the  L'"roups  Crus- 
tacea, anichnida,  an<l  annelida.  Fie  invented  the  term 
biology  for  the  sciences  of  life,  though  Treviranus  sug- 
gested itdurini;  the  sjnne  year  (1ho*,M,  In  his  "  F*hiloso]>hie 
zooh)gi(iue'''  is  tirst  scientifically  stated  and  systematically 
8Upporte<l  the  mutability  of  species  an<l  their  oriL^in  by 
adaptation,  [junarck  tliought  that  such  changes  were 
causi'd  mainly  by  the  needs  of  the  animal  and  tin*  us*' 
and  disuse  of  orgjins.  beconiinir  cumulative  in  the  race 
by  the  transnn'ssion  of  acquired  characters.  For  tlies<' 
clianges  three  factors — space,  limr.  an<l  matter — are  ncj- 
ui.sit**;  and  these  are  produced  by  nature  in  unlimited 
(juantities,  hence  the  multiplicity  oi  ori^anic  forms,  lie 
was  the  first  to  conceive  th<*  ancestral  re^"<»rd  of  man  as  a 
bnuK'hing  tree  instead  of  a  series  of  ascending  strps. 
The  format i(m  of  the  lowe.st  animals  from  mucilai2:inous 
matter  was  suggested  by  him,  prior  to  <)ken"s  sea  slime 
theory 


The  views  of  Ijamarck,  although  widely  accepted  ia  a 
nio<lif1(Hl  form  by  the  naturalists  of  t^i-day,  wore  very 
coldly  received  at  that  time.  This  was  larjft'ly  due  to  the 
powerful  oi)iH>siti<m  of  Georges  Cuvier  (It69-188*2),  pro- 
fessor at  the  Musee  d'Histoire  Xaturi'lle  at  Paris,  and  the 
foremost  naturalist  of  his  time.  He  gn?atly  advanced 
knowledge  of  both  living  and  extinct  fonns  of  animal 
life  and  has  l)een  caUed  the  founder  of  comimrative 
anatomy  and  of  {)ahe(»nt(»logy.  Fn)m  a  modern  point  of 
view  his  work  is  most  contnidictory.  While  he  founded 
a  true  natural  sy.stem  in  zoology,  showing  that  the  forms 
of  the  animal  world  may  be  redu<;etl  to  a  few  distinct 
types,  he  yet  upheld  the  abs(»lute  fixity  of  specit^s. 
While  investigating  fos.sil  remains  with  an  ardor  and  siic- 
cess  never  lK*fore  e({ualled.  he  advanccil  the  thtH)ry  that 
all  organic  living  forms  had  Ikcu  reiuatedly  wijKMi  out 
of  existence  by  un(*xplained  cosmic  cjitastrophes.  Inop- 
positicm  to  the  epig<'netic  views  of  Wolff  ami  others,  he 
al.so  upheld  the  evolution  of  the  embryo  from  a  prefonned 
miniature.  Throwing  the  w  (right  of  his  gn*at  influence 
against  the  development  theory,  he  was  able,  owins  to 
the  lack  of  data,  to  discredit  it  almost  wholly,  and  to 
control  the  trend  of  biohigical  thought  until  after  the 
middle  of  the  (rentury. 

A  growing  revolt*  against  this  donunation  was,  how- 
ever. caus<Ml  bv  the  a(lvanc<"s  of  knowleilge.  G«»ttfried 
Treviranus  of  hremen  (177(5-18J*7)  was  among  those  who 
protested  against  making  the  biologiciil  sciences  a  mere 
catalogue  of  names,  as  was  done  by  Linne  and  Ciivier. 
holding  that  it  is  pos.sible  to  discover  a  philosophy  of 
nature.  He  suggested  the  theory  of  ctmipensatory  de- 
velopment, deficiency  in  one?  part  In'ing  made  u]>  by  ex- 
cess in  another,  and  recognized  that  the  environment 
reacts  upon  the  individual.  The  wider  and  more  com- 
plex the  environment  the  higher  must  be  the  grade  of 
the  organism. 

ftiienne  (^eoffroy  St.  Hilaire  (1772-1844),  pn)fessor  of 
zoology  at  the  .Tardin  des  Plantes.  and  the  author  of  re- 
markable treatises  on  tcmtology  and  philosophical  an- 
atomy, was  also  an  o])ponent  of  Cuvier's  views.  lie 
held  that  flu*  principal  factor  in  the  transfonnation  of 
species  is  changing  environment,  acting  particularly 
through  its  effect  upon  respiration.  His  leratohigical 
studies  led  him  to  conclude  that  the  course  of  develop- 
ment of  organic  fonns  is  not  nec«*s.sjirily  gradual,  but 
that  su(hlen  and  consi(lend)le  changes  may  <K*cur.  thua 
opposing  the  Leibnitzian  (hK.'tnne  in  favor  of  so-called 
"sjdtatory  "  evolution. 

.V  collateral  infiuence  in  favor  of  uniformity  of  action 
was  afforded  by  Sir  Charles  Lyell  (1797-1875),  who  by  a 
cogent  marshalling  of  ascertained  facts  finally  overthrew 
(1880)  the  Cuvierian  <h)<*trin<'  of  catastn^phes'in  geology, 
ile  also  ptd)lished  in  18()8  an  important  treatise  on  the 
'*  .Vnticpiity  of  Man."  in  which  he  showed  that  human  re- 
mains are  found  in  the  stnita  of  quarternary  or  piThap» 
earlier  times,  and  that  they  in  general  indicate  a  lower 
organization  than  that  of  nKnlern  Europeans. 

Advances  in  kno\N  ledge  of  embryological  development 
continued  and  afforded  support  to  the  new  hypolhes<*s, 
Johann  Friedrich  .Meckel  (1781-18^^8),  profes.sor  in  Halle, 
gnindson  of  the  previous  anatomist  of  the  same  name. 
calle«l  to  notice  the  forgotten  writings  of  WoltT,  and  him- 
s«"lf  made  important  obs<'rvation.s.  To  him  is  due  the 
discovery  of  .Meckel's  cartilage  in  the  lower  jaw,  and  of 
Meckel's  diverticulum,  tin*  vestigial  stem  of  the  omphalo- 
mesenteric duct.  He  s<*enis  to  have  iH'cn  the  first  cdt»}irly 
to  formulate  what  is  now  known  as  the  law  «)f  re- 
capitulation, .stating  that  the  original  fonn  of  all  organ- 
isms is  the  .same.  an<l  that  in  pnM'css  of  development  the 
hiirher  assume  as  transitory  stages  the  pennanent  forms 
of  the  lower.  This  was  even  more  definitely  stated  by 
Serres  (1842)  in  his  "  Free  is  d'anat(miie  transcendent  e.'** 
who  declared  comparative  anatomy  to  In*  anam-sted  em- 
bryology. an<l  end)ryologya  tran.sitorv  comparativi'  anat- 
omy, llaeckel  calls  this  the  *' fumiamental  biogenetic 
law,"  an<l  states  it  thus:  "Ontogeny  is  a  short  and  ({uick 
•  repetition  or  recaf)itidation  of  j)hylogeny,  detemiined  by 
the  laws  of  inheritance  and  adaptation.^ 
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Under  the  influence  of  Ipiatz  IK^llinger.  of  Wllrzburg. 
who  was  an  ardent  enil»ryologist.  and  who  reviv<'d  the  use 
of  the  microseope.  arose  C'hrist.  Pander  (l79;J-186r)),  who 
studied  tlie  development  of  tlie  eliick  and  confirmed 
WoIfT's  tlieorv  of  the  germinal  layers,  and  Carl  Ernest 
von  Baer(  179*2-1870).  i)rofessor  in  J)orpat.  St.  Petersburg, 
and  Konigsherg.  who  discovered  the  nmnunalian  ovum 
and  the  chorda  dorsalis.  Ih*  pointed  out  that  the  de- 
velopment of  the  individual  is  an  advance  from  a  gener- 
alized to  a  more  specialized  form,  and  brought  tin*  theory 
of  the  blastcxlermic  layers  to  nearly  its  present  condi- 
tion. 

The  correction  of  chromatic  and  spherical  aberration 
iu  the  nncroscope  was  finally  j)mctically  elTected  about 
1824,  and  the  uistrument  was  soon  u.sed  in  re.seareh  with 
more  certain  results  than  had  hitlierto  been  possible. 
This  led  to  a  r<Mnv«*stigatiou  of  the  tissues  of  the  brwly 
and  the  fonnulation  of  the  important  dcMtrine  known 
as  the  r*ll  thi'nry.  That  organic  forms  had  for  their 
liasis  minute  elementary  units  had  been  suspected  by 
many  ol>servers,  especially  in  the  (hanain  of  vegetal  an- 
atomy, the  cellidar  structure  of  plants  being  more  appar- 
ent than  that  of  anin:als.  The  speculations  of  the  (ireek 
philosophers  in  this  fiehi  were  wholly  metaphysical,  and 
it  was  not  until  after  the  invention  of  the  microscope 
(1665)  that  Robert  llooke  first  Siiw  and  figured  the  struc- 
ture of  cork  as  a  series  of  minute  honeyccmib-like  cavities, 
to  which  he  applied  the  name  of  nlh.  In  1(J71,  Grew  and 
Malpighi  separately  pres(*nt<*d  to  the*  Royal  StK'iety  of 
London  papers  advancing  the  view  that  plants  are  com 
posed  of  vesicles  with  fluid  contents  anil  rigid  walls,  and 
of  ves.sels  or  tubes.  Wolff  ( 17.VJ)  sui)po.s**d  the  primitive 
elemeut,s  of  plants  to  be  gelatinous  globules  or  droplets, 
Moldenhawer  (1812)  showed  that  each  plant  cell  has 
its  own  distinct  wall.  Turpin  (1826)  held  that  each  has 
an  individuality  of  its  own,  Leeuwenh«M.'k,  Fontana,  and 
others  app<?ar  to  have  seen  the  (;ell  nucleus,  while  RolMTt 
Brown  (1831)  was  the  first  to  recognize  it  as  a  constant 
normal  constituent.  Schleiden  (1888)  considered  the  nu- 
cleus to  be  the  generator  of  the  cell,  c-alling  it  the  cy- 
toblast,  and  also  showed  that  all  parts  of  plants  are 
composed  of  cells  or  their  derivatives.  DutrcK/het,  as 
early  lus  1824,  advancttd  the  idea  that  animals  and  plants 
are  c<miposed  of  cells,  but  it  was  rcs<Tved  for  The(Kh)r 
Schwann  (1810-1882).  j>rofes.sor  at  ].^)uvain.  to  demon- 
strate this  in  a  .satisfactory  manner  in  18:^8-39.  At  this 
time  a  cell  was  supposi-d  to  Ix*  a  hollow  vesicle  having 
a  wall  and  a  cavity  containing  fluid. 

The  constitution  of  the  cell  now  received  attention. 
The  name  mrc<Hlti  was  applied  by  Dujardin  (18ii5)  to  the 
gelatinous  matter  composing  the  ImkIv  of  rhizopoils. 
while  a  similar  substance  in  plants  was  calle<l  by  Mirl)el 
eamhivm,  by  Schleiden  mncUatje,  and  finally  by  Hugo  vou 
Mohl  protoplfium,  a  term  previously  used  by  Purkinje  for 
the  formative  tissue  of  young  end)ryos.  The  practical 
identity  of  thes*;  substances  was  .shown  by  >hix  Schidtze 
and  I)e  Bary.  and  the  name  protoplasm  was  henceforth 
used  for  the  active  living  matter  of  both  plant  and  ani- 
mal cells. 

Further  obs<»rvation  of  young  cells  now  .showed  not 
only  that  they  ha<l  no  permanent  cavity,  but  that  the 
cell  wall,  supposed  by  earlier  observers  to  be  es.sential. 
was  often  absent.  Reduced  to  its  simj>lest  expression  the 
deflnition  of  a  cell  was  then  fonnulated  by  Leyclig  (1H.56) 
as  **a  mass  of  profopla.sm  provided  with  a  nucleus." 

S<!hwann  and  the  earlier  observers  believed  tluit  cells 
originate  in  a  structureless  blastema  as  crystals  form  in 
u  mother  liquor.  Cellular  division  was  first  observed  by 
Mohl  in  alga'  (1835).  in  other  i)lants  and  in  animals  by 
Nflgeli.  Kftlliker,  Bi.scholT,  and  others,  and  finally,  in 
1855,  Virchow  was  able  to  fornnilate  his  famous  ma.xim, 
^  Omnis  crUubieeeVuhi,  "  which  had  be<'n.  h(»wever,  antic- 
ipated by  Ocxxlsir,  who  declared  in  1H4.").  "  No  cells  with- 
out pre-existing  cells. " 

The  phenomena  of  embryology  were  now  brought 
under  the  category  of  cell  division.  The  ovinn  was 
recognized  as  a  cell  by  the  inunediate  followers  of 
Schwann,  with  the  **  germinal  vesicle  "  of  Purkinje  (1825) 


as  its  nucleus.  The  segmentation  of  the  oviun,  first 
(h'finitely  des<  ribcnl  (in  frog's  eggs)  by  Prevost  and 
Dumas  (1824),  was  now  seen  to  be  a  ca.s(^  of  cell  division. 
Ova  wert!  already  known  to  develop  from  the  body  of 
the  mother — a  similar  development  was  shown  for*  the 
spermatozoa  by  KOlliker  (1841).  The  structure  of  the 
body  was  thus  show  n  to  depend  upon  cells  derived  from 
the  parents. 

The  res<"mblance  of  infusoria  io  cells  was  first  notcni  bv 
Meyer  in  lKi9.  and  in  lH4.">SiebohI  cla.ssed  them  as  unicel- 
lular beings,  naming  them  protozoa. 

The  cell  theory  as  formulated  bv  Schwann  and  his  im- 
mediate  successors  may  then  be  fonnulated  as  follows: 

1.  All  ()rganized  beings,  including  man,  are  c<anposed 
of  minute  microscopical  units  that  have  independent  life 
and  nuiltii)lv  bv  division.  • 

2.  The  primitive  form  of  each  individmd,  as  well  as 
the  permanent  form  of  the  lowest  creatures,  is  a  .single 
cell. 

The  influence  of  this  doctrine  upon  all  departments 
of  anatomy  was  very  great.  The  human  bcnly  was 
wholly  re-examined  to  a.scertain  the  arrangement  and  re- 
lations of  its  element.s.  Thus  the  department  of  histology 
became  elevated  to  a  high  rank,  affording  s<*ope  for  thou- 
sjinds  of  investigators.  In  pathological  anatomy  also- 
great  advances  were  made,  and  the  investigation  of  dis 
ea.se  was  place<l  upon  a  sound  .scientific  ba.sis.  In  this 
field  Rudolph  Virchow,  by  the  publication  of  his  classical 
treatise  "Cellular  Pathology."  performed  most  valuable 
service. 

Hand -in -hand  with  the  investigation  of  the  anatomical 
constitution  and  the  relations  of  cells  proceeded  the  de- 
velopment of  technical  methods  and  the  di.scovery  of  the 
behavior  of  cells  toward  various  reagents.  These  liave 
greatly  aided  microscopical  research,  and  account  in  a  very 
large  measure  for  the  inunens<'  progres:^  in  this  field  as- 
comi)areil  with  any  previous  period  of  C(|ual  extent.  In 
1S42  iStilling  invented  the  cutting  of  thin  serial  sections 
which  can  l)e  examiniHl  by  tnmsmitted  light.  By  this 
means  it  becann*  pos.sible  to  reconstruct  the  interior  fabric 
of  the  mo.st  delicate  organs.  By  the  improved  instru- 
ments of  recrnt  times  there  can  now  lie  cut  sections  as 
thin  as  from  5//  to  1  //  (jo^or.  ^*»  iBOTja  *^f  ^^  inch).  The 
clearing  and  mounting  of  sections  was  invented  by  IxK-k- 
hart  Clarke  in  18.-»1,  hanlening  by  dehydration  with  ab- 
solute alcohol  by  M.  Mil  Her  in  1856.  These  at  once 
greatly  facilitated  manipulation  and  a  wider  study  of 
microscoi)ical  preparations.  The  immediate  result  was 
the  di.stovery.  bv  Remak  and  Deiters.  of  the  processes 
of  nerve  cells,  ('armine  staining  was  invented  by  Ger- 
lach  in  1858.  and  led  to  knowledge  of  nuclear  structure 
and  the  dis<overv  of  nuclei  where  none  had  been  hith- 
erto  suspected.  Silver  staining  in  solution  appears  to 
have  been  first  invented  by  von  Recklingliausen  in  1860, 
although  staining  by  the  solid  stick  had  been  previously 
us<'d  by  His  and  others;  it  led  to  a  clearer  knowledge  of 
cell  boundaries  and  contents.  The  staining  by  aniline 
dyes  and  the  methml  of  double  staining  were  first  ap- 
plied by  Waldeyer  in  1863.  and  led  to  important  ad- 
vances in  knowledge  of  cell  structure  and  cell  divi.sion. 
Max  Schultze,  in  1865.  first  devis<'d  .staining  by  perosnuc 
acid,  which  resulted  in  clear  conceptions  of  the  medid- 
larv  sheath  of  nerve  fibres.  Other  means  of  dilTeren- 
tiating  nervous  lis.sue  were  found  in  the  gold  slain  of 
Cohnheim  (1866).  the  palladium  stain  of  F.  E.  Schultze 
(1867).  and  the  remarkable  bichromate  of  silver  stain  <»f 
Golgi  (1873).  These  have  made  it  po.ssible  to  tnice  the 
proces.si*s  of  nerve  cells  to  their  fin«'st  nunilications  and 
liave  given  to  neiuology  tin*  remarkable  precisioi.  pos- 
s<'ss<'d  by  it  to-day.  a  precision  never  <lreained  of  bv 
the  auatomi.sts  of  the  last  century.  Kmbedding  in  ci'll- 
oidin  was  invented  by  SchietTerdecker  in  1882.  the  ha'ma- 
toxylin  mordant  metluKl  which  has  given  such  excel- 
lent results  in  tracing  nerve  tracts,  by  Wcigert  (1884) 
and  Pal  (1887).  The  methylene  blue  methcKl  of  Ehrlich, 
to  which  are  (hie  .some  of  the  most  imjjortant  of  the  recent 
discoveries,  was  invented  in  1886.  Finally  should  Ihj 
mentioned  the  improvements  in  the  instrument  itself  by 
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the  invention,  in  18H7.  by  Abbe  of  Jena,  of  apochronmtic 
lenses  of  wide  aperture  and  homogeneous  iniineision.  by 
wiiich  clearer  detinition  is  obtained  to<j:et her  with  more 
accurate  correction  of  chromatic  aberration  Tlie  mag- 
nifying? power  with  ^(khI  detinition,  which  was.  in  the 
•earlier  half  of  the  century,  limited  to  les.s  than  500  diam- 
eters, is  now  from  1,(M)()  io  l.oiM)  diameters. 

Bi'sides  the  microscope,  other  optical  inventions  and 
discoveries  have  greatly  aided  the  extensicm  of  anatomical 
knowledge.  Among  these  should  Iw  mentioned  the  oph- 
thalmoscoi)e,  inv<'nled  in  IXil  hy  Hermann  von  Helm- 
holtz  (18*.?1-1H04),  professor  at  Herlin;  the  iaryngoscr>pe, 
invented  in  1H.">8  by  Johann  Nepomuk  Czermak  (182H- 
1873),  profes.sor  at  PmgufMind  Leipsie;  and  the  astound- 
ing (lisco  very,  nnuh*  in  1HJK5  by  Wilhclm  K(»nmd  Hontgen 
(b<»rn  1845).  professor  ^ft  Wiirzburg,  of  the  so-called  .r- 
niys.  by  which  actinic  shadows  of  the  more  solid  parts  of 
the  living  human  body  can  be  cast  upon  a  i)hotograi)hic 
plate. 

The  (juestion  of  the  spontaneous  generation  of  the  ci'lls 
of  the  IxKlvand  of  unicellular  forms  of  life  was  naturallv 
considered  in  connection  with  theories  of  development 
and  structure.  Tin*  experiments  of  Spallanzani  and 
Needham  on  the  genmition  of  infusoria  were  found  to 
be  not  alwavs  conclusive  when  repeated  bv  others,  and 
it  was  generally  held  that  eells  might  genenUe  dc  ftoro 
in  the  b<Klily  fluids.  This  had  gn»al  bearing  upon  ques- 
tions in  patliological  anatomy. 

A  new  light  was  thrown  on  this  bv  the  discoverv.  in 
183(»,  bv  Cagniard  (U:  la  Tour  and  bv  Schwann,  of  the 
ye/txt  pftint,  which  by  its  nipid  multiplication  spreads 
from  a  small  <|uantity  of  leavi  n  throughout  a  large  mass. 
F.  E.  Sehultze  had  ])reviousIy  shown  that  exclusion  of 
air  prevented  fermentation.  This  led  to  the  theory  of 
■chemical  ferments  (Liebig).  which  was  in  IH.")?  overt hn)wn 
by  I.ouis  Past<'ur  (is^'i-lHii.")).  who  sh<>wed  that  fermen 
tilt  ion  and  putrefaction  are  due  to  the  pn'sence  of  minute 
living  spores.  The  panisitic  character  of  many  disonh-rs 
was  shown,  and  it  was  also  proved  that  the  supposed 
formation  of  pus  cells  in  the  tissues  of  Ihe  body  was  due 
to  the  multiplication  of  living  corpuscles  already  existing 
tliere  (»r  tin*  transniiirnition  of  others  from  the  bhxHl-ves- 
s<'ls  (diapedesis.  Cohidieim.  1807).  The;  experiments  of 
Pasteur.  Tvndall.  and  others  .served  to  show  that  ordi- 
nary  air  is  crowded  with  living  particles  that  repnxluce 
their  kind  when  place<l  in  suitable  conditions.  Hence 
arose  the  so-calle*!  "germ  theory  "  of  the  origin  of  many 
diseases,  which  has  had  an  imi)ortant  influence  up<m  the 
develoj)ment  of  patholoirical  anatomy. 

As  an  offset  to  the  all-i)ervading  germs  came,  in  1HH4, 
tin*  discoverv  bv  Mets<'hnikofT,  profev;sor  in  Odessii.  that 
white  blood  corpuscles  and  cells  of  lymphoid  organs  have 
the  propertv  of  destrovinir  foreiirn  ori^anisms  that  mav 
be  introduced  into  the  ixxlv  (phairocvtosis). 

I'he  m<>st  significant  event  in  the  historv  of  anatomv. 
jis  in  that  of  other  biological  sciences  during  lln»  nine- 
teenth centiirv,  was  doubtless  the  publication,  in  IS.")!),  of 
the  "Origin  cif  Species"  by  Charhs  Djirwin  ( 1S(H)-1SS!3). 
As  early  as  1837  Darwin  beiran  to  c«»llect  data  with  refer- 
enc(?  to  the  variati(»n  ot  stru<ture  in  animals  and  plants. 
an«l  with  a  reticence  as  unusual  as  rare  wilhhcM  hisspccu 
lations  until  they  were  rij>ene<l  by  mature  thought  and 
corrobomted  by  numerous  e\perin»ents.  The  great  ad- 
vance that  h<^  ma<l<'  u])on  the  theory  of  Lamarck  was  in 
recognizing  the  "strtiggle  for  existence"  ns  the  ]>otent 
factor  in  pnKlucing  change  by  inducing  the  "stirvival  of 
the  fittest  "  forms  to  repnxhKe  their  kind.  Similar  views 
were  produced  at  about  th<'  .sjune  tim<-  by  .Mfred  Hussell 
Wallace',  the  distinguished  naturalist.  Darwin  applied 
his  i)rinciples  to  the  structure  of  man  in  his  work  "The 
Descent  t»f  Man,"  publi.shed  in  1^71. 

The  can'ful  and  cauti*»us  chanw  ter  (»f  I)arwin's  work, 
fortified  as  it  was  by  the  most  <xhaustive  and  minute  in- 
vestigations, caused  it  to  b<-  received  far  di fTe rent Iv  from 
that  of  his  ])re<l<MN'ssors.  The  hinnan  organism  evolved 
throughout  countless  ;ig<'s  was  n(»w  seen  to  be  a  cosmic 
]>henomenon  of  vast  importance  and  significance,  not  an 
is<ilattKl  and  special  matter  dependent  on  the  action  of 


some  unknown  and  incomprehensible  power.  The  in- 
f1in>nce  exerted  upon  all  departments  of  anatomy  was 
very  great.  No  longer  could  the  structure  of  man  be 
considered  by  itself,  it  must  be  illustrated  and  interpreted 
by  that  of  all  other  creatures.  The  blurred  and  forgotten 
j)agesof  the  book  of  life  on  the  globe  must  be  deciphered 
to  give  man  a  clow  Ui  the  memiing  of  his  own  bodily 
form.  C<miparative  anatomy  and  paheontology  thus 
Iwcanie  i)owerful  coadjutors  to  human  anatomy,  and  the 
study  of  develoi)ment,  under  Meckel's  law  of  recapitula- 
tion, becjina?  more  essential  than  ev(.'r. 

Tlie  study  of  the  varieties  of  man  as.sumefl  a  new  im- 
portance. The  groundwork  of  a  mtional  anthropology 
had  alreadv  l^eeu  laid  bv  Andreas  Adolf  Retzius  (179(^- 
1H()()),  prof'es.sor  at  Stockholm,  who  inventtKl  the  cephal- 
ic index  and  introduced  the  i)rinci]»le  of  indexes  for  the 
classiti(.^tii)n  of  measurements.  Other  workers  in  this 
tiekl  were  the  Americans;  Samuel  G.  Morton,  J.  Aitken 
Meigs,  Nott  and  Gliddon,  and  JefTries  Wyman;  the  Brit- 
ish; Pritchanl,  Lawrence,  lianlay.  Flower,  and  Tylor; 
the  Germans ;Spix,  Lucae,  AVelcker,  Rmke,  Iheriug,  and 
Schmidt;  and  in  Fmnce ;  Dumoutier,  Jacquart,  Quatre- 
fages,  and  es]>ecially  Paul  Bn)ca  ( 1824-1880).  who  founded 
the  Paris  Stniete  d 'Anthropologic  (18r)y),  and  by  his  great 
intellectual  activity  reduc<Hi  to  system  the  somewliat 
irregular  metlKnls  in  use  before  his  time.  Similar  so- 
cieties were  formed  at  most  scientific  centri'S:  I^ndon — 
18(;3,  Berlin— IsiiO.  Vienna— ls7U^Washingt<)n— 1880. 

A  more  careful  search  disclosed  the  remains  of  man 
in  stnita  of  geologic  ep(K'hs  far  more  distant  than  had 
hitherto  Ixrn  imaginecl.  Thus,  in  the  grotto  of  Engis, 
near  Liege,  tln^y  were  found  (IKV))  in  conjunction  with 
the  bones  of  the  manmioth  and  the  cave  lK»ar;  in  the  val- 
ley of  the  Sonune,  Boucher  de  Perthes  discoventl  (1S46) 
implements  of  human  manufacture  in  strata  of  unques- 
tionable (juaternary  origin ;  in  the  Neanderthal,  near  DDs- 
seldorf.  there  was  found  ( 18.*)7)  a  remarkable  ape-like  skull 
as.sociated  with  Inmes  of  the  cave  bear;  at  I^a  Xaulettt*. 
in  Belgium,  near  Dinant.  a  fragment  of  a  human  jaw  of 
very  h)w  type,  together  with  bones  of  the  mammoth  and 
woolly  rhinoceros;  and  in  18Ht;,  in  the  grotto  of  Spy,  bank 
of  the  Orneau  Hiver,  in  Belgium,  were  unearthed  two 
skeletons  associated  with  similar  lM)nesof  extinct  animals. 
Other  discoveries  of  like  nature  were  made  in  Kent.  Eng- 
land, near  Prague,  in  Moravia,  in  the  I^lkan  peninsula, 
in  Bohemia,  at  many  i)lac<'s  in  France,  in  the  ))ampas  of 
South  America  and  in  Patagonia,  the  latter  being  associ- 
ated with  the  huge  carapaces  of  the  gly])todon.  The  most 
remarkable  find  of  all  was.  however,  that  of  Dr.  Eugene 
Dubois,  who  during  cx]>lorations  in  Java  (1890-18951  dis- 
covered a  fossil  skull  cap,  a  femur,  ami  two  molar  twth 
embedded  in  rock  and  as.s<K'iat(Hl  with  the  remains  of  ex- 
tinct animals  belonging  to  the  Pliocene  epcK'h.  These 
remains  appear  to  be  transition  forms  iK'tweeu  those  of  the 
higher  a])es  and  the  lowest  existing  men. 

At  the  time  of  Darwin  the  intimate  structure  of  the  cell 
was  little  understood  or  con.siden?d,  but  the  researches  of 
Osiar  llertwiir.  van  Beneden,  Flenuning.  and  many  others 
have  shown  the  gn'at  importance  of  this  branch  of  ana- 
tomical inquiry,  and  it  is  about  the  problems  hen*  found 
that  the  princii)al  discus.sions  of  more  recent  times  have 
been  raised. 

Ill  IHr)!)  the  lowest  form  of  a  cell  was  considered  to  be 
sim]»ly  a  mass  of  structureless  protoplasm  end(»W(»d  with 
vital  projxrties.  the  cell  membrane  and  the  nucleus  hav- 
ing been  successively  dismissed  as  non-essential  elements. 
Protoplasm  was  consiihTcd  as  a  homogeneous,  semi-tluid 
substance,  with  little  or  no  Xmvo  of  organization,  whose 
chemical  constitution  was  <mly  appn)ximately  known, 
but  was  ])elieved  to  be  highly  complex.  Some  daring' 
spirits  ventured  to  surmi.se  that  it  nught  Ik*  possible  to 
produce  protoplasm  in  the  chenncid  laboratory. 

The  elaborate  investigationsof  recent  years  have  shown 
the  futility  of  such  a  pretension,  indicating  that  proto- 
plasm has  an  almost  incomreivabh*  inst4ibility,  that  it 
ditfers  in  composition  in  different  cells,  in  different  parts 
(»f  the  l)o<ly.  and  under  different  .stimuli.  The  substances 
of  which  it  is  composed  are  among  the  most  complicated 
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known  to  chemistry,  and  there  is  reason  to  suppose  that 
in  the  living  bo<ly  it  is  much  more  unstable  than  in  tlie 
cadaver.  Tliere  appears  to  be  a  wide  distinction  to  be 
made  l»etween  those  organic,  b<Miies  that  are  protluct^  of 
secretion  and  excretion  su(rh  as  sugar,  starch.  an«i  urea, 
and  the  orffunizc^l  bodies  .such  as  thedilTi^rent  ])roto])lasms 
that  an^  produced  by  the  slow  and  j)eculiar  processes  of 
biotic  growth. 

The  morphological  chamcter  of  proto])lasni  has  also 
been  found  to  be  much  mon^  conii)licated  than  had  been 
8Uppose<l.  First  granules  were  obst^ved,  then  siriations, 
then  vacuolizations.  The  appeamnces  being  often  con 
tradictory  and  varying  much  with  varying  conditions,  it 
is  not  surjirising  that  they  havt-  led  to  diverse-  views  as 
to  its  structure.  These  arc  by  no  means  settled  as  yet, 
but  they  may  be  succinctly  grouped  as  follows: 

1.  The  rttfrular  theorv,  tirst  brought  clearlv  forward 
by  Karl  Heitzmann  (l^^;i(>-lH9«)  in  1S7;J,  and  still  main- 
tainiMi,  under  various  nuKliticaitions.  by  a  great  numlKTof 
cytologi.st.s.  According  to  this  all  protoplasm  is  composed 
of  two  .substances:  a  more  solid  network — the  cvtoreticu 
lum  or  spongioplasm.  and  a  more  fluid  interstitial  sub 
stance — tiiecytolymph.  hyalopla.sma.  orenchylema.  The 
granules  (►bserved  in  cells,  when  not  foreign  inclusions  or 
masses  of  <iead  protoplasm,  are  the  interse(!tions  of  this 
network.  There  is  no  doubt  but  that  the  great  majority 
of  cells,  when  tixed  bv  the  usual  metlHHls  and  treated 
with  staining  reagents,  show  some  traces  of  such  a  re- 
ticulum. 

2.  The./irV'/r theory,  advmated  by  Flenuning(18H7).  who 
by  studying  cells  unalTecteil  by  reagents  concludes  that 
tliey  are  structurally  compo.sed  of  free  threads,  the  cyto- 
mitom,  not  combined  into  a  reticulum  but  often  contain 
ing  numerous  n<Kiosities. 

3.  The <7/vi;t'/7// /-theory,  first  brought  forward  by  A rndt, 
and  aftcrwanl  advcKUitinl  by  Aitmann  (1S8T).  This  sup- 
poses protoplasm  to  be  formed  of  granulations  embedded 
in  a  homogemnms  bjisis  substiuice.  The.se  gnmules.  Alt 
mann's  bioblasts.  are  held  to  Ix?  themselves  morphological 
units  of  a  still  lower  order  than  the  ccdls.  Special  means 
of  pn»paration  are  recpiired  to  (U*monstrate  them. 

4.  The  alreidar  theory,  of  BlUs<-hli  (i>n)fessor  at  Hei- 
delberg. 18H9)  and  his  sc1kh)1,  who  hold  that  the  structure 
of  protoplasm  is  like  that  of  a  fine  vi.scous  froth  or  fo»im, 
that  is  to  say,  compose<l  of  alve(>li  with  extremely  thin 
walls.  This  structure  is  believed  to  Im^  a  physicjil  con- 
sequence <»f  the  pecruliar  conditions  of  tension  and  sur- 
face flow  possessed  by  the  substance,  and  may  Ik'  imitated 
by  emulsions  of  thick<'ne<l  oil  and  various  salts.  This  view 
attempt-s  to  explain  the  apj)eanmces  of  the  other  theori(»s 
either  by  the  optical  conditions  imder  which  the  alveoli 
are  viewed  or  by  the  rwiction  of  the  reagents  employed. 
To  demon.strate  the  alvef)li  in  perfection  the  protoplasm 
niust  Im>  living  and  the  lK*st  attainable  optical  conditions 
Hecured.  Un<ier  such  cinMimstances  they  are  seen  actively 
to  change  their  forms  and  relations  to  each  other,  these 
phenomena  being  so  swiftly  evanesi'ent  that  it  is  im])ossi- 
blc  accurately  to  represent  them  in  a  camera  dm  wing. — 
while  the  hand  is  tracing  one  part  another  is  rapidly 
changing. 

Attempts  have  been  made  to  reconcile  these  conflicting 
view.s.  KftUiker  considers  that  the  ditTerent  appeamnces 
are  due  to  different  states  of  development  of  the  proto- 
plasm. In  young  cells  he  suppos<'s  it  to  be  homogeneous 
and  without  .structure,  fonned  of  a  mixture  of  various 
ftiilistances  pf)s.s<*.s.sing  different  degre«'s  of  contractility 
and  solubility  in  acids.  In  such  a  me(lium  vacuoles  will 
jiooner  or  later  appear.  If  thes<'  are  numerous  and  small 
the  stnictuR*  of  the  protoplasm  will  be  alvi-olar;  if  the 
walls  of  the  alveoli  break  it  becomes  reticular:  if  the 
thnwlsofthe  reticulum  break  it  Imhoiiics  filar.  Doubt- 
U*«s  this  view  nuiy  assist  us  in  certain  intcrpn-tations. 
yi?t  it  must  Ix*  said  that  recent  observations  tend  to  show 
that  even  the  earliest  ovum  dm-s  not  possess  a  homogene- 
ous stnictun*. 

Among  the  difTertnitiaticms  of  the  i»rotoplasniic  mass  of 
the  c«n  the  nucleus  has  Imh-u  th<'  most  successfully  in- 
vestigated.    FicmmiDg  was  the  first  to  show  that  it  con- 


tains several  substances,  one  of  which,  from  its  affinity 
for  coloring  matters,  he  named  chromatin.  The  phe- 
nomena of  indirect  cell  division  (mito.sis,  karyokinesis) 
were  first  connects lly  observed  by  Anton  Schneider  in 
1HT:{,  although  I^lbiani  and  others  had  previously  noteil 
.sepamti*  .stages.  The  nuch^ar  reticulum  which  plays  so- 
imi)ortant  a  part  in  this  pnK-ess  was  first  noticed  by 
Frommann  in  ISt;,"}.  The  fragmentation  of  this  into 
.sejmmte  secti(ms  or  chromosomes  was  shown  by  I^lbiani 
and  ('arnoy.  These  again  are  sepamble  into  gmnular 
bodies,  to  which  the  name  of  chromomtTes  has  lieen  given 
by  Fol  (IHJ)l).  Other  investigators  who  have  grejitly  ad 
vanced  the  knowledge  of  this  process  are  Stmsburger. 
Hoveri,  (>s<*ar  and  Richard  Hertwig,  van  Reneden,  ami 
Habl. 

The  great  advance  made  in  theoretical  clu'inistry  by 
the  atomic  theory  of  Dalton  (IHOH)  is  well  known.  '  Al- 
though atoms  and  molecules  have  never  b(*en  seen,  the 
hypothetical  constitution  of  lMKiiessu])pose(l  to  Ix*  formed 
by  them  is  now  definitely  stateil  and  predicted.  The 
•signal  success  of  this  theory  has  led  to  similar  specula- 
tions regarding  the  constitution  of  protojdasm.  The  first 
of  these  was  that  of  NUgeli.  who  in  1884  jiropcmnded  his 
iHiWlfar  hiffntthrsiH.  According  to  this,  protopla.sm  is  com- 
j)ose<l  of  an  immen.se  number  of  '*micelhe,"  elementary 
units  of  a  cry.stalline  character,  far  Ix-yond  the  limits  of 
mi(To.scopic  vision.  As  molecules  are  formwl  of  atoms. 
so  micella*,  units  of  a  next  higher  order,  are  formed  of 
mole(!ules.  The  |X'culiar  phy.sical  properties  of  proto- 
plasm, its  imbibition  of  water,  etc.,  are  explaincnl  by  the 
armngement  and  affinities  of  the  micelhe. 

The  hyi>othesis  of  Nilgeli  has  hnl  the  way  to  a  number 
of  others  of  a  similar  (rliaracter  by  De  Vries.  Wicsner, 
Haeck«*l,  Hertwig.  H<mx.  and  W<'ismann.  These  have 
genemlly  Inrn  directed  toward  explaining  by  this  means 
the  phenomena  of  heredity.  By  a  .st^*ries  of  l>eautiful  ex- 
periments ( 1884)  Oscar  Hertwig  has  ai)parently  succt?edcHi 
in  .showing  that  the  physi(;al  substance  upon  which  this 
tmn.smis.sion  of  chamcteis  depends  is  the  chromatin  found 
in  the  cell  nucleus. 

Starting  with  this  for  a  basis  Wei.smann,  in  various 
publioitions  from  187.'>t.o  1894,  has  propounded  an  elalio- 
mte  theory  by  which  he  attempts  to  explain  the  phenom- 
ena of  hereditary  resemblance.  Acconling  to  this,  the 
chromatin  is  a  struct un.^  of  almost  inconceivable  archi- 
tectuml  complexity.  In  his  system  Weismann.  following 
Nilgeli.  names  it  ** idioplasm,"  and  supposes  it  to  be 
composed  of  groups  called  "ids,"  corresponding  to  the 
chromomeres  s<»en  under  the  microsco|)e.  During  the  seg- 
mentation of  th(f  (jvum  or  any  other  cell  division,  these 
ids  also  divide,  so  that  thev  are  distributed  to  each  cell 
throughout  tin*  b<Hlv.  The  ids  are  themselves  composed 
of  les.ser  units  called  "(h?terminants,"  Ixjcause  they  deter- 
mint^  the  histological  character  of  the  cells  within  which 
they  dwell.  There  are  as  many  kinds  of  determinants  as 
there  an;  parts  of  the  boily  c^ifuible  of  being  different. 
Determinants  are  thems(*lves  compound.  l)eing  ccmiposed 
of  "biophon's,"  or  ultimate  units  tliat  control  the  vital 
activities  of  the  cell. 

In  the  s(»gmentation  of  the  ovum  certain  of  the  cells 
divide  so  that  each  division  retains  exactly  similar  deter- 
minantsand  thus  remains  eipial  incapacity  tothe  original 
ovum.  Such  ilnph'catire  division  prcnluces  the  ti.ssue 
dentmiinated  ""germ  pla.sm ''  found  in  the  nuclei  of  the 
irenniual  cc^lls  ()f  the  ovarv  and  testis.  Other  of  the  cells 
divi(h'  by  a  iU'fftrcntitil  divisicm  by  which  determinants 
of  different  kinds  are  sf)rte(l  out,  grouped  together,  and 
releirated  to  different  cell.s.  Thes<'  are  the  s<»matic  or 
b(Kly  cells  from  which  tht?  geneml  tissues  of  the  body  aro 
formed.  Since  the  germ  cells  and  body  cells  separate  at 
the  earliest  stage,  no  moditication  of  the  latter  can  alfect 
the  germ  i)lasm,  hence  it  is  ilenied  that  characters  a(r- 
ipiired  by  the  ImmU*  cells  can  be  transmitted  to  the?  off- 
spring. 

The  arrangement  of  the  det<'rminants  by  which  bo<lily 
characters  are  affected  is  caused  by  architectural  i)ecu- 
liarities  inherent  in  the  original  ovum  and  spermatozoon. 
There  is  ccmtained   within  each   fecundated    ovum  an 
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■entirely  closed  system  of  interrelated  units  that  can  only 
develop  in  a  predetermined  manner.  We  have  here  a  re- 
appearance, under  a  new  form,  of  the  theory  of  pre- 
formation sustained  by  Haller  and  combated  by  Wolff. 

Closely  connected  with  this  is  His'a  lhe<.)ry  of  genninal 
foci  (1874),  which  supposes  that  within  the  protoplasm  of 
the  egg  the  different  parts  of  the  adult  body  are  pre- 
localized  and  distinct,  although  not  yet  formed.  To  this 
view  many  eminent  anatomists  and  embryologists  have 
adhered,  but  rec(!nt  experiments  of  llertwig.  winch  show 
that  when  the  segments  of  a  dividing  ovum  are  shaken 
apart  each  may  develop  into  a  complete  individual,  aj) 
pear  to  have  dissipated  these  ingeniously  deviseil  theories 
as  a  puff  of  wind  lays  prostrate  a  house  of  cards. 

Among  the  most  ardent  and  indefatigable  investigators 
in  the  domain  of  general  anatomy  during  the  nineteenth 
-century  .should  be  mentioned  Jacob  Henle  (18()fl-1885), 
professor  at  Zurich.  Heidelberg,  and  finally  at  GcHtingen. 
He  was  among  the  first  to  realize  the  importance  of  the 
cell  theory  and  did  much  toward  its  <*stablishment.  lie 
also  advanceii  what  may  be  called  the  modern  theory  of 
pathological  proces.ses,  holding  that  th(?y  are  merely 
modifications  of  those  of  health. 

Albert  von  KOlliker  (born  1817).  professor  at  Zurich 
and  Wnrzburg,  still  living  full  of  years  and  honors,  has 
also  had  great  influence  upon  research  both  in  general 
anatomy  and  embryology. 

In  coinparative  anatomy  should  be  mentioned  Richard 
Owen  (1804-1892).  the  author  of  a  curious  theory  of  the 
vertebral  origin  of  the  skeleton,  and  Thomas  H.  Huxley 
(1825-1895).  who  by  his  writings  and  researches  greatly- 
furthered  the  dcK'trine  of  development  by  descent,  and 
Carl  Gegenlmur  (born  182H),  at  Heidelberg,  whose  re- 
searches upon  the  niori)hology  of  the  hea«l  and  limbs 
are  justly  famous.  In  the  palwontological  field  great 
advances  have  been  made  by  the  discovery  in  America 
of  fossil  deposits  of  great  extent,  and  of  impf)rtance  far 
surpassing  anything  hitherto  known.  These  have  been 
especially  investigated  by  Joseph  Leidy  (1823-1891).  pro- 
fessor in  the  University  of  Pennsvlvania;  by  O.  C.  Marsh 
(1831-1899),  pn)fes.sof  in  Yale  X'niversity ;  Edward  I). 
Cope  (1840-1897),  profes.sor  in  the  University  of  Penn- 
sylvania; Henry  F.  O.sbom  (born  1857),  professor  in 
Columbia  Univeisity;  and  G.  Baur.  profes.sor  in  the 
University  of  Chicago.  Thev  have  thrown  great  light 
upon  human  anatomy  by  confirming  in  a  striking  degree 
the  theories  of  development  and  the  morphological  laws 
■controlling  the  fonnation  of  the  human  l)o<Iy.  The  an- 
atomy of  the  head,  of  the  teeth,  and  of  the  vertebral 
column  have  been  especially  elucidated. 

The  advancement  of  enibfvoloirv  has  been  greatlv  aided 
by  the  anatomists  whose  names  have  been  already  given. 
and  also  by  Johannes  Mnller(18()l-18.>8).  professor  at  Bonn 
and  Berlin,  one  of  the  most  learned  men  of  his  day,  who 
<?specially  studied  the  development  of  the  genital  organs, 
the  glands,  and  the  peritoneum,  and  by  Fnuieis  M.  I5al- 
four  (1851-1882),  profes.sor  at  Cambridge,  whose  tniLnc 
^eath  on  the  Aiguille  Blanche  of  the  Alps  was  a  great 
loss  to  science.  An  important  a<lvance  in  the  establish- 
ment of  the  j>hyletic  history  of  man  and  other  animals 
was  made  in  1874  by  Knist  Hacckel  (born  18;U),  professor 
at  Jena,  who  attempted  to  show  that  all  animals  possess- 
ing a  f(MHl  sjic  or  intestinal  cavity  are  deseeiuh-d  from  a 
common  ancestor  (as  yet  hyixMhetieal).  the  ihistmn,  anrl 
that  this  is  repnsented  in  <Mnbryological  devel(^])nK'nt  by 
a  stage  which  maybe  terniedthe  irastrula,  Inrnied  by 
the  invagination  of  the  blastcxlerniic  vesi(  le  or  blast  nla. 
This,  the  celebrated  (fustrna  thmrif,  aroused  violent  o]»- 
position  from  the  opponents  of  the  (Ievel<»pm<'nl  hyj)otl» 
esis.  but  is  now  quite  generally  aeec  ptcd. 

The  details  of  the    intracellular   phenomena   of    the   ' 
fecundation  of  the  ovum  wen-  first  observed  by  Oscar 
Ilertwig  in   1875,   in  the   transparent  eirirs   of   tin-   sea 
urchin. 

In  osteology  during  the  century  there  should  be  noted 
the  work  of  John  Good.sir  (1814-1807)  on  the  siruetureaixl 
development  of  bone,  the  discovery  of  the  laeun.v  and 
canaliculi  by  Purkinje,  and  that  of  tin?  osteoblasts  by   ; 


Ge^enbaur  ( 1804).  William  Sharpey  (1802-1880)  did  much 
to  increase  the  knowledge  of  the  structure  and  develop- 
ment of  bone,  as  also  did  Oilier  and  Robin  in  France  and  H. 
i^lUller,  Gegenbaur,  and  Kdlliker  in  Gk^rmany.  The  archi- 
tecture of  the  spongy  tissue  of  bones  has  received  especial 
attention  from  Jeffric*8  Wyman  of  Harvard  University  and 
from  H.  von  Meyer  of  Zurich.  The  development  of  limbs 
in  vertebrates  has  been  studied  by  R.  Wiedersheim  of 
Freiburg,  the  form  of  the  skull  by  R.  Virchow  of  Berlin, 
and  Welcker  of  Halle,  the  general  morphology  of  the  skull 
by  GOtte  of  Strasburg,  and  Gegenbaur  (188f).  The  ver- 
tebral colunm  has  been  investigated  by  Cunningham  of 
Dublin,  Merkel  and  Henke. 

Arthrologv  has  made  important  advances  in  precision 
and  knowle<ige  of  the  mechanism  of  joints.  £si>eciaUy 
worthy  of  mention  are  the  works  of  Meyer  of  Zurich. 
Braune  of  Leipsic.  Morris  of  London,  Heiberc  of  Chris- 
tiania,  and  Bigelow  and  Dwight  of  Boston.  Bland  Sut- 
ton, of  London,  has  investigated  the  nature  of  ligaments. 
Bernays,  of  St.  Louis,  the  development  of  joints. 

In  mvology  the  minute  anatomy  of  muscle  has  received 
particular  attention,  but  cannot  yet  be  said  to  be  settled, 
as  a  knowledge  of  the  intimate  structure  of  protoplasm 
is  as  yet  imperfect.  Boi^nnan,  in  1840,  was  the  first  to 
throw  any  clear  light  on  the  subject.  He  was  follo'^ed 
by  Leydig  and  Cohnheim.  AfterAvard  Krouse  (1868) 
brought  forward  his  theory  of  "muscle  caskets,"  Hansen 
showed  new  details,  and  Merkel,  Engelmann,  RoUctt, 
and  Itenvier  respectively  advanced  their  views.  The 
general  morphology  of  the  muscular  system  has  been 
advanced  by  the  researches  of  Huxley,  Humphry  of 
Cambridge,  and  Gregenbaur :  the  study  of  muscular  anom- 
alies has  bwn  pursued  by  Wenzel  Gruber,  Theile,  Wood, 
Macalistcr,  Struthers,  Chudzinsky.  Testut.  and  Ledouble. 
Special  groups  of  muscles  have  also  received  attention, 
Fllrbringer  studying  those  of  the  larynx  and  of  the 
shoulder,  von  Bardeleben  and  Cunningham  those  of  the 
hand  and  foot.  Huge  those  of  the  face. 

In  the  earlier  part  of  the  centurj'  the  structure  of  the 
capillaries  was  not  understood,  it  being  believed  that 
they  were  interstitial  lacunae  without  wa]&.  The  demon- 
stration of  their  independence  and  continuity  was  finst 
made  by  Treviranus  in  1836.  The  endothelium  of  the 
blood-vessels  was  first  demonstrated  by  Henle  in  1888. 
Johannes  MUller  made  important  discoveries  in  the 
vascular  system,  especially  that  of  the  helicine  arteries  of 
erectile  tissue,  in  1835. 

The  stuily  of  the  formed  elements  of  the  blood  has 
greatly  advanced,  but  still  leaves  much  to  b(?  desired. 
The  blood  i>latelets  ( luematoblasts  or  third  corpuscles) 
were  first  discovered  by  Max  Schultze  in  1865,  and  were 
afterwartl  studied  bv  Bizzozero,  Hayem,  and  Pouchet. 
Khrlich  (18J)1)  carefully  studied  the  white  corpuscles  and 
s<'parated  them  into  varieties  that  appear  to  be  of  great 
value  in  i>atliological  anatomy.  Neumann  and  Malassez 
have  investigated  the  origin  and  formation  of  the  red 
blood  corpuscles. 

Other  angiological  studies  of  note  are  those  of  His 
and  Bernays  (m  the  development  of  the  heart,  of  Braune 
on  the  venous  system.  an<l  of  Biirdelelx?n,  Thonia  and 
Bonnet  on  the  variations  in  the  structure  of  the  vascular 
walls.  Ileiibner  (187*2)  greatly  elucidated  the  va.scular 
distribution  in  the  bmin.  A  profound  study  of  vas^'ular 
anomalies  has  been  made  by  W.  Krau.se. 

The  lym])hati('s.  fonnerly  believed  to  originate  from 
the  int<rstitial  spaces  of  connective  tissue  (Ludwig, 
Ibricke).  were  shown  by  Hecklinghausen.  Kfllliker.  and 
Hanvier  to  form  a  elose<l  system.  The  true  nature  of  the 
lymphatic  irland-^  has  been  elucidated  by  the  labors  of 
llis.  Klein,  Hanvier,  and  others.  Important  investiga- 
tions inir)  theoiiirinof  the  lyni])hatics  have  been  ma<le 
by  v.  ('.  .S-ippiV  ( IS  10-1  sjm;)/ professor  at  Paris,  and  by 
IJanvier.  The  coiun'Cti<»n  nf  the  serous  cavities  of  the 
IkmIv  with  the  lymphatic  system  has  been  studied  by 
Sch\veiL'"ircr  Seidel.  Klein.  Tourneux.  and  Kolossow.  The 
lyin])hatic  tissue  of  the  throat  (pharyngeal  tonsil,  etc.) 
has  been  the  (»bjeci  of  research  by  KilJian.  Stfthr,  Fles<'h, 
and  others:  and  von  Davidofl'  and  Klatsch  liave  shown 
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that  the  lymphoid  tissue  of  the  intestine,  the  mesenteric 
glands,  and  the  spleen  arc  all  developed  from  the  intestinal 
epithelium,  a  conception  which  Stieda  has  extended  to 
the  thymus  gland.  Finally  Heidenhain  has  demonstrated 
the  wandering  of  leucocytes  throughout  glandular  tissues. 

The  convolutions  of  the  brain  were  thought  by  the 
earlier  anatomists  to  be  arranged  without  definite  order, 
bein^  compared  to  the  irregularities  of  the  coils  of  the 
small  intestine.  In  1855  Gratiolet  (1815-1865).  by  a  care- 
ful comparative  study  of  the  brains  of  man  and  animals, 
showed  that  the  apparently  confused  complexity  can  be 
reduced  to  a  comparatively  simple  plan.  This  was  fur- 
ther developed  by  Pozzi,  Leuret,  Ecker,  Giacomini,  and 
others. 

Closely  connected  with  this  is  the  discovery,  first  made 
by  Broca,  that  certain  motor  and  sensory  activities  can 
be  located  in  definite  areas  of  the  cerebral  cortex.  He 
noted  that  the  loss  of  articulate  speech  known  as  aphasia 
is  usually  associated  with  a  lesion  of  the  left  third  frontal 
convolution  (Broca's  convolution).  This  doctrine  has 
been  greatly  expanded  by  the  experiments  of  Fritsch  and 
Hitzig,  Ferrier,  Charcot,  Horseley,  and  many  others,  and 
has  become  of  great  diagnostic  value.  It  will  be  per- 
ceived that  it  only  sui>erficially  resembles  the  older  aoc- 
trine  of  Gall  and  Spurzheim. 

The  nerve  cells  in  the  brain  and  spinal  cord  were  prob- 
ably first  mentioned  in  1833,  by  Christian  Gottfried  Eh- 
renberg  (1795-1876),  professor  at  Berlin.  They  were 
hetter  described,  however,  in  1836,  both  by  Gabriel  Gus- 
tav  Valentin  (1810-1838),  professor  at  Berne,  and  Johan. 
nes  Evangelista  Purkinje  (1787-1869),  professor  at 
Breslau  and  Prague,  from  whom  are  named  the  cells  or 
corpuscles  of  Purkinje  in  the  cerebellum.  They  were 
for  some  time  misunderstood.  Magendie,  in  1839,  describ- 
ing them  as  infusoria.  Their  nervous  character  was  es- 
tablished in  1844  by  Robert  Remak  (1815-1865),  professor 
at  Berlin,  who  at  the  same  time  suggested  their  connec- 
tion with  nerve  fibres. 

The  first  to  note  the  axis  cylinder  process  or  axone  of 
nerve  cells  appears  to  have  been  Rudolph  Wagner  (1805- 
1864),  professor  at  Gdttingen,  but  its  true  nature  was 
first  shown  by  Otto  F.  K.  Deiters  (1834-1863),  professor 
at  Bonn,  in  1865.  Although  unable  to  demonstrate  its 
actual  continuity  with  the  axis  cylinder  of  a  nerve  fibre. 
he  gave  to  the  process  the  name  by  which  it  is  generally 
known  and  also  named  the  protoplasmic  processes  or 
dendrites.  The  connection  of  nerve  cells  with  nerve 
fibres  remained  for  some  time  obscure.  Counting  experi- 
ments instituted  by  Benedict  Stilling  (1810-1879),  of 
Kassel,  showed  that  at  the  level  of  the  second  cervical 
nerve  there  are  found  not  more  than  half  the  number  of 
fibres  that  reach  the  cord  by  the  posterior  nerve  roots. 

Since  the  direct  methods  of  anatomical  research  failed 
to  resolve  the  complex  architecture  of  the  nervous  sys- 
tem, recourse  was  had  to  the  indirect  methods  of  physio- 
logical experimentation,  pathological  lesions,  and  enibry- 
ological  development.  In  1833  Marshall  Hall,  of  London 
<17§0-1857),  first  clearly  dcmon.strated  reflex  movements 
and  the  independent  action  of  the  spinal  coi*d  and  the 
medulla  oblongata,  already  surmised  by  Descartes.  As 
early  as  1839  Nasse  showed  that  when  a  nerve  is  cut  its 
peripheral  end  degenerates,  and  in  1850  this  was  more 
carefully  studied  by  Augustus  Waller  (died  1870),  who 
showed  that  it  is  alwavs  the  end  that  is  detached  from 
the  nerve  cell  tliat  perishes,  and  that  when  the  posterior 
root  of  a  spinal  nerve  is  s<'vered  between  its  ganglion  and 
the  cord,  an  area  of  ascending  degeneration  will  ascend 
to  the  cord.  In  1853  Ludwig  TUrck,  of  Vienna  (1810- 
1868).  showed  that  a  descending  degeneration  might  oc- 
cur from  a  lesion  of  the  cord.  Following  these  were 
similar  experiments  by  Burdach,  Goll,  Charcot,  Vulpian, 
Eahler  and  Pick,  Gowers,  and  many  others,  showing  the 
results  of  lesions  of  the  brain  or  cord  in  producing  degen- 
erations. 

Connected  with  these  are  the  experiments  instituted  by 
Bemhard  von  Gudden  (1824-1886).  professor  at  Munich, 
which  showed  that  wh(*n,  in  a  young  animal,  a  nerve 
root  or  nerve  tract  is  torn  away  or  injured,  the  group  of 


cells  with  which  it  is  centrally  connected  suffers  atrophy. 
Among  the  experimenters  in  this  line  of  work  there  may 
be  mentioned  Hayem,  Forel,  and  von  Monakow. 

Many  investigators  had  noticed  in  sections  of  the  brain 
and  cord  a  difference  in  coloration  between  fetal  and 
adult  structures  which  varied  with  advancing  growth. 
It  was  Paul  Flechsig,  of  Leipsic.  who  firat  showed  that 
this  was  due  to  the  fact  that  different  groups  of  fibres 
develop  their  myeline  sheath  at  different  epochs,  and  that 
by  this  means  certain  fibre  systems  can  be  made  out  that 
correspond  in  general  to  the  results  obtaine<l  by  degen- 
erations. Improvements  in  technical  methods  have  made 
this  means  of  research  comparatively  easy,  and  such  in- 
vestigations of  the  nervous  system  have  been  carried  on 
by  Bechterew,  Edinger,  Darkschewitch,  and  others. 

Observations  in  the  comparative  anatomy  of  the  ner- 
vous system  have  also  led  to  important  results.  In  this 
field  should  be  mentioned  the  names  of  Theodor  Meynert 
(1833-1892),  professor  at  Vienna;  Mathias  Duval,  profes- 
sor at  Paris:  and  E.  C.  Spitzka,  professor  at  New  York. 

By  a  combination  of  these  methods  there  was  gradu- 
ally evolved  a  general  idea  of  the  architecture  of  the 
central  nervous  system.  This  was,  however,  necessarily 
somewhat  vague  and  indefinite  as  long  as  the  minute 
anatomical  relations  could  not  be  actually  demonstrated. 
Power  to  do  this  was  at  last  obtained  by  the  improve- 
ment in  technical  methods  which  made  it  possible  to 
demonstrate  the  finest  ramifications  of  the  nerve  cells. 
Hence  arose  the  neuwne  theory  as  advanced  by  Ram6n  y 
Cajal,  van  Gehuchten,  Lenhossek,  and  supported  by  K61- 
liker  and  Waldeyer.  According  to  Joseph  von  Gerlach 
(died  1896),  the  protoplasmic  processes  of  cells  unite  in  a 
fine  anastomotic  network  upon  which  all  sensory  impres- 
sions are  discharged  and  from  which,  in  some  mysterious 
manner,  all  motor  impulses  originate.  This  doctrine  was 
opposed  by  His  (1886)  on  embryological  grounds,  by 
Forel  (1887)  on  pathological  grounds.  The  new  methods 
of  staining  showed  that  nerve  fibres  are  merely  elongated 
processes  of  nerve  cells.  This  led  to  the  conception  that 
the  nervous  system  is  composed  of  histological  units 
(termed  neurones  by  Waldeyer)  which  may  comprise  a 
cell  body  with  its  extensions,  the  protoplasmic  processes, 
the  axis-cylinder  processes,  the  nerve  fibres,  and  end 
organs.  Tfhese  units  are  held  to  be  substantially  inde- 
pendent of  each  other,  never  uniting  to  form  a  plexus. 
This  view,  which  has  been  used  with  great  success  to 
explain  the  architecture  of  the  nervous  system,  is  now 
accepted  by  most  histologists.  It  should  be  noted,  how- 
ever, that  the  recent  investigations  of  Apfithy  (1897)  on 
the  earthworm  and  leech  seem  to  show  that  it  may  re- 
quire some  modification. 

The  internal  structure  of  the  l)ody  of  the  nerve  cell  has 
also  received  much  attention  and  is  still  imder  discussion. 
Remak  and  Max  Schultze  considered  it  fibrillary  with 
interstitial  granules.  Franz  Nissl.  by  peculiar  niethods 
of  staining,  thinks  that  he  has  shown  that  the  structure 
is  not  fibrillary,  but  that  two  substances  exist,  one  being 
masses  of  stainable  granular  substance  (Nissl  bodies,  ti- 
groid substance),  the  other  unstainable.  He  considers 
that  different  types  of  cells  exist  distinguishable  by  the 
arrangement  of  these  substances. 

The  finer  anatomy  of  the  organs  of  special  sense  is 
almost  wholly  the  work  of  the  umeteenth  century  The 
development  of  the  eye  has  l)een  most  carefully  investi- 
gated by  Hatschek,  Ayers  (of  Cincinnati),  and  Kupffer, 
and  the*  curious  discovery  was  made  by  Ahlboru  (1886), 
I^bl-Huckhard,  and  Spencer  that  the  pineal  body  is  a 
vestige  of  an  eye  that  occurs  in  some  reptiles.  The  ante- 
rior limiting  layer  of  the  cornea  was  discovered  by  Sir 
William  Bowman  (1816-1802),  profes-sor  at  London,  the 
scleral  sinus  (canal  of  Schlemm)  was  tirst  described  by 
Schlemm  (1830),  but  was  previously  known  to  Albinus, 
as  appears  from  a  catalogue  of  his  preparations.  The 
ciliary  muscle  was  first  demonstrated  as  such  (in  the 
sheep)  by  William  Clay  Wallace,  of  New  York  (1835). 
Brllcke  (1846)  and  Bowman  (1847)  afterward  described 
it.  Even  the  deep  circular  fibres  whose  discovery  is 
usually  ascribed  to  H.  Mliller  appear  to  have  been  .seen 
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by  Wallace.  The  action  of  the  niuRcle  was  firsi  corret-llv 
described  by  Hclmbolu  (1*11).  A  conlroversy  of  lou^ 
BlaodiDg  regarding  the  existenre  of  a  dilatator  niusrle  of 
tho  iris  appears  to  Iiave  been  settled  alHnnalively  by  llu- 
researebea  of  K5111kci.  Ketxius,  and  Juler.  The  Btrac* 
ture  of  tbi'  lids,  the  lachrynial  apparatus,  and  tlic  retiua 
nas  BpeciuMv  Htti<lied  by  II.  JIQller  (.^liillL'r'H  niiisde. 
MDller'a  ttbix'S).  The  kyer  <if  rods  aud  (.'oaex  (Jacob's 
membntDt')  was  discovered  bv  X.  Jaeob.  of  DiiliUn.  id 
1H19.  the  viaiml  purple  by  Boll  in  IHTti.  Ibit-ntly  im- 
portant coniparativc  studies  iif  the  retina  luix'e  been 
mode  by  W.  KruTiw  aud  Itaniun  y  C^jol. 

Thccomplicaleilatuiloniy  ijf  the  eiir  hits  liiiji  Uie  object 
of  reacarch  by  a  great  number  of  i.li-  n  .  i-   unls  n  (rw 

of  whom  ran  be  mentioned  lieri'.      I  ! i  lyiii- 

pani  bus  been  rorutullv  invesiij^,. ..         ri    -i    ^.^m 

(1832).  Jiw.  ToyniM*  (1851).  Htldlii::.  ,  ■  i ,:,.,   I'lus- 

Mlc(lSll»):  tiieanatnmyaftheaiiau.il.  .■^■,i.U-«  <>i.,l  Ihe 
mecbsnism  of  tlu'ir  movcnifuts  bus  been  LlucidaieU  by 
HelmhoItz(IH08)l  the Kiidlai'hian  [uIh' Imsbeen  Bpecially 
studied  bv  RfldingiT,  Hiiscbke.  nnd  KOltiker:  tlie  mem- 
branous laliyrintli  liy  BilltehiT.  liinle,  iind  iiyril.  Tin- 
orgnn  of  Corli  iva.*  di'ii-i:'.  I  !■  I  l-i  •':■  MmiIh-.  ili  Curli 
in  )H51.     Additionul  d.  I  ..'  '  .  .    .  .tiih- 

lished  bv  E.  lieissuer  (!-■■       ^'    '     ■;  -■      "    It.i- 

tcra(1880).  flniin.'11-.iL    I -.  ,,....-..„  ilie 

anatomy  c.f  th-  '"ir  !,■.■■  .  .   i,.   liiiUiufier, 

Whartun  .Ioi>'-     \>'    ■ 


Ah  to  the 


p  first 


describiil  1j\  m      -     ■.  ■.      i  ii^ih  they 

pnibahly  se.'ii  [.i.  ii.-.i-:;.  m  L.k.i  .,i..i  r.ckhnnit.  The 
trarind'of  the  nlfactory  lihri-s  ii]i4  lier'ii  I'lTc-etiii  bv  the 
lahorii  of  KjMliker.  vim  (iehuehten.  iiiid  Hamun  y  Onjnl, 
The  geni'THi  aimtiiiny  of  tiin  piiwiki;es  of  the  nose  has  been 
carefully  sHidied  hy  Zueki-rkiindt. 

The  taslp  ^<'i-]<  ■■(  \h'-  •i-u-zw  were  discovered  by 
Scliwalbe,  oF  ~i :  i-  ■■■',!  :  "■  i-iiT  mid  at  aliout  the  same 
time  by  Ijmi,      !  ■  ■  ■ . 

Thc'tactili  -  I      .1    skin  wen'  first  seen  hj- 

Meiasner  noil  V\.,Ljr.r  m  I'-.i-,'.  the  end  bulbs  by  W. 
KrauseBnil  Killliker  (IM.'JIt-lN.'iM),  Pacini  discovered  the 
corpuscles  that  l>ear  liia  nunie  in  ISiJR,  nnd  Ibey  were  de- 
scribed by  Vnt*.'r  wimewhal.  Liter  (IWl),  Other  oervo 
endirsH  rtVeutlv  deserilicd  nre  thoBe  of  GoIki  in  tendon.s 
(lH7»i  iii""^.  ..f  liiilUni  in  the  tin>rera  {1KH3).  and  the 
"inii-i-l'    -^ Ml  ■  ■   "T   Knliiie  nnd  "tliem  found  in  the 

^1  ■■   .    .:i  knowleil}.'!' (it  1  he  minute  Bnutomy 

of  ill  II'. II  III-  liciii  devi'lojH'd  liuriiif:  llie  present 
century.  Spiiec  doi*H  Tint  pi'nnil  a  detailed  uecunni  of  Ihe 
diB(Miverie:s,  bni  meniioii  should  he.  i nude  i if  the  work  of 
Neumann.  Lent,  iind  lli\*f  upon  tiu'  lei'tb,  imd  the  at- 
tempt!.of  Hyiler,  IIsIh.hi,  ('oth',  tind  orhers  !r.  nhlaiii  from 


Toldt.   IfiK,   Tri'ves.   ilrlisike.  anil   ni 
aldetl  our  eoinpn>hrnNion  of  tliat  com 
Tlie  liver  hiw  Imtii  siH'Cinliy  iiivei-ti 
BerlnK.  Ileidenliain.  nnd  ItnnviiT  itm 
the  kidney  gniit  ndviuiies  hiivr  li.    i 
jeribcd  the  1iH>l)<i  of  the  urinif.'mii-    ' 
mimoin  IMt-.!.  LudwiK-and  Iliid.  r.h 
in  elucidatinK  the  slrueMJi-e  of  ni<   n.i 
studied  the  cbunpes  of  the  ipilbillil  M 
In  Ihe  ^nerative  orpms  of  I  be  niiil< 
matogenesis   have   Ihs>h   <iirriei|   on 
George,  NuKHliniim,  FlenuninL',  Ilernii 
the  female  ,<T,^ii«  l't1ni.-r  i.ml   UMI, 
gnl-ed  Ibc  Binn-nn..  i.i  ihi   ■■v.ni   ■ni.i 
ovules,  and  \i .  ■  i   ■  i    .  ■  ■ 
tbc  humsn  m  ■:■'■       '■":-■    ■ 
lius  been  e 


ANCHVLODYNIA.     Sec /W  {.S»rgirnt). 
ANCHYLOSIS.    See  Aiil'i/l<m*. 
ANCHYLOSTOMA  DUODENALE.    See  A'ematadeM. 
ANDERSON  MINERAL  SPRINGS.— LAke  County.  CaU- 

1j1)c.4TIi)n. — Nineteen  miles  from  Caliatoga.  five  miles 
from  Middletown,  and  It-u  mik«  from  the  Great  Geysers. 

Access. — By  stage  from  Calistoga  and  Cloverdale. 

Tlie  worshipper  at  nature's  shrine,  the  lover  of  grand 
and  varied  scenery,  will  And  all  tliat  can  be  desired  at 
tlie  Anderson  Mineral  Springs.  The  mountain  stage  ride 
U  one  of  tlie  most  picturesque  in  the  State.  Tbe  evcr- 
cluuiging  picture  of  hill  and  dale,  of  forest  aod  Rbrub- 
bery.  and  of  brooks  with  ferns  and  mosses  forms  one  of 
those  pleasing  panotamas  which  the  spectator  Iovt>s  to 
recall  in  after  days.  Tlie  springs  with  tbc  botti  and 
cottages  are  located  iu  a  cozy  nook  in  a  Bmall  caooD 
surrounded  by  forests  abounding  iu  picturesque  water- 
falls. The  ciH>l.  leafy  dells  aud  the  pmfound  Eilence  vin 
soUtude  nf  the  dense  forests  forni  an  ideal  combination 
to  attract  the  early  mnniing  rambler.  The  atmosphere 
here  is  balmy  and  exhilarating  and  free  from  humulity. 
Fish  and  game  aliound  all  the  year  round.  The  accom- 
uiodations  offerMl  to  guests  are  excellent,  and  visitors 
come  by  Ihe  thousand  to  enjoy  the  numerous  advantages 
of  the  spot.  There  arc  nine  important  springs.  The 
principal  drin king-spring,  known  as  tbe  Cold  Sulphur, 
is  liMnt4-<l  about  one  hundred  and  fifty  yards  from  tbe 
hotel.  It  was  analyzed  by  Dr.  Winslow  Anderson  and 
found  hy  him  to  have  the  following  composition : 


Audluui  guliihiti 
PiitBasluIn  «IU ... 
Ma47Et«aliim  rarlxiiia 


.nd  HI 


centa  lins  lieen  made  by  Minot. 


siil|-]iiiivl.'i|  li>iJrunuii *M 

!  ■■'■   i    I-  n  saline  sulpho-carbo' 

I  ■  ■  .     .  :■  IV  lieneficial  in  chronic 

■■.  ■■  i  liilitie  origiu.     In  liver 

■■■'■I'l'-    .iii.i'iiii I  .ivurian  engorgement, 

.     liihir  cinifjeKtioos,  I  lie  water  liasalso  proved 
i I  •■■■lixu!.     It  is  atiericut,  diuretic,  and  altera' 

I  III  >|iring"  is  one  of  tlic  few  California  min- 
IU'-'  nintiiiniusi:  frif  suliiburic  acid.  Its  sour 
ippiisHl  to  1m'  due  to  alum,  but  the  following 
ly  Mr.  (Jcorge  K,  Colby,  of  the  California  State 
y  (IK4UX  shows  that  no  nlum  is  present: 


■     I'. Ill'  0.49 

■    ■  ■■III; ■ OJT 

■  r  '.'.'.'.\'.....".'.'\'\"\Z]  a«a 

IHi       ■■  7.11 

'■■"■     ■  ..,  .,|„.i strong  iBrt. 

.11! ■'  nil  -I'-  '■■-  ■!■■>    WeU-nurkeil  t«rt. 

1111.31 ..'.'!'..'"".',,",",'.'.''..'.'..'.!... ;'.;:;. ;;;;:■. ',■■,;: ■'.;'.■."  aw 

T"iBi aojM 

iiilrniNi'iilr  I'lamlnaUnn  i.r  l)ii'  mililue  ..lilnliiul  bjisluw  eTB| 
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Anehrlodr  ■>«■ 


A  considerablt-  quantity  of  free  sulptiurjc  acid  was  also 
revealed  by  the  analyBiB.  The  temperature  of  Uie  water 
is  94.3"  P.  It  possesses  tonic,  astringent,  and  gently  lax- 
ative properties,  and  baa  proved  beneAcial  in  hemorrhages 
from  the  lungs.  menorrhaeiH,  dyRpepsiu.  etc. 

Another  valuable  waterla  the  "Iron  Spring."  The  fol- 
lowing ia  Mr.  Colby's  analysis,  made  in  1890: 

Oat  U.fiTEO  Stxrte  Galld.v  CaNTiins: 
Milldi.  Grain*. 

Rodlum  chloride MS 

eortlum  tilmrboulc 0.19 

Sodium  lulpbaW a4£ 

Polusluui  lUlphUe 1.17 

MigDHluni  auliHiBte 7.85 

aidam  

Cklclum 

AlumlDk U.1B 

BorlR  leU  (Willi  iptK'tniscopel  StroBg  leU. 

Ulhlum  (flrlUi  apHtRWCopel WeH-mirted  lait. 

M&nKuuuii  larboukte l.TT 

Bllia.... iSS 

OntSDlc  loUter Small  quuilllT. 

Total..  B1.44 

Free  rartoonlc  arid  rus.  SK.H)  ruble  incfaEs. 
Tempeialure  of  waier,  IS*"  F. 

This  is  a  mild  calcic -dial  ybcate  water.  It  possesses 
tonic  and  sllghlly  laxative  properties,  and  is  useful  Id 
Bniemia  and  chlorosis  and  in  conditions  requiring  rratum- 
tive  agents. 

Among  other  valuable  springE  In  tbia  group  mav  be 
mentionM  the  "Cosmopolitan, "  an  excellent  drinking 
"waler,  possessing  laxative  properties;  the  " IJclniar '' 
Spring,  a  light  saline-sulphur  water;  the  "Magnesia 
Spring"  (known  also  as  "Father  Joseph's  Spring"),  a 
rich  saline  water  having  valuable  laxative  propt'rtii.*«: 
and  the  "Hot  Sulphurous"  or  bathing  spring.  These 
last  waters  have  a  t«mpcrature  of  I'tTi..'!''  P.,  and  have 
licen  found  very  benefieini  in  rheumatism,  chronic  joint 
swellings,  and  skin  diseases.  It  is  claimed  that  the 
inhalation  of  the  hot  sulphurous  steam  of  this  water  ia 


There  arc  good  facilities  for  bathing.  The  incrustations 
formed  by  the  hot  sulphurous  vapors  on  the  surrounding 
rocks  are  gathered  and  powderm  and  used  in  cases  of 
chronic  nasal  catarrh,  as  well  as  for  acute  corvxa  and 
colds  in  the  throat.  This  powder  represents  all  of  the 
solid  mineral  ingredients  found  in  the  water. 

Jama  K.  Crook. 

ANOflOMEDOTOXIN.    Sve  Ericatfa. 
ANDROPOGON.     See  Cilroiielti  Omf. 
ANELECTROTONUS.     See  Elerlmtonm. 
ANENCEPHALUS.     See  JrraM.iffD. 

ANESON.^Anesin ;  chloretone:  ace  tone -chloroform, 
(CH,),C0H,CC1,,  tertiary  trichlorbutylslcohol.  Polaa- 
-rinm  hydroxide  is  slowly  added  to  a  mixture  of  equal 
weights  of  acetone  and  cliloroform,  and  then  steam  is 
blown  through.  The  resulting  aneaon  forms  a  white 
crystalline  mass  resembling  camphor  and  having  a  eam- 
pbomceoua  odor.  It  is  slightly  soluble  in  cold,  more  so 
in  boiling  water,  ia  fairly  soluble  in  strung  alcohol,  and 
freely  in  ether  and  chloroform.  It  ia  decomposed  liy 
strong  sulphuric  acid,  but  is  not  allecled  by  weuk  acid's 
or  alkalies. 

Ancson  or  chloretone  la  antiseptic,  locally  anieathelic, 
atid  hypnotic.    Combining  Ihe  properties  of  an  nntiscptic 


In  minor  surgerj- 
■lower  in  its  action  thin 
trating:  yet  it  had  mori'  : 
cent,  solution  was  eqiiivj 
of  cocaine.  A  lacerated 
weak  solution  of  aneaon 
Vol.  I.~21 


nr-rv::'""?;:: 


r>  be 


I'l  I  '  iiil.  Bohition 
t>iirn  aonki-tl  in  a 
s  iLnH.'sthetic,  and 


permits  of  incision,  suturing,  etc.,  without  pain.  For 
other  minor  operations,  especially  about  the  mouth,  nose, 
and  eye.  or  for  circumcision.  It  ia  superior  to  cocaine,  and 
is  used  in  such  weak  solutioD  as  not  to  liavc  any  systemic 
effect.  It  is  non-irritant  and  does  not  dilate  the  pupil, 
and  being  a  very  stable  compound  Its  anlisejitlc  power 
may  be  increased  by  the  addition  of  mercuric  bichK)ride, 
phenol,  thymol.  et<:. 

Houghton  and  also  Albrich  have  found  aneson  to  be 
readily  alisorbed  from  the  stomach,  and  rapidly  dis- 
tributed tbn)ughout  the  body.  It  tends  to  slow  tho 
heart  without  weakening  it,  and  it  baa  no  effect  on  tho 
arteries  or  on  the  blood.  In  animals  killeti  after  large 
doses  the  greater  amount  of  the  drug  is  found  In  the 
brain.  It  Is  sedative  and  readily  produces  hypnosis,  but 
has  little  or  no  effect  on  the  important  centres  in  the 
medulla oblong.ita.  Aneson  is  not  eliminated  assuch  by 
the  kidneys,  the  skin,  or  the  lungs,  and,  as  the  chlorides 
in  the  urine  are  increased  during  its  administration,  it  is 

Srobable  tliat  the  drug  is  broken  up  in  the  system. 
iven  by  mouth,  the  mucous  membrane  of  the  alimentary 
canal  becomes  iusensitlve,  nausea  and  seasickness  arc  re- 
lieved, and  in  gastric  cancer  or  uleer,  the  pain  and  per- 
sistent vomiting  are  overcome.  As  a  hynnotlclt  aoes 
not  irritate  the  stomach  or  the  kidneys,  ana  may  be  used 
with  safety  in  cardiac  and  respiratory  diseases.  Five  to 
twenty  grains  may  be  given  in  powder  or  capsule  half 
an  hour  before  bedtime,  as  its  action  is  fairly  rapid. 
Sixty  grains  have  been  given  without  disagreeable  effect. 
As  an  aniesthetic  it  may  be  used  in  one-per-ccnt.  solution, 
either  directly  applied  lo  tlie  surface  or  atibcutaneously. 
M-:  A.  Batlcdo. 


ANEURISM.— An  aneurism  of  an  artery  is  a  circum- 
8cril>ed  lumor  composed  of  a  aae,  the  cavity  of  which 
comniunicat«.-s  with  the  lumen  of  the  artery,  and  contains 
liquid  or  coagulated  blood.  The  sac  may  be  formed  in 
whole  or  in  part  of  the  distended  wall  of  the  artery,  or 
of  the  condensed  adjoining  tissues. 

DEfiMTioNS  AKU  Classimcation. — Tlie  terminology 
of  the  affection  has  been  much  confuseil  by  a  lack  of 
agreement  in  the  use  of  terms  and  in  tlie  meaning  at- 
tachi^  to  them.  Most  of  these  terms  arc  intendra  to 
indicate  dilTcrenccs  in  the  composition  of  the  wall  of  the 
sac,  some  of  which  cannot  even  be  recognised  with  cer- 
tainty on  direct  examination,  and  are  not  marked  by  any 
corresponding  clinical  differences. 

Inleriwl  mid  Krlernal. — Internal  aneurisms  are  those 
situated  within  the  thoracic  or  abdominal  cavity;  etlernal 
aneurisms  are  those  formed  at  the  expense  of  arteriea 
lying  outside  these  cavlliea.  (Medical  is  sometimes  used 
as  a  synonym  of  internal:  tiirgical.  of  external.) 

Sikmliina'at  and  Traamntie, — Spontantoii*  oneurlsnts 
ore  those  that  have  arisen  in  consequence  of  disease  or 
gradual  change  in  the  wall  of  an  artery.  A  traiiwalie 
aneurism  is  one  which  has  formed  in  consequence  of 
audilen  mechanical  division  or  injury  of  the  wall  of  on 
artery,  as  by  a  knife  or  splinter  of  bone. 

The  following  anatomical  classification,  adopted  by 
Holmes,  is  the  one  in  common  use.  The  distinction 
made  between  "  true  "  and  "  false  "  aneurisms  Is  analomi. 
cally  justified,  but  the  te'nns  are  likely  to  mislead,  for 
"true"  aneuriams,  in  the  narrow  sense  of  tlie  term — I'.c, 
aneurisms  whose  walls  are  everywhere  ctimposed  of  all  the 
coats  of  the  artery— are  rare  and  always  small.  The  com- 
mon form  of  aneurism  belongs  to  the  class  termed 
"false."  those  in  which  only  one  of  the  coats  of  the 
artery  fakes  part  in  the  formation  of  the  wall  of  the  sac. 

I.  Common  or  encysted  aneurism,  aubdiviiled  into — 

(a)  Ancurismal  dilatation,  or  fusiform  aneurism.  Tho 
artery  is  dihited  for  some  distnnce,  anil  the  wall  of  the 
dilated  portion  preserves  its  three  ciuts. 

(6)  True  aneurism.  The  sac  is  t0rmi.1l  thnmghout  by 
all  the  coats  of  the  arterj-  dilat«i  at  only  one  point. 

(f)  False  aneurism.  The  sac  Is  foriucd  liy  only  one  or 
two  of  the  coats  of  the  artery,  the  middle  one  having 
disappeared  or  being  unrecoguizuble  in  consequence  M 
change. 
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(d)  CoDSccutive  or  iliffiisM]  uncuriiim.  The  wall  iif  tlif 
mc  is  fnrmi-d  of  theconilenatl  ailjiiiitinf;  tlwiiies.  and  tliu 
coinmiitiicatioii  uf  its  oavjty  witli  llic  artiTV  is  thcrufdrc 
tliniu):)!  an  aotuitt  o|i«nini;  in  Ibc  whII  (if  ilii'  latltT,  A 
imunuttic  aucurisni  is  tliu  type  of  this  rbiNS,  but  nuiKt.  if 
nut  all.  lur^c  HncuriHiiiR  woiihl  l¥-  inrliulHl  under  the 
tlffiDitiiin.  THthcr  tliun  in  claw  (>).  becaiisv  of  Uii>  siilisti- 
lutEiin  iif  <H)n<1('iiH('d  mnnci-livi'  tissiu'  in  tlio  wall  fur  Itic 
(listoiiikHl  fxtemnl  coat  of  tlic  artcrj-.  Tlic  pn-senw  of 
ft  linin);  coat  Hiiiiilar  to  the  intiiiia  of  the  artery  is  nut 
iiriHif  of  the  pcnUta-nce  of  tlic  lattcri  it  luay  Ik  of  new 


II.  Arlerio-TenouB anpnrisii 


whicli  there  is  no  sac  inter- 
nml  tlie  vein :  uriii 
which  there  Is  nn  Intrniie- 


(ill  Aneurisnial 
mediate  Ix'l  ween  1 

{h)  Varieo 
diale  Bse, 

III.  CirHoiil  BUcnriHni  (or  arterial  vuHx),  fornml  by 
the  (ceneral  (liUitution  iif  an  arti'n,'  and  its  limnehes. 

IV.  DisseetinK  anenrisin.  forniiil  hy  tin-  elTiwion  of 
iiluoil  between  Sie  coats  of  uii  artery  after  uleemtkin  of 
tlie  intinia. 

I.  CoMHox  EscYSTiin  AxF.i'Rtsx  (mainlt  Spost.v.sr- 
,  ofn). — TIm-  funiiHtiun  of  a  Rpontaiiiiius  aneurism  appears 
to  be  pren-ded  bv  ade^cenerativeolutiige  h)  the  wall  of 
tlic  arterv  hy  which  lK)th  its  elosiieity  nn<l  its  )>ow(-r  to 
nvist  a  ijtstending  ntraln  art-  iliinlniKlie*!.  This  change  is 
la  the  nature  of  an  eiularteritis  and  ineKarterittx.  and 
coniusts  in  a  hyaline  de)n>ueratlon  of  the  intinia  niid  a 
<li!tinti'tfr)ition  of  the  elasiie  and  museuliir  tissnex  funn- 
ing; the  iiiidille  enal.  It  may  lie^  without  known  euuse, 
iir  niiiy  follow  tlx;  liMlgnient  of  an  emlMdiui  or  kohh-  uk- 
ehaiiitul  injury  to  tlie  vi-wiel.  hs  tin:  oversln-lehinK  of  llie 
artery,  tlu-  application  of  a  liicature.*  or  even,  iiti  in  one 
nuie.  pnikintieil  dtju'ital  pressun*.  Under  tlie  fiiliuenee  of 
tlU!  blood  preNSuri','  increaxed  at  every  nmtiHclion  of  the 
heart,  tlie  degencrnli-d  wall  yiehls.  wkI  lieeonK-s  Mretched : 
if  the  dcmnM-mtioQ  has  involved  tlte  entire  circumfereDce 
and  a  considoiHbk'  lenfrth  of  the  vessel,  the  dilatatiim  is 
nnifiirm  (ru.'<irr>nn  oneuriiiin)  or  irreeularly  pouebetl:  if 
only  a  small  |>urtion  of  the  wall  Ik  )nvoli'X'<l.  it  ex|>andH 
and  fornw  a  pouch  whi<'h  (imimunieaies,  either  largely 
or  hy  a  narrow  opening;,  with  the  lumen  of  the  artt^rv. 
The  elonpited  forms,  or  dilatations,  arc  common  In  tfic 
■lona.  the  pmiclieil  foniiHin  the  arteries  of  the  liiiil>s.  In 
small,  bud-like  aneurisms  the  iH-rsistin^'  three  coatn  I'aii 
Im-  identilieili  in  the  larger  ones  Ihey  cniitiot  bi'ImciHl  for 
moie  than  a  very  short  dlstaiiii^  iH-yoml  the  neik  of  the 
wie,  II  it  n-pii'iled  lliat  DiiIIit  produceil  arii'nrisuet  hi 
frojr*  liy  diSM'i'tini;  away  the  outer (THit  of  the  urlcry  (the 
lueseiilerje).  but  shnilar  iilli'injils  ninde  )iv  lluiiter'upoii 
the  [iiriUiil  mid  feiiioni)  of  the  ilnj^wen.'  iniMieees.'irut. 
althout'li  llie  dissection  was  earriiirwi  fur  tliiit  the  eolor 
of  the  >iI.kn1  ei>uia  IN-  :>eeii  Ihrouiih  the  lliiii  r<'lii:iiliiliL' 
portion  of  the  wall.>  The  elTn'l  of  W-ul  iiitlniiiniHlorV 
conditioiiH  hi  pmduein:c  nneorisni  is  Ix-^t  seen  in  ihi' 
ftmall  ones  due  to  inf<-<-te>l  enilxili  e.iiiilii};  fn.in  ilie  hi-;iri 
In  endiHiinlilis,  and  in  th<>-;i>  dui'  t><  the  exlensiiiM  t<>  Hie 
TCHBidof  tiiU'rcnlous  pmcessi-min  Ihi'iiiitside:  in  tln-j'  it 
apiHWrs  that  di>s»eiiiIion  of  the  i\uMii-  imiKllesnf  ihi- 
me<1ia  is  a  ncix'ssurv  iniliniiiiarv . 

Examinaiionof  the  Willi  of  ii  saiiulntiil  aneurism  »r 
conalderablc  slxe  iKifr.  IltS)  >boWK  ituit  it  U  ennipoM'd  of 
cnndensed  couiK-ctiw  tisMii'.  with  a  liiiin;;  nii-iiibnine  in 
ltMlnnersiirnieelh»tr"si-ni)>I<-s  tIu-iniiiiiiioran:inen'  tu 
tliixextent.  tliat  it  has  an  cpilliellal  tiiifiu-.- <.f  Ihil  <-<'11s 
nml  a  deeper  tiiructnr>?  of  flat  <vlls  s<<|Himii'd  by  n  libril- 
lary  sulwanee.  A  siinilar  xtructiirc  is  found  ill*'  iii">ii 
the  nurliiee  of  thrombi.  HH  lifter  the  llpilunofiin  arlirv. 
and  it  must,  thcrefon.,  iH-dtrmed  iinl  simply  a  ilistenih'-it 

•See  I'oMHHiinuteri  Ij  RilUn  l~  P>tfa'<l"Ul>'  K 
Immecif  irliii'li  thnvt ' * ■  — 


a  tiiurth  ilmtlire.  nn  Ibe  >xlliiu-r  iirli' 

II.    Th.' iiiM- wiwWMmiT"s.  Inllii-llr- 
iiiKl  ilir  uii'urliHii  mu  Uld  upvn  In  tg 


It  ima.  hut  rather  a  layer  of  wwly  formed  tisfliie.  Tnwi 
t  till-  middle  coat  may  he  found  at  difTerent  para  of  lie 
iieurismal  sue,  espechllly  tn  the  neighborfaouaof  iti utA 
here,  indee*!.  they  may  form  a  contintious  toyer  wjtl 
that  of  the  arten':  but  a 

-J.      ^ a  the  more  fiistended  portioH 

Ul^f^  of  the  sac  theyaiv  entiKlr 

HI^H    /  alMeot,  and  it  appears  to  it 

m\^M.^0^^  ^*^"  established  that  tbm 

NBli^^HC^  ^   "'*   hypemlaila   of  Um 

vIPiSSV^SA  muscular  and  elastic  tbHHt 

'Fr  ^^T      ^HA  whirh   compose   this  omI, 

^^        ^^^  hut  that  their  elcmrat>  Di- 

dcrgo  nut  only  defEencntka 
but  also  mechanical  aeptn- 
tion.  and  they  have  piacti- 
cally  no  Bliarr  in  the  fonna- 
tion  of  the  wall. 

The  new  tis-sue  may  it«lf 
either  underjro  fatty  degn- 
eration,  or  become  atheto- 
malousorcaleitled.  As  the 
BBC  enlarp^  It  may  become 
thinned  at  some  point  sod 
burst,  with  escape  of  iti 
contents  into  the  adjoinicg 
tuwues  (~  ruptured  sneu- 
rism"):  and  when,  in  its 
growth,  it  readies  and 
entmiH-e  i)[  tlu;  we.  iffeber.j  presses  upon  firm,  unyield- 
ing tissues,  like  bone,  the 
bitter  undergo  uhsorption.  Bone  dlsap]»ears  under  ibh 
pressuri-  hv  rarefaction;  tlittt  Is.  a  general  rarefying 
osteitis  fo  set  up,  ebtiracteri/.ed  liy  the  enlargement  of 
the  vas(-ukr  canals  of  the  bone,  ny  multiplication  of 
the  cellular  elenunts,  and  by  disappearance  of  the 
rarlhy  salts,  hut  without  pri-duetion  of  pus.  Other 
tLssiU's  may  become  iuUumed  under  the  same  irritation, 
and  the  iirAaniniation  may  be  phisllc.  with  productloa 
uf  adhesions,  or  ulcerative.  >  TIiils.  adjoining  serous  but- 


cithi 


.\ii 


.  death  inntantiy  by  a  free  e__. 

— — -    -  Iniemal. 

The  growth  uf  The  mc  takes  jilace  in  the  direction  of 
[ist  resistamr,  hut  this  direction  is  detemiincd  tathet 
,-  Hie  disteiislbilily  of  the  wull  itself  than  by  the  reslsi- 
iie  of  the  siirnninding  parts.  Thiitt.  the  wall  may  be 
iiii|iunitively  lirni  nn  tlie  side  udjoining  a  cavity,  and 
-owih  may  is-  blow  in  that  direction,  whik-  nt  another 
•iiit  when'  ll  n'sts  n^^ihist  Ihiuc  the  latter  may  be 
[lidly  alisorlii'il  and  even  jierforflted,  as  is  seen  ia  the 
I'liiimi.  ami  this  [KTroralioii  will  lie  followed  by  rai>l<l 
ihij'p-ini-nl  of  the  iineuri>>iu  through  the  o|X'ning.  An- 
iri-^ni*  of  the  lindis  si-ldoni  rupture  through  llic  o^-crly- 
ir  >^kiii,  pniliiibiy  liecaiise  tlic'V  ri-eeive  tretitmenl  before 
leir  ;.'nm  ih  has  niii'lliil  sileli  ii  jhiIiiI:  but  those  Of  the 
L.ir:iiic;aiirtii  and  iuiiimiiiiiLie  not  infreiiuently  end  by 
I'lniiion  i>f  till'  nklii  and  filial  extcnuil  hemorrhage. 
1  iiiiehis  the  surfiui' either  by  growth 
ii^Tkiir  Ihioiieh  the  stemiiin,  or  be- 
The  alisorp- 


V  tlKir 


■ie  ( 


ab- 


.  I 


i-i'  liis.iiiienf  the  most  painful 
Tid  jiiiiiifiil  alTectkin.  In  Iw^ 
>liiies  frrmi  Dr.  Gainlm-r  the 
III  ;iiieniism  through  tlu'  skin 
TiL'i't'  the  npening.  anil  iu  one 
■  iiiri' of  Iheiliwase;  lint  Mich 
>ii<iiiii]  iliiil  itdesi'rvesmcntioii 
.in-.  When  nil  aneurism  Im4 
leniiillv,  ihe  progress,  in  the 
.^.  i-  inini  Iwid  to  worm-  if  the 
ileli  riiliil.  The  bledliiig  iiiav 
hy  the  jdugging  of  the  oritlce 
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TLe  pressure  of  llie  growing  tumor  not  only  leads  to 
the  coudensation  bdiI  absorption  of  the  titeues  pressed 
upon,  but  it  also  causes  mucb  paio,  eitlter  by  stretching 
nerves  or  b}'  provoking  B  iieuritis,  and  it  may  interfere 
^th  the  circulatioD  of  a  part  or  limb  by  closing  a  vein 
or  even  an  artery,  and  thus  lead  to  gangrene. 

The  blood  contained  within  an  aneurism  is  usually  in 
part  liquid  and  in  part  clotted,  and  the  inner  surface  of 
the  wall  of  the  sac  is  lined  with  layers  of  gravish,  opa(|ue 
dbrin  of  irreg^lsr  thickness  and  extent.     These  layers 


may  be  comparatively  thin,  or  they  mar  fill  the  greater 
part  of  the  cavity.  They  are  produced  by  gradual  de- 
posit of  the  Qbrin  on  the  wall,  so  that  those  layers  that 


part  of  the  cavity.  They  are  produced  by  g 
posit  of  the  Qbrin  on  the  wall,  so  that  those  1 
are  nearest  the  wall  are  the  oldest,  and  also  tlic 
because  the  sac  has  usually  increased  in  size  since  they 
were  deposited.  They  occasionally  undergo  degenera- 
tion and  break  down  into  a  granular  detritus,  forming 
small  cavities  filled  with  a  pulpy  ntass.  Ordinarily  the 
connection  between  the  wall  of  tdc  sac  and  the  adjoining 
layers  of  librin  is  one  merely  by  contact,  and  there  Is  no 
growth  of  tissue  from  the  former  into  the  latter.  This 
seems  to  be  true  at  least  of  all  growing  aneurisms,  but 
in  those  that  have  imdergouc  spontaneous  cure,  or  have 
been  cured  by  treatment,  the  development  of  new  tissue 
is  observed.  This  Arm,  laminated  flbnn  is  called  the 
"active  clot";  the  soft,  dark  clot,  or  "passive  clot," 
which  is  frequently  found  loose  in  the  cavity  of  the  sac, 
is  probably  a  post-mortem  formation  In  most  cases. 

The  growth  of  an  aneurism  niaj^  be  sla^'ed.  and  a 
practical  cure  obtained,  by  the  deposit  of  sufficient  lami- 


pressure.  and  this  is  thought  to  be  ttie  mode  of  cure  by 
most  methods  of  treatment.  It  seems  extreniely  im- 
probable that  this  laminated  librin  is  a  later  stage  of  a 
"passive"  clot;  tlicre  is  every  reason  tolielieve  tl^t  it  is 
gmduatly  deposited  as  such  by  the  blood  in  consequence 
of  changes  or  peculiar  conditions  in  the  lining  membrane 
of  the  sac,  or  m  the  rapidity  of  tlie  circulation.  Under 
ordinary  conditions  this  deposition  does  not  take  place 
rapidly  enough  to  effect  a  cure :  it  occurs  at  some  parts 
of  Ibe  sac  and  not  at  others;  its  union  with  the  sac  is 
slight,  and  the  blood  can  readily  insinuate  itself  between 
the  two  at  the  edge  of  the  layers,  and  as  the  sac  enlarges 
fresh  portions  arc  created  and  left  uncovered  to  undergo 
subsequent  distention.  If  the  conditions  are  modilied  by 
operative  or  other  treatment  tliat  diminishes  the  volume 
*  "  treani  of  blood,  time  may  be  given  to 
o  become 


and  force  of  the  stream  of  blood,  lime  may  be  gU 
the  tissues  of  the  sac  at  the  edge  of  the  clot  to  b( 
more  intimately  adherent  to  the  latter,  and  thus  to  make 


the  clot  a  permanent  pn>t<.-rtion  against  further  increase. 
This  is  effected  by  granulations  from  the  lining  mem- 
brane, which  spread  into  tlie  clot  and  over  its  surface. 
makinji;  it,  as  it  were,  a  part  of  the  wall  of  the  sac, 
binding  down  its  edges,  and  covering  it  with  a  smootli 
epithelial  layer.  Tlie  union  between  the  walls  and  the 
layers  of  fibrin  appears  to  be  very  slight,  and  limited  to 
tboae  layers  immediately  adjoining  the  wall,  and  there  is 
no  evidence  that  new  vessels  extend  from  the  wall  or 
'between  the  layers  of  tlic  librinous  clot.  Bonic  aneu- 
risms, after  a  long  m-riod  of  rest  and  apparent  cure,  have 
begun  again  to  pulsate  and  to  enlarge,  and  this  fact  can 
be  esplained  only  on  the  tlieory  of  a  simple  mechanical 
obstruction  that  lias  persisted  during  the  period  of 
quiescence,  and  has  thi-n  yieldi'd  and  allowed  the  re-eii- 
tiancc  of  bloo<t,  the  iiisin nation  of  bluo<i  between  the 
layers  of  fibrin  and  (he  wall. 

A  cure  may  also  follow  the  sudden  formation  of  a  soft 
"passive"  clot.  This  fact  has  only  recently  been  de- 
monstrated bv~  examinations  made  after  the  nipid  rure 
of  aneurisms  ny  the  use  of  theelaslic  bandiigi'.  TheHrst 
easels  reported  hy  Mr.  Wagstalfe  in  the  Transactions  of 
the  London  Pathological  Si K'ieiy,  vol.  xxix,,  p.  73;  it  was 
a  case  of  popliteal  aneurism  cured  u  f<'w  mouths  before 
the  patient's  death.    At  the  auto]>sy  the  sac  was  found 


oinchesin  length  and  one  inch  in  diameter, 
and  to  contain  a  central  blood  clot  measuring  one  by 
one-half  inch,  and  surrounded  by  fibrous  tissue  which 
was  continuous  with  tlie  sac  and  artery.  This  tissue 
was  abundantly  supplied  with  blood. vessels,  and  the 
arterj'  was  permanently  closed  above  and  below.    The 


process  I  conceive  ti 


tlieai 


f  tlie  c 


follows:  In  consequence  of 

of  blood,  whelher  by  a  distal 

by  compression,  the  blood  within 

)  promptly 


plug,  or  by  ligatiun^,  ■>■  uj  t..>ii>fic»ii 
the  sac  clots,  and  it  probably  does 
than  within  normal  vessels  because  of  the  charocte'r  oIf 
the  inner  surface  of  the  wall  of  the  sac.  This  clot  tills 
the  sac,  and  probablv  extends  for  a  variable  distance  into 
the  artery  aboveand  below  the  opening.  This  extension 
prevents  the  rc-entrance  of  blood  Into  the  sac  even  if  the 
obstruction  that  led  to  the  formation  of  the  clot  Is  after- 
ward removed,  and  the  latter  tlien 
undergoes  those  changes  with  which 
we  are  familiar  In  clots  formed  out. 
side  the  body.  It  divides  into  two 
portions,  aeentral,  slirunken,  lirmclot. 
composed  of  corpuscles  and  flbrin,  and 
an  external  laver  of  serum.  The  lat- 
ter  is  absorbed  by  the  neighboring  tis- 
sues, and  the  sac  correspondingly  re- 
tracts, and  its  wall  thickens  by  this 
retraction  and  possibly  by  a  hyper- 
plasia of  its  cellular  element"*,  pro- 
voked bv  the  Irritation  excited  by  the 
clot.  This  irritation  Involves  also  the 
adjoining  wall   of  the    artery,   as  is 

S roved  by  the  changes  that  occur  even 
1  normal  vessels  into  which  clots  have 
extended.  The  intima  thickens  and 
sends  out  cellular  prolongations,  which 
perforate  the  clot  and  spread  over  its 
surface;  these  new  cells  soon  consti- 
tute a  completely  formed  and  resistant  ,,„  , 
plug  structurally  continuous  with  the  ...  ,„  _  ^^^ 
wall  of  tlie  artery,  and  provided  with  -  -  "^^*°^ 
a  smooth  epithelial  surface.  The  ar- 
tery is  now  as  completely  and  per- 
manently closed  on  each  side  of  the 
aneurism  as  if  ligatures  liad  been 
placed  upon  it  there,  and  the  clot  is 
left  free  to  undergo  its  natural  retrogressive  changes, 
and  the  aneurism  is  relieved  from  the  distending  pres- 
sure of  the  arterial  stream,  Comjilete  absorption  of  the 
serum  reduces  the  clot  to  less  than  lialf  its  original  size, 
and  this  reduction  is  slowly  carried  further  by  molecu- 
lar disintegration  and  absorption  of  the  corpuscles  and 
fibrin. 

This  conception  of  the  process  is  supported  by  our 
knowledge  of  the  changes  which  occur  in  blood  that  has 
clotted  within  the  body  under  other  circumstances,  by 
certain  ctiuicol  features  observed  in  aneurisms  that  are 
undergoing  or  have  undergone  cure,  and  bv  the  examina- 
tion of  specimens.  Thus,  iaacase  ■)!  poptiteat  aneurism 
cured  by  the  application  of  the  rubber  bandage,  a  non- 
pulsaliiig  area  of  fluctuation  appeared  in  the  sac  a  day 
or  two  after  the  operation,  and  slowly  disappeared  as 
the  tumor  diminished ;  there  can  be  but  little  doubt  that 
it  was  due  to  tJie  pressure  of  serum  exuded  from  tlio 
clot  more  rapidly  tlian  it  was  absorbed  by  the  surround- 
ing tissues.  Again,  in  Mr.  Wagstaffe's  cose  above  re- 
ferred to,  there  was  found  a  central  bl'NHl  clot  of  com- 
paratively smallsize.  closely  surrounded  by  the  thiekeneil 
sac,  and  the  artery  was  percnanentlv  occludxl  bv  llbrous 
tissue  continuous  with  its  tvall  and' with  that  n{  the  sac: 
and  in  Dr.  Reid's  case  (/^iiret.  August ."»,  I(<7(H,  the  first 
one  cured  by  the  use  of  tlic  elastic  bandage,  a  similar 
condition  of  the  parts  was  found:  a  ci>ntral  h1oo<l  clot, 
dark  in  color  and  of  cheesy  cousisiency:  n  coutraeteil 
but  thin  sac  with  a  few  partly  adherent  layers  of  lami- 
nated fibrin ;  and  the  artery  occludi'd  by  fibrous  tissue  for 
a  distance  of  two  and  one-lialf  inches  aliove  the  sac. 

The  transformation  of  an  obliterated  aneurism  into  a 
blood  cyst  after  many  years  bos  been  observed  m  one 
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case,  which  is  apparently  unique.  It  is  reported  by 
Reinhold  ("Inaug.  Dissert.,"  Marburg,  1882;  abstract  in 
Centralblatt  f&r  Chimrgie,  1882,  p.  571).  It  was  a  trau- 
matic varicose  aneurism  of  the  popliteal  artery  and  vein 
successfully  treated  by  ligature  of  the  /emoral  artery 
and  by  compression  of  the  sac.  Nine  years  afterward  a 
large,  tense  cyst  formed,  containing  crystals  of  choles- 
tenn  and  ha^matin,  and  .suppurated  after  multiple  punc- 
tures ;  it  was  then  laid  open,  and  several  old  blood  clots 
and  a  few  calcified  fragments  were  turned  out. 

Cattses. — Anything  which  reduces  the  power  of  resist- 
ance possessed  by  the  arterial  wall  below  what  is  suffi- 
cient effectively  to  oppo.se  the  distending  force  of  the 
blood  may  be  an  immediate  or  a  pre<lisposing  cause  of 
aneurism.  A  sudden  increase  of  intravascular  pressure 
may  combine  with  pre-existing  weakness  of  the  wall  to 
produce  an  aneurism,  but  in  the  great  majority  of  cases 
the  change  which  leads  to  this  i)r(Klucli()n  lies  in  the 
wall  alone.  Mr.  Holmes  quotes  two  cases  in  which  the 
formation  of  an  abdominal  aneurism  appeau^d  to  have 
been  the  direct  consequence  of  the  emotion  experienced 
by  a  criminal  on  receiving  a  severe  sentence.  Weakness 
of  the  wall  may  be  limited  to  a  single  large  or  small 
area,  or  may  exist  at  many  points,  with  the  pnHluction 
of  a  corresponding  number  of  aneurisms.  This  latter 
condition  is  termed  the  aneurittmal  OintheMs,  and  al- 
though the  affection  is  usually  single,  as  manv  as  sixty- 
three  aneurisms  havel)een  found  in  one  individual.  The 
weakness  of  the  wall  is  the  result  of  change  in  the  inner, 
and  especially  the  middle,  coats  of  the  artery,  and  this 
change  may  be  either  the  hyaline  degeneration  above  de- 
scribed, or  the  one  known  as  atheroma.  Among  the  pre- 
disposing causes,  therefore,  must  Ik?  counted  all  thost^ 
which  lead  to  degeneration  of  the  arterial  wall.  The 
statistics  collected  by  Mr.  Crisp  show  that  of  551  spon- 
taneous aneurisms  of  all  kinds,  only  2  were  of  the  pul- 
monary artery,  1T5  of  the  thoracic  aorta.  59  of  the  abdom- 
inal aorta,  137  of  the  popliteal  artery,  06  of  the  femoral, 
24  of  the  carotid,  23  of  the  subclavian,  20  of  the  innomi- 
nate, and  18  of  the  axillary.  The  disease  is  most  common 
between  the  ages  of  thirty  and  fifty  years,  and  is  very 
rart»  in  childh(K)d;  ca.<ies  have  Ix^en  operated  ui)on  at 
eight  and  nine  years.  Broca  claimed  that  the  liability  to 
aneurism  increa.st*d  with  advancing  years  in  the  artc'ries 
above  the  diaphragm,  and  diminished  in  tho.s<*  Ih'Iow  it. 
Aneurisms  of  the  arteries  of  the  extremities  are  much 
less  frequent  in  women  than  in  men,  1)ut  there  api)ears 
to  be  no  such  difference  as  regards  internal  aneurisms. 
This  unequal  distribution  as  regards  the  artery,  the  age. 
and  the  .sex,  indicates  some  of  the  causes,  both  general 
and  special.  Among  the  general  causes  are  habits  of 
life  and  peculiarities  of  constitution  which  increase  the 
arterial  tension  or  diminish  the  strength  of  the  arterial 
walls;  the  special  ones  are  anatomical  j^eculiarities  and 
local  lesions,  changes,  and  injuries. 

The  habits  of  life  which  act  as  predisj)osing  causes  are 
excess  in  the  ustj  of  alcoholic  drinks,  an<l  occupations 
which  call  for  the  exertion  of  nuich  muscular  effort. 
The  influence  of  syphilis  has  been  alleged,  but  not 
proven,  and  the  same  is  true  of  its  mercurial  treatment. 
The  gouty  or  rheumaticdiathesis  predispo.'s^'s  to  it.  The 
influence  of  muscular  effort,  so  far  at  least  as  regards 
extehial  aneurisms,  is  shown  by  the  greater  j>revalence 
among  males  than  among  females,  and  the  greater  fre-  ' 
quency  during  the  primr*  of  life,  notwithstanding  the 
fact  that  degeneraticms  of  the  arterial  walls  are  more 
common  in  aclvanced  life.  Follin  (piotes  in  support  of 
the  influence  of  alcohol  a  remarkable  stali-ment  made  to  " 
him  by  the  Dublin  surgeon,  Colics,  to  the  effect  that 
while  the  Father  Mathew  Temperance  Societies  nourished 
in  Ireland,  aneurisms  wen^  much  less  fretpiently  .seen 
than  before  or  since  that  time. 

The  anatomical  peculiarities  which  influence  the  r)ccur- 
rence  of  an  aneurism  are  changes  in  the  direction  of  an  i 
artery  (as  the  arch  of  the  aortji).  normal  enlargenKiii*;  of 
its  calibre  (as  at  the  upper  end  of  the  carotid),  bifurca- 
tions, and  the  neighlwrhooil  of  joints  which  are  habitujiliv 
and  violently  extended  and  flexed  (as  the  knee  and  hip).    . 


The  local  changes  which  are  to  be  regarded  as  exciting 
causes  are  the  changes  already  described  as  occurring  ia 
the  arterial  wall,  and  other  changes  or  injuries  which 
diminish  its  power  of  resistance  or  break  its  continuity. 
Thus  the  sharp  edge  of  a  calcified  atheromatous  patch 
may  cut  through  the  intima  and  admit  the  blood  into 
the  rent,  with  me  subsequent  formation  of  a  real  aneu- 
rism, or  of  the  variety  known  as  dissecting  aneurism.  Or 
the  middle  coat  may  be  ruptured  by  being  overstretched, 
and  the  part  thus  w^eakened  will  be  expanded  to  fonii 
an  aneurism;  or  ulcerative  inflanunation  outside  the 
vessel  may  weaken,  or  even  perforate  its  wall,  leading, 
in  the  former  case,  to  the  formation  of  a  typical  aneurism, 
and,  in  the  latter,  to  the  transformation  of  an  abscess  into 
an  aneurism.  Or,  rarely,  the  process  set  up  by  a  ligature 
u])on  an  artery  may  extend  beyond  what  is  needed  for 
the  sealing  of  the  vessel;  and  so  weaken  the  adjoining 
portion  by  modifying  its  middle  coat  that  it  yields  under 
the  pressure  of  the  blood  and  expands  into  an  aneurism. 
Or  an  embolus  may  lodge  in  an  artery  and  lead  to  the 
same  result  by  the  same  process;  this  seems  to  be 
especially  probable  when  the  embolus  has  formed  dur- 
ing ulcerative  endocarditis,  and  tlie  explanation  is  to  be 
found  in  the  septic  or  virulent  qualities  then  possessed 
by  the  embolus.  Four  cases  of  this  kind  were  reported 
by  Dr.  James  F.  Goodhart,  in  the  Transactions  of  the 
Ijondon  Pathological  Society,  1877,  vol.  xxviii..  p.  8>8:  in 
three  of  them  the  aneuri.sm  occupied  the  middle  cerebral 
artery,  or  one  of  its  branches ;  in  the  others,  the  posterior 
cerebral  artery. 

Sf/mpfonat  and  Progress. — When  an  aneurism  forms 
suddenly  by  rupture  or  perforation  of  an  artery,  or  in 
consequence  of  a  violent  effort  or  emotion,  its  formation 
is  accompaniini  by  sharp  pain  and  the  more  or  less 
prompt  appearance  of  a  tumor,  if  it  is  so  situated  that  a 
tumor  is  recognizable.  But  ordinarily  the  formation  is 
slow,  and  the  patient's  attention  is  first  attracted  by  the 
presence  of  a  tumor.  This  is  situated  in  the  line  of  an 
artery,  is  not  adherent  to  the  skin,  is  slightly  movable. 
smooth  and  regular  in  outline,  usually  globular  or  ovoid, 
soft  and  compressible,  and  pulsates  svnchronouslv  with 
the  heart.  If  steady  pressure  is  made  upon  it,  its  size 
may  be  mon^  or  less  diminished  while  the  pressure  is 
made,  but  it  inmiediatelv  regjiins  its  former  volume  when 
the  pressure  is  removed.  If  it  is  grasped  between  the 
thumb  and  fingers  or  InHween  the  two  hands,  the  pulsa- 
tion is  found  to  be  expansile,  that  is,  the  fingers  or  hands 
are  pushed  ai)art  by  it,  not  simply  lifted  by  it.  If  the 
ear  is  j>laced  upon  it  a  sound  is  heard  corresponding  to 
the  pulsation:  this  is  the  amurismal  bruit;  and  while  it 
may  vary  somewhat  in  character  in  different  cases,  it  is 
usually  harsh  rather  than  soft  or  blowing;  it  may  be 
limited  to  th(»  time  occupied  by  the  pulsation,  or  may 
extend  over  the  entire  interval  from  the  beginning  of  one 
pulsjition  to  that  of  the  next.  If  pressure  is  made  upon 
the  artery  above  the  tumor,  the  latter  diminishes  some- 
wliat  in  size,  and  the  pulsation  and  bruit  cea.se.  Tlie 
l)ulsi\tion  in  the  di.<tal  branches  of  the  artery  may  be 
normal  or  diminished ;  and  if  the  tumor  presses  uj)on  the 
corresponding  vein,  the  limb  may  be  a»dematoiw  and 
swollen.  The  compressibility  and  softness  of  the  tumor 
are  modified  by  the  amoinit  of  laminated  fibrin  within 
the  Siic. 

In  thoracic  and  abdominal  aneurisms  many  of  these 
signs  are  unrecognizable  becau.*ie  of  the  inaccessibility 
of  the  tumor  to  j>al])ation.  The  o])jective  symptoms  of 
thoracic  aneurism  are  abnormal  dulness  on  percussion 
over  tln'  H'gion  occui)icd  by  it,  an  impulse  communicated 
by  it  to  the  sternum  or  ribs,  aneurismal  bruit,  and  pos; 
sibly  the  ]>reMMice  of  a  tumor  at  the  root  of  the  neck  or 
on  the  front  of  the  chest.  Other  symptoms  are  pain  and 
those  j)roduced  by  pressure  on  various  adjoining  organs: 
(lysphairia.  <liminislied  respiratory  munnur  on  one  side, 
ait<'ration  of  the  voice  by  pi*cssure  on  the  recurrent 
hirvngi'al  nerve,  jind  ])erhaps  differences  in  the  pulse 
when  the  tw(»  carotids  or  the  two  radials  are  compared. 
In  abdominal  aneurism  the  size.  sliap<',  and  peculiarities 
of  the  tumor  can  sometimes  be  recognized. 
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Pain  may  accompany  aneurism,  when  once  formed, 
and  is  due  either  to  sln-tching  of  nerves  or  to  pressure 
upon,  and  inflammatory  prtKX'sses  excited  in  them  and 
other  adjoining  tissues. 

The  tendency  of  an  aneurism  is  to  increase  in  size ;  for 
the  absence  from  the  wall  of  the  sjic  of  a  muscular  coat, 
the  most  efficient  agent  to  withstand  the  exi)anding 
1>1<xk1  pr(*ssure,  K*aves  the  wall  unprovided  with  an}' 
tissue  able  successfully  to  oppose  this  i>ressure.  The 
growth  may  be  rapid  or  slow,  according  to  circum- 
stances, chief  among  which  are  the  size  of  the  opening 
by  which  the  sac  communicates  with  tln^  artery,  the 
firmness  of  the  surrounding  tissues,  and  the  readiness 
with  which  the  blood  in  the  aneurism  clots  or  deposits 
laminatcil  fibrin  upon  its  wall.  The  enlargement  may 
Ik?  unifonn,  or  more  marked  at  some  points,  and  may 
take  place  more  rapidh'  at  certiiin  times  thau  at  others. 

The  natural  t<»ndency  of  an  aneurism  is  to  si)read  and 
finally  to  rupture,  either  by  gradual  weakening  of  it.s 
wall  or  by  ulceration  into  a  natunil  adjoining  cavity  or 
through  the  skin.  As  it  approaches  the  surfa('e  the  skin 
U^comes  tense,  adherent,  and  infiamed,  and  may  ulcemte 
or  Ix^come  gjingrenous.  The  subcutaneous  tissues  may 
be  similarly  affected,  and  thus  an  abscess  may  form  be- 
tween the  sac  and  the  skin,  into  which  the  aneurism  may 
rupture  either  before  or  after  the  abscess  has  opened  ex- 
ternally. The  infiammatory  process  outside  the  sac  has 
Ijeon  thought  U)  favor  (roagulation  of  the  blooil  within 
it,  and  thus  to  lead  to  a  U^mporary  or  even  a  permanent 
arrest  of  the  disease ;  but  ordinarily  free  hemorrhage  fol- 
lows the  rupture  and  rt'quires  extreme  measures  for  it« 
arrest,  if  indeed  arrest  is  possible. 

The  most  favorable,  ami  one  (»f  the  po.ssible  termina- 
tions of  aneurism,  is  its  spontaneoutf  cure  by  coaguhition 
of  the  blood  within  it.  Some  of  the  conditions  which 
I)n)Voke  or  favor  this  occurrence  have  already  been  re- 
'fern^l  to.  They  may  all  be  classified  under  three  heads: 
(1)  Those  which  favor  clotting  in  the  sac  by  retanlati(m 
or  arrest  of  the  curn^nt  through  it;  (2)  those  which  in- 
crease the  coagulability  of  the  bliKxl ;  (8)  thost»  which 
pnivoke  coagulation  through  change  in  or  about  the 
wall  of  the  sac. 

(1)  Ifetardfttion  or  arrefit  of  the  current ;  and  (2)  Condi- 
ti**nn  ichich  iticreMsc  the  cvixyttlability  of  the  hliHHl.  It  has 
iK'cn  abundantly  proved,  lK)th  clinically  and  by  the 
study  of  specimens,  that  total  arrest  of  the  current  in 
the  iic  is  not  necessary  f()r  the  coagulation  of  the  blood 
contained  in  it.  but  that  a  partial  arrest  or  slowing. 
i^ffectedby  influences  acting  u])on  the  genenil  circulation 
or  only  upon  the  bhwHl  occupying  j>ortionM  of  the  s»ic. 
may  either  lx*gin  the  process  or  promote  the  extension 
«if  the  prcH*ess  after  it  has  Imh'u  lH*gun.  Most  aneurisms 
of  any  size  contain  laminated  fibrin  adherent  to  some 
portion  of  the  wall,  and  some  are  found  completely  filled 
with  it.  or  so  nearly  filled  as  to  leave  only  a^mall  canal 
through  which  the  current  is  maintained.  AVhen  thes<' 
clots  are  small,  thej""  habitually  occupy  thos<»  p(»rtions  of 
the  sac  in  which  the  circulation  was  apparently  the  least 
rapdd.  and  it  has  l)een  observed  that  th<*  a(l<>i>lion  of 
measures  or  the  occurn*nce  of  changes  which  have 
diminished  the  rate  of  flow,  or  the  quantity  of  blood 
f>a.sscKl  through  the  ves.s<*l  u])on  which  the  aneurism  is 
situated,  has  been  followed  by  a  gradual  cure  through 
the  depositirm  of  fi])rin.  The  j)ermanency  of  such  a  cure 
depends  upon  the  maintenance  of  tin;  reduction  in  the 
rate  or  Vf)lumeof  tin*  blmnl  eurrent.  or  uj)(>n  the  ereati(»n 
of  such  H'lations  l)etwren  the  clot  and  the  wall  of  the  sjjc 
that  the  former  Ix^comes  a  permanent  j>art  of  the  latter, 
and  pn*ttK*ts  all  porticms  of  it  from  tin*  action  of  the  ex- 
panding force  of  the  blo<Ml.  These  n'lati(»ns  consist  in 
the  fonnation  of  a  membmne  by  i)rolif('nition  of  the 
cellular  elements  of  the  intima  of  the  artery,  and  the 
Hpread  of  this  membrane  over  the  edges  and  p<'rhaps 
over  the  whole  of  the  exposed  surface  of  the  clot,  in 
Hurh  a  way  as  to  prevent  the  in.sinuation  of  the  blood 
between  the  clot  and  the  wall,  and  to  give  a  sm<M»th 
epithelial  surface  over  which  the  blood  i)asses  without 
depositing  additional  fibria 


The  causes  of  n^tanlation  or  arrest  are  various.  They 
may  be  found  in  the  shape  of  the  sac,  in  the  general  con- 
dition or  habits  of  the  patient,  or  in  special  modifiea- 
ti(ms  of  the  fiow  through  the  artery  ititelf. 

Pouched  sacs,  or  sacs  with  small  necks,  an*  more  favor- 
able to  the  occurrence  of  clotting  than  are  fusiform  dilata- 
tions or  sacs  with  large,  free  openings,  lx*causethe  blood 
that  enters  does  not  imnuMliately  leave  them,  but  forms  a 
.sort  of  eddy  beside  the  general  stream  in  which  the 
current  is  slow  or  almost  nil. 

Oi  the  causes  arising  in  the  geneml  condition  or  habits 
of  the  patient,  the  first  and  most  important  is  continu- 
ous rest  in  bed  for  weeks  or  months,  combined  with  a 
light,  non-stimulating  diet.  Other  Ciiu.ses,  which  may 
also  act  by  increasing  the  coagulability  of  the  bliKxl,  are 
bleeding,  either  large  or  .small  and  repeated,  and  the  in- 
ternal use  of  various  drugs,  such  as  digitalis,  tartar 
emetic,  veratrum  viride,  iodide  of  potas.sium,  acetate  of 
lead,  ergot,  and  the  chloride  of  l)arium.  Cures  have 
followed  the  use  of  each  of  these  measures,  alone  or  in 
combination,  but  it  is  not  always  easy  to  determine  how 
much  (Tcdit  Is  to  be  awarded*  to  the  treatment  in  any 
on(;  case. 

Kc^hinlation  or  arrest  of  the  flow  may  also  be  caused 
by  obstruction  of  the  orifice  of  the  sac,  if  it  is  small,  or 
of  the  artery  above  or  Ixdow  the  aneurism.  The  most 
common  agency  in  prcwlucing  this  change  is  the  detach- 
ment of  a  fragment  of  fibrin  from  the  wall  of  the  sac 
and  its  hnlgment  in  the  neck  of  the  sac,  or  in  the  artery 
Ix'low.  The  latter  occurrence  is  habitually  accompanied 
by  .st*vere  pain  in  th<'  limb,  and  is  evidenced  by  arrest  of 
pulsation  in  the  distal  branches  of  the  art4>r}'.  A  cure 
l)y  this  mechanism  has  been  observed  a  number  of  times, 
.  and  it  forms  the  basis  of  a  metluKl  of  tn»atment  sug- 
gested by  Sir  William  Fergu.son,  in  which  the  forcible  de- 
tachment of  a  clot  from  the  wall  is  sought  to  be  effected. 
If  the  detached  clot  is  small,  it  may  hxlge  on  the  spur  of 
a  bifurcation,  and  th<'n  grow  in  size  by  additional  de- 
posit's of  fibrin  until  it  obstructs  one  or  both  of  the 
i)ranches,  and  in  such  a  case  retanlation  prece<les  com- 
plete; arrest. 

This  pf)s.sibility  of  the  detachment  of  small  clots  and 
their  i)as.sjige  into  the  distill  branches  of  the  artery  in- 
volves the  risk  of  other  changes  far  different  froni  the 
cure  of  the  aneurism.  The  arrest  of  the  circulation  may 
lead  to  gangrene  of  the  lower  portion  of  the  limb,  total 
or  partial,  according  to  the  si*at  of  the  obliteration;  and 
if  the  aneurism  is  situated  up<m  the  arch  of  the  aorta  or 
upon  one  of  the  ves.s<'ls  going  to  the  hea<l,  the  eml>oli 
may  Uxlge  in  the  vesstds  (»f  the  bmin  and  caust*  death 
promptly.  I  once  sjiw  a  surgeon  examine  a  patient 
with  an  aneurism  of  the  aorta  that  had  perforated  the 
sternum  and  forme<l  a  large  tumor  over  it.  He  made 
I)n'ssure  upon  the  tumor  and  reduced  it  through  the 
oj)ening;  as  he  did  so.  the  patient  was  seized  with  con- 
vulsions and  became  uncousciou.s,  and  after  his  d(;ath,  on 
the  following  day.  the  bniin,  kidney.s  and  spleen  were 
foun<l  filled  with  emboli,  fmgments  of  the  laminated  clot 
that  had  lined  the  wall  ot  the  projecting  tumor. 

When  there  is  mendy  retanlation  of  the  current  the 
cure  takes  place  by  the  gmdual  deposit  of  laminated 
fibrin;  and  when  there  is  total  arrest,  it  takes  place  prob- 
ably by  coagulation  in  ma.ss  of  all  the  blo<Ml  within  the 
sac.  and  the  .subs<*(iuent  shrinking  of  the  clot  an<l  sealing 
of  the  vessid  by  the  pnMluction  of  fibrous  ti.ssue.  as  has 
been  ilescrilM'd  above. 

Another  allege<l  cause  of  retanhjtion  of  tin-  stn-am  is 
pn^ssure  of  thi?  tumor  up<m  the  pro.xininl  portion  of  the 
artery,  but  no  ca.ses  have  Iwcn  n-port<'d  in  whielrthis 
nn'chanism  has  been  denionstnited.  Its  snppos«Ml  possi- 
l)ility  n^sts  upon  theoretical  grounds  alone  an<l  while  it 
may  lH»admitte<las  a  pos.sibiiity.  tlitre  is])ut  lilth*  reason 
to  iK'lieve  it  has  ever  taken  place. 

(W)  (anfh'tiontt  trhirh  intHtthe  r»nitjnJntion  throntjh  ehitnfje 
in  (tr  ofufut  the  tnifl  of  the  aar.  Intlainniati<n»  of  the  siic, 
or  of  the  tis.sues  immediately  overlying  it  is  alleged  by 
Hroca  and  others  to  In*  a  cause  ()f  coiiguhition  within  it 
and  of  consecjuent  cure.     Mr.  Holmes  thinks  this  has 
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never  been  demonstrated,  and  attributes  the  cure,  in  the 
cases  that  have  been  cited  in  support  of  the  theory,  to 
impaction  of  a  clot.  There  is  no  doubt  that  inflamma- 
tion about  an  artery  or  vein  can  and  dcx's  often  lead  to 
the  formation  of  a  throml)us  within  the  vessel,  but  the 
conditions  in  an  aneurismal  sac  art*  so  different  that  it  is 
perhaps  unjustifiable  to  argue  from  a  supjXKsed  analogy. 

The  sudden  formation  of  a  soft  clot  within  an  aneu- 
rism may  excite  inflammation  and  suppuration  of  the  sac 
with  subsequent  rupture.  In  a  few  cases  this  has  l)een 
followed  by  a  cure;  but  the  cure  must  Ik?  attributed  to 
the  obstruction  of  the  vessel,  either  bv  the  original  clot 
previous  to  the  rupture,  or  by  a  secondary  clot  after  the 
hemorrhage  that  has  followed  the  rupture. 

In  like  manner,  tanly  suppuration  may  follow  cure, 
and  after  an  aneurism  has  remained  quiescent  and 
slirunken.  in  fact  cured,  for  months  or  even  years,  such 
suppuration  mav  lead  to  the  casting  out  of  the  clot  in 
whole  or  in  part 

Changes  in  laminated  fibrin  after  the  cure  of  an  aneu- 
rism are  slight  and  gradual,  and  rarely  amount  to  more 
than  a  diminution  in  si/e  by  .shrinking;  s<»metimes  the 
fibrin  iK'Comes  .soft,  and  sometimes  lime  Siilts  are  de- 
posited in  it.  A  uni(iue  case  of  late  transformation  into 
a  blood  cyst  has  l>een  mentioned  above. 

Diagnosis. — The  typical  symptoms  of  aneurism  are 
the  existence  of  a  more  or  less  well-defined  tumor  that 
pulsates  synchnmously  with  the  iH'at  of  the  ht*art,  has  a 
distinct  intermittent  bruit,  and  diminishes  in  size  while 
pressure  is  made  upon  it  or  upon  the  proximal  portion 
of  the  artery  from  which  it  ari.ses.  But  these  signs  may 
}ye  variously  mcKlified  or  abolished  by  the  varying  condi- 
tions that  have  Ix'cn  described  above,  or  mav  l>e  unde- 
monstrable  Ix'cause  of  the  position  of  the  tumor,  or  may 
be  .simulated  by  those  of  other  affections.  An  achlitional 
sign  is  sometimes  found  in  a  difference  in  the  diameter 
of  the  puls<*  in  the  distal  branches  of  the  artery  when 
compared  with  that  in  the  bmnchesof  the  corresponding 
arterv  of  the  other  side,  a  difference  that  may  \k'  recog- 
nized by  the  finger,  but  much  mc^re  certiiiiily  by  the 
sphygmograph. 

The  diagnosis  of  aneurism  of  the  thoracic  aorta  is 
made  by  recognition  of  an  abnormal  area  of  dulnes.s, 
pulsation,  and  bruit,  perhaps  with  dysphagia,  hoarsc*- 
ness,  diminished  respiratory  murmur  on  one  side,  inter 
ference  with  the  return  venous  flow  from  the  neck,  j>ain 
in  the  chest,  and  perhaps  differences  in  the  radial  or 
carotid  pulse.  The  differential  diagnosis  Iwtween  this 
aneurism  and  one  of  tlie  inn(nninate  may  be  diilicult  c^r 
impossible,  for  an  aneurism  of  the  arch  of  the  aorta  fre- 
quently presents  its<'lf  as  a  tumor  in  the  neck,  and  may 
even  extend  into  the  posterior  cervical  triangle. 

In  abdominal  aneurism  <»f  the  aorta,  c(eiiac  axis,  or 
mesenteric  arteries,  the  only  symptoms  may  \m'  the  in- 
definite ones  of  pain  and  j)ulsation.  with  an  ill-defined 
tumor,  and  it  may  be  imp(>ssil)le  to  determine  whether 
the  tumor  itself  pulsates  or  whether  the  j)ul.siition  is  not 
merely  communicated  to  it  bv  the  underlying  aorta.  If 
it  can  l)e  gmsped  and  lifted  up.  the  diagnosis  can  be 
made,  for  in  such  ca.se  th<'  i)ulsijtion  will  jiersisl  if  it  is 
an  aneurism,  and  will  cease  if  it  is  n(»t.  This  explora- 
tion is  not  devoid  of  chinger,  since  the  handling  may 
cause  the  siic  to  burst,  as  in  a  case  in  which  the  patient, 
himself  a  physician,  sought  to  prove  to  the  attendants 
that  the  tumor  was  a  mass  of  hardened  fa-ees  which 
could  be  lifted  away  from  the  aorta :  thes<'  ircntlenien  re- 
tired to  an  adjoining  room  for  eonsidtation.  and  on  their 
return  found  the  patient  dying.  The  sue  had  been 
niptured. 

The  symptoms  in  external  aneuri^^m  may  be  modified 
by  the  partial  or  ccmiplete  e(»nsoli(lation  of  its  content^. 
or  by  the  temporary  obstruction  <»f  its  oritice.  either  of 
which  occurrences  may  greatly  diminish  or  arrest  tlie 
piilsjition  and  bruit. 

The  affections  with  which  an  aneuristn  is  most  likely 
to  be  confounded  are  .solid  or  liquid  tumors  overlyinir 
an  arterv  and  verv  vascular  tumors  Iving  in  or  near  tlie 
cours<'  of  a  large  arter}'.     In  all.  the  common  .signs  are  a 


pulsating  tumor  with  bruit,  and  the  circumstance  that 
the  pulsation  and  bruit  may  he  arrested  by  pressure  on 
the  artery.  The  pulsation  of  an  aneurism  is  expanMirt, 
the  tumor  enlarging  laterally  at  each  pulsation ;  that  of  an 
overlving  tumor  is  a  simple  lifting  of  the  entire  mass; 
but  til  is  difference  cannot  always  be  recognized  with 
certainty,  for  if  the  fingers  caniiot  be  pressed  down  to 
the  widest  part  of  the  tiimor,  the  simple  rising  of  the 
sloping  sides  of  the  globular  mass  between  them  forces 
them  apart  and  simulates  lateral  expansion.  A  bruit 
may  be  caused  in  an  arterj'  or  vein  by  pressure  upon  it 
In  a  vein  such  a  bruit  is  harsh  and  continuous;  in  an 
artery  it  is  intennittent  and  more  "  blowing  "  in  character 
than  that  of  an  aneurism. 

In  the  c«se  of  a  susi^cted  liquid  collection  simulating 
aneurism,  the  diagnosis  may  be  aided  by  aspiration  with 
a  fine  needle.  An  aneurism  has  been  mistaken  for  an 
abscess  frequently  enough  to  make  great  caution  neces- 
sary in  the  diagnosis  and  treatment  of  any  supposed 
abscess  Iving  in  the  course  of  a  large  artery.  The  fingers 
should  always  l>e  pressed  deeply  into  the  swelling  in 
search  of  piilsaticm,  and  even  if  an  abscess  is  certainly 
present,  it  should  l»e  remembereil  that  it  may  have 
formed  over  an  aneurism. 

As  pulsation  and  bruit  have  their  origin  in  the  stream 
of  bhxxi  brought  by  the  artery,  pressure  upon  the 
pmximal  portion  of  the  vessel  will  arrest  them,  whether 
they  Ixdong  to  an  aneurism  or  are  simply  communicated 
through  a  tumor.  Vascular  tumors,  especially  those 
arising  from  bone,  often  have  well-marked  pulsation 
and  bruit:  but  their  pulsatitm  is  less  ** heaving"  or 
*"  massive  "  than  in  aneurism,  and  the  bruit  is  rarely  well 
marked.  The  diagnosis  may  lie  extn»melv  difficult,  or 
only  pos.sible  by  the  aid  of  excepticmal  explorations.  In 
a  case  of  large  pulsating  tumor  of  the  gluteal  region, 
under  the  care  of  Prof.  Henry  B.  Sands,  in  the  ifiose- 
velt  Hospital,  New  York,  in  1S80.  the  diagnosis  of  aneu-' 
rism  was  made  by  pas.sing  the  hand  info  the  rectum, 
antl  thus  learning  that  the  internal  iliac  arter}-  was  en- 
larged, the  enlargement  increasing  from  above  downward 
to  the  sacro-sciatic  notch.  The  frequent  prf*sence,  in 
vascular  tumors,  of  large  collections  of  blood  contaiueil 
within  sacs  formed  by  the  ruptuiv  or  dilatation  of  capil- 
laries or  small  vessels,  increases  the  rcsembhince  to  an 
aneurism. 

An  aneurism  which  has  just  rupturt»d  into  the  adjoin- 
ing tissues  does  not  pulsate,  and  nuiy  have  no  bruit: 
under  such  circumstiuices  the  diagnosis  must  lie  made  by 
the  history  of  thcca.se,  the  pre-existcnce  of  a  pulsating 
tumor,  and  the  cessation  of  the  pulsation  coincidently 
with  a  marked  change  in  the  shape  and  size  of  the  tumor. 
In  like  manner,  where  an  artery  has  just  l>een  ruptured 
or  ])erforated  and  the  blocnl  has  lK»en  effused  into  the  ad- 
joining tissue.s.  pulsation  and  bruit  are  not  present  until 
after  tlie  effusion  has  Ix'come  circumscribed  by  a  dis- 
tinct firm  wall  composed  of  the  condensed  tissues  ("trau- 
matic aneurism  "  or  "ruptured  artery  "). 

For  the  differential  diagnosis  of  arteriovenous  aneu- 
rism an<i  cirsoid  aneurism  or  arterial  varix,  Hdi  infm. 

Pfof/nosis. — The  gmvity  of  the  prognosis  varies  with 
the  artery  involved,  and  the  size  and  character  of  the 
aneurism.     In  internal  aneurisms  the  prognosis  is  ver}* 
grave:  in  external  aneurisms  it  is  commonly  much  K»ss     .^= 
so.   since  in  most  of  them  suitable  treatment  offers  a     -i^- 
reasoiKihle  ho])e  of  cure. 

'ri'itttintiit. — }fuUi'(iJ  ftYit ft/tent. — The  medical  treat- —  ^ 
nient  of  aneurism,  especially  of  uitcrnal  aneuri.sms,  which  M'  ^ 
are  conunonly  regarded,  and  with  much  reascm,  as  practi —  *" 
(•ally  incurable.  consi>;ts  in  absolute  rest  in  the  recuml)ent^  ^^ 
])(Kition.  maintained  for  weeks  or  months,  combined  witlr  M'  ^ 
a  re^^trictcd  <lict.  and  aided,  perhaps,  by  the  use  of  vari  Jr  3 
ous  drugs.  The  al^solutc  rest  and  the  low  diet  are  un  t^^ 
(lUestionahly  themn>;t  ellicient  part  of  the  treatment,  anc^  ^' 
the  drugs,  even  tho-^e  for  which  most  has  been  claimwl^ 
are  onlv  adiuvaiit>i  of  uncertain  and  often  verv  doubtfiff 
utility.  Sysicniaiic  treatment  of  this  kind  dates  fror~ 
the  time  of  Val^ilva.  and  even  in  his  hamis  the  rest  wj* 
subordinate  t<.)  rei»cated  venesection,  which  he  carrie<l 
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such  an  exU'nt  that  rest  in  IkhI  was  a  matttT  not  of 
choice,  but  of  necessity.  This  active  depletion  was 
never  reganle<i  with  niiicrli  favor,  and  as  it  was  long 
(leemetl  an  es.si'ntial  part  of  treatment  by  rest,  the  latter 
sliari^l  in  the  disfavor  ()f  it.s  associat4\  and  patients  af- 
fected with  internal  aneurisms  were  habitually  hx)ked 
ui)on  as  lx*\'ond  the  reach  of  art.  and  the  interference 
of  the  physic^ian  was  restricted  to  relief  of  pain  and  the 
occasional  employment  of  drugs  from  which  it  was 
thought  some  Ix'netit  might  possibly  accrue.  To  Mr. 
Tufnell.-  of  Dublin,  belongs  the  credit  of  demonstrating 
the  value  of  absolute  rest  in  bed  and  restricted  diet  in 
pnimoting  a  cure  or  alTording  great  relii'f.  He  insists 
upon  the  absfdutc  maintenance  of  the  n'cuml)ent  posture, 
and  restricts  the  amount  of  Uhh\  to  about  eight  ounces 
of  .solid  f(KKl  and  si.x  ounces  of  liquid  daily,  the  s(»lid 
foo<i  iM'ing  bread.  ])utter,  and  meat,  the  liquid  milk  and 
a  little  claret  wine. 

Of  drugs,  the  iodicU'  of  j>otas.sium  has  been  most  em- 
ploywl,  in  dos<*sof  from  half  anoimce  toonecmnce  daily. 
A  number  of  cases  of  aortic  aneurism  apj)an*ntly  cured 
or  greatlv  relieved  by  its  u.*^*  have  lK*en  reported. 

Digitalis,  veratrum  viride,  and  ergot  have  also  bet»n 
u.seil.  with  the  object  of  sh)wing  the  circulaticm;  occni- 
sional  9Uj)posi»d  cures  (jr  temporary  arrests  by  their 
agency  have  l>een  reported,  but  they  are  not  regardetl 
with  favor  by  the  authors  of  systematic  treatis<'s  on  the 
subject.  Ergot  is  given  inU'rnally  in  the  form  of  the 
fluid  extract,  orsulx'utaneously  asergotine.  Mr.  Holmes 
regards  the  acetate  of  lead  Jis  offering  th(»  iK'st  promis<*. 
Dr.  F.  Flint  ^  reported  a  ca.s<'  of  aneurism  of  the  alxkmii- 
nal  aorta  appan*ntly  cured  by  the  u.s4'  of  the  chloride  of 
Itariuin  in  doses  of  from  one-tifth  to  three-fifths  of  a 
grain  three  times  daily  for  a1)out  live  months,  after 
TufneU's  metlxHl  had  entirely  faih'd.  Tin-  most  rapid 
im])n)vement  coincided  with  the  smallest  dos<». 

Snrf/ical  mctJuHh  of  trfafinmt  may  l)e  grouped  in  three 
class<»s : 

1.  liadical  oblitenition  of  the  sjic  by  opening  it  and 
tying  the  artery  immediately  alM>ve  and  1h.*1ow  its  j)()int 
of  communicati(m  with  the  aneurism.  This  is  known  jus 
the  '*old  methiKl,''  or  the  "metlnKl  of  AntvUus."  Under 
the  same  head  may  Ik*  included  the  new  method  of  ex 
tir]>ation  of  the  sac,  with  ligature  of  the  artery  al)Ove  and 
below. 

2.  Permanent  or  tempc»rary  arrest  of  the  afTerent  stream 
at  a  point  on  the  proximal  side  somewhat  removed  from 
the  aneurism. 

(n)  Ligatun?  of  the    artery   (Anel's   method,    or   the 
nunterian  method). 
{b)  Comprt»s.sion  of  the  artery — direct,  indirect,  digital, 
(r)  Esmarch's  elastic  Iwindage. 
{(f)  Flexion  of  the  liml). 

3.  Permanent  arrt^st  or  obstruction  of  the  stream  on 
the  distal  side. 

(a)  Distal  ligature. 

(h)  Manipulation  to  produce  an  embolus  or  impacted 

4.  Rapid  coagulation  of  the  bl(KMl  in  the  sac  (with  or 
without  temporary  arre^^t  of  tht*  stream). 

(a)  Coagulating  injections. 

(//)  lutrcnluction  of  solid  bodies. 

(r)  Galvano-puncture. 

5.  PnniM>ti<»n  of  the  format i(»ii  of  a  laminat(>d  clot  by 
irritation  of  the  wall — "nrt'dliiiir." 

1.  The  **old  metlKMl"  (or  the  mctluMl  of  Antvllus). 
The  aneurisms  with  which  the  ancient  surgeons  had 
mainly  to  deal,  or  at  Ira^t  those  to  wliich  openitivc  in- 
terference was  mainly  limited,  were  tnuiinati<-  aneurisms 
at  the  bend  of  the  eriM)w  f(illo\ving  vciKscction.  It  has 
b<.*on  claime<l  for  them  that  they  knew  and  practis<Ml  the 
nietluKl  of  cure  bv  liirnture  of  the  artrrv  in  continnitv 

•  •  •  • 

al»ove  the  sac,  but  Hodgson  s  stat«*in<'iit.  which  is  qunted 
by  Mr  Holmes  in  sui>port  of  this  claim,  (hx's  not  fully 
UIhI  accumtely  presc»nt  the  practice  LiL'jitun*  of  the 
bnichial  art4.»ry  "three  or  four  fin L^er  breadths  Ix-low  the 
axilla**  was  indwd  recomnnMidiMl  by  Artius  in  the  fifth 
century,  but  only  as  a  ))reliminary  to  the  o])ening  of  the 


sac  at  the  elbow  and  the  application  of  another  ligature 
there,  and  solely  with  the  object  of  preventing  hemor- 
rhage during  the  ojieration  j)roi)er.  The  main  (»bject  of 
treatment  was  to  remove  the  ch>t.  which  was  thought  to 
Im?  a  source  of  <langer,  and  to  prevent  subse«|uent  hemor- 
rlmge  by  obliterating  the  artery  or  closing  the  oj)ening 
by  which  it  communictited  with  the  sac.  The  operation 
aj)pears  to  have  fallen  into  disuse  and  not  to  have  bwn 
revived  until  about  the  si*venteenth  century,  when  it 
was  again  used  with  various  modifications,  but  at  first 
only  in  traumatic  aneurysms  at  the  elbow.  It  appears  to 
have  Ix'cn  first  u.sed  in  popliteal  aneurism  by  Key.slere: 
the  date  of  his  first  opemtion  is  not  known,  his  secoml 
and  third  were  done  in  1747  and  174H  resju'Ctively.  His 
first  three  cases  were  successful;  the  fourth  died.* 

The  method  of  oj>eration.  as  practised  in  iiopliteal  and 
brachial  aneurisms  until  the  end  of  the  eiirhteenth  cen- 
turv,  was  to  control  the  arterv  bv  a  tourniquet  or  the 
fingers,  divide  the  sac  by  a  longitudinal  incision,  tuni 
(»ut  the  ch)ts,  find  the  point  of  communication  with  the 
arterv,  isolate  the  latter,  and  tie  it  above  and  below  the 
opening.  The  cavity  was  then  packed  with  lint  and 
allowed  to  fill  by  gninulation. 

The  dif1i(uilties  and  the  dangers  were  great.  The 
(►pening  into  the  artery  was  often  deeply  phuted  and 
ditticult  of  access,  so  that  the  external  im-ision  needed  to 
l)e  very  long  (ten  inches  in  a  ca.^^-  of  i)opliteal  aneurism), 
and  after  the  opening  had  been  found  the  isolation  of  th<» 
artery  was  diflicult;  it  was  recommeialed  to  s<*ek  for  it 
with  a  catheter  or  probe,  and.  after  having  found  it,  to 
introduce  this  instrument  into  it  ami  use  it  as  a  guide 
and  helj)  in  denudation,  a  suggestion  that  has  rec<'ntly 
been  revived  and  practi.sed  in  .similar  cases. 

The  results  in  popliteal  aneurism  were  so  bad  that 
most  surgeons  appear  t<»  have  preferred  amputation. 
Pott  savs  he  had  tri«*d  it  more  than  once  or  twice  him- 
self,  and  ha<l  situ  it  tried  by  others,  but  always  with  a 
fatal  result;  and.  as  Mr.  Holmes  points  out.  the  immedi- 
ate acce])tance  an<l  substitution  of  the  Hunterian  opera- 
tion, which  was  its«'|f  nearly  as  fatal  as  amputation  of 
the  thigh,  shows  that  the  mortality  nfXvT  the  old  opera- 
tion must  have  Iweii  friirhtful.  Secondary  hemorrhage 
on  the  fall  of  the  ligatures  was  frejjuent.  and  so.  too, 
was  gangrene  of  the  distal  portion  of  the  limb,  probably 
becaus<»  of  the  i)res,sure  of  the  lint  with  which  the  cavity 
was  stulTed.  or  of  injury  to  the  vein,  or  of  its  imrlu.sion 
in  the  ligature. 

The  cause's  of  the  bad  results  are  not  far  to  wek:  diffl- 
cult  and  lieep  dissection,  a  large  wound,  imperfect 
laemostasis  during  the  operation,  the  ligature  placed 
upon  an  unhealthy  portion  of  the  artery,  and  ofticicms 
and  dangerous  modes  of  dressing  make  a  grou])  of  hostile 
con<litions  .so  numerous  and  powerful  that  it  is  not  strange 
so  few  escaped  with  their  lives.  Mcnlern  improvements 
in  operative  methods,  ainesthetics.  the  catgut  or  antiseptic 
li«rature,  and  antiseptic  dres.sings  have  Imaight  a  much 
larger  measure  of  success  in  cases  even  less  i)romising 
than  the  avenige,  and  the  "'old  metluKl ''  is  still  in  use 
and  gives  fairly  gocnl  results  in  cases  in  which  the 
Hunterian  methcKl  is  impracticjd)le.  and,  indeed,  it  even 
receives  th<^  preference  in  sona*  others.  Syme.  after  a 
long  experience,  which  included  .some  of  the  most  bril- 
liant and  successful  <»penitions  upon  art<'ries  recorded  in 
the  history  of  surgery,  formally  declared  his  preference 
for  the  old  method  over  the  Hunterian.  except  fnr  jiiieu- 
risms  of  the  poj)liteal,  femoml.  and  carotid  arterifs.  Th<* 
cases  in  whi<h  it  lias  recentlv  Iwen  used  witli  su('<css.  jind 
for  which  it  is  formallv  ri'CommendcjM  after  ItsM-r  iiu-as- 
ures  have  failed,  an'  some  tniuni:ilic  ancurisui^i.  aneu- 
risms of  the  subclavian,  axillary,  and  Lihitml  .-irteries. 
also  after  rupture  of  the  s-ic.  :is  a  nn-uw  (d'  avoiding 
aniputati<»n  (Ilolmes).  when  tin*  diaLMiosi«;  i^  uncertain 
and  the  tumor  niav  be  caneerniis.  and  \\  hen  the  aneu- 
rism  has  recurred  after  a|)]»arent  cure  by  liL-^ature. 

The  frecjuency  of  secondary  heiniTrhage  \\a<  thought 
bv  Hunter  to  be  due  t<»  the  diseased  <onditinn  nt  the 
arterial  wall  near  the  siic.  where  the  liiratiire  wa>  applied, 
and  this  hasalwavsljfH'ii  deenu-done  of  the  most  weiLditv 
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reasons  for  prefening  the  Ilunterian  method,  in  which 
the  ligature  is  placed  upon  a  more  distant  and  presum- 
ably healthy  part  of  the  artery.  It  must  be  remembered, 
however,  that  secondary  hemorrhage  wjis  much  more 
common  in  former  days,  after  all  opemtions  in  which  a 
large  artery  was  tieti,  than  it  Is  at  presc»nt,  when  it  has 
become  very  rare  after  ligatui*e  with  catgut  or  aseptic 
silk ;  and  that  arteries  so  degenerated,  or  even  calcified, 
that  they  broke  when  the  ligature  was  drawn  tightly, 
have  remaine<l  securely  closed  by  slighter  pressure,  and 
the  wounds  have  healed  without  accident.  Moreover, 
recent  experience  with  the  catgut  ligature  in  the  "ohr' 
operation  and  in  extirpation  of  the  sac  has  shown  that 
the  cliance  of  secondary  hemorrhage  is  slight.  The  ob- 
jection raised  against  the  old  method,  tliat  the  condition 
of  the  adjoining  arterial  wall  is  alterf*d,  cjinnot  properly 
be  urgwl  in  the  ciLse  of  a  traumatic  aneurism;  and  the 
only  other  pos.sible  objections  are.  that  the  operation  is 
more  dilllcult  and  the  wound  larger. 

Syme's  method  of  operathig  wlien  the  artery  could  not 
be  controlled  on  the  proximal  side  of  the  sac  was  to  make 
an  incision  into  the  tunK>r  just  large  enough  to  admit  his 
finger,  with  which  he  then  felt  for  and  compressed  the 
opening  in  the  vessel.  If  he  could  not  thus  find  the 
opening,  he  enlarged  the  inci.sion  and  then  introduced  a 
«econd  and  a  third  finger,  and.  in  one  case — so  says  Mr. 
Holmes — the  entire  hand.  When  the  opening  was  found 
and  commanded,  he  still  further  enlarged  the  incision, 
turned  out  the  clot.s,  and  denuded  and  tied  the  artery 
above  and  Ih-Iow. 

Extirpation  of  the  sac  is  now  done  as  for  the  removal 
of  a  tumor.     The  mass  is  exposed  by  a  long  incision,  the 
artery  is  tied  above  and  then  Iwlow.  and  the  sac  is  dis 
sected  out  with  great  cure  t^)  avoid  injury  to  the  vein. 

2.  Permanent  or  temporary  arrest  of  the  afferent 
stream  at  a  point  on  the  proximal  side  somewhat  re- 
moved from  the  sjic. 

(n)  L\gnUint  by  Anel's  method,  or  the  Huuterian 
method.  The  question  of  priority  in  the  intnKluction  of 
the  method  of  tying  the  artery  'al>ove  the  sac.  as  now 
practised,  has  given  n'st;  to  much  c<mtroversy,  but  must 
here  be  dealt  with  very  briefiy.  It  is  claimed  by  the 
French  for  Anel.  a  French  surgeon  practising  in  lionie 
in  1710,  and  by  the  English  for  John  Hunter  in  ITH.!. 
The  reader  who  is  curious  in  the  matter  is  refeiTcd  to 
Broca  (**Des  auevrysmes."  Paris,  1856)  and  to  Holmes 
('*A  System  of  Surgery")  and  to  a  paper  by  the  writer 
in  the  New  York  yfalirnl  Jonnml,  November  1,  18H4. 
The  fact.s  in  brief,  wyg  as  follows;  January  80.  1710. 
Anel  treated  a  tniuniatic  aneurism  at  the  ben<l  of  the 
elbow  bv  tying  the  arterv  close  above  the  sjic  without 
opening  the  latter,  and  thereby  efTeet<*(l  a  cure.  The 
l)atient  was  a  ])riest.  Tlu^  ease  gave  rise  to  much  dis- 
cussion, th(f  account  of  it  was  rrprinted  in  sevi-nil  books 
and  journals,  and  the  meth(»d  wassul)ser|uently  used,  be- 
fore 178,"),  in  at  least  three  otlier  eases,  in  one  of  which 
the  ligature  was  applied  about  two  inelies  uhove  the  sjic 
(Broca,  p.  440).  June  22.  KS.").  Desiiult  (after  having  a 
few  months  j)reviously  sought  to  cure  an  axillary  aneu- 
rism by  compression  of  the  subclavian)  treated  a  popliteal 
aneurism  bv  tvinir  the  arterv,  "fmniediatelv  below  the 
nng  of  the  third  ad(luct<»r.'  that  is.  at  the  p<;int  where 
the  femoral  arterv  ends  and  the  popliteal  artery  begins: 
the  aneurism  was  cured,  and  tlie  patient  die(l  ( jf-ven 
months  later  of  <lisease  of  the  lower  end  of  tlic  tibia. 
December  12,  1785.  John  Hunter  treate<l  a  p(»i>]iteal 
aneurism  by  tying  the  feniond  arteiy  and  vein  "rather 
Mow  the 'middle  of  the  thigh."*  In  the  following 
March.  1786,  Desault.  having  knowledge  of  Hunters 
ca.se,  operate*!  upon  another  and  tierl  th(»  artery  at  a  still 
higher  point,  dividing  the  sjirtorins  to  expose  it. 

Hunter  repeated  the  operation  four  times  within  the 
four  years  following  his  first  ca.se.  tying  the  vein  as  well 


*  Fvoninl  Home.  In  Transartlons  of  a  Siwlety  for  the  Iiiiprnvemcnt 
of  Mwllral  and  Surjrieal  KnowhMtfff*.  IiOn<l<»ii.  I7*.e{.  p.  Us.  Tlii^  jii>- 
pears  to  Im' tJje  llrst  ofHcial  publication  of  the  vn^^v,  the  p:«|MT  i^^  iu»t 
dated,  but  it  is  printer!  between  two  which  are  datiMi  Sei)teuilx'r,  I7si), 
uu(i  Se|»teuiber,  179U,  respectively. 


aa  the  artery,  except  in  the  last  two;  Desault  died  shortly 
after  his  own  second  case. 

These  (acts  arc  not  disputed :  the  controversy  has  arisen 
over  the  piinciples  which  are  thought  to  have  led.  in  the 
minds  or  the  different  operators  (Anel,  Desault,  and 
Hunter),  to  the  adoption  of  the  method. 

It  is  claimed  by  the  English  (Guthrie,  Holmes)  that 
Anel  did  not  know  wliat  he  was  doing,  did  not  appreciate 
the  importance  of  the  method,  the  mode  by  which  it 
effected  a  cure,  and  its  applicability  to  other  aneurisms 
than  those  at  the  elbow,  and  that,  as  he  used  it,  it  was 
radically  defective  in  placing  the  ligature  too  close  to 
the  sac.  and  without  the  intervention  between  the  two  of 
any  colkteral  branch  given  off  from  the  artery;  that,  in 
short,  it  was  a  mere  liappy  chance,  stumbled  upon  with- 
out reflection,  and  pas.sea  without  appreciation;  that 
Desault's,  in  like  manner,  was  a  mere  experiment,  but 
that  Hunter's  was  the  result  of  profound  reflection  and 
reasoning  upon  the  nature  of  the  disease  and  the  manner 
in  which  coagulation  of  the  blood  in  the  sac  is  effected, 
and  especially  of  his  knowledge  of  the  fact  that  complete 
shutting  off  of  the  current  from  the  sac  was  not  neces- 
sary. The  original  reports,  on  examination,  do  not  ap- 
pear to  justify  any  of  these  claims,  which  seem  to  have 
no  more  solid  basis  than  ignorance  of  wliat  Anel  and 
Desault  really  thought,  and  the  crediting  of  Hunter,  be- 
fore his  operation,  with  knowledge  which  he  obtained  at 
a  lat(T  period.  Hunter's  identification  with  the  opera- 
tion was  in  large  part  the  result  of  his  exceptional  au- 
thority at  the  time,  the  publicity  which  attended  or  was 
given  to  the  act.  the  frecjuent  repetitions,  and  the  gen- 
eralization which  promptly  followed  it,  and  also  of  the 
great  ability  with  which  lie  set  forth  the  principles  upon 
which  it  rested.  These  in  themselves  are  an  ample  title 
to  recognition  and  respect,  and  Hunter's  glory  may  well 
Ik*  left  to  rest  on  them  without  robbing  others  of  their 
just  due. 

Three  months  after  Desault's  first  operation,  and  three 
mouths  before  Hunter's  first  operation,  at  a  consultation 
held  in  London  on  a  case  of  femoral  aneurism  as  large 
as  an  orange,  in  which  Hunter  took  part,  all  agreed  that 
it  was  impossible  to  resort  to  the  operation  ordinarily 
practised  ui)on  aneurisms,  and  recommended  pressure  on 
the  arterv  in  the  groin;  the  attempt  was  made,  and 
abandoned  because  of  the  pain  it  caused.  It  is  appan^nt 
that  at  this  time  Hunter  had  not  developed  his  method. 
The  arguments  that  led  Hunter  to  tie  the  femoral  artery 
for  popliteal  aneurism,  according  to  Home,  his  pupil, 
assistant,  and  reporter  (/<>r.  cit.,  p.  145),  were  "that  the 
disease  often  extends  along  the  artery  for  some  way  irom 
the  sjie;  and  that  the  cause  of  failure  in  the  common 
operation  arises  from  tying  a  disea.st*d  artery,  which  is 
incapable  of  union  in  the  tiint;  necessary  for  the  separat- 
ing of  the  ligature."  .  .  "If  the  artery  should  after- 
ward give  way  |if  tied  just  above  the  vStic],  there  will  not 
be  a  sullicieiit  l<*ngtli  of  ves.sel  remaining  to  allow  of  its 
being  again  secured  in  the  ham.  To  follow  the  art^^ry 
up  through  the  insertion  of  the  triceps  muscle,  to  get  at 
a  portion  of  it  where  it  is  sound,  becomes  a  very  dis- 
agreeable part  of  the  operation;  and  to  nmke  an  incision 
upon  the  fore  part  of  the  thigh,  to  get  at  and  st»cure  the 
femoral  artery,  would  be  breaking  new  gnmnd,  a  thing 
to  be  avoided,  if  possible,  in  all  operations.  Mr.  Hunter, 
from  having  nuide  tln'M'  observations,  was  led  to  propose 
that  in  this  operation  the  artery  shonld  Ix'  taken  up  in 
the  ant<'ri(»r  part  of  the  thiLrh.  at  some  distance  from  the 
dis<'ase(l  paii.  so  as  t<i  <liininish  the  risk  of  hemorrhage 
and  admit  of  the  artery  being  more  readily  secured, 
should  any  such  aeoidetit  hapj^en.  The  force  of  the  cir- 
culation Ixiiig  thus  taken  off  from  the  aneurismal  sac, 
the  ])rogress  of  the  dis<'ase  would  be  stoppinl:  and  he 
thouirht  it  probable  that,  if  the  ])arts  were  left  to  them- 
selves, the  s;ie  with  its  contents  might  be  absorbed  and 
the  who]<'  of  tlie  tumor  removed:  which  would  render 
anv  oi>eninir  into  the  s;»c  uiniec<'ssiirv." 

It  is  plain,  from  this.  tliaV  Hunter's  idea  in  seeking  the 
artery  at  a  hiiiher  point  was  simply  to  avoid  stvondary 
hemorrhage  and  to  make  its  treatment,  if  it  should  occur, 
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easier;  and  the  cxteut  to  which  this  idea  iireocciipicd  his 
mind  is  shown  in  the  strange  additional  pni.'autions  he 
ti)ole  in  the  nmtter  of  the  Ii<j:aliire  itsi'tf.  He  tie<l  the 
artery  with  four  lijji^itiires.  "but  so  sli>^htly  as  only  to 
compress  the  sides  together.  .  .  .  The  reason  for  having 
four  )i^itui*es  was  to  eoniiiress  such  a  len^^th  of  artery 
as  miglit  make  up  for  the  want  of  tightness,  it  l)eing 
wislied  to  avoid  great  i)ressure  on  the  vessel  at  any  one 
part." 

According  to  ^Ir.  Hohnes,  **  the  great  merit  of  Hunter 
consists  in  his  having  si^en,  fnut,  that  it  was  not  neces- 
sary to  turn  the  clots  out  of  the  aneurisnml  tumor;  .  .  . 
and,  $tcoml,  that  it  was  not  netres-sary  to  slop  the  circuhi- 
tion  through  it  al)soluteiy.  l)ut  oidy,  as  he  sai<l,  *  to  take 
off  the  force  of  the  circulation. '  "  The  tirst  of  these  was 
certainly  ajipnrcijited  by  Anel  and  DeisauU,  for  they  s*iw 
their  iHiiients  get  \\ell;'  the  si'crnid  is  difllcult  to  explain. 
if  it  is  iMLsed  upon  the  fact  that  the  liiratun's  were  tied 
loosely,  for  thry  certainly  were  intended  to,  and  did,  cut 
out,  and  therelore  oc<rludetl  the  artery  entin*Iy;  and  in 
Hunter's  sul)se<iuent  oiK'rations  he  used  a  single  ligaturt» 
and  tied  it  tightly,  so  that  if  this  was  his  opinion  and 
object  at  first,  he  8ubs(?quently  almndoned  it.  Th<»  id(*a, 
nion.*over.  is  expnfssc*!  by  Home  {htr.  n't.,  p.  156)  as  a 
conclusion  drawn  from  wliat  was  found  at  the  autopsy 
eleven  months  later:  ^'The  c^mclusion  to  Ik;  dniwn  from 
the  above  account  appears  a  verj'  important  one.  viz. : 
That  simply  taking  olT  the  force  of  the  cinrulati<»n  from 
ilie  aneurisnml  artery  is  sufficient  to  effect  a  cure  of  the 
disease,  or  at  lea.st  to  put  a  stop  to  its  progress.**  It 
si-ems  much  more  reasonable  to  infer  that  Hunter's  object 
in  tying  the  ligatures  loosely  was  to  give  the  artery  more 
time  to  iM'Come  8eid<*<l  iK'fore  the  li.xature  cut  thK>ugh. 
(See  the  first  (piotation  fnnn  Home  given  alM>ve.) 

The  statement  lias  b<'en  generally  (piotiMl  as  meaning 
tliat  Hunter  proposinl  to  leave  one  or  more  collaterul 
branches  lM*tw(K?n  the  ligature  and  the  sac,  but  thcn^  is 
nothing  in  the  account  of  the  operation  or  (»f  the  autop.sy 
to  justify  such  an  oi>inion.  "The  femonil  artery  was 
Impervious  from  its  giving  off  the  arteria  profunda  as 
low  as  the  part  included  in  the  ligalun',  and  at  tluit  part 
tliere  was  an  os:^iliaition  for  about  an  inch  and  a  half 
along  the  course  of  the  artery.  .  .  .  Below  this  part  the 
femoral  artery  was  i)ervious  down  to  tlu?  aneurismal  sjic. 
and  contained  bkMxl,  btft  did  not  win  in  uu  irate  int/i  the 
mu  if*rft\  hiring  become  iin/M-rrioum  junt  at  the  rntrnnre 
[italics  Hiiiie].  .  .  .  The  popliteal  artery,  a  little  way 
below  the  aneurismal  sac.  was  joined  by  a  small  bmnch, 
very  much  cont meted,  which  must  Imve  arisen  from  the 
prufundti.  or  the  tnmk  of  the  femoml  artery.''  This  is 
the  only  colbit(>ral  bmnch  mentione<l.  an<l  I  do  not  s(.>e 
how  tlie  conclusion  cim  Ik*  avoided  that  even  if  the 
phiase ''to  take  off  the  force  of  the  circulation '*  m<'ant 
any  more  than  "to  arn*st"  or  "rut  off"  the  circulation, 
it  meant  only  that  the  artery  was  left  containing  blcxMl. 
and  tliat  this  blood  was  in  communication  with  that 
brought  to  the  hnver  part  of  the  sjime  artery  by  col- 
laterals coming  from  alN>V('  the  lipitun\  It  wouhi  1k> 
interesting.  t(^^  to  know  by  what  "jirofound  reasoninir 
Hunter  excogitated  the  principle  "  (Holmes)  of  including 
the  vein  in  the  ligatun?  with  the  artrry. 

Even  if  Hunter  afterward  d<*elan'<I  the  pn'sence  of  a 
collateml  bnuu'h  lH>tween  the  ligatuiv  and  th(>  sac  to  be 
a  favomble  (*ondition,  it  does  not  aff(*ct  the  original  con- 
ception; and  furthermore,  th*-  existence  of  such  a  col- 
lateml bmnch  is  not  ess(>ntial  to  the  met  bod.  and  it  is  not 
found  when  the  car«)tid  or  fmiond  is  tird.  or  in  some 
rases  wln-n  the  external  iliac  or  subclavian  is.  In  short. 
the  metlKMl  as  m»w  cnipl<)yed  is  to  plac«'  the  ligature  at 
the  nean*st  <'onvcnient  point,  siifbcieiitly  far  alM)ve  the 
fWC  to  find  the  artcrv  proliablv  b<'altbv;  and  the  claim 
that  lias  iK'cn  made  that  conii)lete  iirrrst  of  the  circula- 
tion is  mon*  dangerous  than  partial  arrest.  b('cans<*  it 
leads  to  the  formation  c)f  a  passive  clot  which  is  likely  to 
provolw»  suppumtion  of  tlie  sjic.  has  In-rn  prov«'d,  espe- 
cially by  the  experience  with  the  Ksniareb  bandairc  to  1m* 
Intvm'Ct.  or  at  l«*ast  the  danger  of  e.xeiting  suppumtion 
la  much  less  than  was  clainuHi. 


The  changes  within  the  sac  bv  which  a  cure  is  effi'ctcd 
after  ligature  are  similar  to  tlio.si*  alK)ve  described  as 
effecting  a  spontaneous  cure.  The  closure  of  the  artery 
relieves  the  sac  from  all  expanding  pressure,  except  the 
slight  amoimt  which  may  bi^  exerted  by  the  blcMKl  that 
comes  into  the  artery  N-low  the  sac  orbetwwn  it  and 
the  ligature  through*  colLit(?ral  bmnches.  The  pressure 
he'mg  removed,  the  sac  shrinks,  the  blj<id  within  it  either 
c<Nigulates  in  mas.s.  forming  a  dark  passive  clot,  or  a 
slight  moveint'nt  persists  in  it  and  laminat;'d  fibiin  is  de- 
])o8ited  (m  the  wall.  Pulstition  in  the  .sue  ceases  as  soon 
as  the  ligature  is  tied,  and  usually  remains  j)ermanently 
absent,  but  in  some  cases  it  retiirns  after  a  longer  or 
shorter  interval  and  lasts  for  a  few  hours  or  days.  This 
return  is  due  to  the  fn^edom  and  rapidity  with  which 
the  colUiteml  circulation  Ls  established.  The  blood  leaves 
the  artery  Ihrough  the  bmncthes  given  off  alK)ve  the 
ligatun*.  which  <lilate  to  accommodate  the  incn-ased  sup- 
l)ly,  makes  its  way  through  the  minute  terminal  bnmches 
and  capillaries  int(»  the  terminals  of  the  branches  given 
(»ff  from  the  main  artery  below  the  ligature,  ])asses 
thnmgh  them  in  the  retrograde  direction,  and  thus  re- 
gains the  main  artery  to  be  distributed  as  iM'fon*  through 
its  terminal  branches.  The  greater  the  length  of  artery 
that  has  In-en  obliterated  by  the  ligature  and  dis<»ase.  the 
irreater  the  difficulty  of  the  re-establishment  of  the  circu- 
liition,  and  thus  it  is  found  tliat  when  two  or  three  an- 
eurisms are  situated  upon  a  single  aitery,  or  when,  on 
account  of  secombiry  hemorrhage,  a  second  ligature  has 
lM?en  plac(»d  upon  the  artery  at  a  higher  point,  the 
probability  is  great  tliat  the  circulation  will  be  re- 
establishe(i  too  slowly  or  imperfectly  to  pn'serve  the 
life  of  the  tissues,  and  the  CHfurreuce  of  gangrene  is 
to  be  feared. 

The  method  of  operation  is  to  expose  the  artery  by  a 
suitable  incision,  denude  it  lust  sutilcii'ntly  to  alfow  an 
aneurism  needle  to  Ix^  nassiHl  uihUt  it.  and  to  tie  it  with 
anti.se])tic  catgut  or  silk.  Both  ends  of  the  ligature  are 
cut  short,  ami  the  wound  closed. 

The  chief  <lang(frs  of  lh(»  oi)eratioii  are  secondary 
hemorrhage  and  gangrene.  Befoix'  the  intifniuction  of 
the  antiseptic  metlKxI  these  dangers  were  so  gn'at  tliat 
the  mortality,  alter  ligature  of  the  femoral,  for  example, 
was  about  \w(Mity-five  p<T  cent.  They  are  now  very 
much  less.  In  twenty-nine  uises  of  ligature  of  the  prin- 
cipal arteries  with  <'atgut.  by  New  York  surgeons,  which 
1  collected  in  ISHO  {Am.  Joiir.  of  the  }fed.  S'irnreji,  Janu- 
ary, IHSl),  there  was  no  st»c4)ndary  hemorrhage,  and  only 
one  ctu«' of  gangrene;  the  latter  was  of  the  foot,  after 
ligature  of  the  common  iliac  arterv,  and  was  followed 
by  recovery.  The?  diminution  of  the  risk  of  secrondary 
hemorrhage  is  plainly  due  to  the  avoidance  of  suppura- 
tion about  the  ligature,  and  the  freetlom  from  gimgrene 
appears  to  me  to  be  the  n-sult  of  the  same  rapidity  and 
eas(*  of  healing,  through  diminutiim  of  the  interference 
with  the  vein  by  the  infiammatory  p)rocess. 

The  attempt  1ms  been  several  times  made  to  diminish 
the  chance  of  the  <M'currence  of  gangrene  by  n'peatt»dly 
compn?ssing  the  artery  alK>ve  the  aneurism  for  several 
davs  iK'fore  tying  it,  in  the  hope  of  then-by  gradually 
enlarging  the  collaterals,  and  Ik'tter  fitting  them  for 
carrying  an  the  cin-ulation  when  it  is  finally  thrown 
entiri^ly  u])<m  them.  The  n»sult  has  not  l>i>rne  out  the 
expectation;  on  the  contrary,  ganirrene  has  foll<iwrd  the 
attempt  in  a  larger  proj>oriion  of  casi's  tluin  wben  the 
artery  has  lieen  tied  without  preliminarv  coinf»re^sion. 
A  sjifisfactory  explanation  has  not  been  foniid. 

Other  ill  n**sults  of  the  ligature  of  the  main  artery  of  a 
limb  may  be  j)ermanent  deterioRition  lA'  iN  nutrition, 
loss  of  nerve  ami  muscular  power.  j>ersistent  or  re<urrcnt 
ulceration  of  the  skin,  and  suppumtion  of  the  sjje. 

In  c>rder  to  diminish  the  ehanci's  of  tlie  oeeurn'nce  of 
gjingrene.  the  limb  should  Im*  wmp]»»'d  in  cotton  innne- 
cliately  after  theo]>eration.  and  kept  thus  protected  from 
losing  bwit  until  the  circulation  i^^  shown  to  be  fully  re- 
established. If  its  tenipeniture  is  found  to  remain  t<Ki 
low.  external  heat  sbouhl  1m*  cautiously  appli(Ml  in  the 
I  fonn  of  l»)t  botlh's,  bricks,  or  sand,  but  care  must  U- 
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taken  that  the  heat  thus  applied  is  not  much  above  the 
normal  body  heat,  lest  it  should  cause  blisters. 

Suppuration  of  the  sac  may  occur,  and  either  cause 
spontaneous  rupture  or  make  an  incision  necessary. 
The  opening  may  be  followed  by  dangerous  heniorrhag<', 
or  the  commmiicalion  between  the  sac  and  the  patent 
portion  of  the  artery  may  have  previously  In^come  per- 
manently obliterated.  Sometimes  pressun*  is  suflicient 
to  arrest  the  hemorrliage  and  lead  to  a  tinal  curt^  by 
granulation;  in  other  cases,  the  clots  will  have  to  be 
turned  out  and  all  bleeding  points  secured,  or  a  second 
ligature  may  be  applied  lk'ttre<n  the  tirst  one  and  the  wic. 
A  second  ligature  ffbore  the  first  greatly  exposes  to  gan- 
grene. 

If  pulsation  retunis  permanently  in  the  sac  and  the 
tumor  again  begins  to  grow,  several  courses  are  open  to 
the  surgeon.  If  the  aneurism  is  at  the  knee,  groin,  or 
elbow,  tlexion  should  first  be  tried,  and  this  failing,  per- 
haps galvano-puncture,  the  injection  of  persulphate  of 
iron,  or  acupunctuR^  if  resort  to  operation  lu'comes 
necessary,  the  artery  may  In?  tied  again  In-tween  the  first 
ligature  and  the  sac.  or  the  *'<)ld  openition  '■  of  incision 
into  the  sac  and  ligature  of  all  vess(»ls  entering  it  may  Ik' 
done.     Both  methods  have  proved  successful. 

The  numerous  statistics  that  have  lK*en  collected  of  the 
various  results  following  treatment  by  ligature  do  nf»t 
furnish  a  fair  basis  for  estimating  the  chances  after  liga- 
ture with  antiseptic  catgut  or  with  silk,  and  tn'atnient  of 
the  wound  by  motiern  methods.  Mr.  Holmes'  statistics, 
in  1874,*  gave  115  deaths  in  S7  cases  of  i)Opliteal  aneurism 
treated  by  the  ligature,  a  mortality  of  nearly  15  jxt  c<'nt., 
say  1  in  7;  while  9  ca.ses  of  ligature  of  the  femoral.  H  of 
the  extfirnal  iliac,  and  1  of  the  primitive  iliac  under  the 
antis<;ptic  method,  collected  by  myself  in  IWO/  gave  no 
deaths,  no  s<*condary  hemorrhage,  and  only  partial  gan- 
grene in  1,  that  of  the  prinutive  iliac.  There  is,  there- 
tore,  good  reason  to  believe  that  tlie  operation  has  become, 
under  an ti.se]) tic  methods  of  treatment,  much  less  serious 
than  it  formerly  was. 

In  like  manner  the  aseptic  ligature  has  caused  the  en- 
tire abandonment  of  various  devices  (metallic  ligature, 
artery  constrictor)  designed  to  dimini.sh  the  chance  of 
the  occurrence  of  secondary  hemorrhage. 

(b)  Compressicm  of  the  artery,  direct,  indirt^ct,  and 
digitid.  Direct  compression  is  made  ui)on  the  artery  by 
acupressure  needles  or  wires,  threads,  or  forceps,  after 
incision  of  the  skin  and  exposure  of  the  ves.s<^l;  indirect 
compression  is  made  by  suitable  instruments  or  weights 
resting  on  the  surface  over  the  artery;  digital  compres- 
sion is  made  by  the  fingers. 

Indirect  comj>ressiou  is  an  older  method  even  than 
ligature  of  the  artery,  and  was  employed,  although  un- 
successfully, by  Desjiult  in  the  treatment  of  an  axillary 
aneurism  a  few  months  b(*fore  he  first  treated  a  popliteal 
aneurism  by  ligature,  as  mentioned  above.  It  is  claimed 
for  Hunter,  also,  that  he  was  the  real  originator  of  the 
treatment  by  (romj)ression.  because  he  showed  that  com 
plete  arrest  of  the  circulation  was  lumecessiiry,  and  that 
the  com])n^ssion  might  Ixi  partial  or  interniittent.  and 
becau.se  all  previous  openitors  sought  to  elTeet  a  cure  by 
obliterating  the  artery  at  the  point  pres.se(l  u])()n.  a  state 
ment  which  does  not  appear  to  be  borne  out  hv  the  re- 
ports of  their  cases.  However  that  maybe,  the  former 
theory  that  a  pas.sive  clot  was  a  source  of  danger,  and 
that  persistent  j)ressure  upr»n  the  artery  to  arrest  the 
circulation  for  sevenil  hours  was.  therefore,  a  more  dan 
gerous  method  than  intermittent  or  ineomplete  arrest. 
which  would  give  a  laminat<Ml  clot  of  slow  formation,  is 
now  abandoned,  and.  as  a  rule,  when  e(»mpression  is  used, 
it  is  with  the  aid  of  anaesthesia  or  morphine,  is  forcible 
enough  compl<*tely  to  arrest  pulsiition  in  the  sjie.  and  is 
continued  until  the  contents  of  the  sae  have  coagulated. 
Intermittent,  incomplete  arrest  is  occasionally  used  under 
exceptional  circumstances.  In  a  few  ca^es  in  which 
j)ressure  al>ove  the  Siic  could  not  be  made,  complete 
arrest  of  the  circulation  Mow  it.  usually  by  the  elas- 
tic bandage,  has  effected  a  cure  (see  Distal  Ligature, 
further  on). 


The  method  of  cure  bv  this  means  varices  in  the  differ- 
ent cases ;  in  some  it  is  l)y  the  dem>sit  of  laminated  clot, 
in  others  by  a  soft  passive  clot.  The  changes  in  the  an- 
eurismal  sac  are  the  same  as  those  above  descril>ed.  and 
the  dangers  of  themeth(Kl  are  the  same  as  after  ligature, 
with  the  exception  of  secondary'  hemorrliage.  A  unique 
const»quence,  reported  by  Mr.  P(;niberton.'  was  the 
formation  of  a  communication  several  months  afterwanl 
Ix^tween  the  artery  and  vein  at  the  point  where  pressure 
had  iMH^n  made,  resulting  in  an  arterio-venous  aneurism 
that  finally  cause<l  the  patients  death. 

The  operative  methods  include  the  use  of  weights  or 
of  special  instruments  having  the  general  character  of  a 
truss.  The  latter  are  numerous  and  variwl,  but  all  con- 
sist essentially  of  a  branch  to  make  counter  pressure 
without  circular  constriction  of  the  limb,  and  of  a  pad 
which  can  be  screwe<l  or  bound  down  upon  the  arter\- 
with  suitable  force.  For  weights,  bags  of  shot  are  useA. 
or  i)ieces  of  lead  moidded  to  fit  the  parts.  They  may  1>e 
allowed  to  n*st  entirely  upon  the  limb,  or  may  be  "sus- 
pended by  an  elastic  cord. 

Prolonged  complete  arrest  of  the  current  requires  the 
aid  of  anaesthesia,  for  the  prt»ssure  soon  becomes  verj- 
painful;  ana'sthesia  maybe  safely  prolonged  for  many 
liours.  It  is  well  to  aid  the  control  of  the  circulation 
alK)ve  by  pressure  also  below,  or  by  tightly  bandaging 
the  limb  Ix-low  the  aneurism. 

Digital  pressure,  which  had  previously  been  employed 
in  two  cases  as  an  aid  to  compression  by  instruments, 
was  first  used  as  the  sole  means  <if  cure  by  Dr.  Jouatlmn 
Knight,  of  New  Haven,  Conn.  The  case  was  one  of 
popliteal  aneiu'ism,  and  a  curt^  was  elTected  in  al>out  two 
days.  The  plan  has  since  been  employed  in  a  large* 
numl)er  of  ca."^'s.  and  with  a  large  measure  of  success. 
Fischer's  statistics,  quoted  by  Holmes,  contain  90  cases. 
with  76  complete  cures,  and  &  deaths;  6  of  these  deaths 
occurred  after  subsetpient  ligature,  the  remaining  2  after 
amputation.  In  alH)ut  one-thinl  of  the  successful  cases 
the  curt*  was  elTected  within  twenty -four  hours. 

Digital  pH'Ssun^  can  be  made  only  with  the  ai<l  of  a 
considerable  number  of  a.ssistants,  and  it  is  usual  to  em- 
ploy them  in  ])airs.  one  making  pressure  while  the  other 
feels  for  pulsation  in  the  siic.  The  skin  should  l>e 
covered  with  French  chalk  at  the  point  where  the  pres- 
sure is  made,  and  the  assistants  shouhl  be  cjirefullv  in- 
structed as  to  the  amount  of  pres,sure  needed  ani  the 
place  where,  and  direction  in  which,  it  should  be  made. 
AVhen  the  change  is  made  from  one  assistant  to  another. 
the  latter  shoidd  jdace  his  finger  or  thumb  upon  the 
artery  inuuediately  above  or  1m'1(»w  that  of  the  one  whom 
he  replaces,  and  this  one  should  not  remove  his  finger 
until  after  the  artery  is  duly  compres.<Jed  by  the  other, 
father  or  m(»rphin<'  should  Ik*  ustnl  when  the*  patient  be- 
gins to  complain  of  the  j)ain. 

Direct  compression  of  the  artery  by  needles  or  wire  or 
forceps,  after  incisicai  of  the  overlying  parts,  is  a  .sub- 
stitute designe<l  to  arrest  theciurent  more  certainly  tlian 
is  done  by  indirect  ])ressure.  and  yet  to  avoid  the  risk  of 
.secondary  hemorrhage.  It  is  to  be  regarded  rather  as  a 
substitute  for  the  liirature.  and  as  such  has  iH'Come  much 
less  important  since  the  introduction  of  the  catgut  liga- 
ture and  the  anlis<'])tic  method,  although  under  extx*p- 
tional  circumstances,  as  with  large  arteries  and  near  large 
branclu's.  it  may  still  l>e  advisiible  to  resort  to  it.  The 
instances  in  wiiich  the  method  has  iH'en  usi»d  are  not 
numerous,  and  tlie  \arieties  in  the  means  employed  are 
almost  as  ninn<'roiis  as  the  cases.  Acupressure,  after 
use  in  a  Very  l«'w  cases,  seems  to  have  l)een  entirely 
abandoncMl.  Mr.  Hickersteth  ^  compressed  the inmuuinatV 
with  a  leadf'n  wire  drawn  loosely  around  it:  the  wire 
l»rok<' on  the  s<'cnnd  day:  a  ligature  was  then  applitxl.- 
and  th<'  ])atient  died  of  henuMThage  on  the  sixth  dav. 
Mr.  Dix'cundan  aneurism  of  the  carotid  and  another 
of  the  femoral  by  passing  a  wire  under  the  ves.sel.  bring- 
ing both  ends  onl  through  the  tissues  at  the  side  of  the 
wound,  and  twistinir  them  over  a  piece  of  cork  tightlv 
enough  almost  to  stop  tlu*  puKation.  The  wire  was 
tightened  on  the  third  day  and  removeii  on  the  fifth  or 
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sixth.  Porter  ^<>  compressed  the  innominate  for  three 
days  with  an  instrument  n^sembling  a  small  lithotrite; 
fatal  hemorrhage  from  the  vessel  at  the  point  compressed 
occurred  on  the  tenth  day.  Robert  Persse  White  "  com- 
pressed the  external  iliac  for  one  hundred  and  sixty-two 
hours  with  a  modified  form  of  Porter's  instrument,  and 
thereby  cured  an  inguinal  aneurism.  Dr.  W.  Stokes,  Jr. 
compressed  the  abdominal  aorta  with  a  silver  wire  tight- 
ened over  a  ring,  after  a  plan  recommended  by  Porter, 
and  Mr.  Holmes  says  the  vessel  was  so  firmly  closed  after 
pressure  for  a  fewhours  that  at  the  autopsy  water  could 
not  be  forced  through  it ;  the  patient  died  of  peritonitis. 

Mr.  McGill  '*  compressed  the  first  portion  of  the  left 
subclavian  with  ordinary  torsion  forceps;  after  nine  and 
one-half  hours  the  aneurism  was  solid  and  pulseless,  and 
the  instrument  was  removed.  The  patient  died  of 
pleurisy,  the  pleura  having  been  opened  during  the 
operation ;  previous  to  this  operation  the  aneurism  had 
been  much  benefited  by  galvano-puncture. 

(c)  Compression  by  Esmarch's  elastic  bandage.  This 
method  was  first  employed  in  1875  by  Dr.  Walter  Reid, 
of  the  British  navy,  in  a  case  of  popliteal  aneurism. 
The  bandage  was  applied  tightly  to  the  leg,  loosely  over 
the  tiunor,  and  then  tightly  over  the  lower  third  of  the 
thigh;  then  the  cord  was  put  on  and  the  bandage  re- 
moved. At  the  expiration  of  fifty  minutes  the  pain  had 
become  so  great  that  the  cord  was  removed,  two  Carte's 
compressors  on  the  upper  portion  of  the  femoral  artery 
having  been  substituted.  At  the  expiration  of  three 
hours  from  the  commencement  the  aneurism  was  found 
to  be  pulseless;  intermittent  pn'ssurc  was  kept  up  for 
two  days,  and  then  the  patient  was  pronoimced  cured. 
The  condition  of  the  parts  found  at  the  death  of  the 
patient  a  few  months  later,  and  the  method  by  which 
this  treatment  appears  to  effect  a  cure,  have  been  de- 
scribed above.  In  January,  1881,  I  collected  62  cases 
treated  by  this  method, '^  which  may  be  grouped  in  three 
classes,  according  to  diflferences  in  detail.  In  the  first 
class,  52  cases,  Dr.  Reid's  method  was  followed  exactly 
or  very  closely ;  in  the  second  class,  5  cases,  the  rubber 
tubing  or  the  elastic  bandage  was  used  n^peatedly  and 
alternately  with  the  tourniquet  or  digital  pressure  to 
arrest  the  circulation  forseveml  hours;  in  the  third  class, 
5  cases,  the  bandage  was  used  for  a  short  time  daily  for 
many  sucxjessive  days,  without  any  compression  of  the 
artery  in  the  intervals,  or  with  a  tourniquet  looselv 
applied.  In  the  first  class  there  were  28  cures,  22  fail- 
ures, and  2  deaths;  and  of  the  cures  24  were  obtained  by 
a  single  attempt  continued  for  about  an  hour  on  tI:o 
average,  the  extremes  of  time  l)eing  fifty  minutes  and 
three  and  one-half  hours,  and  4  by  two  attempts  each, 
separated  by  an  interval  of  from  one  t<^)  four  days. 
After  the  removal  of  the  bandage  the  artery  was  com- 
pressed with  a  tourniquet  or  the  fingers,  usuallv  for  a 
few  hours,  but  in  one  ca«e  for  onlv  one  hour,  and  in  an- 
another  for  five  days.  In  2  or  3  ca.ses  pulsation  re- 
turned in  the  aneunsm  on  the  following  day.  and  was 
then  definitely  arrested  by  compression  for  a  few  hours. 
In  12  of  the  22  failures  the  same  method  was  used  in 
nineteen  different  attempts;  in  the  remaining  10,  with 
eighteen  attempts,  no  pres.sure  seems  to  have  i)een  made 
after  the  removal  of  the  bandage.  In  at  least  5  of  the 
12  the  method  was  skilfully  employed,  with  every  de- 
tail used  in  most  of  the  successful  cases;  they  show, 
therefore,  when  added  to  the  28 cases  treate<l  successfully 
by  this  method,  that  it  may  be  expected  to  fail  in  at  least 
15  per  cent,  of  the  cases.  As  for  the  remaining  fail- 
ures, there  is  some  reason  to  suppose  that  the  method 
was  not  carried  out  with  as  much  care  and  attention  to 
details  as  it  was  in  the  others. 

A  very  important  fact  is  that  the  method  appears  not  to 
involve  any  serious  risk,  and  not  to  diminish  the  chances 
of  success  if  resort  is  subsequently  had  to  the  ligatun*. 
Of  the  two  fatal  cases,  in  one  the  bandage  was  applied 
twice  with  an  interval  of  three  days,  and  retained  in  the 
last  trial  for  nearly  eight  hours.  The  patient  died 
twenty-seven  hours  afterward  with  symptoms  of  heart 
failure  or  shock,  the  dorsum  of  the  foot  remaining  cold. 


In  the  other  the  aneurism  (of  the  anterior  tibial  artery) 
liad  ruptured  externally,  and  amputation  was  strongly 
urged,  but  refused  by  the  patient;  gangrene  of  the  foot 
and  lower  part  of  the  leg  followed,  and  the  patient  died 
during  the  second  week.  The  circumstances  in  each  case 
were  quite  exceptional.  Mr.  Bryant  applied  the  band- 
age twice  for  three  hours  each  time,  with  an  interval  of 
four  days,  in  a  case  of  popliteal  aneurism  in  a  man  forty- 
five  years  old.  A  fortnight  after  the  second  attempt  he 
tied  the  femoral  artery  with  catgut,  the  wound  healed 
by  immediate  union,  but  "anaemic  gangrene"  followed 
and  the  leg  was  amputated.  This  is  the  only  instance 
of  gangrene  in  the  16  cases  in  which  the  ligature  was 
resorted  to  after  the  bandage  had  failed  to  produce  a  cure. 

The  conclusion  to  be  drawn  from  all  these  ca.ses  seems 
to  be  that  we  have  in  the  elastic  bandage  an  efficient 
means  for  safely  shortening  the  duration  of  the  treatment 
by  compression  of  popliteal  and  some  femoral  aneurisms. 
The  greater  efficiency,  the  more  speedy  action  of  the 
method  is  apparently  due  mainly,  if  not  entirely,  to  the 
arrest  of  the  circulation  through  the  collateral  channels 
as  well  as  through  the  main  artery,  thus  securing  abso- 
lute stagnation  of  the  contents  of  the  sac.  Consequently 
the  rubber  tubing,  which  is  drawn  tightly  twice  or  three 
times  about  the  limb  above  the  aneurism,  is  to  be  deemed 
the  efficient  part;  and  the  principal,  perhaps  the  sole 
benefit  from  the  bandage  is  that  of  making  a  less  severe 
constriction  by  the  tubing  sufficient. 

The  method  of  carrying  out  this  procedure  is  simple: 
thus,  in  popliteal  aneurism,  the  bandage  should  be  ap- 
plied tightly  to  the  leg,  loosely  over  the  aneurism,  and 
tightly  again  above  it,  and  the  bandage  or  the  tubing 
should  be  kept  in  place  for  one  or  two  hours;  then  the 
artery  should  be  compressed  by  a  tourniquet  or  the 
fingers  for  several  hours  afterward,  the  compression  being 
occasionally  intermitted  for  a  moment  to  see  if  pulsation 
returns  in  the  sac.  If  pulsation  returns  within  a  few 
hours,  the  artery  mast  be  again  compressed.  The  intro- 
duction of  needles  or  a  coagulating  injection  might  be 
proper  in  connection  with  a  second  trial  after  a  failure. 

(</)  Compression  by  fiexion  of  the  limb.  When  an 
aneurism  is  situated  at  the  bend  of  a  joint,  pulsation  in 
it  may  sometimes  be  diminished  or  arrested  by  fiexion  of 
the  joint,  and  this  fact  has  been  occasionally  utilized, 
either  as  the  principal  means  of  treatment  or  as  an  ad- 
juvant thereto. 

The  metlKxl  appears  to  liave  been  first  suggested  by 
Fleury,  a  French  surgeon,  in  a  paper  published  in  the 
Journal  de  Chirurgie,  in  1846,  as  an  inference  from  his 
success  in  curing  a  wound  of  the  brachial  artery  at  the 
elbow  by  flexion.  In  1852  the  suggestion  was  put  into 
practice  by  Thierry  in  a  case  of  traumatic  aneurism  at 
the  elbow,  and  in  1857  a  large  popliteal  aneurism  was 
cured  by  flexion  of  the  knee  by  Maimoir,  of  Greneva. 
He  tried*  at  first  to  keep  the  leg  lorcibly  flexed  upon  the 
thigh,  but  the  patient  could  not  endure  the  pain,  so  he 
had  to  l>e  content  with  keeping  it  partly  fiexed  by  a 
strap  crossing  the  shoulders,  while  the  jjatient  went 
about  on  crutches.  This  was  kept  up  about  three  weeks, 
at  the  end  of  which  time  the  tumor  had  cea.sed  to  pulsate. 

Flexion  has  been  used  successfully  in  aneurisms  of  the 
popliteal  artery,  at  the  groin,  and  at  the  elbow.  Of  49 
cases  of  popliteal  aneurism  treated  by  flexion,  analyzed 
by  Liegeois.  26  were  cured,  in  11  of  which  flexion  alone 
was  used,  in  11  others  flexion  in  combination  with  other 
means,  and  in  4  flexion  after  other  means  had  failed.  It 
was  first  used  at  the  groin  by  Dr.  Gurdon  Buck  *^  at  the 
New  York  Hospital  in  an  aneurism  which  had  recurred 
sixteen  months  after  apparent  cure  1)y  compression. 
Pressure  on  the  external  iliac  did  not  arrest  the  pulsa- 
tion, and  flexion  was  tried  as  the  only  alternative  for 
treatment  by  laying  open  the  sac.  In  a  cas(»  of  inguinal 
aneurism  treated  by  Dr.  Eldridge,  of  Yokohama,  a  cure 
was  obtained  by  keeping  the  thigh  flexed  upon  the  pel- 
vis for  twenty  days. 

In  making  use  of  the  method  it  seems  to  be  usuallv 
necessary  to  carry  the  flexion  to  a  point  at  which  it 
markedly  diminishes  the  pulsation  in  the  tumor,  and 
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perhaps  arrests  it  entirely,  and  then  to  keep  the  Hmb  in 
this  position  for  a  lon^  time  by  suitable  bandages  c»r  ap- 
paratus. It  is  well,  also,  in  popliteal  aneurism,  to  band- 
age the  leg  up  to  the  knee  to  prevent  swelling.  The 
merits  of  the  method  lie  in  the  facility  with  which  it  can 
l)e  carried  out.  and  in  the  freedom  from  the  chance  of  ac- 
cidents if  care  is  taken  not  to  make  too  forcible  pressure. 

3.  Permanent  arn^st  or  obstruction  of  the  stream  on 
the  distal  side. 

(//)  By  distal  ligature  (Brastlor's  and  Wardrop's 
method.s).  Distal  ligature,  first  suggested  by  Brasdor 
and  Desjiult  toward  the  end  of  the  eighteenth  century, 
was  first  performed  by  Deschamps  in  1708;  the  femoml 
arterj'  was  tied  in  the  middle;  of  tlu;  thigh  for  lh(*  cure  of 
a  large  aneurism,  the  upper  border  of  which  was  less 
than  a  finger's  breadth  below  Poupart's  ligament.  As 
rupture  of  the  sac  threatened  on  the  fourth  day,  the 
artery  wtis  compressed  on  the  pubis,  the  stic  opened,  and 
the  vessel  tied  above  and  below;  the  patient  died  eight 
hours  afterward.  The  opemtion  wasne.xt  performed  by 
Sir  Astley  Cooper,  who  tied  the  common  femoral  artery 
Ixdow  the  epigastric  for  a  large  aneurism  of  the  external 
iliac;  the  patient  recovered  fnmi  the  operation,  but  the 
aneurism  ccmtinued  to  pulsjite  and  soon  afterward 
ruptured.  In  1825  Wardrop  obtained  the  first  success, 
tying  the  common  carotid  on  the  distal  side  of  a  large 
aneurism  in  a  woman  fifty-seven  years  old.  Wardrop's 
efforts  to  popularize  the  operation,  and  especially  Ins 
e-xtension  of  it  to  aneurisn»s  of  the  innominate  artery, 
have  permanently  associated  his  name  with  it  as  distinc- 
tive of  that  form  in  which  the  current  is  n(»t  completely 
arrested,  but  continues  only  through  branches  given  olT 
from  tile  artery  between  the  ligature  and  the  stic;  while 
the  name  of  Hm.s<lor  is  given  to  that  form  in  which  there 
Are  no  such  branches  and  the  arrest  of  the  current  is 
complete. 

The  operation  is  practically  hmited  to  aneurisms  at 
the  root  of  the  neck,  those  of  the  common  carotid,  sub- 
chiviau.  and  innominate.  In  some  cases  in  which  an 
aneurism  of  the  arch  of  th(i  aorta  has  been  mistaken  for 
an  innominate  aneurism,  and  the  carotid  and  the  sub- 
clavian in  its  third  portion  have  been  tied,  marked  relief 
of  symptoms  has  followed,  and  in  two  or  three  ca.ses  the 
left  carotid  has  been  tied  for  recognized  aortic  aneurism. 
The  operation  benetits  by  arresting  or  retarding  the  cir- 
culation in  the  vessel  and  sac  and  thus  favoring  the 
formation  of  a  laminated  clot.  The  anticipation  that  the 
pressure  within  the  sjic  would  be  increased  by  the  distal 
ligature  has  proved  unfounded,  and  the  fi I'st  etfect  of  the 
operation  has  often  been  an  immediate  decrease  in  the 
size  of  tlie  aneurism  an<l  in  tin*  force  of  its  pulsation. 

The  prr>pr)rtion  of  successes  previous  to  tlie  introduc- 
tion of  the  antiseptic  liiratun*  was  very  small,  but  with 
the  introduction  of  this  form  of  ligature  the  operation 
appears  to  have  entered  upon  a  new  career  of  usefulness 
and  of  applicability  to  cases  that  have  heretofore  been 
bevond  aid  bv  suririeal  art.  In  eiirht  cases  of  liL'^ature  of 
the  carotid  and  subclavian  fr)r  innominate  an<*urism  in 
which  catgut  was  used,'^  death  was  (•aus<*(l  by  the  oper- 
ration  in  onlv  one,  and  other  successes  have  been  since 
reported.  It  is.  of  course,  less  certain  in  its  action  than 
ligjiture  on  the  proximal  side,  and  its  use  will  therefore 
be  restricted  to  cases  in  which  the  j^ro.xiinal  ligature  or 
compres.sion  is  iinp()ssible  or  too  dangerous — in  other 
words,  to  aneurisms  at  the  root  of  the  neck,  and  ])erhaps 
of  the  external  or  connnon  iliac.  It  is  to  he  judged  not 
by  compariscm  of  its  proi)orti()n  of  success<'s  with  that  of 
other  methods,  but  rather  as  a  grave  aiternativ<*  in  a 
limited  cbi.ss  of  cases  that  are  open  to  few  other  nieans 
of  treatment,  and  that  lea<l  inevitably,  if  left  to  them- 
selves, to  promj>t  and  certain  death. 

(/-»>  Manipulation  or  malaxation  of  the  aneurism.  This 
method,  introduced  by  Ferguson  in  1SV2  an<l  einploy<'(i 
twice  by  him,  rests  upon  the  sjime  prineij)]e  as  the  distal 
ligature — arrest  or  dinunution  of  the  current  by  an  ob- 
stacle  ]>laced  upon  the  distal  side  of  the  sitc.  In  this 
method  the  obstach'  is  a  fragment  of  old  clot  mechani- 
cally displaced  from  the  wall  of  the  sac  and  lodged  with- 


in tlie  artery.  This  displacement  of  a  clot  is  thoueht 
to  be  the  niechanism  by  which  many  of  the  so-called 
spontaneous  cures  have  been  obtained.  The  conditiooa 
essential  to  its  employment  are  the  presence  of  enough 
laminatiKl  clot  in  the  sac  to  make  the  detachment  of  a 
piece  of  sufficient  size  possible  and  practicable  by  ex- 
ternal manipulation,  and  the  impossibility  of  safefy  re- 
sorting to  other  methods  of  treatment.  The  latter'con- 
dition  limits  the  method  to  a  small  number  of  cases, 
mainly  those  situatiKi  upon  the  subclavian  artery.  It  is 
inapplicable  to  those  situated  upon  the  carotid,  because 
of  the  certainty  that  small  fragments  will  pass  into  the 
arteries  of  the  brain  and  liecome  cerebral  emboli,  with 
(•(msiMpient  paralysis.  This  accident  has  been  observed 
also  in  ca.si^  of  aneurism  of  the  right  subclavian  treated 
in  this  manner,  and  in  one  of  the  arch  of  the  aorta,  men- 
tioned alK)ve,  in  which  the  projecting  sac  was  pressed 
back  through  an  opening  in  the  sternum.  Rupture  of 
the  sac,  which  has  been  feart*d  on  theoretical  grounds, 
has  not  <K"curred  in  any  of  the  n^ported  cases. 

In  a  case  reported  by  Mr.  Little,  the  result  was  most 
satisfactory,  and  the  metlnxl  deserves  all  the  more  credit 
from  the  fact  that  apinirently  no  other  could  have  been 
employed  with  any  hope  of  success.  The  patient  was 
fifty-three  years  of  age,  the  aneurism  was  of  the  right 
subclavian,  had  lasted  nine  month.s,  w^as  of  considerable 
size,  and  pulsated  strongly ;  the  overlying  skin  was  in- 
fiamcd.  January  1,  18o6,  Mr.  Little**  made  steady 
pressure  with  the  thumbs  on  the  sac,  and  succeeded  in  dis- 
placing some  of  the  clot  and  directing  it  toward  the  distal 
opening.  During  the  first  two  days  no  change  was 
noticiMl;  on  the  third  the  pulse,  at  the  wrist,  was  weaker 
and  the  arm  colder,  and  l)y  the  tenth  day  no  pulsation 
could  Ik?  felt  in  any  of  the  arteries  of  the  ami.  The 
tumor  became  gradually  solid  and  ceased  to  pulsate,  and 
shrunk  to  the  size  of  a  small  walnut.  The  arm  remained 
cold  and  partly  paralyzed  for  a  time,  but  a  year  after 
the  operation  the  cure  was  complete  and  satisfactory  in 
every  respect. 

4.  liiipid  coagulation  of  the  blood  in  the  sac,  with  or 
without  temporary  arrest  of  the  stream. 

{a)  ( 'oagulating  in jectious.  This  also  is  a  method  of 
very  limited  applicability;  it  can  be  used  only  as  an  ad- 
juvant to  other  methods,  or  in  exceptional  cases,  »s  of  re- 
currence or  of  pouched  aneurisms.  Dr.  Joseph  C.  Hutchi- 
son, of  Brooklyn,  employed  it  unsuccessfully  in  a  ca.se  of 
aneurism  of  the  abdominal  aorta.  It  lias  been  considered 
es.sential  to  its  use  in  the  treatment  of  an  aneurism  of  the 
common  or  encysted  variety  that  the  circulation  thn>ugh 
the  sjic  should  l)e  coinpletely  commanded  during  the  in- 
jection and  for  .some  time  thereafter,  but  if  this  condition 
can  be  fulfilled,  treatment  by  distal  or  proximal  c<.>m- 
pression  or  ligatun?  will  usually  l)e  possible.  In  certain 
other  varieties,  as  cirsoid  aneurism  and  varicose  aneurism 
at  the  elbow,  it  has  yielded  giMnl  results. 

The  coagulating  substance  has  almost  always  been  a 
solution  of  an  iron  siilt,  the  subsulphate,  lactate,  or  per- 
eiiloride.  The  coagulating  power  of  the  latter  is  great, 
but  so,  too.  are  its  eseharotic  qualities,  and  its  use  has 
commonly  been  followed  by  suppuration  of  the  sac.  A 
strenirth  of  'JO  Beaunie  seems  to  be  as  great  as  should  be 
used,  and  tiie  (piantity  is  s<'t  by  Ilolmos  at  eightei»n  or 
twenty  (Iroj'S  for  an  anenri^mof  the  size  of  three  and  one- 
half  ounces.  Van  Ibiren  tln)ught  the  preference  should 
be  given  to  the  sul)sul])hate,  which  is  not  at  all  eseharotic. 
Dr.  Hutchison  made  nine  injections  of  from  five  to  fifteen 
uiininis  eacli.  in  a  case  of  recurrent  femoral  aneurism, 
without  ol)taininLr  any  benefit  or  causing  any  irritation; 
t lie  siren i:ih  of  the  solution  varied  from  one  in  five  to 
one  in  liiirty.  In  a  case  of  aneurism  of  the  innominate, 
for  wliicii  Dr.  Eliot  '•  tied  the  carotid  and  suMavian 
jirteries.  ten  and  one  half  dracluns  of  a  solution  of  the  sub- 
sulpliate  were  injected  on  tiie  seventeenth  day  after  the 
operation  to  arrest  heniorrhage  from  the  sjic.  This  was 
foilowe(i  l)y  a  discharire  of  bloody  .serum  for  three  davs, 
and  protrusion  (»f  a  dry  clot,  which  fell  out  on  the 
twenty  fourth  <lay.  leaving  a  large  cavity,  from  which 
fatal  hemorrhage  took  phice  on  the  twenty -sixth  day. 
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itH  sulKH-qucnt  course  arc  tlipn  llie  Mmc.  but  ilurinK  tUc 
stkgo  of  fonnalion  <jf  tlic  wu  llio  conditions  i>n'scDt 
syniptuus  of  <Uugera  pM-uliur  tn  itself.  Tlitn-  is  tlie 
b'jHtory  of  llio  injury,  absence  or  diniinutiim  of  pulsHtion 
in  distal  bnuithwi,  local  Bwclling  ami  ccchyinisis.  anil 
some! lines  marked  lowerinK  of  tbe  tcni|)(-niturc-  <iF  tlic 
limb.  There  in  usually  a  bruit  but  no  pulsation  in  llie 
HwcliinK  at  lirst.  but.  after  the  sac  has  fomied.  tlieextiau- 
sive  pulsation  rliaraoteriittic  of  an  uneurism  is  present. 

During  tiie  formative  stage  of  llie  sac  tlie  injury  is 
prculiarly  amenabli;  to  treatment  by  direct  pressurr-  at 
the  seal  (if  injurv :  and  often  aftiT  the  sac  lias  fomiiNl  a 
cun-  may  be  cfl'i-cii'd  by  the  same  im-aiis.  Ttiis  is  tlie 
out:  important  practical  ])uint  of  dilTercDcc  between 
tmuHMtir  anil  sjmidiuucous  aneurisms. 

Wla-n  tlH-  injury  I:<  a.s.siK-iate<l  with  fracliin-  uf  a  Imne 
tlte  inimcdiitte  tn-ntnieut.  unless  the  syiupti>iiis  are  very 
alamiinj;.  iitiouldbc  eontinc<l  to  si^iirinj^  the  repair  uf  the 
frv'ttire  and  to  limiting  the  ex1niva«i>liciu  of  blood  by 
suitable  pressure,  and  Ilic  tn-atnicnt  of  the  aneurisiii 
should  be  postixmed.  if  iH>s.sibie,  until  after  tlie  bone  lias 
unit«l.  The  presence  of  the  extrnvnsated  blood  is  not  a 
serious  obstacle  to  this  repair,  while  the  eonverxion  of 
iIm:  fracture  into  a  coiiipouiul  one  by  an  iiicbion  made  to 
secure  tlic  wounded  artery  niny  liavc  very  serious  con- 
seguencm. 

Exceptionally,  the  e\lrav!i.sation  may  be  so  frci'  as  to 
Mtdanger  the  vitality  of  the  linib  by  its  iuterfereiice  with 
the  circulation,  and  under  snch  circiiniKtunwH  tlH<  suT^eon 
may  lie  comjielkHl  to  turn  out  the  clots  and  secure  the 
veSHi^l.  or  even  to  anipiitnte.  Thin  is  niiich  more  likely 
to  lie  the  case  In  cnimplete  rupture  of  the  artery,  when 
Done  of  the  Ii1o(hI  liroiiglit  by  the  arli-ry  is  earned  past 
the  Injury  into  lx»  dislid  bmiiehes,  but  all  is  ponrcti  out 
into  the  tisanes,  ami,  iH-iiift  Imund  ii(nvn  bv  the  envelop- 
iiifC  fascia,  exerts  a  pressnri'  wliieli  cheeks  the  venous 
How  anil  pri'Tenls  the  eHbiblishment  of  lolklerai  circulii- 
lloti.  This  ciiiiilltion  is  clmraclerixed  by  ureat  ami  uni- 
fiinn  HWellhiK.  allM'nc«^  of  juiIhc,  and  nolahlc  loss  of  teni- 
IM-mlun-  In  the  limb. 

II.  Ahtkrio-Vknoi-h  Ankciiism.— WlH-nan  abnomial 
illrecl  (f>mi)iuiii(iitioti  Im  estublishi'd  Ix-tween  the  trunk 
of  on  artery  and  iliiii  of  a  iielftlilKiriiiK  vein,  tlic  condi- 
lioti  l»  known  OK  an  art erlo- venous  aiienrisin.  Wlwn  the 
two  vi'Mm-Ih  n-iiutiii  in  cIom'  conliiet.  and  the  bliMKi  jMSSes 
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vein  where  it  is  pressed  upon  by  an  aneurUm.  aod  in  one 
case  (reported  by  Pemberlon  in  Med. -Chirurg.  Tram,, 
vol.  xliv.,  p.  IftU)  an  arterio- venous  aneurism  formed  at 
the  groin  ten  months  after  pniiongixl  instrumental  pressure 
liod  been  made  ai  that  point  to  cure  a  popliteal  aneurism. 
The  most  frequent  cause  by  far,  in  tJie  past,  baa  been 
the  wouudtug  of  the  artery  in  venesection  at  the  elbow. 
The  cause  in  recent  times  is  a  gunshot  or  stab  wound. 
Another  occasional  cause  is  fracture  of  the  base  of  the 
skull,  by  which  tlie  carotid  artery  is  torn  in  the  cavem- 
uiis  siuuB.  Spontaneous  formation  by  rupture  of  an 
aneurism  into  a  vein  is  mre,  and  almost  confined  to 
thoracic  and  abdominal  aneurisma 

The  ]iatbologtcal  cliani^  which  are  fo'jiul  In  this  class 
of  aneurisms  vary  (rrculiy  in  their  details,  aceordiuK  to 
the  cliaracl4T  and  extent  of  the  primary  injury  and  of 
the  communication  between  the  vessels,  and  to  the  dis- 
ttince  of  the  vessels  from  the  heart.  The  principal  factor 
in  tlie  pnMluction  of  these  clianges  is  the  extent  to  which 
the  intm-arterial  pressure  is  transferred  to  and  exerted 
utv>n  tile  wall  of  the  vein  and  the  aneiirisniai  sac;  ami 
this  is  determined  by  the  size  of  the  opening  in  the  artery 
and  by  the  resistance  offered  to  the  return  of  the  blood 
through  tlie  vc^in  to  the  heart.  Hence,  when  the  com- 
munication is  between  an  artery  aud  a  large  venous 
trunk,  such  as  the  iutenuil  jugular,  which  can  readily 
carry  away  the  excess  of  blood  almost  as  rapidly  as  it  is 
supplied,  the  distending  force  la  not  much  exerted  and 
the  obstructive  clianges  in  the  vein  aro  slight:  but  when 
the  communication  is  lieiwecn  an  arterj'  and  a  vein  iii 
one  (if  Ihe  extTeiuitl(!s,  or  in  the  head,  an  immense  aneu- 
rlsmal  poucli  may  be  formed  or  the  veins  may  become 
greatly  dilated  aiid  varicose.  The  pouch  usually  has  a 
smooth  internal  surfuceand  contains  little  or  no  stratified 
clot,  and  when  it  is  fonneil  in  great  part  by  dilatation  of 
Ihe  vein,  the  oriliees  of  other  veins  opening  into  it  are 
seen  at  various  points,  ami  these  veins  are  enlarged  and 
Ihi'ir  walls  thickened. 

The  arterv  below  the  point  of  communication  is  smaller 
tban  normal,  and  if  it  lias  tieen  entirely  liividiil  by  the 
original  injury,  the  lower  portion  may  be  occluded  at 
the  point  of  division:  the  end  of  the  upper  portion  ia 
kept  open  by  tiK-  stream  of  blood. 

The  8ym]itoms  vary  somewhat  with  the  pathological 
changes:  then^  iniiy  lie  a  well-defined  pulsating  tun)or, 
presenting  the  iiki'ihI  features  of  an  aneurism  and  the 
spe<-ial  ones  piyuliar  to  this  variety,  or  there  mar  be 
simply  a  diffused  swelling  of  the  region,  or  th<-  superficial 
luljoiiiing  veins  iiiiiy  l(c  nwrkwlly  varicose.  Tlie  special 
features  are  Ihe  bruit  and  llie  thrill.  The  bruit  is  con- 
linuiuis.  wilh  a  s.VHiolic  reinforpcmi'nt;  it  is  most  Inteoae 
immediately  over  the  point  of  .communication  belweea 
the  vessels,  and  liectanes  less,  or  may  b«-  cliaiiged  Into  an 
inltTinillent  ninmiur,  as  the  distance  from  this  point  in- 
<-pe(fies.  This  ii)i|>tin'nt  intcrmittcnce  is  due  simply  to 
the  flic t  that  Ihe  iHirlion  of  tlie  murmur  which  t^'im.-- 
spi>rids  ill  time  to  the  contraction  of  tlic  heart  la  louder 
iliau  till'  ri-Ht.  mid  is  heard  at  a  distance  at  which  the 
luttcr  liiis  lH'<'»me  iiiuiidlble.  In  some  cases  the  murmur 
could  lie  ticiiiil  111  a  gniit  distance  along  the  vessels:  tbua 
ill  one  i[iiriii*d  by  Follin.  it  eonld  be  heard  from  the 
elbiiiv  to  till-  heart .  in  another  (of  the  femoral),  frimi  iIh- 
hi'iid  to  Hie  feet.  Tile  t/iiill  U&  peculiar  seusHtlon  given 
Id  the  Imnd  wlicii  hiid  upon  the  aneurisni.  a  vibration 
Ihiit  lia-<  lii'i'ii  I'imipMi'eil  to  the  purring  of  a  cat. 

The  Iniiifi'iiriie  with  Ihe  circulaliou  bi?low  the  point 
of  enriiDiiiiiic'iiliiin  is  ciiminoiily  well  marked,  and  is 
sliitwti  liy  -mlliiiL'  of  ihe  limb  which  is  not  atlema.  but 
Hliich.  ill  siimi'  raises  lit  least.  Is  ail  actual  hypcrtro|ihv, 
unci  is  in'criiupuiucil  liy  a  ]ienniiiieni  elevation  uf  tfie 
teiiipcTjiiuriMil  (he  liiiil).  liy  ii  v'riiiter  growth  of  hair  upon 
il.  mid  in  mie  eiisi>  liy  nil  iiicreiise  of  an  inch  in  length. 
There  is  ei  lii'liii!:  uf  iiiimliiHss  or  of  actual  {lain  in  the 
liiidi.  iiuTcii-u'ii  liy  iK  use.  and  there  may  be  a  marked 
loss  CI f  Miiisc'iiliir  imivcv,  liiul  Hiuielinies  persistent  iilceis 


•>f  the  wail  of  the 
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Aneuiism. 
AneurlMu. 


viisk'),  uiu!  ronmumly  it  rcninins  statiiuiury  aft  it  Imvin^ 
R'urlKil  a  rortain  (levelopim*nt.  Tlinsi'sitiiattHi  upon  the 
;rr«it  vfss«'ls.  thcnirotid  and  internal  ju<;ular  for exaniplc, 
M'ldoni  eauwany  inconvenieiire  to  the  patient.  In  a  few 
eji."^*.s  the  openintr  iiHo  the  vein  has  closed  .spontaneously, 
and  the  aneurism  has  been  thustrausfunned  into  a  simple 
arterial  one. 

Truttnii  lit. — In  recent  cases  carefully  ^mduated.  direct 
pressure  luis  .sometimes  availed  to  c1o.m'  tlir  openin«r,  aiul 
this  mav  In*  aided  bv  compre.s.sion  of  the  arterv  above. 
Operative  interference  in  the  past,  which  has  included  a 
varit'ty  of  m«'thods.  has  proved  excrptionally  dan*rerous. 
but  t lie  statistics  for  obvious  reasons  have  lost  much  of 
th«'ir  value  with  the  improvmicnt  in  oj)enitiv('  metluKls 
and  in  the  treatment  of  wounds.  Tin*  operations  may  be 
dividi-*!  into  two  main  classes,  according  as  the  .sac  is  or 
is  not  opi-ned.  and  in  the  latter  class  they  will  further 
vary  acconiin;:  to  the  nuuiber  of  the  ligatures  applied. 

The  question  of  inlertercnce  will  be  (letermin<'d  by  tlu? 
f'Xtent  of  the  disaiiilit  v  and  the  nundxT  of  vessels  involved 
in  the  lesion.  In  the  forearm  or  on  the  scal|)  it  is  usually 
practicable  to  tie  all  the  vessels,  arterial  and  venous,  that 
uri»  involved,  and  thus  elTect  a  nidical  cure.  In  the  ncrck 
((.^irotid  and  juirular)  the  history  of  reconh-d  case's'* 
sliows  that  the  lesion  rarelv  caus«*s  more  than  a  nnwh-i-ate 
amount  of  inconvenience,  that  can  Ix'  ea.silv  lK)rne  bv  th<f 
(latient. 

Lijrature  of  tin?  artery  alone  on  the  ])ro\imal  sid<*,  in 
arterio-venou.s  aneuri.sm  of  the  lower  extremitv,  has 
|)roveil  remarkably  fatal  by  pin<:rene.  In  Incases  c(»l- 
lei'tHl  by  Van  IJuren.-"  the  external  iliac  was  tied  in  .") 
and  the  conunon  femond  in  2.  and  Lran«j;rene  followed  in  all : 
the  femoral  was  tied  in  .5.  and  pinirrene  (X-curred  in  2.  This 
extniordinary  frequency  is  presumably  due  to  the  ea.sy 
n*tuni  to  the  Iwtirt.  tIin»U!;h  the  opening;  into  the  vein,  of 
the  I»Io«kI  brought  to  the  distal  segment  (»f  the  artery  l)y 
the  collatenil  bninches:  it  fails  to  pass  tm  and  nourish 
the  limb.  (*onsequ(*ntly  a  siMond  liirature  applied  to  the 
artery  close  Im/Iow  the  opening,  diminishes  the  chance  of 
gangrene.  Ligature  of  all  the  veins,  as  w<'ll  as  of  the 
artery,  suppresses  all  subsecpient  growth  of  the  sjic  or 
continuance  of  the  dis(>ase.  but  it  adds  a  factor  that  is 
most  imp<»rtant  in  the  prcHluction  (»f  gangrene — obstruc- 
tion of  the  Vf'uous  lh»w.  Moreovt-r,  the  oj)emtive  difli- 
culties  are  extreme.  The  record  of  cases  in  which  the 
sac  has  Ix'cn  opened  and  the  att<'m]>t  made  to  arrest  all 
l)K*eding  from  it,  is  such  as  to  discouraMe  any  erne  from 
undertaking  it:  apiin  and  again  openiioi-s  have  had  to 
resr»it  to  lipitures  tii  maMxt-.  j)as.sed  l>y  means  of  curved 
ni-fMlles.  and  more  or  less  blindly,  in  (h-ep.  inacccssibh" 
rorners  of  the  wound,  to  the  actual  caut<'ry.  and  even 
to  sty|>tic8  and  jiressure.  The  incision  has  always  been 
vt-ry  l«»ng,  and  the  tissues  have  been  bruisi'<l  and  lac- 
orati'd  l>y  the  pn»longed  search  and  dissi'ction.  In  the 
only  CJise  I  have  witnessed,  an  aneurism  of  the  upper 
part  «»f  the  calf,  the  incision  was  more  than  a  foot  in 
length,  the  o]H*nition  lasted  about  two  hours,  and,  at 
till"  last,  resort  was  had  to  persulphate  of  iron  and  gnid- 
uutcd  compress<'S  packed  deep  in  the  ^^(>un<l.  The  wound 
could  not  l>e  ke])t  asejitie,  and  \\w  patient  died  on  the 
ihini  iiay  of  acute  wptic-emia.  The  methcKl  si'cms  to 
violate  all  the  principles  that  govern  modern  methods  of 
making  and  treating  wounds,  and  it  does  so.  in  my 
opinion,  in  the  effort  to  attain  an  end  that  is  not  only  un- 
n«'c-es.sary.  but  intnMluces  an  element  of  gn-at  additional 
iianirer.  If  the  th»ubli*  liirature  of  the  jirlerv  alone  is  tot) 
«laniren»us  to  \h-  employed,  the  nion-  extensive  ojienitions 
are  still  more  so.  Whether  or  not  the  double  liirature  is 
trni  dauirerous,  inider  the  modern  iniprovmienls,  is  yet 
ti»  In' determined,  but  1  am  eon\ineed  that  it  is  the  only 
one  which  the  surireon  should  employ.  In  l><S'i.  ProlVs- 
»M»r  Venieuil^'  tn-ated  an  arteriovenous  ainurisni  of  the 
fj4)])lit<'al  sj»ace  by  ligature  of  the  artery  and  vein  on  the 
j)n*xiinal  side.  After  the  li«jature  had  been  a])plied  and 
the  tourniquet  removed,  tla-  tum(»r  tilled  slowly  with 
hlrMHl.  and  the  surgeon  then  openetl  the  s^e  and  souirht 
to  M^'MTf  all  the  vessels  that  opened  into  it.  The  patient 
iecovcn.'d.  !>ut  in  the  remarks  which  the  distinguished 


surgeon  made  upon  the  cast*  iif*r.  n't.,  p.  270).  he  ex- 
pressed Ins  regret  that  ho  had  opened  the  sac.  He  drK'S 
not  ex])lain  why  he  tied  the  vein  as  well  as  tlie  artery; 
(hnibtless  he  had  a  g<KMl  rea.s<m  for  it.  but.  \n  ignomnce 
of  that  reastm.  it  seems  to  na*  a  ndstake  to  oppose  the  es- 
cape of  bhMwl  from  the  sac  toward  the  heart.  Probably  he 
sought  to  elTect  a  cure,  as  in  other  anetirism.s.  by  inducing 
coagulation  and  obliteratitai.  and  deemed  it  inadvisiible  to 
allow  the  venous  stream  to  pass  through  the  dilated  and 
vari<'os<*  v«'ins.  The  case  is  ({U<»ted  to  show  wliat  othei'S 
have  also  shown,  that  a  cure  is  pos.sible,  without  gan- 
grene, even  under  (»pen»tive  conditions  that  favor  the 
<M'currence  of  that  complicati(»n,  and  that  a  like  favor- 
able result  may  be  expected  in  a  proportion  yet  to  Ik* 
determined,  from  the  less  diMicult  and  dangerous  opera- 
tion of  (hadjie  ligature  of  the  artery. 

A  few  succes.s<'s  have  Iwen  obtained  by  galvano-]>uno- 
ture  and  by  thtMiijection  of  coagulating  solutions  without 
ligaturing  any  ves.sel.  and  (piite  recently,  in  a  few  cas<*s 
in  which  the  changes  were  not  very  extensive,  the  mw.  has 
been  successfidly  extirpat«fl. 

III.  CiHsoii)  Ankikism  (arterial  varix:  aneurism  by 
anastomosis). — This  name  has  Ix-en  given  to  an  alTection 
of  the  arteries,  sometimes  involving  also  the  capillaiies 
and  even  the  deriv(»d  veins,  whieli  ditTers materially  from 
that  which  constitutes  the  conunon  varietv  of  aneurism, 
and  is  chamcterized  hy  a  uniform  or  irregular  dilatation 
and  tortuous  lengthening  of  an  artery  and  its  branch(>s. 
The  alTection  is  most  conunon  in  the  superficial  arteries 
of  the  head — the  t<-mporal.  occipital,  ami  auricular — l>ut 
it  is  also  found  in  the  hand,  forearm,  leg.  and  even  involv- 
ing the  external  iliac  artery. 

The  change  consists  in  a  dilatation  and  lengthening  of 
the  artery,  with  atrophy  t)f  its  miihlle  coat  and  <?onso- 
(pient  thinning  of  the  wall,  or  pos.sil)ly  with  hypertniphy 
by  thickening  (»f  the  middle  c-ojit  in  the  early  stages:  the 
dilatation  mav  make  the  calibre  of  the  vessel  ten  times 
larger  than  normal,  and  may  be  uniform,  but  is  usually 
accompanied  by  the  formation  of  small  pouches.  In 
consi*(|Uence  of  tin*  lengthening  the  artery  assumes  a 
tortuous  form.  Tin*  change  has  a  marked  tendency  to 
spread  in  both  directions,  involving  the  arteiial  bmnches 
and  even  the  conwcutive  capillaries  and  veins,  and  in  the 
latter  cas<*  it  is  known  as  (Hitun'f(iii  hy  nmiHtonHPHiH  or 
,  nirrtiioHt'  ah*  Hi'iMm.  There  is  also  reason  to  think  that  in 
.some  (*as<'s  the  change  has  originated  in  a  na*vus  and  has 
I  spread  backward  to  the  arteries.  At  the  centnd  portion 
of  4h<'  tumor,  where  the  tortuous  and  dilated  ves.sels  are 
most  nunierous  and  closely  packed,  there  may  exist,  us 
Lefort"  has  i>ointed  out.  a  sort  of  centnd  lak<\  as  in 
caveinousangi(»ma.  orareal  aneurism,  or  even  an  arterio- 
venous aneurism.  The  overlying  skin  an<l  soft  parts  may 
be  thinnerl.  or  thickened  and  indurated,  and  the  under- 
lying bone  may  Im^  absorbed  in  conse(juence  of  the 
'   pressure. 

The  principal  causes  are  found  in  contusions  and  pre- 
existing erectile  tumors  or  birth  niark.s,  and  the  cliange 
takes  place  most  frequently  at  the  time,  or  shortly  aft4*r. 
the  age  of  puberty  is  reached.  In  what  manner  or 
throuirh  what  agencv  these  causes  act  is  not  known,  nor 
whv  the  H'gion  of  the  head  is  the  conunon  s<*al. 

'fhe  symptoms  of  the  dis<'ase  are  a  soft,  ill  defined 
.swelling  under  tli(>  skin,  in  which  numerous  ]iuls}ilinir 
vessels  can  be  felt,  and  into  which  tortuous  arteries  ean 
be  seen  to  pass.  The  overlying  skin  is  reddenid  nr  livid, 
either  bv  implication  of   its  own  minute  \  ess»  U  or  bv 

»  I  • 

transmission  of  the  colorof  the  bl<»od  bel(»w  if  ;  the  innior 
eonnutmieates  a  sort  of  thrill  to  the  hand,  and  a  eontinu 
ous  nuirmur  to  tin-  ear.  In  a  eonqileir  lypicMJ  <as<'  four 
distinct  varieties  of  changes  or  lesions  e.-m  In-  r<Moirni/ed: 
First,  a  cutaneous  ereetile  tumor.  f»irin<d  l)\  ililaialion  of 
the  arterial  capillaries  of  the  skin:  simnd.  a  siibeufane- 
ous  arterial  c  ii"soid  tumor,  formed  l»v  llie  dilatation  of 
the  finest  arterioles  under  and  ar(»und  tin-  first  :  thinl, 
dilatation  ;u\d  tortuosity  of  the  main  artiries  le:idiriir  ti» 
tin*  tumor:  fourth,  dilatation  of  ijje  \»ins  ci.nnnir  from 
the  tunjor.  sometimes  with  i>td.>alions  >\  nelironoUN  with 
Ihiise  of  tin.'  heart. 
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Tlic  affection  is  a  serious  one,  because  of  its  tendency 
to  increase  and  the  danger  of  hemorrhage  through  ulcera- 
tion of  the  skin  or  an  accidental  injury. 

Treatment  has  generally  proved  not  only  difficult, 
bloody,  and  dangerous,  but' also  unsatisfactory  as  regards 
the  cure  of  the  disease.  It  comprises  ligature  of  the  main 
trunks  from  which  the  affected  arteries  arise,  as  of  the 
temporal,  or  the  external  or  common  carotid,  in  cirsoid 
aneurism  of  the  scalp;  excision  or  incision  of  the  tumor; 
caustics;  galvano-puncture;  and  c(»ugu luting  injections. 
Lefort  (i^fc.  cit.),  who  made  a  can*fuT  study  of  eighty- 
tlirce  cases,  sa^'S  tliat  whenever  treatment  lias  been 
directed  only  to  the  afferent  arteries,  it  has  faiU>d  or  has 

Eroduc«*il  only  an  incomplete  cure;  but  that,  on  the  other 
Etnd,  the  obliteration  of  the  vessels  forming  the  central 
portion  of  the  mass  has  lK*en  followwl  by  the  return  of 
the  aflFerent  v(rss<*ls  to  their  nonnal  condition.  He  claims, 
therefon;.  that  the  tn*atment  should  always  Ik*  directed 
to  this  central  iK)rtion.  It  includes  three  melluKls:  re 
moval  or  destniction  of  the  mass  by  caustics  or  the  knife, 
the  injection  of  coagulating  li(iuids;  galvano-puncture. 
Removal  by  the  knife  exposi'S  to  severe  hemorrhage,  but, 
if  practise<f  with  caution,  is  practicable  and  to  be  recom 
menchfl  wlM.»n  the  central  mass  predominates.  Destruc- 
tion by  cjiusUcs  (chloride  of  zinc)  wm-ius  to  be  without 
much  (langer  of  hemorrhage,  but  is  slow  and  tcnlious  and 
may  cati.s<*  superficial  necrosis  of  underlying  Ixme.  Ix? 
fort  recrominends  the;  injection  of  a  solution  of  tin;  pcr- 
chloride  of  irr»n.  which  has  given  nine  succcss(»s  in  ten 
cases;  he  prefers  a  live-percent,  solution  to  the  stnmger 
ones  Dr.  John  Duncan  ^^  n-fers  to  four  ca.ses  treated  l>y 
electrolysis,  three  of  them  successfully.  The  variety 
known  as  aneurism  by  anastomosis,  in  whitfh  the  cupil- 
laries  and  veins  are  also  involved,  is  less  amenable  than  i 
the  others  to  this  nieth(Ml  of  tn*atment. 

IV.  I)issK(TiN<i  Ankikism. — This  is  a  lesion  occasion 
ally  found  in  the  aorta,  which  has  only  a  pathological 
iiitcrrest.  .since  it  cannot  be  n*cogniz(Hl  with  certainty 
during  life  and  is  not  open  to  treatment.  It  consists  of 
a  partial  rupture  of  the  wall  of  the  vesst?!.  and  the  pass- 
age of  the  bl(HHl  between  its  coats,  usually  in  the  sub- 
stance of  the  middle  coat,  to  a  sec<)nd  opening  into  the 
lumen  of  the  vessel  at  a  low<'r  point,  or  backward  to  one 
into  the  pericardial  sac.  The  primary  opening  is  usually 
in  the  arirh  of  the  aorta;  th(;  second*  one  may  be  in  the 
same  ves.sel.  or  at  a  considerable  distance  in  one  of  its 
branches — once  in  the  subclavian,  once  even  in  tin? 
popliteal.  When  the  tlow  is  backward  into  the  peri- 
cardium, death  prouiptly  follows;  in  other  ca.*ies  the 
period  of  survival  is  usually  short,  but  may  be  prolonged 
for  years,  and  under  such  circuuistances  the  track  fol- 
lowed by  the  blood  develops  a  resisting  wall  lined  with 
epithelium.  Lririft  A.  Stt/n)ion. 

'  K.  IfoTiie,  In  TninH  of  S<k'.  for  IiMpn»venient  of  Med.  and  Surar. 
KnowItHl^e,  |).  \U,  Utndon,  IH7;{. 

"  Ttie  SiKuM'ssful  Tn-atrinMit  of  Anearlsni  t»v  ('ons<»lldutlon  of  tht» 
Contents  of  ihe  Sju".  By  JolUTe  Tiifnell,  F.Il.C.S.l..  etc.,  .second  edi- 
tion. I»ndon,  ls7r>. 

*  I>nu'tltlt»ner,  I>mdi>n,  1h7»,  vol.  xxlll..  p.  'M. 

*  Van  Hiin*n  :  Ttie  Treatineiit  nt  Aneurism.  Trunsacti(»n.s  of  Inter- 
nationul  Mnllcal  ('ontrn'^s,  !*hllHdelptiia,  isTti. 

•  I^ntvt,  lHN-<»nilM'r  1J»,  1H74. 

•  Anier.  Joum.  Mt^l.  s<*l.,  Januarv,  IHSI. 
»  Mwl.^'hinirK.  Trans.,  vol.  xliv..  p.  1W». 

*  HolnM»s:  Ijiiieet,  NovitiiUt  Hi.  Is72. 

•  British  Me<l.  Journal,  (MoIht  :«»,  1H7.'i. 
»®  Holintfi:  Ijinrel,  .NovemlH-r  l»i,  1K72. 
"  Dublin  Mwl.  Pn*s8,  NovemlHT 21.  lM7r). 
>«  M<Ml.-<'hlr.  Trans.,  vol.  ivill.,  1*^7;").  p.  itJT. 
•*  Anier.  Juum.  Mwl.  S<1.,  April,  issi. 
'*  Ainer.  Joiirn.  Me<l.  s<'i.,  .Januarv,  1M7«>. 
>»  HtluiHon,  In  Amer.  Jouni.  \U^\.  s<l..  Julv.  isso. 
>•  Mwlk-ftl  Tlm«w  and  (iazette.  May  rfi.  is.-)^ 
"  Anier.  Joum.  Meil.  S<'i.,  April.  i>7r. 

»"  Dunean,  In  British  Mwl.  Journal.  Aujrust.  Is7.'),  and  June,  l«7i5. 
'••  stini.Hon,  In  Amer.  Jom-.  Med.  s<l..  April.  1h>4. 
^0  N(»w  York  Journal  of  M»'<lirlnr.  \x{x,  vi.l.  ii..  i).  liW. 
"  Bull,  tie  laso<'.  de  chlnir>ri<',  p.  :X».  I*ari?<.  \f^<i. 
'^''  Diet.  enevi'loiMMlique  d«*s  s<'.  mi'tl..  art.  rirsoi«Ies. 
^5  Brlti!*h  Medical  Journal.  lS7»i.  i.,  p.  715. 

ANEURISM,  ABDOMINAL.  — Ktioiooy— The   prin-    , 
cipal  jn'(ffisjMfsinf/  nniMn  of  ahdoniinal  aortic  aneurism  are 
endarteritis  and  atheroma,    which   mainly   originate   in   | 


chronic  alcoholism,  rheumatism,  or  syphilis,  and  which 
act  by  impairing  the  strength  and  ehisticity  of  the  arterial 
walls.  Atheroma  is  rather  less  frequently  a  precursor  of 
abdominal  than  of  thoracic  aneurism. 

The  exciting  cauaes  consist  in  falls,  blows  upon  the 
back  or  abdomen,  sudden  movements,  and  violent  or  pro- 
longed muscular  efforts.  The  disease  accordingly  ex- 
hibits a  marked  preference  for  middle-aged  members  of 
the  laboring  classes,  and  for  the  male  sex,  which  fur* 
nishes  about  ninety  per  cent,  of  all  the  cases.  The  causa- 
tive  influence  of  excessive  muscular  exertion  and  of  rapid 
changes  in  position  depends  upon  the  sudden  increase  of 
arterial  ten.sion  resulting  from  augmented  cardiac  action, 
as  well  as  upon  the  alternating  elongation  and  relaxation 
of  the  aorta  incident  to  movements  of  flexion  and  exten- 
sion in  the  freely  mobile  lumbar  portion  of  the  spine. 
Blows  and  falls  act  as  exciting  causes  in  the  same  man- 
ner or  by  direct  injury  to  the  delicate  internal  and  middle 
arterial  tunics. 

MoKuiD  A.NATOMV.— Aneurisms  of  the  abdominal  aorta 
ai-e,  according  to  the  statistics  of  Crisp,  who  analyzed 
591  cases,  only  one-thinl  so  frequent  as  thoracic  aortic 
aneurisms.  They  are  usually  located  in  the  vicinitv  of 
the  ca^liac  axis,  often  involving  its  orifice,  but  may  affect 
any  ix>rtion  of  the  main  trunk  or  any  of  its  ramiflcation& 
Dr.  Sibson,  who  tabulatinl  177  cases,  found  181  aneurisms 
situated  at  or  very  near  the  cadiac  axis.  Quincke  asserts 
that  the  site  is  more  frequently  ftfM^r  than  above  the  axis. 
The  brancht^  most  often  involved  are  the  common  iliac 
arteries,  the  creliac  axis  and  its  three  divisions,  the 
superior  and  inferior  mesenteries,  and  the  nmal  artery. 
Rather  Ic.^vs  than  fifty  per  cent,  of  the  aneurisms  arise 
from  the  anterior  aspect  of  the  aorta.  They  are  saccu- 
lated, according  to  Sibson,  in  sixty  per  cent,  of  the  cases, 
and  belong,  onlinarily,  to  th(»  false-.sacculated,  dissecting, 
or  diffuse  varieties.  They  often  attain  large  dimensions, 
and  exert  injurious  pres.sure  ujyon  adjacent  viscera, 
notably  upon  the  spine,  the  spinal  cord  and  nerves,  the 
solar  plexus,  the  pjincreas.  the  large  and  small  intestine, 
th<»  stomach,  the  kidney  and  its  ves.sels,  the  vena  cava, 
the  psoas  muscles,  the  receptaculum  chyli,  the  thoracic 
duct,  the  bmnches  of  the  aorta,  and  the  aoVta  itself.  Tliis 
pressure  frequently  induces  absorption  of  the  neighlx>r- 
ingsoft  tissues,  with  erosion  of  the  vertebne,  of  the  inter- 
vertebnil  fibro -cartilages,  and  of  the  ribs,  intimate  adhe- 
sions having  fii*st  been  formed  between  these  structures 
and  the  aneurism. 

The  artf'rial  sac  undergoes  atrophy  and  absorption, 
occasioned  by  augmented  intraarterial  and  external  pres- 
sure, and  finally  ruptures,  after  a  period  varying  from  a 
few  days  to  several  years.  The  blood  escafK*s  into  the 
peritoneal  cavity,  the  retroperitoneal  connective  tissue, 
the  intestine,  the  pelvis  of  the  kidney  or  the  urethra,  the 
ductus  coniminiis  choleihx'hus.  the  sheath  of  the  psoas 
niagnus,  the  v<*na  cava  inferior,  the  mesentery,  the  meso- 
colon, the  gastro-h(»pati(r  omentmn.  or  the  spinal  canal. 
Kven  the  dia])hm.irm  may  be  perforated,  rupture  then 
occurring  into  the  left  pleura,  lung,  primary  bronchus, 
or  into  the  pericardimu.  The  method  of  perforation 
presents  interesting  differt^uces,  acconliug  as  ruptun* 
takes  place  into  the  peritoneal  and  pleural  cavities,  or 
upon  a  cutaneous  or  mucous  surface.  In  the  former 
case,  the  rupture  is  effected  by  a  sudden  tearing  of  the 
distended  and  atrophied  serous  stnicture.  while,  in  the 
latter,  gangrene  of  the  cutis  or  of  the  mucous  membrane 
is  produced  by  protnicted  tension  and  compres.sion.  In 
the  former  cas<»  the  hemorrhage  is.  almost  unavoiclably. 
.sudden  and  ])r(.fu.se.  In  the  latter,  the  aperture  may  iV 
of  small  dimensions  and  partly  occluded  by  thrombi. 
The  fatal  issue  may  thus  be  postpoiunl,  even* for  wiH?ks, 
by  the  gradual  fornuition  of  a  diffuse  aneurism  from  a 
slow  es(ai>e  of  hlood  intoth<*  suhmuctuis  orsul)Cutancrous 
cellular  tissue  Such  dilTuse  aneurisms  may  even  extern! 
so  far  as  beneath  the  iliac  and  pelvic  fascia*,  or  may  ]H*ne- 
trate  between  the  layers  of  the  mesentery  and^of  the 
omenta. 

Spontaneous  cuns  are   infrecpiently  effected  by  proc- 
esses describi'd  in  the  prece<ling  article. 
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Physical  Signs. — Small  aneurisms,  growing  from  the 
posterior  aspect  of  the  aorta  and  enlarging  exclusively 
backward,  may  defy  detection  by  any  method  of  physical 
exploration.  So  soon,  however,  as  an  aneurism  growing 
from  the  anterior  aortic  wall  has  attained  a  moderate  size, 
it  usually  presents  on  inspection,  provided  that  the  ab 
dominal  parietes  be  sufficiently  relaxed  and  the  intestines 
undistended,  a  visible  impulse  in  the  course  of  the  ab- 
dominal aorta.  If  the  aneurism  be  of  large  dimensions, 
the  abdominal  respiratory  movements  may  be  decreasecl, 
and  those  of  the  thorax  perceptibly  augmented.  Jaccoud 
emphasizes  the  fact  that  the  tumor,  being  immobile,  is 
unaffected  by  the  respiratoiy  movements.  On  palpation 
an  immobile,  elastic  tumor,  pulsating,  according  to  Sib- 
son,  in  fifty-five  per  cent,  of  the  cases,  the  impulse  of 
which  18  systolic  and  expansile,  is  conuuonly  detected  in 
the  epigastrium,  to  the  left  of  the  median  line,  but  may 
project  to  the  right  side,  or  even  be  found  in  the  hypo- 
chondriac, the  iliac,  or  the  lumbar  region.  A  slight 
diastolic  impulse  may  rarely  be  observed.  The  tumor 
is  ordinarily  smooth  and  compressible,  but  sometimes 
nodular,  unyielding,  and  even  non-expansile.  In  the 
latter  case  it  may  be  as.sumed  that  the  aneuri.smal  walls 
are  very  thick,  that  abundant  coagidaand  fibrous  lamina? 
are  present  within  the  sac,  or  that  the  aperture  conmuini- 
cating  with  the  artery  is  occluded.  The  pulsiitions  in  the 
arteries  of  the  lower  extremities  are  feeble  and  somewhat 
retarded.  Pressure  applied  to  the  artery  abote  the  tumor 
diminishes  the  size  of  the  latter  and  arrests  the  impulse, 
but  if  made  Mow,  augments  the  tumor's  dimensions  and 
increases  its  impulse.  Applied  directly  to  the  tumor, 
pressure  may  occasion  its  collapse,  or  may  be  prevented 
from  producing  this  result  by  too  great  solidity  and 
density  of  the  fibrinous  lamina;  within  the  sac.  A  thrill 
or  vibratory  fremitus  is  occasionally  pereeptible  over  the 
tumor,  but  is  oftener  absent.  On  auxntltatton  a  nuir 
mur,  blowing  or  nnisieal,  po.st-systolic,  always  single, 
acconling  to  Luton  and  Walshe,  ami  not  tran.smitted  be 
yond  the  tumor,  is  usually  perceptible  anteriorly,  nirely 
posteriorly,  if  the  recumbent  position  be  maintain<'(l. 
Quincke  states  that  the  murmur  may  sometimes  be  heard 
below  the  tumor,  or  in  the  lumbar  region.  The  munnur 
is  occasioned  by  the  passage  of  blood  into  the  sac.  If 
the  aperture  of  the  latter  be  rough,  the  sound  is  rasping 
or  musical,  but  it  is  soft  and  blowing  if  the  opening  Ix^ 
smooth.  Over  aneurisms  enlarging  only  in  a  backward 
direction  the  murmur  is  perceived  exclusively  behind, 
beside  the  vertebml  spines.  In  other  cases  it  may  be 
audible  lK)th  anteriorly  and  posteriorly.  Should  the  pa- 
tient assume  the  erect  posture,  the  nun-mur  almost  in 
variably  disappears;  but  it  may,  exceptionally,  persist 
in  that  position,  or  even  be  f/«/j/ audible  while  the  pa 
tient  is  standing  or  sitting.  The  disappearance  of  the 
munnur  in  the  erect  po.sture  is  ex])lained  by  the  aug 
ment€d  tension  of  the  aneurismal  walls,  occasioned  bv 
increased  hydrostatic  pressure,  and  by  the  consequent 
limitation  of  the  quantity  of  blood  finding  ingress  to  the 
sac.  No  safe  inference  can  be  drawn,  from  tlie  intensity 
or  the  quality  of  the  munnur,  regarding  the  size  or  the 
stage  or  development  reached  by  the  aneurism.  Many 
observers  agree  that  the  second  cardiac  sound  is  some- 
times heard,  either  in  front  or  behind,  after  the  usual 
post -systolic  murmur. 

On  percussion  flatness  or  duluess  may  be  found  over  the 
tumor,  but  these  signs  are  inconstant,  owing  to  the  fre 
quent  occurrence  of  gastric  and  intestinal  tympanites,  and 
to  the  varying  rigidity  of  the  abdominal  j)arietes. 

Rational  SvMPTo.>fs. — These  are  either  local  and  due 
to  pressure,  or  general  and  dependent  upon  asthenia. 
The  most  constant  lo<-alized  symptom  is  ])aln,  which  is 
very  variable  in  character,  in  position,  and  in  intensity. 
It  presents  itself  in  two  different  varieties,  the  former 
constant,  the  latter  paroxysnial.  The  former  variety  is 
variously  defined  as  dull,  boring,  throbbing,  or  teasing; 
the  latter  as  sharp,  lancinating,  and  exhausting.  Tlie 
wtes  of  the  former  are  the  epigastrium,  the  dorsjil  and 
the  lumbar  n^gions;  while  the  latter,  originating  in  these 
locations,  ludiates  into  the  hypochondria,  the  inguinal 
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regions,  the  hips,  the  testicles,  down  the  anterior  or 
posterior  aspect  of  the  thighs,  and  even  upward  into  the 
thorax  or  the  shoulders.  The  pains  are  the  result  of 
pressure  exerted  by  the  aneurism  upon  the  spinal  nerves, 
at  their  exit  from  tJie  intervertebral  foramina,  and  upon 
the  solar  plexus.  There  is  no  constant  and  nt*cessary 
connection  between  erosion  of  the  vertebncand  the  occur- 
rence of  pain,  since  many  cases  are  on  record  of  pain  from 
pressure  on  the  nerves  unattendeil  by  erosion,  and,  on 
the  other  hand,  of  exten.sive  erosion  without  the  slight- 
est pain.  Erosion  is,  however,  of  tolerably  constant 
occurrence.  Pains  due  to  pressure  on  the  nerves  will 
naturally  be  produced,  as  a  rule,  by  aneurisms  growing 
from  the  posterior  aspect  of  the  aorta,  and  those  referable 
to  interference  with  the  semilunar  ganglia  by  tumore 
developing  from  the  anterior  aortic  wall.  The  intensity 
of  the  pain  varies  from  a  vague  and  scarcely  perceptible 
sense  of  discomfort  to  the  mo.st  excruciating  torturc. 
The  lancinating  i)ains  usually  surpass  the  fixed  ones  in 
point  of  severity,  and  both  varieties  are  intensified  as  the 
disease  advances.  The  fixed  pain  is  constant,  and  is 
greatly  aggravated  by  pressure  over  the  painful  spot,  by 
sudden  exerticms,  or  even  by  trifiing  movements,  by  eat 
ing  and  drinking,  and  by  the  assuniption  of  the  supine 
or  of  the  erect  position.  Relief  is  afforded  by  the  as- 
sumption of  the  abdominal  decubitus,  by  flexion  of  the 
spinal  column,  and  rarely-  by  pressure.  The  duration  of 
the  paroxysmal  neuralgic  pains  varies  from  a  few  mo- 
ments to  several  houi-s.  Their  accession  is  abrupt  and 
their  subsidence  equally  so.  After  their  cessation  the 
patient  is  left  in  a  comparatively  painless,  but  exceed- 
ingly asthenic  condition.  In  a  few  recorded  cases  pain 
has  been  abs(.)lutely  wanting. 

The  symptoms  other  than  pain,  resulting  from  pres- 
sure, are  occasioned  by  direct  interference  with  the  func- 
tions of  organs  adjacent  to  the  aneurismal  tumors. 
Naus(^»a,  emesis,  caixlialgia,  pyrosis,  dysphagia,  anorexia, 
tympanites,  eructations,  ga.s*tralgia  and  enteralgia,  con- 
stipation, obstipation,  an(l  diarrha*a  may  be  incident  to 
pressure  upon  the  stomach,  oesophagus,  intestine,  or 
pancreas,  and  are  probably  in  part  due  to  interfei"ence 
with  the  sympathetic  and  pneumogastric  nerves. 

Digestive  disturbances  are  less  pronounced  in  connec- 
tion with  imeurisms  growing  from  the  posterior  aortic 
wall.  Pressure  upon  the  liver,  the  hepatic  duct,  or  the 
ductus  communis  choledcx-hus  may  lead  to  icterus. 
I)ysi)n(ea  is  incident  to  upward  displacement  of  the 
diaphragm  and  to  consequent  encroachment  upon  the 
intrathoracic  spa(?e.  Irregular  cardiac  action  attends  dis- 
placement of  the  heart  or  involvement  of  the  pericardium. 
Cough  may  be  excited  by  irritation  and  inflammation  of 
the  pleura  and  of  the  pulmonary  parenchyma.  Com- 
pression of  the  renal  ve.ssels  produces  functional  or  struc- 
tural disi*a.se  of  the  kidneys.  (Edema  of  the  lower  ex- 
tremities is  a  rare  symptom,  due  to  pressure  upon  the 
vena  cava  inferior,  which  ves.s(d.  from  its  position,  often 
escapes  injury.  Ascites  results  from  pressure  upon,  or 
obliteration  of,  the  j)ortal  vein,  but  is  an  exceedingly 
infrequent  symptom.  A  subnormal  temperature  of  the 
lower  limbs,  with  hypenesthesia,  fornncation.  ntnubness, 
anaesthesia,  and  final  paralysis,  are  the  occasional  effects 
of  pressure  upon  the  spinal  cord  and  nerves.  Renal  and 
biliary  colic  may  proceed  from  pressure  upon  the  ureter 
and  the  biliary  pas.sage.  Irritation  of  the  psoas  magnus 
excites  symptoms  similar  to  those  of  psoas  or  lumbar 
abscess. 

The  General  Symptoms  consist  in  gradual  deprecia- 
tion of  the  vital  powers  by  reason  of  the  pain,  insonmia, 
malnutrition,  and  impaired  innervation.  E.xtreme  ema- 
ciation is  sometimes  observed,  and  may,  in  the  abst*nce 
of  other  adcfjuate  causes,  be  referred  to  compression  or 
obliteration  of  the  receptaculum  cliyli  or  of  the  thoracic 
duct.  Death  from  exhaust icm  occasionally  happens,  but 
the  usual  terminaticm  is  by  ruj^ture  and  hemorrhage. 
The  symptoms  of  rupture  are  either  those  of  sudden  col- 
lapse or,  if  the  hemorrhage  be  of  gradual  occurrence,  tho.se 
of  intra  abdominal  or  intra  t  honicic  diffused  aneuri.sm  and 
of  progressive  asthenia,  i)ossibly  comi>licated  by  periioni- 
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tifl  or  attended  by  R^ciirn^nt  liflpmoptysis,  haematemesis, 
lismaturia.  or  niehena. 

Anei'ribms  of  Hranciip:8  of  the  Abdominal  Aorta. 
— Owing  to  their  rarity  and  to  their  eomparatively  small 
size,  aneurisms  of  the*  alMlominal  branches  of  the  aorta 
usually  present  so  few  symptoms  as  to  escape  observa- 
tion or  to  elude  diagnosis.  The  branches  most  frequently 
the  seat  of  aneurisms  are.  according  to  I^-bert.  tiie  iliacs. 
thecadiac  axis  and  its  divisi<»ns.  the  superior  mesenteries, 
and  the  renals,  in  the  order  named.  The  symptoms  and 
signs  of  these  tumors  are  similar  to  thost?  of  aortic  aneti- 
risms.  Aneurisms  of  the  superior  mesenteries  and  of  the 
cadiae  axis  are,  however,  nutftih,  and  usuallv  occasion 
no  retardation  or  dinunution  in  the  pulsation  of  the 
femoral  arteries.  Renal  aneurism  is  specially  liable  to 
interfere,  by  pressure  on  the  ureter  and  the  nmal  vein, 
with  the  functions  of  the  kidney,  and  hepatic  aneurisms 
often  lead  to  jaundice.  Statistical  data  n\trJirding  the 
n?lative  frecpiency  of  ascites,  in  cases  of  hepatic  aneu- 
risms, arc  lacking. 

DiFFERKXTiAL  DiAcixosis. — Alxhmiinal  aneurisms 
must  l)e  differentiated,  tirst,  from  abdominal  tumoi*s  to 
which  the  aortic  j)ulsatioi»  is  communicated.  Those 
tumors  most  likelv  to  be  mistaken  tor  aneurisms  are  car- 
cinoma  of  the  stomach,  pancreas,  omentum,  intestine, 
and  liver,  fecnl  tumors,  gall  stones  or  foreign  bodies  im 
pacted  in  the  int<'stine,  enlarged  lumbar  and  mesenteric 
glan<ls,  r(*nal  tumors,  as  hydro-  or  pyonephrosis.  Hoat- 
iiig  ki(lnev,  ovarian  or  uterine  tumors,  enlarged  or  dis- 
placed \{'{x  lobe  of  the  liver,  and  encysted  peritoneal  exu- 
dations. Not  only  may  thes<*  tumors  receive  an  imiMilse 
from  the  aorta  but  tliey  may  pnMluce  a  murnuir  by 
])n*ssure  upon  that  vess<*l.  The  character  of  their  im- 
puls<*  is,  however,  heaving  or  lifting  and  not  expansile, 
and  it,  as  well  as  the  nnnnuir,  can  ordinarily  be  made  to 
disappear  by  plaeini>:  the  patient  up(m  his  hands  and 
knees,  when  the  tumor  gravitates  awav  from  the  arterv 
The  tumors  in  (piestion  are.  as  a  rule,  movable,  while 
aneurisms  of  the  aorta  are  immovable.  Aneurisms  of  the 
aorta's  bmnches  may  be  mobile,  but  their  nmrmur  per- 
sists after  disphicemeiit  of  the  an<'Urisms  from  their  orig-. 
inal  position,  which  is  not  true  of  the  other  tumors  under 
consiiUnition.  The  latter  are,  moreover,  of  tinner  con 
sistency.  and  are  more  freciuently  accompanied  by  vari- 
cose abdominal  veins,  by  ascites,  or  by  OMlema  of  the 
legs,  and,  if  carcinomatous  or  tuberculous,  by  a  more 
decided  cachexia. 

Sci'ondly,  from  biinbar  and  psoas  abscesses,  which 
simulate  aneurisms  chiellv  bv  causintr  dorsjil  ivnn  and 
spinal  curvature,  but  which  are  unattended  by  impulse, 
thrill,  or  nnirinur. 

Thirdly,  from  various  neuralgic  affect  ions,  as  renal  and 
biliary  calculus,  gastmlgia.  enteralLria.  neuraliria  of  the 
testicle,  lead  colic,  lumbago,  muscular  rheunuitisni.  and 
sciatica,  the  exclusion  of  wliich  must  depend  on  thorough 
])hysical  explonition. 

Fourthlv,  froni  abnormallv  forcible  pulsjition  of  the 
aorta.  This  is  not  accompanied  by  ]>ain.  thrill,  dulness. 
nmrmur  (unless  the  latter  In-  excited  bv  i»re>sure  with 
the  stethoscoped  or  expansile  impulse,  and  is  often  de- 
veloped in  connection  with  dys])epsia.  profuse  Iienior- 
rliage,  or  hysteria  in  y(»ung.  chlorotic  women  This 
form  of  pidsjition  is  not  localized  l>ut  pnipagaled 
through  the  entir<'  aoita  and  its  chief  bmnches.  nnr  is  it 
attended  bv  abnormal  dilatation  of  the  arterv.  It  niav 
Ik'  pnnl need  either  by  temporarily  increased  force  of  the 
systole,  due  to  exeitein<'nt.  or  by  hypertrojdiy  of  the  left 
ventricle.  It  is  sometimes  observed  in  aged  women, 
with  relaxini  or  retracted  abdominal  walls,  and  with  h's- 
sen<*d  arterial  pressure  incident  to  spanainia. 

Fifthly,  from  pulsatile,  malignant,  renal,  hepatic,  or 
pancreatic  tumors  which.  thoULrh  very  dilMcult  to  diair- 
nostic}it<*.  an» accompanied  by  niore  marked  cachexia  than 
is  genendly  present  in  cases  of  aneurism. 

Sixthly,  from  abscesses  or  furuncles  nf  the  abdominal 
walls,  the  supc'rileialand  intlamniat(»ry  character  of  which 
is  easily  demonstrat<'d. 

Ph(k;.nosis. — Abdimunal  aneurism   is  an   exceedinglv 


grave  disease.  While  cures,  either  spontaneous  or  due 
to  therapeutical  interference,  are  sometimes  observed, 
the  overwhelming  majority  of  cases  terminate  fatally 
within  a  period  varying  from  a  few  mouths  to  several 
years,  either  by  rupture,  which  occurs,  according  to 
Sibsou,  in  seventy -seven  per  cent,  of  all  the  cases,  or  by 
progressive  exliaustion.  The  prognosis  is  unfavorably 
affectftd  by  the  coexistence  of  any  chronic  disease,  par- 
ticularly of  emphysema,  phthisis,*  or  asthma,  which  ac- 
celerate the  progress  of  the  aneurism  by  the  repeated  suc- 
cussion  movements  incident  to  paroxysms  of  coughing. 
In  scmie  instances,  all  symptoms  maydisappear,  only  to 
reappear  after  a  variable  interval.  \n  other  cases' the 
disease  may  remain  latent  until  shortly  before  its  fatal 
termination. 

Treatment. — This  is  either  palliative  or  curative. 
The  former  aims  at  the  mitigation  of  suffering  causeil  by 
pressure  or  by  complicating  disi^ses,  the  latter  at  oblitera 
tion  of  the  aneurismal  sac  by  the  deposition  of  laminated 
tibrin.  The  means  best  adapted  to  the  palliation  of  pain 
are  chlon)form  and  acoiute,  hot  applications,  leeching 
and  cupping,  employed  at  the  seat  of  the  aneurism,  and. 
most  potent  of  all.niorf)hine  hyixHlemiically  adminis- 
tered.    Insonmia  demands  chloral  and  opiates. 

The  means  emploved  to  facilitate  and  liasten  the 
deposition  of  fibrin  within  the  sac  relate  to  reduction  of 
arterial  tension,  and  to  diminution  of  the  rapidity  of  the 
blood  current.  Valsalva's  methcKl,  based  upon  venesec- 
tion and  stars  ation.  has  j  ustly  been  abandoned.  The  post 
ural  and  dietetic  treatment  of  Mr.  Tufnell  has  yieldi»d  en- 
couraging results.  As  an  example  of  thes<?  we  cite  two 
abdominal  aneurisms  cured  bv  ^Ir.  Tufnell,  after  treat- 
ment  protracted  respectively  thirty-sc»\eB  and  twenty - 
one  days.  In  accordance' with  this  method  the  patient *is 
confined  to  the  horizontal  posture  from  eight  to  thirteen 
wec'ks.  according  to  the  progress  made.  No  movement 
is  allowed,  and  Uie  diet  is  restricteil  to  eight  ounces  of 
licjuid  and  ten  ounces  of  solids  daily,  the  infftiu  being  as 
follows;  For  breakfast  and  supper,  two  ounces  of 
wheaten  bread  and  butter,  with  two  ounces  of  milk,  tea, 
or  cocoa:  for  dinner,  meat  three  ounces,  potat<K»s  or 
bread  three  ounces,  and  water  or  claret  four  ounces. 
Laxatives  are  daily  u.sed.  The  probablv  insurmountable 
difficulty  attending  this  met  IkmI  consists  in  the  physician's 
inability  to  secure  the  patient  sefficient  co-operation  in  so 
protracted  and  fatiguing  a  treatment.  Better  co-opera- 
tion and  greater  success  may  be  ex]H*cted  if  the  tR*at- 
meut  merelv  embrace  the  limitation  of  phvsiad  exertion 
within  ])ro])er  bounds,  the  euiployment  of  nourishing 
but  unsiiinulatinir  aliments  and  drinks,  attention  to  the 
bowels,  and  the  use  of  aconite,  or  of  hvdrcK'vanic  acid,  to 
secure  reirular  and  moderate  cardiac  action.  Alcoholics 
may,  h(»wever,  be  sparingly  used  in  case  of  evident  car- 
diac weakness.  Iodide  of  potassium,  in  doses  of  fifteen 
to  twenty  grains,  thrice  daily,  is  strongly  recommended 
by  Dortors  15idfour.  A.  Flint,  and  Bouillaud.  Its  lx*ne- 
ficial  elTcct  is  attributable  to  depressi(m  of  the  heart's 
action  and  to  consecjuent  diminution  r)f  vascular  tension. 
iCrgot,  hypodermically,  is  a<lvocated  by  von  Langenbeck 
on  the  same  theoretical  grounds. 

Proximal  or  <listal  conij^rcssion  of  the  alMlominal  aorta 
f(»r  thecureof  abdoniinjil  aneurism,  first  sugirested  bv  Mr. 
Holmes,  finds  nianv  warm  advocates  and  boasts  a  nuiu- 
l)«r  of  successful  results.  The  prelinnnary  tn*atment 
consists  in  evacuation  of  the  bowel  and  in  the  expul- 
sion of  llatus.  Anresthesia  is  ess<>ntial.  The  instrument 
(•inployed  is  the  abdominal  tournitjuet,  and  sufiicient 
pressure  is  a]>j»lied  coni|>letely  to  arrest  the  blood  cummt 
in  the  aneurism.  Mr.  Murray  recommends  that  the 
treatment  be  conducted  as  foPows: 

1.  That  j)ressure  be  a]>pli<'d  for  four  hours.  If  tio 
ctTect  be  then  apparent,  the  first  attempt  is  alwndoued. 
If  fUti/  <liminution  of  impulse  be  manifest,  the  tourniquet 
is  applied  foraii()ther  hour. 

'2.  In  the  event  of  failure,  at  the  first  operation,  an- 
otln'r  trial  is  madi-.  after  a  few  days,  and  pressure  main- 
tained for  from  six  to  eiL'"ht  hours. 

;).   If  the  second  attempt    fail,   pres.sure  maybe  con- 
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tinued,  at  the  third  operation,  twelve  hours,  hut  it  must 
he  instantly  removed  if  inflammation  or  shock  supervene. 

William  H.  Flint. 

ANEURISM,  THORACIC.*— In  this  article  no  attempt 
is  made  to  discuss  in  detail  the  pathology  of  aneurism  in 
general,  as  that  will  be  found  under  its  proper  luring. 
It  is  intended  rather  to  present  in  as  condensed  a  form  as 
possible  the  principal  points  bearing  upon  the  diagnosis 
and  treatment  of  this  particular  form  of  the  disease. 

Etiology  and  Pathouhjy. — In  seeking  for  the  causes 
which  are  operative  in  the  production  of  thoracic,  as  of 
other  foi*ms  of  aneurism,  we  must  bear  in  mind  the  tw6 
main  conditions  which  are  in  themselves  the  most  power- 
ful agents,  viz.,  a  weakened  condition  of  the  arterial 
walls,  and  increased  blood  pressure.  All  circumstances, 
therefore,  which  tend  to  bring  about  one  or  other  of  these 
disordered  states  tend  to  induce  the  formation  of  an 
aneurism.  Probably  one  alone  will  sometimes  be  suffi- 
cient, but  if  both  together  unite,  the  necessary  conse- 
quences are  rendered  still  more  certain. 

The  constitutional  conditions  which  are  known  to  pre- 
dispose to  atheroma  and,  therefore,  to  aneurism  are 
hereditary  predisposition,  gout,  rheumatism,  kidney  djs 
ease,  syphilis,  and  alcoholism.  To  these  must  also  be 
added  strain  and  laborious  occupations  involving  repeated 
(though  less  severe)  straining  efforts.  It  is  sudden  in- 
crease in  the  blood  pressure,  however,  w^hich  is  much 
more  liable  to  induce  aneurism  than  prolonged  exposure 
to  a  moderate  degree  of  increased  tension,  as  seen  in 
Bright's  disease.  It  has,  moreover,  been  fully  proven 
that  tight  clothing,  as  in  soldiers,  acts  injuriously  in  in- 
tensifying the  effect  of  any  straining  effort.  Occupation, 
therefore,  is  a  direct  exciting  cause  of  thoracic  aneurism. 
Any  kind  of  work  which,  besides  being  laborious,  in- 
volves at  times  powerful  muscular  efforts,  must  be 
looked  upon  as  a  factor — perhaps  often  the  most  impor 
tant  factor — in  the  etiology.  Soldiers,  as  above  noted,  are 
notoriously  prone  to  be  affected  by  it,  being  subject  to  a 
combination  of  injurious  influences.  Pro.stitutes,  also, 
frequently  have  aneurism  of  the  chest  from  being  affected 
with  syphilis  and  leading  lives  of  dissipation  and  excite- 
ment, highly  provocative  of  muscular  disturbances. 
According  to  Hare's  statistical  results  a  history  of  trauma 
is  frequent  in  cases  of  aneurism.  It  is  well  established 
that  one  or  more  of  the  coats  of  a  healthy  artery  may  be 
ruptured  by  sudden  strain  or  direct  violence,  whilst  in 
vessels  weakened  by  sclen)tic  changes,  syphilitic  or  other- 
wise, such  an  accident  is  moreapt  to  occur.  An  interest- 
ing case  of  this  character  is  quoted  by  Gairdiier  in  All- 
butt's  "  System,  "  together  with  a  full  discussion  of  the 
whole  subject. 

Age. — Aneurism  of  the  aortii  may  occur  at  any  age, 
but  it  is  especially  common  at  the  more  advanced  periods 
of  middle  life — between  forty  and  fifty  but  it  is  not 
infrequent  between  thirty  and  forty.  Very  few  cases 
have  been  observed  below  twenty.  The  disease,  although 
rare,  is  not  unknown  in  children,  in  whom  a  syphilitic 
origin  is  almost  invariable.  The  arteries  of  young  per- 
sons are  sound  and  will  bear  a  sudden  strain  without  in- 
jury. Old  people  very  conunonly  have  atheromatous 
arteries,  but  in  them  the  circulation  is  weaker,  strain  is 
rare,  and  thus  they  seldom  suffer  from  aneurism. 

Sex.— Men  are  niuch  more  liable  to  aneurism  than 
"women.  According  to  Dr.  Peacock,  from  two-thirds  to 
four-fifths  of  the  cases  of  circumscribed  aneuris^rn  occur 
in  males,  while  dis.secting  aneurism  makes  its  appearance 
in  the  two  sexes  with  equal  frequency.  Tlie  difference 
is,  no  doubt,  to  be  accounted  for  from  the  fact  that  men 
are  much  more  exposed  to  the  efficient  promoting  causes, 
viz..  strain,  laborious  occupations,  syphilis,  and  intem- 
perance. 

8y.mptom.\tology. — The  mere  existence  of  a  dilatation 
at  some  part  of  the  aorta  is  not  necessiirily  accompanied 
by  manifestations  of  disordered  function  or  local  distress 

*  As  a  friend  and  pupil  of  the  late  Dr.  Ross  I  have  been  requested  to 
revise  this  article.- F.  G.  Finley. 


(symptoms).  Unless,  therefore,  it  mechanically  interferes 
with  neighboring  parts,  it  may  continue  even  for  a  long 
time  unsuspected.  The  occurrence,  then,  of  symptoms 
which  will  indicate  the  existence  of  thoracic  aneurism, 
depends  more  ui)on  the  exact  situation  of  the  tumor  than 
upon  any  other  circumstance.  The  symptoms  also  will 
present  wonderful  variety  in  accordance  with  the  vary- 
ing locality  and  direction  of  the  expansion  of  the  growth. 
The  clinical  history  of  these  patients  previous  to  the  de- 
velopment of  the  characteristic  symptoms  is  often  ex- 
tremely indefinite.  It  is  quite  common  to  find  a  man 
seeking  advice  for  a  loss  of  voice  or  a  harsh  cough,  or  a 
thoracic  pain,  found  to  be  due  to  an  aneurism  of  some 
standmg,  and  yet  he  will  give  an  account  of  having  en- 
joyed excellent  health  in  every  respect  until  (perhaps 
quite  recently)  these  symptoms  attracted  his  attention. 
Again,  sometimes  a  quick  pain,  with  palpitation  and 
breathlessness,  lias  been  observed  at  some  remote  period, 
to  be  followed  later  on  by  other  symptoms  of  intra-tho- 
racic  disorder.  Or,  some  laryngeal  or  bronchial  symp- 
toms may  have  been  coming  on  imperceptibly  for  a  long 
time  past.  In  many  cases,  belonging  to  one  of  the  above 
types,  of  men  above  middle  age,  whose  general  health 
and  nutrition  remain  unimpaired,  suspicion  of  aneurism 
may  very  reasonably  be  entertained.  Deep-seated  aneu- 
risms may  be  entirely  latent,  presenting  no  evidence  of 
their  existence  by  either  symptoms  or  physical  signs. 
The  comparative  frequency  of  such  cases  is  now  being 
very  generally  recognized. 

l*he  symptoms  of  thoracic  aneurism,  therefore,  are 
mainly  the  symptoms  of  intrathoracic  pressure,  and 
mostly  differ  in  no  respect  from  those  produced  by 
tumors  of  different  nature  in  the  same  situation.  The 
symptoms  consist  of  the  manifestations  by  which  we  can 
recognize  displacement  of  lung  substance,  compression 
of  the  main  or  secondary  air  tubes,  irritation  or  destruc- 
tion of  nerves,  obliteration  of  venous  channels,  obstruc- 
tion of  the  oesophageal  tube,  or  erosion  of  some  of  the 
bony  structures. 

The  principal  symptoms  of  intra-thoracic  pressure  may 
be  thus  enumerated — pain,  dyspnoea,  altered  voice, 
cough,  stridor,  headache,  and  disordered  vision,  and 
lastly,  jmraplegia. 

The  jxtiti  of  thoracic  aneurism  is  a  most  frequent 
symptom,  but  very  variable  as  to  its  character,  degree, 
and  situation.  In  not  a  few  casc^  pain  of  some  kind  will 
be  the  first  indication  of  existing  disorder.  Early  pain 
is  usually  of  a  somewhat  lancinating  nature,  and  is  sug- 
gestive of  neuralgia.  It  is  often  complained  of  as  dart- 
ing across  some  region  of  the  chest  or  along  certain  nerves 
to  distant  parts.  When  the  aneurism,  for  example,  is 
seated  in  or  near  the  innominate  arterj',  the  pain  is  often 
referred  to  the  back  of  the  neck  on  the  right  side  and  be- 
hind the  right  ear ;  when  it  is  seated  in  the  transvei"8e  arch, 
the  pain  may  be  across  the  top  of  the  chest  and  down 
perhaps  the  entire  length  of  one  ann.  Pains  of  this  kind 
should  always  prompt  a  search  for  internal  aneurism. 
Later  on  in  the  complaint  the  pain  is  likely  to  be  of  a 
steady,  wearing  kind,  and  referred  to  some  fixed  spot, 
probably  deep  in  the  chest.  Aneurisms  pressing  back- 
ward against  the  vertebral  column  and  the  spinal  nerves 
emerging  therefrom  have  two  special  forms  of  pain  con- 
nected with  them:  either  a  persistent  boring  pain  ex- 
perienced in  some  particular  part  of  the  spinal  column, 
or  a  definite  intercostal  neuralgia,  having  a  distributive, 
intermittent  character,  and  tender  spots  often  unusually 
well  marked.  There  is  sometimes  pain  of  a  real  anginoid 
clmracter.  accompanied  by  a  sense  of  tightness  in  the 
chest,  but  it  is  very  seldom  that  attacks  ot  true  angina, 
with  the  typical  features  of  this  com  plaint,  are  witnessed. 
Pressure  on  the  phrenic  nerve  has  been  found  sometimes 
to  be  accompanied  by  a  painful  feeling  of  constriction 
round  the  lower  part  of  the  thorax,  together  with  dysp- 
noea and  singultus,  from  disturbed  innervation  of  the 
diaphragm. 

jjyspna'a  is  a  very  frequent  symptom,  and  is  of  vary- 
ing character  and  degree  in  accordance  with  the  cause  to 
which  it  may  be  due.     It  may  arise  from  compression  of 
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a  portion  of  the  pulmonary  structures,  from  pressure 
upon  the  trachea,  upon  a  main  bronclius,  or  upon  the 
pneumogastric  trunk  or  one  of  tJie  recunvnt  nerves.  An 
aneurism  must  have  attained  to  a  cousidemble  size  before 
it  can  shut  off  a  portion  of  a  lung  suflicient  to  produce 
decided  dyspnoea.  Shortness  of  breath,  therefore,  will 
not  be  much  complained  of  in  the  early  stages,  unless 
the  tumor  interfere  with  some  of  the  other  structures  just 
named.  Compression  of  the  trachea  commonly  occurs 
from  aneurisms  of  the  arch,  and  the  dysj)na*a  will  be 
observed  to  exist  both  in  inspiration  and  in  expiration.  It 
is  accompanied  by  enfeeblenieut  of  the  respiratory  mur- 
mur in  both  lungs,  and  the  laryngoscope  shows  the 
mechanism  of  the  vocal  cords  to  be  normal.  Under 
favorable  conditions  a  skilled  observer  can  detect  the 
narrowed  lumen  of  the  trachea  by  the  laryngoscopi(! 
mirror,  and  in  some  instances  can  even  observe  pulsation 
transmitted  from  the  aneurism  at  the  pr^iut  of  pressure. 
Standing  beside  such  a  patient,  it  is  (piite  usual  to  hear 
a  rough,  raucous  sound  of  peculiar  calibre  accompanying 
both  inspiration  and  expiration,  especially  when  these 
acts  are  performed  somewhat  forcibly.  The  dyspncea 
here,  as  in  the  last -mentioned  form,  is  very  markedly  in- 
creased bv  even  slii^ht  exertion,  the  chief  reason,  no 
doubt,  being  that  the  tumor,  being  expansile,  the  in- 
creased heart's  action  expands  it,  and  causes  it  to  com- 
press the  elastic  tube  more  tirmly.  In  exceptional  cases 
of  tnicheal  compression,  paroxysms  of  intense  dyspncea 
may  be  occasionally  witnes.sed,  and  that  without  direct 
involvement  of  any  of  the  important  nerves.  Attacks  of 
this  character  are  apt  to  come  on  from  exertion  or  emo- 
tional disturbance,  and  are  attributed  by  Bristowe  to 
more  or  less  comi)lete  obstruction  of  the  tnichea  by  a 
plug  of  nuicus.  Position  will  often  relieve  the  respim- 
tory  distress  considerably,  and  patients  very  frequently, 
of  their  own  accord,  rest  or  sleep,  leaning  the  chest  well 
forward  to  take  olT  the  pressure  from  the  windpipe.  If 
a  main  bronchus  be  eompres.sed  (and  it  is  most  often  the 
left),  the  dyspniea  is  not  likely  to  be  so  great,  and  en- 
feebled breathing  is  found  in  the  corresponding  lung.  It 
has  long  been  recognized  that  pressure  upon  the  impor- 
tant nerves  supplying  the  nniscles  of  the  larj'nx  which 
pass  through  the  chest  will  cause  dyspncea.  ami  that. 
verv  often,  of  the  most  intense  kind.  Here  the  strikiiu; 
feature  is  dyspncea  ///  /nfro.rt/snis.  There  may  be  periods 
of  compamtive  calm,  during  which  there  is  only  a  mod- 
erate shortness  of  breath  on  making  some  exertion,  but 
suddenlv,  with  or  without  anv  exeitinir  cause,  severe 
suffocative  dyspiKca  sets  in,  and  in  some  cas<'s  actually 
proves  fatal.  This  result  maybe  brought  about  eith<*r 
l)v  the  conjpression  or  involvement  of  a  pneumogastric 
nerve  or  a  recurrent  larvnijeal  nerve.  Sometimes  nerves 
of  both  sides  are  implicated.  Owing  to  its  situation  in 
relation  to  the  aneurism,  the  nerve  of  the  left  side  is  more 
often  alTected  than  that  of  the  right.  When  the  latter 
is  involved,  it  is  generallv  from  its  beini;  (listurbed  bv 
the  dragging  of  a  tumor  U])on  the  rr)ot  of  the  right  sub- 
clavian arterv.  It  is  held  bv  some  that  this  form  of 
dyspniefl  may  be  brought  about  either  by  spasm  of 
the  mus(!les  supplied  by  the  recurrent  nerve  or  by  their 
paralysis.  Pressure,  it  is  said,  will  either  irritate  or  de- 
stroy a  nerve.  Irritation  will  cause  sj^asm.  destruction. 
paralysis.  Then*  does  not.  however,  seem  to  be  any  re- 
liable evidence  of  the  occurrence  of  spasm  as  a  caus<*  of 
dyspna»a;  while,  on  the  other  hand,  wheiuver  <leci(le(l 
laryngeal  symptoms  are  observed  from  intrathoracic 
pressure,  the  laryngoseojie  nearly  always  shows  the  ex- 
istence of  paralysis  in  a  greater  or  less  <legree.  Inilateral 
paralysis  may  exist  for  a  long  time  without  marked 
dyspncea.  but,  if  the  opposite  muscles  become  afTected, 
the  liability  to  paroxysmal  attacks  becomes  dcvrloped. 
the  tlaccid  cords  are  sucked"  toirether  bv  the  inspiratorv 
etTort,  and  a  suffocative  condition  is  induced.  AVhy  rloes 
this  occur  in  paroxysms?  It  may  he  that  a  ra]>i(l  temporary 
enlargement  of  the  tumor  o<'Curs(  from  exertion.  <'tc.).  and 
that  this  causes  increased  pressure,  as  a  result  of  whir-li  the 
l^aralysis  may  be  rendered  romphft  :  or  it  may  be  that, 
from  incomplete  coughing  efforts,  nuicus  collects  in  the 


glottis,  and  fonus  a  complete  barrier  in  the  alread}'  par- 
tially obstructed  glottic  opening.  A  rare  form  of  dyspnoea 
in  aneurismal  patients  consists  in  a  simulation  of  ordinary 
asthma.  I  have  seen  one  such  case  in  a  young  woman  in 
which  the  picture  presented  w^as  exactly  that  of  a  com- 
mon attack  of  spasmodic  asthma. 

Alterations  of  voice  are  observed  only  when  the  tumor 
pre.ss(»s  upon  one  of  the  recurrent  nerves,  or  upon  a  pneu- 
mogastric trunk.  The  changes  in  the  voice  consist  mainly 
in  diminution  of  its  power  and  clearness  in  varj'ing  de- 
gree, together  with  hoarseness  and  sometimes  a  squeaky 
or  high-pitchwi  tone.  The  loss  of  voice  may  come  on 
quite  suddenly,  and  ultimately  complete  aphonia  may 
result.  These  laryngeal  symptoms  may  be  among  the 
very  first  complained  of,  thus  simulating  catarrhal  larj'n- 
gitis,  for  which  this  condition  has  frequently  l)een  mis- 
taken. Laryngoscopic  examination  almost  invariably 
shows  deficient  abduction  of  a  vocal  cord  (more  fre- 
quently the  left).  If  the  paralysis  be  incomplete,  the  af- 
fected cord  is  seen,  on  phonation,  to  fail  to  reach  the 
median  line,  and  thus  an  open  space  is  left  between  the 
two.  It  if  be  complete,  the  paralyzed  band  remains  al- 
most, if  not  quite,  stationary,  and  the  healthy  conl  is 
seen  to  move  rapidly  across  the  median  line  until  it  ap- 
proaches its  fellow  of  the  opposite  side. 

titHdor  is  specially  noticed  when  an  aneurismal  tumor 
pre.s.ses  upon  the  trachea  or  one  of  the  main  bronchi.  It 
differs  altogether  from  the  stridulous  respiratory  sounds 
heard  in  cases  of  laryngeal  disease,  and  is  distinguished 
also  from  them  in  that  the  ordinary  speaking  voice  re- 
mains luiimpaired.  The  stridor  is  usually  a  rough,  low- 
pitched,  growling  sound,  accompanying  both  inspiration 
and  expirjition.  and  giving  the  impres.sion  of  originating 
deep  within  the  chest.  It  is  markedly  increase<l  by  fuH 
breathing.  This  is  the  so-called  "stridor  from  below" 
of  the  older  authors. 

Couf/h  very  conunonly  occurs  during  the  course  of  a 
thoracic  aneurism.  It  is  produced  mamly  by  the  irrita- 
tion from  pressure  of  the  pulmonary  and  laryngeal  nerves, 
and  is  often  very  freqiu'nt  and  distressing.  If  there  be 
laryngeal  jiamlysis  the  cough  will  probably  l>e  husky, 
and  even  suppressed.  When  tracheal  pressure  with  stii- 
dor  exists,  the  cough  likewise  becomes  loud,  rough,  and 
clanging  in  diameter.  The  expectoration  at  first  is  very 
small  in  ciuantity — in  fact  it  may  be  so  throughout;  but 
when  there  has  been  much  pulmonary  irritation,  or  when 
a  tmcheo-bronchial  catarrh  has  been  set  up,  large  quanti- 
ties of  purulent  exj>eetoration  may  be  got  rid  of.  Blocni 
sometimes  a])]H*ars  in  the  sputum,  and  must  always  be 
looked  upon  as  a  sign  of  impending  <langer. 

Dffsithdfjiif  is  a  symptom  more  often  .seen  in  connecti<m 
with  other  forms  of  intra-thomcic  tumor  than  with  aneu- 
rism. It  has  also  been  clearly  proven  that  an  aneurism 
may  have  exerted  considerable  pressure  upon  the  Q'sopb- 
agusand  yet  no  resulting  dysphagia  have  been  observed. 
Certain  peculiarities  in  (esophageal  obstruction  due  to 
aneurism  (as  compared  with  that  which  results  from  other 
tumors  or  from  organic  strictuie)  are  these:  that  it  is 
variable — perha|>sat  one  time  r)f  day  nothing  can  be  swal- 
lowed, and  again,  later  on.  fluids  or  semi-solids  pass  "with 
coniparative  ease;  and,  secondly,  it  is  altered  by  position 
— the  ])atient  nmy  be  able,  by  removing  the  weight  of  the 
tumor  on  leaning  well  forward,  to  swallow  fairly  well, 
while  the  siime  thing  is  imj^ossible  in  the  recumbent  posi- 
tion. 

EiKjitrfiriiH ui  ftf  f/tr  nun  runt  and  its  branelu^,  from 
]u-essure  of  the  sac  upon  this  great  trunk  or  upon  one  of 
the  innominate  veins,  occurs  ]>retty  fre(|Uently.  It  is  in- 
dicated in  the  lesser  degrees  by  undue  fulness  of  certain 
of  the  superticial  vein^  of  the  neck,  shoulder,  and  front 
of  the  chest.  In  an  extreme  degree  the  appearances  pro- 
duced are  very  striking.  The  face  is  purple  and  con- 
gested, thr  eyes  are  sutTused.  the  superticial  veins  greatly 
distended  with  blood  and  mostly  tortuous.  The  tissue's 
at  the  root  of  the  neck  bec(»me  infiltrated  and  pre.«5<^nt  a 
soft,  'swollen  apprarance.  <»bliterating  Uiore  or  less  the 
hollow  itbove  the  clavicle.  The  congestion  of  the  inter- 
nal veins,  which  must  simultaneou.slv  occur,  cau.ses  these 
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patients  to  suffer  from  headache  and  often  from  great 
drowsiness,  and  death  may  take  place  in  a  comatose  con- 
dition. Pressure  on  the  brachial  veins  will  cause  swell- 
ing of  the  corresponding  arm. 

Difference  in  the  ISize  of  the  Pvpils. — The  anterior  roots 
of  the  spinal  nerves  from  the  sixth  cervical  to  the  sixth 
dorsal  (according  to  Brown -Sequard  to  the  ninth  or  tenth 
dorsal)  supply  to  the  cervical  sympathetic  filaments 
which  pass  to  the  iris.  When  an  aneurism  presses  upon 
these  nerves,  then  ocular  symptoms  are  observed,  more 
or  less  marked  according  to  the  degree  of  the  pressure. 
If  the  pressure  is  slight,  then  irritation  only  is  produced, 
and,  as  a  consequence,  there  is  dilatation  of  the  corre- 
sponding pupil.  If  the  pressure  is  considerable,  then 
^  paralysis  is  produced,  and  we  find  permanent  contraction 
of  that  pupil.  With  reference  to  this  symptom,  it  must 
be  developed  to  a  decided  degree  before  any  reliance  can 
be  placed  upon  it,  because  the  slighter  differences  in  size 
between  the  two  pupils  are  quite  commonly  observed  in 
healthy  persons.  Even  when  this  symptom  is  clearly 
made  out  its  importance  is  not  great  from  a  diagnostic 
point  of  view,  for  there  are  generally  then  present  many 
more  reliable  indications  of  the  disease.  But  it  can  be 
used  as  one  means  to  assist  in  enabling  us  to  locate  more 
precisely  the  seat  of  the  tumor. 

Emaciatioa  is  very  often  wanting,  and  persons  with 
large  tumors  may  remain  quite  well  nourislied.  Con- 
siderable emaciation  is,  however,  often  seen  arising  from 
coincident  weakness  of  the  digestion,  want  of  exercise, 
and  continued  suffering.  Marked  wasting  of  the  tissues 
has,  in  rare  cases,  been  traced  to  pressure  upon  the  tho 
racic  duct,  and  again,  although  it  develops  less  rapidly, 
to  pressure  upon  the  a?sophagus  and  to  inanition. 

Such  are  the  chief  symptoms  of  thoracic  aneurism, 
which  are  the  result  of  the  intrathoracic  pressure  which 
it  must  sooner  or  later  produce,  and  it  is  to  them  we  must 
generally  look  for  aid  in  establishing  a  diagnosis.  But 
there  are  others  which  must  be  mentioned.  It  sometimes 
happens  that  the  objective  signs  of  aneurism  may  be 
present  while  subjective  symptoms  are  entirely  wanting. 
But  the  contrary  is  more  generally  true.  Various  com- 
plaints will  be  made  before  the  existence  of  their  cause 
can  be  satisfactorily  made  out.  Much,  of  course,  will 
depend  upon  the  situation  of  the  tumor.  Patients  often 
first  experience  pains  in  the  chest,  the  different  charac- 
ters of  which  have  been  already  alluded  to.  As  the  tumor 
increases  in  size  these  painful  sensixt ions  may  be  modified 
in  various  ways  by  the  occurrence  of  complicating  in- 
flammations of  surrounding  parts,  and  especially  of  the 
pleura.  There  may  also  be  a  distinct  sensation  of  throb- 
bing or  pulsation  in  the  chest  in  the  region  of  the  aneu- 
rism. Palpitation  of  the  heart  and  tightness  in  the  chest 
are  often  associated  with  these.  The  patients  themselves 
may  also  observe  that  alterations  of  position  have  an  effect 
in  increasing  or  diminishing  their  discomfort.  Then  dysp- 
noea of  some  kind  is  likely  to  occur  and  to  be  followed 
by  dysphagia,  neuralgias,  pareses,  or  actual  paralysis 
(perhaps  only  formication  or  numbness),  some  anaemia, 
diminution  of  strength,  and  sometimes  a>dema.  An 
aneurism  of  the  chest  may  thus  cause  death  by  a  gradual 
process.  I^ess  commonly  we  observe  continuous  iucrea.se 
in  the  tumor  until  it  finally  ruptures  and  death  ensues, 
.either  directly  from  hemorrhage  or  indirectly  from  the 
effects  of  the  effusion  of  blood  upon  some  vital  organ. 
Rupture  is  generally  associated  with  enormous  hemor- 
rhage, which  is  inevitably  faUil  in  a  few  minuti's  or  sec- 
onds. It  does  happen,  however,  that  smaller  bleedings 
occasionally  make  tlicir  appearance  for  some  time  (it  may 
be  for  only  a  day  or  even  for  a  longer  time)  previous  to  the 
final  gush.  In  the  case  of  a  gentleman,  imder  the  care  of 
the  writer,  who  died  of  this  disease  a  short  time  ago.  small 
quantities  (a  few  ounces)  of  bright  arterial  blood  were 
brought  up  for  more  than  twenty-four  hours  preceding 
the  actually  sudden  end.  In  this  ca.se  the  aneurism  broke 
into  the  substance  of  the  lung,  and  evidently  had  leaked 
into  a  small  bronchus  during  the  time  mentioned.  The 
final  rupture  took  place  into  the  left  main  bronchus,  and 
was  accompanied  by  a  great  spirt  of  fluid  blood,  and 


followed  by  instant  death.  Haemoptyses  sometimes  oc- 
cur at  long  intervals  (years)  in  aneurisms,  generally  from 
associated  pulmonary  congestions. 

When  rupture  takes  place,  it  may  be  accompanied  by 
a  sense  of  tearing  within  the  chest,  and  if  the  blood  does 
not  appear  externally  with  cough  or  efforts  of  vomiting 
(through  the  trachea  or  through  the  cpsophagus),  then  it 
will  be  recognized  by  the  accompanying  pallor  and  syn- 
cope, with  failure  or  extinction  of  the  pulse.  Internal 
rupture  takes  place  most  frequently  into  the  pericardium, 
and  is  almost  always  immediately  fatal,  although  in  a 
case  quoted  by  Kelynack  the  patient  lived  for  four  liours. 
Pepper  and  Griflith  have  published  a  case  of  rupture  into 
the  superior  vena  cava,  and  they  have  collected  twenty- 
seven  other  instances,  whilst  Frankel  has  recently  re- 
corded two  such  accidents  recognized  during  life.  The 
symptoms  are  dyspna'a,  followed  by  slight  proptosis,  and 
by  a?dema  and  cyanosis  of  the  face,  neck,  upper  part  of 
the  thorax  and  arms.  There  is  frequently  a  continuous 
murmur,  louder  during  systole  and  produced  by  the  pas- 
sage of  blood  from  the  aorta  into  the  vena  cava.  Death  in 
such  cases  is  not  necessarily  immediate,  and  has  been  post- 
poned for  several  weeks  or  months  after  the  occurrence 
of  the  rupture.  Escape  into  a  pleural  cavity  is  common, 
and  is  marked  by  severe  pain  and  dyspnoea,  and  by  the 
presence  of  the  physical  signs  of  elf  used  fluid.  I  have 
seen  one  case  of  rupture  into  the  pulmonary  artery  when 
the  symptoms  consisted  of  sudden  pain,  collapse,  want  of 
pul.se,  and  tumultuous  action  of  the  heart  for  about  two 
hours  before  death.  External  rupture  is  comparatively 
rare.  If  such  a  rupture  is  impending,  the  fact  will  be 
recognized  by  the  commencing  lividity  and  finally  gan- 
grenous appearance  of  the  tensest  portion  of  the  pro- 
jecting tumor.  This  accident  is  sometimes  induced  by 
straining  or  falling,  or  by  rough  handling. 

Phydcal  JSigiis. — The  foregoing  symptoms  (which  are 
mainly  those  of  excentric  pressure)  are  indicative  of  in- 
tra-thoracic  tumor  of  some  kind,  but  cannot  indicate 
aneurism  specially.  On  observing  any  combination  of 
them,  we  must  turn  to  the  physical  signs  to  determine 
the  character  of  the  tumor — they  are,  of  the  two,  there- 
fore, the  more  important;  and  both  together  will,  in  the 
majority  of  cases,  enable  the  physician  to  arrive  at  a  posi- 
tive diagnosis.  These  physical  signs  are  derived  both 
directly  from  the  tumor  itself  and  indirectly  from  an  ex- 
amination of  the  neighboring  organs  which  may  have 
been  pressed  upon,  displaced,  or  otherwise  interfered 
with  by  the  encroaching  tumor.  The  signs,  as  regards 
the  aneurism,  will  evidently  depend  mainly  upon  its  size 
and  its  exact  position,  especially  as  regards  the  surface 
of  the  chest. 

Intii^ction  will  readily  demonstrate  the  existence  of 
any  distinct  bulging  of  the  parietes  of  the  chest.  This 
may  be  only  a  slight  or  ill-defined  elevation  of  a  circum- 
scribed area,  or  it  may  be  a  tumor  of  some  magnitude. 
The  elevated  part,  moreover,  is  seen  to  pulsate  (almost) 
synchronously  with  the  apex  of  the  heart.  The  situa- 
tion of  the  pulsating  prominence  depends  upon  the  por- 
tion of  the  aorta  involved,  and  the  direction  in  which  it 
has  been  tending.  Aneurisms  of  the  ascending  arch  are 
most  commonly  seen  in  the  second  or  third  interspace  of 
the  right  side.  Those  of  the  descending  aorta  will  most 
commonly  reach  the  surface  on  the  posterior  or  lateral 
wall  of  the  chest.  The  skin  over  !he  prominence  is  usu- 
ally healthy,  except  when  the  external  tumor  is  large, 
when  it  may  be  rt^d  or  livid.  There  may  be  no  elevation 
from  the  general  surface,  the  eye  only  detecting  a  pulsat- 
ing spot  similar  to  that  over  the  cardiac  npex.  In  the 
absence  of  these  more  chamcteristic  appeaniuces,  if  the 
front  of  the  chest  be  carefully  exaniined  while  the  patient 
stands  sideways  to  the  observer,  a  more  or  less  distinct 
systolic  heaving  of  the  chest  wall  can  be  noticed,  espe- 
cially when  the  respiration  is  withheld.  This  indicates 
usually  an  aneurism  of  considenible  size  and  deeply 
seated.  If  the  heart  be  displaced,  this  fact  can  also  be 
determined  by  the  altered  position  of  the  apex  beat. 

PalfHiti^n  of  the  chest  is  of  service  only  when  the 
tumor  sufliciently  approaches  the  chest  walls.     Local  ful- 


341 


Aneiiiiflni« 
Anenrimi. 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


ness  or  bulging  can  be  appreciated,  pulsation  can  be 
located,  and  the  force  of  the  impulse  measured.  Fre 
missement,  or  thrill,  systolic  in  rhythm,  can  also  not  in 
frequently  be  felt,  perhaps  over  the  entire  area  covering 
the  tumor;  and  follo\\'ing  this,  sometimes  a  diastolic 
shock  may  be  recognized.  In  obscure  cases,  in  which  a 
deep-seated  aneurism  may  be  suspected,  the  bimanual 
method  of  examination  may  prove  of  great  service.  The 
patient's  chest  is  firmly  grasped  between  the  two  extended 
hands  laid  flat  upon  the  surface.  By  this  means  a  diffused 
sense  of  expansion  will  be  experienced  which  is  extremely 
significant  and  can  only  be  ascertained  in  this  way.  The 
supra-sternal  notch  should  also  be  explored.  The  patient's 
head  being  bent  forward  to  relax  the  sterno-mastoid  mus 
cles,  one  or  two  fingers  arc  pressed  deeply  into  the  fossa  and 
beneath  the  manubrium  sterni,  when  pulsation  or  thrill 
communicated  from  the  transverse  portion  of  the  arch  can 
be  distinctly  perceived.  Another  physical  sign  of  very 
great  diagnostic  importance,  and  one  which  is  also  to  be 
obtained  bv  the  educated  sense  of  touch,  is  what  is  now 
known  under  the  term  ** tracheal  tugging,"  or  Oliver's 
sign.  It  is  but  quite  lately  that  attention  has  been  directed 
to  thismetho<l  of  examination,  and  it  is  only  now  that  its 
value  is  beinc  realized.  To  examine  for  this  sign  proceed 
as  follows;  Let  the  patient  be  seated  upright  and  with 
the  head  well  thrown  back,  in  order  to  put  the  windpipe 
ui)on  the  stretch.  Then  with  the  finger  and  thumb  of 
the  right  liand  grasp  the  cricoid  cartilage  or  the  lower 
border  of  the  thyroid,  and  make  steady  pressure  upward. 
If  a  deep-seated  aneurism  be  present  which  impinges  at  all 
xipou  the  trachea  or  one  of  its  principal  divisions,  then  a 
very  distinct  and  unmistakable  tugging  doirntrard  will 
be  lelt  with  each  systole  of  the  heart.  When  the  heart  is 
acting  strongly,  or  when  aortic  incompet^^nce  is  present, 
considerable  rhythmical  pulsation  may  be  communicated 
to  the  fingers  from  the  adjacent  carotids,  but  with  a  little 
care  this  cannot  be  mistaken  for  the  tugging  directly 
downward  above  described.  I  have  observed  a  consider- 
able number  of  cases  of  thoracic  aneurism,  cardiac  and 
other  thoracic  diseases  with  reference  to  this  sign,  and  I 
have  never  observed  it  produced  by  any  other  condition 
but  aneurism.  In  one  case,  which  1  siiw  in  consulUition, 
there  seemed  clear  evidence  of  an  aneurism  of  the  tmns- 
verse  arch,  and  the  presence  of  stridor  and  paroxysmal 
dyspnoea  showed  its  interference  with  the  trachea  and 
nerves.  No  tugging  could  be  felt.  The  autopsy,  how- 
ever, showed  that  the  tumor  was  completely  filled  with 
firm  laminated  fibrin,  and  its  pulsiitile  character  was 
lost.  Except  in  cases  of  this  kind  (which  must  be  of 
pretty  long  standing)  tracheal  tugging  may  always  be 
looked  for  m  central  aneurisms  of  the  chest.  This  sign 
was  attributed  by  MacDonnell  to  ])ulsation  tmnsmitted 
downward  to  the  left  bronchu.s.  It  may,  however,  be 
present  in  any  instance  in  which  the  aneurism  is  adherent 
to  the  trachea,  and  Fraenkel  has  seen  it  in  an  aneurism  of 
the  ascending  aorta  in  which  firm  adhesions  were  prestnit 
between  it  and  the  trachea.  It  is  conceivable  that  a 
vascular  pulsating  tumor  might  give  rise  to  this  sign, 
but  hitherto  no  well -authenticated  case  of  solid  tumor 
has  been  published  with  tracheal  tugging.  Care  must 
be  taken  to  distinguish  a  slight  downward  pulsation, 
often  felt  in  healthy  necks,  from  true  tugging.  ITall 
has  recently  described  a  diastolic  shock  following  the 
systolic  tracheal  tug. 

Perexuiision  elicits  a  fiat  note  over  the  area  throughout 
which  the  aneurism  is  in  contact  with  the  chest  wall. 
This  area,  of  course,  may  give  no  idea  of  the  actual  size 
of  the  aneurism,  for  its  principal  bulk  may  be  buried 
beneath  healthy  lung  tissue.  A  modified  dulne.ss  may 
sometimes  be  found  for  some  distance  around  the  fiat 
region.  It  is  often  impossible  to  separate  the  dulness  of 
the  aneurism  from  that  over  solid  orirans,  x\w.  heart,  liver, 
etc.  Of  course,  if  the  tumor  Ix^  entirely  deep  seated,  the 
percussion  may  be  everywhere  normal.  If  also  the  lungs 
be  emphy.sematous,  no  information  can  be  obtained  from 
percussion. 

.1 ///«r ////// //i9 /I  over  an  aneurism  of  the  aorta  reveals  of 
necessity  only  a  systolic  and  a  diastolic  sound,  such  as  we 


hear  over  the  vessel  itself.  The  systolic  sound,  however, 
may  be  modified,  and  is  sometimes  accompanied  by  mur- 
mur. The  modification  consists  generally  in  loudness, 
while,  at  the  same  time,  a  sense  of  impulse  is  conveyed, 
the  so  called  bruit  de  choc.  The  diastolic  sound  is  com- 
municated from  the  aortic  valves,  any  increase  in  their 
tension  intensifying  the  second  sound  over  the  aneurism. 
It  is  always  accentuated  when  the  diastolic  shock  is  per- 
ceptible on  palpation.  Systolic  murmurs  are  of  tolera- 
bly frequent  occurrence.  They  are  probably  produced 
in  one  of  two  ways-  either  by  sudden  alteration  in  the 
calibre  of  the  vessel  (causing  fluid  waves  or  eddies)  or 
by  the  vibrations  produced  by  contained  coagula  or 
irregularities  in  the  course  of  the  blood  current. 

The  systolic  murmur  of  an  aneurism  is  generally  blow- 
ing in  character,  but  sometimes  possesses  a  decided  musi- 
cal or  "  cooing  *'  quality.  Its  seat  of  maximum  intensity 
is  Hkely  to  be  the  central  part  of  the  tumor,  and  it  is  not 
generally  diffused  to  any  very  considerable  distance  from 
this.  The  significance  of  the  murmur  is  derived  from  ita 
seat  of  maximum  intensity  being  away  from  that  usually 
associated  with  valvular  lesions,  and  from  its  being  ac- 
companied by  a  magnified  second  sound.  Heard  alone 
{i.e.,  without  accentuation  of  the  second  sound)  a  systolic 
murmur  is  rather  indicative  of  some  other  condition  than 
aneurism.  Indeed,  diastolic  accentuation,  if  confined  to 
some  circumscribed  dull  area  in  the  neighborhood  of  the 
aorta,  is  of  more  value  than  any  murmur.  Any  mur- 
mure  generatc*d  at  the  aortic  valves  and  orifice  are  likely 
to  be  transmitted  through  an  aneurismal  tumor  as  well. 
Often,  therefore,  double  aortic  murmurs  are  to  be  heard 
in  this  situation.  Sometimes,  however,  similar  toand- 
fro  sounds  are  generated  within  the  sac  itself,  their  origin 
being  declared  by  their  being  much  louder  over  the  cor- 
responding area  than  elsewhere,  by  being  much  more 
restricted  to  this  region,  and  by  not  being  at  all  necessa- 
rily associated  with  dilated  hypertrophy  of  the  left  ven- 
tricle. A  diastolic  murmur  alone  may,  exceptionally,  be 
heard  arising  from  an  aneurism,  and  Gerhardt  states  that 
a  diastolic  murmur  may  sometimes  be  heard  in  the  left 
supra  spinous  area.  Over  the  tumor  the  respiratory 
murmur  is  absent,  but  on  passing  just  beyond  the  edges 
of  this,  the  breathing  sounds  are  heard,  but  generally  of 
a  somewhat  bronchial  character.  In  the  same  areas  the 
voice  will  have  a  bronchial  resonance,  although  decided 
bronchophony  will  not  be  found  (or,  at  any  rate,  is 
rare). 

The  pitUe  in  internal  aneurism  may,  or  may  not,  afford 
positive  information.  The  arteries  themselves  are  fre- 
quently in  a  diseased  condition,  fibroid  or  sclerotic,  and 
may  thus  affect  the  pulse.  The  state  of  the  heart  will 
also  have  to  be  taken  into  account.  If,  however,  the 
blood  be  flowing  into  an  aneurism  of  considerable  size, 
special  alterations  in  the  blood  current,  in  the  parts  on 
the  distal  side  of  this,  may  be  observed  and  delineated. 
The  effect  of  the  diverticulum  is  to  act  like  the  empty 
rubber  ball  in  the  ordinary  syringe,  i.e.,  to  make  theciur- 
rent  more  even  and  steady  and  less  spasmodic  and  jerky. 
When,  therefore,  a  sphygmographic  tracing  is  taken, 
the  curve  is  found  to  differ  from  the  normal  one  in  ac- 
cordance with  this  mechanism.  The  ascent  of  the  sys- 
tole is  less  abrupt,  more  gradual,  and  the  descent  also 
occurs  without  the  same  sharpness.  The  necessary  result 
of  this  is  to  render  the  apo.x  of  the  curve  more  rounded, 
less  acute  than  that  of  the  natural  pulse.  The  larger  the 
sac  and  the  more  distensible  the  walls,  the  better  this 
kind  of  tracing  is  brought  out,  while  fibrillation  of  the 
contents  and  stiffening  of  the  walls  tend  to  obscure  these 
peculiarities  and  cause  the  tracing  to  resemble  the  nor- 
mal curve.  The  value  of  the.se  observations  is  greatest 
when  we  examine  at  the  same  time  the  corresponding 
artery  of  the  ojipo.site  side,  or  else  the  same  arterj'  (or  a 
bnuich  of  it)  above  the  region  of  the  suspected  aneurism. 
It  is  not  uncoinnion  to  find  such  a  degree  of  difference 
between  the  pulses  of  the  two  sides  as  may  be  clearly 
recognized  by  the  finger  The  differences*  consist  in 
th'lay  of  the  judse  and  in  alteration  in  its  volume.  Delay 
of  the  j)ulse  in  the  radial  artery  is  a  diagnostic  sign  upon 
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which  too  mucli  stress  must  not  be  laid,  and,  indeed,  it 
is  very  often  absent.  Diminution  in  the  calibre  of  the 
radial  pulse  of  one  side  is  important  as  an  additional 
point  of  evidence  in  a  case  of  suspected  thoracic  aneu- 
rism. Its  positive  value  is,  however,  detracted  from  by 
a  consideration  of  the  fact  that  the  same  thing  is  often 
seen  from  congenital  i>eculiarity  or  from  irregular  distri- 
bution of  the  blood-vessels  of  that  arm.  The  latter  pos- 
sibility should  always  be  sought  for,  and  a  compari- 
son made  between  the  brachials  of  the  two  arms.  The 
alteration  in  the  volume  of  the  pulse  mav  be  produced 
by  twisting  or  distortion  of  the  vessel,  by  dragging  upon 
it  by  the  advancing  growth,  or  by  partial  or  complete 
obliteration  of  the  lumen  by  the  entrance  into  it  of  de- 
tached fragments  of  fibrin.  The  only  special  distin- 
guishing mark  of  embolism  is  the  suddenness  with  which 
It  is  apt  to  occur. 

Thoracic  aneurism  is  very  frequently  associated  with 
changes  in  the  heart  and  in  the  circulation.  Other  neigh- 
boring organs  also  become  physically  altered  by  reason 
of  the  pressure,  or  other  interference,  to  which  they  may 
have  been  subjected.  These  conditions  can  generally  be 
recognized  by  physical  examination.  Under  some  con- 
ditions, an  aneurism  may  be  the  direct  cause  of  hyper- 
trophy, but  the  heart  may  remain  entirt»ly  unaffected. 
even  in  the  case  of  large  aneurisms  of  long  standing, 
provided  there  be  a  sound  condition  of  the  aortic  valves. 
As,  however,  atheroma  is  often  the  common  cause  of 
both  aneurism  and  aortic  valvular  disease,  the  former  is 
frequently  found  along  with  dilatation  and  hypertrophy 
of  the  left  ventricle.  This  backward  affection  of  the 
ventricle  cannot,  therefore,  be  used  as  an  argument  in 
favor  of  aneurism,  nor  can  its  absence  be  construed 
against  it.  Displacement  of  the  heart  is  often  seen. 
This  is  generally  a  downward  displacement  only,  or  with 
some  inclination  to  the  left.  When  the  tumor  affects  the 
descending  aorta,  the  heart  is  displaced  forward.  If  in- 
competence of  the  aortic  valves  be  present,  as  often  oc- 
curs, its  existence  is  recognized  by  the  usual  physical 
signs.  The  cause  of  the  incompetence  may  be  either 
atheroma,  as  above  mentioned,  or  the  altered  calibre  of 
the  root  of  the  aorta'produced  by  the  tumor,  i.e.,  relative 
incompetence  with  healthy  valves  near  to  which  the  ex- 
pansion has  begun.  Tumors  near  the  origin  of  the  aorta 
are  also  liable  to  cause  pericarditis.  This  occurrence  has 
frequently  been  found  post  mortem,  and  is  occasionally 
witnessed  during  life.  Dr.  Byrom  Bramwell  ("Diseases 
of  the  Heart  and  Thoracic  Aorta."  p.  714)  says:  "In 
any  case  of  non-rheumatic  pericarditis  occurring  after  the 
age  of  forty,  in  which  the  cause  of  the  pericarditis  is  ob  - 
scure,  I  strongly  suspect  the  presence  of  an  aneurism.'' 
The  same  author  suggests  tliat  aneurism  in  the  same  lo- 
cality may  account  lor  certain  cases  in  which  pericarditis 
and  angina  pectoris  have  been  observed  at  the  same  time. 
Pleurisy  is  a  common  complication,  and  must  be  looked 
for  either  from  friction  sounds  or  from  the  signs  of  liquid 
effusion.  It  occurs  most  often  with  aneurisms  of  the  de- 
scending aorta.  The  existence  of  a  pleurisy  at  the  base 
of  one  Tung,  followed  by  prolonged  pain  in  the  saihe 
region,  otherwise  unaccounted  for,  will  certainly  some- 
times lead  us  aright  by  suggesting  aneurism. 

If  a  main  bronchus  be  compressed,  the  corresponding 
lung  becomes  comparatively  airless,  its  circulation  is 
impaired,  and  catarrhal  conditions  prevail.  In  conse- 
quence of  this  the  following  physical  signs  will  bo  found, 
viz. :  Moderate  dulness  on  percussion  and  enfeebled  res- 
piration, with  or  without  moi.st  riiles.  In  a  few  of  these 
cases  a  whistling  sound  can  be  made  out  over  the  situa- 
tion of  the  compressed  tube. 

Changes  in  the  lungs  are  not  uncommon  in  aneurism. 
Owing  to  the  frequency  with  which  tiie  left  bronchus  is 
compressed  these  changes  are  much  more  frecjuent  in  the 
left  than  in  the  right  lung.  Fibroid  changes  with  retrac- 
tion, gangrene,  and  suppuration  are  seen  and  may  even 
mask  the  primary  disease.  Constriction  of  the  left  bron- 
chus by  aneurismal  pressure  sometimes  sets  up  bronchi - 
ectatic  dilatation  below  the  site  of  stricture.  Such  a 
ooDdition  is  usually  not  recognized  during  life,  but  ex- 


ceptionally symptoms  and  signs  of  bronchiectasis  can  be 
discovered. 

We  may  now  consider  more  particularly  the  chief 
symptoms  and  physical  signs  which  indicate  aneurism 
in  the  different  parts  of  the  thoracic  aorta. 

Aneurisms  of  t/ie  Boot  of  the  Aorta  {the  Sinuses  of  Val- 
salra). — Those  aneurisms  wliich  spring  from  the  very 
commencement  of  the  aortic  tube  are  not  very  uncom- 
mon. They  are  frequently  entirely  latent,  but  symp- 
toms of  pericarditis,  or  oi  angina  pectoris,  may  occur. 
They  are  quite  liable  to  cause  aortic  incompetence.  Such 
tumors  are  very  dangerous,  as,  before  arriving  at  any 
great  size,  they  are  liable  to  rupture,  especially  into  the 
pericardium.  Dr.  Bramwell  figures  {op.  at.,  p.  720)  a 
remarkable  aneurism  springing  from  this  situation;  it 
attained  an  enormous  size,  perforated  the  sternum, 
formed  a  large  external  projection,  and  finally  ruptured 
through  the  integument. 

Aneurisms  of  tlie  Ascending  Portion  of  the  Arch. — In 
this  region  of  the  tube,  dilatations,  cylindrical  or  spindle- 
shaped,  are  most  frequent,  but  saccular  aneurisms  also 
occur.  The  latter  are  then  generally  situated  upon  the 
right  side  of  the  aorta.  In  an  early  stage  of  dilatation 
we  shall  find  altered  pitch  of  the  percussion  note  to  the 
right  of  the  sternal  margin  above  the  second  rib,  and  the 
pulsation  of  the  aorta  becomes  stronger  and  more  per- 
ceptible above  the  sternum.  As  it  increases,  we  get 
more  decided  dulness,  extending  to  the  right  above  the 
second  rib.  The  first  sound  becomes  dull  and  the  second 
more  forcible  and  clanging.  A  systolic  murmur  may 
then  become  developed  in  the  same  area,  and  this,  from 
its  seat  of  origin  and  want  of  diffusion,  may  be  distin- 
guished from  a  valvular  murmur.  Disease  of  the  aortic 
valve  frequently  coexists.  Aneurism  in  the  ascending 
arch  has  a  tendency  to  reach  the  surface  of  the  chest, 
and  can.  therefore,  generally  be  made  out  with  ease  by  the 
physical  signs.  The  locality  where  pulsation  and  bulg- 
ing are  most  apt  to  be  discovered  is  the  neighborhood  of 
the  second  costal  cartilage  of  the  right  side.  The  edge 
of  the  sternum  and  one  or  two  ribs  become  eroded,  and 
the  tumor,  which  may  be  of  considerable  size,  projects. 
The  pulse  in  the  vessels  on  the  right  side  will  be  small 
and  delayed  compared  to  that  of  the  vessels  on  the  left, 
if  the  innominate  be  involved.  Compression  of  the  su- 
perior cava  or  right  innominate  vein  may  happen,  with 
resulting  dilatation  of  the  veins  of  the  upper  half  of  the 
body  or  right  arm.  The  symptoms  commonly  com- 
plained of  are  pain  and  dyspnoea,  perhaps  cough.  When 
the  aneurism  is  of  considerable  size,  numbness  and  weak- 
ness in  the  right  arm  may  occur  from  pressure  on  the 
brachial  plexus.  The  right  bronchus  may  also  be  some- 
times compressed.  Rupture  of  an  aneurism  in  this  situa- 
tion occurs  most  frequently  into  the  right  pleural  sac,  the 
pericardium,  the  lungs,  or  externally.  In  one  of  my  own 
cases,  already  mentioned,  rupture  took  place  into  the  pul- 
monary artery. 

Aneurisms  of  the  Transverse  Portion  of  the  Arch. — These 
may  be  either  spindle-shaped  or,  more  commonly,  saccu- 
lar. As  they  occupy  that  portion  of  the  arch  of  the  aorta 
from  which  spring  the  great  brachial  and  cephahc 
branches,  the  latter  are  quite  frequently  involved  in  the 
aneurismal  growth.  They  are  common,  but  somewhat 
less  so  than  those  of  the  ascending  portion.  Their  situ- 
ation is  such  that  they,  soon  after  attaining  any  size, 
necessarily  impinge  upon  some  of  the  important  struc- 
tures in  the  centre  of  the  thorax,  giving  rise  in  conse- 
quence to  decided  evidences  of  intrathoracic  pressure. 
The  presence  of  a  pulsating  tumor  in  this  region  will 
also  cause  easily  recognized  changes  in  the  percussion  of 
the  sternum  and  its  margins,  and  can  further  be  detected 
by  the  sense  of  touch  l)ehind  the  manubrium.  Aneurism 
in  the  transverse  arch  is  therefore,  as  a  rule,  readily  diag- 
nosed except  when  the  tumor  is  (juite  small.  Sometimes, 
even  before  any  other  signs  have  developed,  the  aneurism 
may  be  discovered  by  means  of  the  finger  pressed  well 
down  behind  the  steminn  in  the  jugular  fos.sa.  As  the 
expansion  of  the  aorta  here  increases  it  pushes  aside  the 
edges  of  the  lungs,  and  dulness  becomes  well  marked 
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over  tlie  first  piece  of  the  sternum,  and  to  a  variable  dis- 
tance on  either  side  of  this.  Then  a  heaving  prominence 
makes  its  appearance  in  the  same  region,  and,  following 
upon  the  absorption  of  the  sternum  and  upper  ribs,  an 
external  tumor  becomes  developed  which  may  even  reach 
a  large  size.  The  radial  pulses  of  the  two  sides  quite 
frequently  differ  in  size  and  fail  to  beat  with  the  usual 
synchronism.  This  sign  is  more  often  met  with  in  aneu- 
nsms  of  the  arch,  be(»iuse  here  the  innominate  and  sub- 
clavian arteries  are  so  apt  to  have  their  calibre  interfered 
with  by  pn*s.sure.  by  twisting  or  dilatation,  or  by  the 
entrance  of  coagula.  The  parts  most  liable  to  compres 
sion  in  these  cases  are  the  oesophagus,  trachea,  recur- 
rent larvnireal  nerve,  and  left  innominate  vein.  If  the 
conciwe  border  of  the  arci»  be  also  involved,  the  left 
bronchus  is  liable  to  be  partially  or  wholly  obliterated. 
The  signs  by  which  these  various  conditions  can  be  recog 
nized  luiv(*  been  already  considered.  Rupture  occurs  into 
the  trachea,  the  cesophagus.  or  the  pleural  cavity,  <^r  more 
rarely  into  the  mediastinum,  the  pulmonary  artery,  or 
one  of  the  large  veins. 

Aneurisms  of  the  innominate  arterv  alone  are  rare,  but 

ft  ' 

Ave  oftener  st^e  tumoi-s  of  the  arch  associated  with  more 
c»r  less  considemble  dilatation  of  the  innominate  trunk. 
The  enlargement  will  be  found  beneath  the  right  sterno- 
clavicular articulation  and  inner  part  of  the  tirst  rib.  and 
it  may  extend  into  the  neck  beneath  the  sterno-mastoid 
muscle.  In  these  situations  we  must  look  for  the  usual 
local  signs,  swelling,  pulstition,  and  bruit.  The  latter 
may  Ikj  heard  up  the  carotid.  The  effect  upon  the  distal 
arteries  is  generally  well  marked.  The  symptoms  are 
chielly  pain,  both  local  and  more  especially  radiating  up 
the  riirht  side  of  the  neck  and  back  of  the  head,  sometimes 
down  the  right  arm,  with  numbness;  and  if  the  tumor  be 
larger,  there  will  be  signs  of  compression  of  the  tmcliea 
or  the  a'soi>hagus  or  an  innominate  vein.  Cases  s(mie 
times  arise  in  which  it  is  extremely  difficult  to  determine 
Avhether  the  disease  is  confined  to  the  iiuiominate  arterv 
or  o<'Cupies  as  w  ell  a  portion  of  the  arch  at  the  origin  of 
this  vessel.  For  instance,  a  man  came  imder  observation 
a  short  time  ago  at  tiie  Montreal  G<'neral  Hospital,  with 
a  strongly  pulsating  tumor  rising  out  of  the  neck  above 
the  right  sternoclavicular  articulation.  Dr.  Fen  wick, 
whose  patient  he  was.  believed  it  to  be  purely  innomi 
uate.  Its  strict  limitation  to  the  area  near  this  vessel, 
the  distinctness  with  which  the  cylindrical  tumor  could 
be  defined  by  the  exann'ning  finger,  the  interference  with 
the  ]Mils;{itions  in  the  nulials,  and  the  al.scnce  of  all  signs 
of  swelling  of  the  areli.  as  determined  by  most  careful 
examination,  all  seemed  to  favor  this  conclusion.  This 
opinion  was  confirmed  at  a  consultation  of  several  nieiu- 
Imts  of  the  stair,  and  it  was  decided  to  reeoinnicnd  treat 
nient  by  distal  ligature.  This  the  patient  refused  to 
submit  to.  and  was  discharired.  lie  suhse(iuentlv  died 
sud<lenly,  while  running,  froni  rupture  into  the  pericar- 
dium of  a  suiall  aortie  dilatation  just  above  tlie  valves 
The  aneurism  in  (luestion  was  found  at  the  autop.sy  to  be 
entirelv^  aortic.  A  remarkablv  elontrated  saecuhir  dilata 
tion  spnuig  from  the  arch  directly  behind  the  iiuiominate 
artery  (somewhat  ('oin])ressing  it)  and  appeared  above 
the  inner  edge  of  the  clavicle.  The  innominate*  was 
completely  pervious  juid  of  normal  size.  The  deception 
was  complete  and  would  have  given  rise  to  a  grave  error 
of  treatment  had  the  patient  consented.  AlthouLdi.  as 
in  the  case  just  related,  mistakes  of  this  kin«l  are  sunie 
times  (luite  unavoidable,  vet.  in  the  niaioritv  of  eases,  a 

1  ft.  •»  • 

thorough  investigation  of  all  the  syni]>tonisand  physical 
signs  w  ill  suflice  to  make  a  diagnosis. 

Afu'nu»/n\  of  (hf  (h'j<r('in/i/ii/  tlmrdrir  tinvtii  are  less  com 
mon  than  the  others.    Thevalso  niav  l)ecvlindri(  al  or  sac 

ft  •  ft 

cular.  From  the  depth  at  which  they  are  situated  in  the 
chest,  and  from  thethicknessof  the  structures  everywhere 
surrounding  them,  they  are  ditlicult  of  detection,  and  as 
the  symi>toms  frcmi  them  may  be  only  sliirht  and  ill  de- 
tined.  they  may  continue  for  a  long  time  unsuspecte<l. 
Pain  is.  however,  .seldom  absent,  and,  if  long  continued. 
j)oints. strongly  to  aneurism.  This  point  has  been  already 
sutficiently  dwelt  upon.     The  earhest  physical  signs  con 


sist  in  localized  dulness  to  the  left  of  the  spine,  and  en- 
feebled breathing  over  the  same  area.  Later  on,  a  sj's- 
tolic  bruit  may  be  heard.  Occasionally,  retardation  of 
the  left  femoral  pulse,  as  compared  with  that  of  the  ra- 
dial, has  l)een  observed.  When  of  large  size,  the  aneurism 
pu.shcfs  the  heart  forward,  and  the  heaving  impulse  of  the 
tumor  cjin  lx»  felt  anteriorly  through  the  heart.  A  rare 
symptom  is  dilatation  of  the  veins  on  the  anterior  aspect 
of  the  chest  from  pressure  upon  theazygosand  intercos- 
tal veins.  Lying  against  the  vertebral  bodies,  these 
aneurisms  very  commonly  produce  erosion  of  those  struc- 
tures:  and  if  this  l)e  sufficiently  considerable,  bending  of 
the  vertebral  column  occurs,  with  posterior  curvature. 
From  this  cause,  or  from  opening  of  the  vertebral  canal, 
pressure  is  sometimes  brought  to  l)ear  upon  the  spinal 
cord  its<df.  with  a  residting  paraplegia.  The  cesophagus 
is  sometimes  compressed  and  dysphagia  produced.  At- 
tacks of  pleuritis  in  the  lower  part  of  the  left  side  are  a 
very  freciuent  accompaniment.  These  usually  result  in 
plastic  effusion,  but,  at  times,  even  pretty  considerable 
quantities  of  serum  may  be  found.  Some  years  ago  I 
found  a  hospital  patient  complaining  of  stitching  pain 
in  the  left  side.  Very  moderate  effusion  was  determined 
by  i)hysical  examination.  There  had  been  slight  pain 
in  the  back  for  some  time  pn»viously,  but  this  had  not 
iM'cn  of  sufficient  duration  or  intensity  to  lay  stress  upon. 
The  fluid  continued  to  collect,  and  was  removed  by  as- 
pinition.  with  relief.  A  few  days  afterwartl  he  died  sud- 
denly from  rupture  of  an  aneuri.sm  of  the  descending 
aorta  into  the  same  pleural  cavity. 

Rupture  of  these  aneurisms  occurs  most  frequently  into 
the  left  pleural  cavity,  s<^metimes  into  the  right,  and 
occasionally  into  the  (esophagus.  Cases  are  Icnown  in 
which  the  sac  opened  into  the  spinal  canal. 

DiAONOsis. — The  recognition  of  thoracic  aneurism  is 
just  as  easy  in  some  cases  as  it  is  difficult  in  others. 
I)uring  the  past  decade  it  has  become  more  generally 
recognized  that  a  not  inconsiderable  number  of  leases  of 
aneurism  are  entirely  latent.  An  important  advance  in 
the  recognition  of  such  cases  has  Ixx^n  made  bj'  the  ap- 
plication of  the  arrays.  Cases  otherwise  obscure  can  be 
cleared  up  by  the.se  n?markable  rays,  and  when  aneurism 
is  falsi'ly  suspect(»d  an  j--ray  examination  may  disprove 
its  existence.  Observations  are  Iwst  carried  out  b}'  means 
of  the  fluorescent  screen,  when  a  distinct  enlargement 
lying  in  the  coinse  of  the  aorta  is  detected.  Pulsation 
is  sometimes  observed,  and,  when  present,  strength- 
ens the  view  that  an  aneurismal  tumor  is  present.  Wil- 
liauis  states  that  the  movements  of  the  diaphragm  are 
often  less  on  the  left  side,  due  probably  to  pressure  on 
the  left  ])ronchus.  Care  must  be  exercised  not  to  mis- 
take enlarge<l  ghmds  or  other  intra -thoracic  tumor  for 
aneurism.  Such  an  error  is  only  likely  to  occur  when 
the  growth  lies  in  contact  with  the  aorta. 

Superticial.  strongly  ])ulsiiting  aneurisms  are  readily 
observed,  and  not  un frequently  the  throbbing  will  have 
be<'n  noticed  by  the  patient  himself.  On  the  contrary. 
deep  seale<l  dilatations  may  give  no  appreciable  physical 
siirns.  and  in  that  case  the  diagnosis  may  be  obscure. 
Furthermore,  if.  in  one  of  these  obscure  C}is(»s,  the  aneu- 
rism causes  no  symptoms  by  its  pressure,  then  the  diag- 
nosis iH'conies  inij>ossible.  Xot  a  few  aneurisms  of  the 
ascending  arch.  <'ven  of  considend^le  .size,  prove  the 
cause  «»f  sudden  death  in  persons  previously  believed  to 
have  been  in  good  health.  These,  having  cau.sed  no 
syniptoTus.  had  never  be<'n  looked  for,  but  could  un- 
doubted! v  have  ])een  detected  bv  phvsical  examination. 

ft        ft         ft 

The  coMibination  which  gives  the  greatest  certainty  to 
the  diagnosis  of  Ihniacic  an<'unsin  is  the  union  of  phys- 
ical signs  of  tumor  with  pulsation  in  the  course  of  the 
aortic  }jrch.  together  with  some,  or  best.  s<»veral.  of  the 
juH'ssnre  syin|)toms  enumerated.  Th<'  difficulties  in 
tlie  diagnosis  of  these  cases  arise  from  the  great  vari- 
ability which  is  met  with  in  the  manner  in  which  these 
(litTerent  indications  may  be  grouped  together.  Thu.*^ 
We  meet  with  cases  in  which  some  of  the  physical  signs  of 
aneurism  are  observed,  and  no  pressure  symptoms;  oth- 
ers, again,  in  which  there  are  evident  pressure  symptoms> 
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with  perhaps  only  a  few  of  the  signs  of  aneurism.  In 
not  a  small  number  of  cases  the  conditions  lead  to  the 
recognition  of  an  intra-thoracic  tumor,  and  the  difficulty 
begins  only  when  we  endeavor  to  differentiate  between 
a  tsolid  tumor  and  an  aneurism.  The  resemblance  be- 
tween an  aneurism  and  a  solid  tumor  placed  between 
the  chest  walls  and  the  aorta  may  be  very  close.  In 
both  there  may  be  dulness  on  percussion,  pulsation,  and 
a  recognizable  bruit,  and  pressure  symptoms  of  identical 
character  may  also  be  present.  The  chief  points  of  dis- 
tinction are  the  following:  In  the  cast*  of  the  neoplasm, 
tlie  dulness  is  likely  to  be  less  clearly  restricted  to  the 
aortic  region,  the  pulsation  will  not  be  at  all  so  forcible, 
and  the  systolic  bruit  will  probably  not  be  followed  by 
an  accentuated  second  sound,  bronchial  respiration 
is  commonly  heard  over  a  solid  tumor,  while  enfeeble- 
ment  or  silence  is  the  rule  in  aneurism.  Again,  persons 
with  aneurism  are  not  likely  to  suffer  severely  in  their 
general  nutrition  and  appearance,  while  the  contrary 
holds  good  with  reference  to  nearly  all  forms  of  intra- 
thoracic S(3lid  growth.  Attention  to  the  following  points 
may  also  assist  the  investigiitor  in  doubtful  cases.  Aneu- 
rism is  many  times  more  frequent  than  solid  tumor.  It 
occurs  much  more  often  in  men  than  in  women.  It  is 
favored  by  a  history  of  rheumatism,  strain,  alcoholism, 
or  syphilis.  (Fifty  per  cent,  of  patients  with  aneurism 
have  had  syphilis.) 

Pulsatifig  empyema  is  a  rare  condition,  which  some- 
times simulates  aneurism.  The  chief  physical  signs  to 
be  here  met  with  will  be  dulness  on  percussion  and  local 
pulsation,  but  no  pressure  symptoms  will  be  present. 
Examined  closely,  the  dulness  will  be  observed  to  be  less 
clearly  localized' in  the  aortic  region  than  is  that  of  an 
aneurism.  Moreover,  other  signs  of  arterial  disease  will 
be  wanting,  and,  on  the  other  hand,  there  will  be  some 
evidences  of  disease  in  the  pleura  or  the  lung,  accom- 
panied by  a  certain  degree  of  constitutional  disturbance. 
These  differences  will  usually  suffice  to  prevent  error. 
Puncture  with  a  fine  a.spirator  needle  will,  in  any  case, 
clear  up  the  diagnosis. 

Violent  thmbbing  pulsation  of  the  aorta  in  cases  of  se- 
vere aortic  regurgitation  often  leads  to  a  suspicion,  or 
even  to  an  erroneous  diagnosis,  of  aneurism.     The  pul- 
sation, however,  has  not  the  iieaving  character  of  aneu 
rism,  and  there  is  an  absence  of  pressure  symptoms. 

Prognosis. — It  is  usually  a  matter  of  considerable 
difficulty  to  form  a  satisfactory  opinion  as  to  the  pros- 
pects of  life  of  a  person  suffering  from  thoracic  aneurism. 
Undoubtedly  the  disea.se  generally  tends  to  prove  fatal, 
and  is  actually  the  immediate  caiLse  of  death  in  the  ma- 
jority of  cases;  and  yet,  in  a  certain  number,  increase  in 
the  tumor  is  arrested  and  moderate  health  is  enjoyed  for 
perhaps  a  period  of  several  years,  even  then  the  fatal  event 
being  brought  about  by  .some  affection  entirely  independ- 
ent of  the  aneurism  itself.  It  is  often  clearly  impossible 
to  estimate  at  all  accurately  the  size  of  a  deep-seated  tu- 
mor, or  the  degree  to  which  it  may  lie  against  important 
adjacent  organs;  and  hence  ruptures  in  various  direc- 
tions, which  no  skill  could  possibly  foresee.  Those 
aneurisms  which  arise  from  the  root  of  the  aorta  are  the 
most  dangerous,  as  they  tend  most  frecjuently  to  rupture 
while  yet  small.  Those  of  the  ascending  arch — if  they 
grow  forward  and  to  the  right — are  calcuUited  to  permit 
of  the  longest  tenure  of  life.  Those  of  the  transverse 
arch  and  descending  tli/)racic  aorta  are  probably,  on  the 
whole,  more  favorable  than  the  first  and  less  so  than  the 
last;  the  reason  for  this,  of  course,  being  their  greater 
proximity  to  numerous  important  .structures,  which  can 
hardly  escape  from  injurious  pressure.  Our  opinion, 
therefore,  of  the  probability  of  the  prolongation  of  the 
patient's  life  must  depend  upon  the  situation  of  the 
aneurism,  the  fluidity  or  the  contrary  of  its  contents, 
and  the  presence  or  absence  of  symptoms  of  compres 
slon,  to  a  serious  extent,  of  the  surrounding  parts.  If 
this  be  well  marked  upon  the  trachea  or  (esophagus,  a 
fatal  result  may  be  anticipated  before  many  weeks  or 
months.  Other  conditions  to  be  considered  are  the  fol- 
lowing:   Mode  of  life;   if  a   person  with  aneurism  is 


obliged  to  earn  his  living,  and  especially  if  the  occupa- 
tion followed  is  at  all  laborious,  his  chances  of  living 
will  be  far  less  than  those  of  his  more  favored  fellow 
who  is  able  to  live  at  ease  and  free  from  care.  Rest 
is  so  impoi*tant  in  these  cases  that  if  this  cannot  be 
secured  the  disease  is  almost  sure  to  be  progressive,  and 
perhaps  even  to  advance  rapidly,  while,  on  the  other 
liand,  it  seems  sometimes  surprising  how  long  the  fatal 
end  can  be  averted,  even  in  advanced  cases,  by  the  observ 
ance  of  great  precautions  in  this  respect.  This  remark 
will  also  necessarily  apply  to  the  cases  of  patients  who, 
from  irritability  of  temper  or  other  similar  causes,  refuse 
to  carry  out  this  essential  principle  of  their  treatment. 
The  temperament  of  the  patient  is  of  importance,  for 
anger,  excitement,  and,  indeed,  any  violent  reaction  may 
be  followed  by  the  most  serious  results.  Indulgence  in 
alcoholic  liquors  is  sure  to  interfere  with  the  quiet  action 
of  the  heart  which  is  so  desirable ;  intemperance  must, 
therefore,  influence  strongly  our  prognosis. 

Aasociated  Conditioiuf. — In  estimating  what  is  likely  to 
be  the  future  of  any  given  ca.se  of  thoracic  aneurism,  it 
is  important  to  study  carefully  any  pathological  condi- 
tions which  may  be  associated  with  it — such,  for  exam- 
ple, as  affections  (especially  valvular)  of  the  heart,  of 
the  lungs,  of  the  larynx,  of  the  bronchi,  etc. — and  to  as- 
sign to  each  its  true  value  as  a  factor  in  the  problem. 
Finally,  the  general  condition  with  reference  to  nutrition, 
muscular  development,  digestion,  etc.,  must  also  take  its 
place  in  rendering  the  prognosis  either  more  or  less  fa- 
vorable. * 

TuEATMENT. — Ancurism  within  the  chest  is  capable  of 
the  same  spontaneous  cure  which  occui-s  occasionally 
elsewhere.  Complete  coagulation  and  hardening  of  the 
contents,  with  arrest  of  all  symptoms,  is,  however,  ex- 
tremely rare.  Still  it  is  always  obviously  a  duty  to  en- 
deavor to  place  a  patient  who  is  the  subject  of  this  for- 
midable disease  in  as  favorable  a  position  as  possible 
for  this  process  to  occur.  All  treatment,  therefore, 
which  is  not  merely  palliative  should  be  directed  toward 
insuring  conditions  likely  to  promote  firm  coagulation 
within  the  sac. 

In  the  large  majority  of  cases  of  intrathoracic  aneurism 
we  are,  from  the  nature  of  things,  precluded  from  those 
methods  of  treatment  which  are  applied  directly  to  the 
tumor  itself  or  its  immediate  neighborhood,  and  are  fre- 
([uently  distinctly  curative.  We  are,  on  the  contrary, 
compelled  to  treat  these  cases  by  general  measures  and 
])y  such  indirect  mean.s — drugs — as  experience  has  proved 
to  l>e  of  value.  The  objects  in  view  may  be  briefly  stated 
to  be  to  reduce  the  tension  within  the  aneurism,  to  secure 
regularity  of  the  heart's  action  without  frequency,  to 
maintain  the  blood  in  gcx)d  chemical  condition  without 
undue  bulk,  and  to  favor  thickening  of  the  sac's  walls. 
To  follow  out  these  indications  it  is  necessary  to  secure 
the  full  direction  of  theca.se  for.  perhaps,  several  months. 
If  the  physician,  therefore,  is  to  meet  with  any  success,  it 
is  absolutely  requisite  that  he  should  have  the  hearty  co- 
operation of  the  patient,  who,  if  sufficiently  intelligent, 
must  be  made  acquainted  with  the  nature  of  the  case 
and  the  urgent  need  of  his  assistance,  irksome  though  he 
may  find  it  to  be. 

'the  recumlKMit  position,  for  a  length  of  time,  is  always 
to  be  recommended.  The  effects  of  this  measure  alone  are 
often  sufficiently  .striking.  When  the  person's  circum- 
stances pennit,  the  restriction  to  a  lying  posture  siiould 
be  absolute,  and  should  be  persisted  in  for  several  months, 
imless  the  general  health  appear  to  ])e  suffering  mate- 
rially from  the  close  confinement,  when,  with  due  pre- 
cautions, sitting  up  and  slow  walking  may  l)e  jiermitted. 
If,  on  the  other  hand,  circumstances  prevent  absolute 
re.st  from  being  carried  out,  then,  at  any  rate,  very 
stringent  rules  must  be  insisted  ui>on.  governing  the  pa- 
tient's entire  mode  of  life,  with  the  view  of  insuring  the 
least  possible  muscular  exertion.  Tin's  is  a  point  on 
which  too  much  stress  cannot  be  laid.  These  patients 
live  constantly  on  the  edge  of  a  precipice,  yet.  when 
immediate  suffering  is  relieved,  this  fact  is  too  often  lost 
sight  of,  with  disastrous   results.     A  patient  whom  I 
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treated  during  a  year  not  long  ago,  for  an  aneurism  of 
the  ascending  arch,  was  so  far  benefited  that  he  took  a 
situation  as  a  messenger.  In  spite  of  all  warnings  to 
the  contrary,  he  soon  undertook  to  handle  heavy  baskets 
and  other  packages.  One  day,  shortly  after,  he  experi- 
enced sudden  pain  in  the  chest,  followed  by  the  ex- 
traordinarily rapid  development  of  an  external  tumor. 
This  quickly  attained  the  size  of  a  child's  head,  and 
proved  fatal,  with  great  suffering.  Hardly  less  impor- 
tant than  physical  rest  is  mental  quietude.  Habitual 
worries  of  all  kinds  should  be  as  much  as  possible  ex- 
cluded, while  actual  excitement  is  in  every  respect  highly 
dangerous.  A  fit  of  anger  or  other  violent  emotion  may 
prove  fatal,  either  by  actually  causing  rupture  of  the 
sac  or  (as  in  a  recent  case  of  my  own)  from  syncope. 

The  diet  is  a  matter  of  importance.  A  very  old  treat- 
ment of  aortic  aneurism  is  that  of  Valsalva,  in  which 
repeated  blood-lettings  were  practised,  together  with  a 
gradual  restriction  of  the  fooci  until  the  amount  of  this 
was  brought  within  the  lowest  possible  limits  short  of 
actual  starvation.  The  fallacy  of  this  proceeding  has, 
however,  been  long  ago  demonstrated.  Blood-letting 
has  but  little,  or  but  a  temporan-,  effect  upon  the  blood 
pressure ;  and  the  withdrawal  of  food  causes  autemia  and 
weakness,  with  irritability  of  the  heart  and  impaired  nu 
trition  of  the  arterial  walls,  which  conditions  indirectly 
aggravate  the  disorder.  The  result  of  experience  shows 
that  the  formation  of  a  coagulum,  which  is  likely  to  be 
of  service  in  the  process,  will  proceed  better  if  the  patient 
be  not  too  much  reduced.  Tufnell,  of  Dublin,  is  the  only 
comparatively  recent  writer  who  has  advocated  the 
starvation  plan.  Conformably  with  his  recommendation, 
the  system  has  been  extensively  tried,  but  few  are  found 
who  can  report  results  calculated  to  lend  support  to  its 
efficacy.  As  much  nourishing  food  should  be  allowed 
as  can  l)e  thoroughly  digested,  due  allowance  being  made 
for  the  weakened  digestive  activity  that  results  from  the 
enforced  rest  in  bed.  H  the  patient  be  plethoric  and 
show  evidences  of  congestive  tendencies,  then  our  treat- 
ment may  well  be  begun  by  the  adoption  of  depletory 
measures  for  a  time — a  low  diet  with  laxatives  or  saline 
purgatives. 

As  regards  medicines,  many  have  been  tried,  but  few 
have  proved  useful.  The  most  valuable  drug  is  un 
doubtedly  iodide  of  potassium.  The  good  effects  of  the 
iodide  were  described  by  Dr.  Chuckerbutty  in  1862.  and 
by  Dr.  Roberts  in  1863.  uud  they  were  emphasized  and 
enlarged  upon  by  Dr.  George  Balfour  a  few  years  later. 
Since  that  time  it  has  l)een  extensively  employed,  and  has 
continued  to  grow  in  favor.  The  two  former  writers  eon  - 
sidered  that  it  acted  by  inducing  increased  coagulability 
of  the  blood,  but  this  view  is  not  shared  by  Dr.  Balfour. 
He  considers  that  the  iodide  has  "a  peculiar  action  on  the 
fibrous  tissue,  whereby  the  walls  of  the  sac  are  thickened 
and  contracted,  while  if  coagulation  should  take  place 
within  the  sac,  it  plavs  but  a  very  .secondary  and  unim- 
portant part,  depending  for  its  occurrence  solely  on  the 
remora  of  the  blood,  ami  is  in  no  respect  due  to  the 
iodide  of  potassium."  This  corresponds  entirely  with 
the  results  of  my  own  observations,  for  in  one  case,  in 
which  the  relief  to  pain  and  the  geueml  improvement  had 
been  very  marked  for  a  long  time  under  this  treatment. 
the  autopsy  subsequently  showed  that  not  a  particle  of 
fibrin  had  been  deposited  on  the  walls  of  the  sac.  Dr. 
Bramwell  suggests  that  it  acts  by  reducing  the  blood 
pressure  and  relieving  the  tension  within  the  wic.  The 
symptoms  which  specially  indicate  the  us<'  of  the  drug  are 
pain  and  troublesome  cough.  The  s]>eeial  ])ains  of  tho- 
racic aneurism  are  generally  very  rH]>i(lly  allayed,  and  arc 
often  for  a  great  length  of  time  held  in  ah(  vancr  by  this 
agent;  and  the  same  may  be  stated  with  rcferciu'e  to  the 
troublesome  attacks  of  irritating  cough  which  tlw  tumor 
may  excite  from  time  to  time.  Independent  ly.  however, 
of  its  employment  for  the  relief  of  thcs^*  urircnt  symp- 
toms, it  is  to  l)e  administered  steadily  for  such  a  lime  as 
may  be  thought  necessary  to  influence,  as  above,  the 
dis(»ase  itself.  The  dose  usually  given  varies  from  irr.  x 
to  gr.  XXX.  thrice  daily.    Balfour,  who  formerly  inclined 


to  the  larger  dose,  thinks  now  that  fully  as  ^ood  effects 
can  be  obtained  from  smaller  ones.  His  rule  is  to  employ 
such  a  quantity  as  will  lower  the  blood  pressure  without 
increasing  the  frequency  of  the  cardiac  contractioos. 
Beginning  with  ten-grain  doses,  ascertain  the  pulse  rate 
(the  patient  being  recumbent),  and  increase  to  fifteen;  if 
no  increase  in  the  pulse  be  observed,  this  is  to  be  contin- 
ued ;  but  if  the  pulse  gets  quicker,  then  return  to  ten. 
It  is  rare  that  more  than  fifteen  grains  can  be  borne 
within  the  limits  of  this  test.  The  treatment  must  be 
persevered  in,  at  the  least,  for  several  months,  and, 
to  give  it  a  fair  trial,  probably  for  a  whole  year,  or 
even  longer.  If  troublesome  eruptions  are  produced  by 
the  potash,  an  intermission  must  be  allowed  till  these  are 
recovered  from.  It  is  also  well  to  remember  that  some 
persons  who  are  thoroughly  intolerant  of  iodide  of  potas- 
sium can  take  iodide  of  sodium  without  any  outward 
effects.  Dr.  Balfour  speaks  truly  when  he  says  the  re- 
sults (from  iodide  treatment)  "are  extremely  encourag- 
ing; and  when  we  reflect  upon  the  entire  absence  of  any 
risk  to  the  patient  from  the  treatment,  and  the  almost 
certainty  of  ndief  to  his  sufferings  and  prolongation  of 
his  life  being  at  least  attained,  I  think  I  am  warranted 
in  saying  that  no  treatment  for  internal  aneurism  hither- 
to devised  holds  out  anything  like  an  equal  prospect  of 
relief,  if  not  of  cure,  with  that  by  the  iodide  of  potas- 
sium. ** 

Tannic  acid  and  acetate  of  lead  have  both  been  given 
with  a  view  to  promote  coagulation  within  the  sac  and 
to  favor  contraction  of  its  walls.  No  reasonable  degree 
of  success  lias  followed  in  either  case,  even  although  the 
latter  salt  has  repeatedly  been  pushed  to  the  production 
of  full  toxic  effects.  I  iiave  tned  it  in  one  case  of  aneu- 
rism of  the  abdominal  aorta,  continuing  its  use  until  a 
deep  blue  line  appeared  on  the  gums,  but  without  any 
noticeable  change  in  the  size  of  the  tumor  or  the  strcn^h 
of  the  pulsations. 

Ergotin,  given  internally  (or  by  hypodermic  injec 
tions),  on  theoretical  grounds,  to  contract  the  vessel,  has 
failed  to  produce  any  reliable  results. 

The  hypodermic  injection  of  a  one-per-cent.  solution 
of  gelatin  in  normal  saline  solution  has  been  strongly 
recommended  by  Ijancereaux.  with  the  view  of  causing  co- 
agulation in  the  sac.  From  50  to  100  c.c.  may  be  injected 
l)eneath  the  skin  of  the  buttock,  or  thrown  deeply  into 
the  muscles.  There  is  sometimes  considerable  local  pain 
and  even  general  febrile  reaction  after  this  procedure. 
Although  successful  cases  have  been  reported,  the  method 
is  by  no  means  free  from  danger.  Serious  and  even  fatal 
results  have  followed  the  injections,  owing  to  the  detach- 
ment of  large  emlxjli.  The  method  is,  therefore,  not 
likely  to  come  into  very  general  use. 

Mr.  Christopher  Heath  and  a  few  others  have  suggested 
and  practised  ligatuiv  of  one  or  more  of  the  great  branches 
of  the  aortic  arch,  the  object,  of  course.  lH?ing  to  retard 
still  further  the  blood  current  and  thus  promote  coag- 
ulation. Some  support  is  given  to  tliis  procedure  from 
the  benefit  that  has  l)een  observed  in  certain  cases  of 
aortic  aneurism  in  which  the  carotid  and  subclavian  of  the 
right  side  had  be(»n  ligatured,  under  the  impression  that 
the  disease  was  confined  to  the  innominate  artery.  At 
most  it  would  be  applicable  cmly  to  cases  in  which  the  tu- 
mor was  sacculated  and  either  involve<i  the  root  or  was 
situated  close  to  the  origin  of  some  of  the  great  vessels. 
Evidence  of  extensive  atheromatous  disease  would  pre- 
clude any  prospect  of  advantage  from  this  surgical  pro- 
cedure. 

Attein])ts  have  also  l>een  made  to  produce  rapid  cimg- 
ulation  of  the  blood  within  the  stic  by  the  introduction 
therein  of  foreign  bodies.  Fine  iron  wire,  watch-spring. 
and  horseliair  have  been  employed  for  this  purpose. 
The  results,  however,  have  been  more  or  less  disastrous. 
Th(»  coairulum  thus  formed  is  soft  or  friable,  and  conse- 
(piently  very  lialile  to  tlie  detachment  of  emboli,  and 
moreover  it  is  actually  loose  in  the  centre  of  the  sac,  in- 
stead of  iH'iiiLT  reirularlN  laminated  upon  its  sides.  In- 
llainniatioii  of  th<-  siic  is  liable  to  occur,  and  as  there  an- 
no means  of  keeping  this  within  the  bounds  of  safety. 
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it  may  itself  cause  dangerous  symptoms.  With  tlie  use 
of  strict  aseptic  precautions  this  risk  is,  however,  re- 
duced to  a  minimum.  The  principle  seems  faulty,  and 
the  absence  of  good  results  has  caused  Hie  treatment  to 
be  abandoned. 

There  still  remains  to  be  mentioned  a  form  of  treat- 
ment which  has  seemed  to  be  of  service  in  a  few  cases  of 
otherwise  desperate  character.  That  is  galmnopuMttire. 
The  use  of  electricity  in  this  way  is  permissible  only 
after  a  fair  trial,  for  a  sufficient  length  of  time,  of  com- 
plete rest  and  iodide  of  potassium.  It  is  advised  in  sac- 
culated aneurisms  which  are  situated  near  the  surface  of 
the  chest,  have  resisted  treatment,  are  rapidly  enlarging, 
and  threaten  soon  to  rupture.  This  method,  in  suitable 
cases,  has  met  with  a  certain  measure  of  success,  but  it 
has  much  more  frequently  failed  of  its  object,  in  some 
instances  even  having  caused  dangerous  inflammation  of 
the  sac,  and  in  others  having  hastened  the  occurrence  of 
rupture.  For  gal vano  puncture  it  is  necessary  to  employ 
a  battery  of  considerable  strength,  the  Leclanche  or 
StOher  element  being  what  is  generally  preferred.  Ex- 
periments have  been  made  with  one  needle  only  or  with 
both  introduced  within  the  sac.  From  these  it  seems  to 
be  generally  admitted  that  it  is  necessary  to  pass  in  only 
one  or  two  needles  connected  with  the  positive  pole, 
while  the  negative  is  attached  to  a  flat  metallic  electrode 
on  the  surface  of  the  abdomen.  It  is  recommended  either 
to  continue  the  current  for  a  short  time  only,  say  twenty 
or  thirty  minutes,  by  which  time  a  small  clot  will  have 
formed,  and  this  will  constitute  a  nucleus  for  further 
deposition ;  or  else  to  allow  the  current  to  pass  for  a  time 
sufficient  to  coagulate  the  entire  contents  of  the  aneu- 
rism, say  for  two  or  three  hours.  It  may  be  necessary 
to  repeat  the  operation  after  an  interval  of  some  days. 

Another  method  of  producing  coagulation  within  the 
sac  has  been  suggested  by  Macewen :  A  needle  is  intro- 
duced into  the  sac  and  the  inner  wall  scratched  with  its 
point.  The  object  is  to  produce  an  exudation  of  leuco 
cytes  with  the  formation  of  firm,  white  thrombi.  The 
needle  sliould  never  be  left  in  for  more  than  forty  -eight 
hours  and  often  for  a  shorter  time.  It  is  sometimes  nec- 
essary to  repeat  the  process  several  times.  In  the  case 
of  large  aneurisms  several  needles  may  be  introduced 
so  as  to  irritate  a  large  poilion  of  the  lining  of  the  sac. 
This  method  has  been  employed  in  too  small  a  number 
of  instances  to  warrant  us  in  drawing  any  trustworthy 
conclusions  as  to  its  value. 

The  method  of  all  othera  which  seems  to  hold  out 
the  gl'eatest  prospect  of  success,  when  it  is  decided  to 
penetrate  the  sac,  is  that  first  suggested  by  Cormdi.  It 
consists  in  the  introduction  of  coils  of  gold  or  silver  wire 
into  the  sac  through  a  hollow  needle,  combined  with  the 
passage  of  a  strong  galvanic  cuiTent,  the  anode  being 
connected  with  the  wire.  There  can  be  no  doubt  thai  a 
firm  coagulum  forms  about  the  wire,  and  in  favorable 
cases  piusation  of  the  tumor  lessens  or  ceases.  Four 
successful  cases  have  been  recorded  in  America,  and 
with  the  improved  technique  suggested  by  Stewart,  a 

r eater  degree  of  success  may  be  looked  for  in  the  future, 
full  account  of  the  technique  will  be  found  in  Stewart 's 
papers  in  the  Amencan  Journal  of  Medical  Science,  1892 
and  1896. 

Although  the  special  treatment  of  thoracic  aneurism  in 
the  majority  of  cases  consists  of  prolonged  rest  and  the 
administration  of  iodide  of  potassium,  as  above  detaile<l, 
there  are  besides  these  certain  therapeutic  measures  at 
our  command  for  the  relief  of  individual  symptoms. 

Excited  cardiac  action  and  palpitation  are  best  re- 
lieved by  the  judicious  use  of  tincture  of  digitalis  and  the 
employment  of  a  bladder  of  ice  over  the  front  of  the  chest. 

The  pain,  it  has  l)een  already  stated,  is  generally  best 
treated  by  the  iodide  of  pota.ssium.  If,  however,  it  be 
very  severe,  it  may  be  necessary  to  use  hypodermic  injec- 
tions of  morphine  until  the  iodide  shall  have  had  time  to 
act.  Moreover,  we  do  meet  with  rare  cases  in  which  the 
effect  of  the  iodide  ultimately  becomes  lost,  and  our  only 
resort  is  the  frequent  u.se  of  morphine  to  make  life  bear- 
able.   One  very  marked  case  of  this  kind  came  under  my 


notice  in  the  person  of  a  hospital  patient  His  aneurism 
was  as  large  as  a  cricket  ball,  and  almost  as  solid.  Neu  • 
ralgic  pains  were  complained  of  persistently,  were  re- 
lieved for  a  considerable  time  by  the  iodide  treatment, 
but,  for  more  than  a  year  previous  to  his  death,  we  were 
obliged  to  administer  daily  hypodermics  of  morphine  in 
considerable  quantity.  Pain  of  well-defined  neuralgic 
character  (especially  along  the  intercostal  nerve)  is  de- 
cidedly benefited  by  the  application  of  small  blistere  over 
the  most  tender  parts. 

Dyspnoea,  if  due  to  accompanying  catarrh,  must  be 
treated  with  reference  to  the  latter  disorder.  But  if.  as 
is  most  frequently  the  case,  it  is  the  result  of  mechanical 
pressure  and  irritation  of  nerves,  recourse  must  be  had 
to  sedatives  and  narcotics,  especially  morphine  and  hy 
drocyanic  acid.  Alcohol  in  tolerably  full  doses  is  also  of 
considerable  assistance. 

If  a  projecting  tumor  form,  care  must  be  taken  to  pro- 
tect it  from  injury  or  friction  by  some  arrangement  of 
pads  or  a  shield  or  some  smooth  metallic  substance  lined 
with  cloth. 

When  rupture  has  actually  taken  place,  we  can  prob- 
ably do  nothing ;  but,  if  any  preliminary  bleeding  should 
occur,  we  may  endeavor  to  prevent  this  going  on  to 
rapid  hemorrhage  by  the  use  of  ice  externally  and  the 
administration  of  astringents  with  ergot,  while  the  most 
perfect  quietude  is  enjomed.  George  Bosh. 

Recent  Literature. 

Hershey:  Therapeutic  Gazette,  September  15,  1896. 
(Introduction  of  gold  wire  into  an  aneurism  of  the  in- 
nominate artery ;  application  of  galvanic  current  for  a 
period  of  one  hour  and  twenty  minutes;  partial  solidifica- 
tion of  contents  of  aneurism;  patient  remained  well  for 
nine  and  a  lialf  months  after  the  operation.) 

Stewart:  Brttis/i  Medical  Journal,  August  14,  1897. 
(Report  of  post-mortem  conditions  found  in  a  very  large 
innominate  aneurism  after  the  introduction  of  a  coil  of 
gold  wire.) 

Langton:  "Treatment,"  May  25,  1899.  (Report  of  a 
case  of  aneurism  of  the  abdommal  aorta  cured  by  the  in- 
troduction of  silver  wire  into  the  sac.) 

lAncereaux  et  Paulesco:  Gazette  des  liopitaux,  No. 
71,  1897.  (Injections,  at  intervals  of  from  two  to  five 
days,  of  a  solution  of  gelatin  into  the  subcutaneous  tis- 
sues, in  a  case  of  aortic  aneurism ;  diminution  in  size  and 
increased  firmness  of  the  aneurismal  tumor;  disappear- 
ance of  the  pain.) 

Lancereaux :  Jommal des  pratieiens,  November  19, 1898. 
(Further  details  in  regard  to  the  technique  which  he  em- 
ploys in  the  treatment  of  aneurism  by  the  subcutaneous 
mjection  of  solutions  of  gelatin.) 

Stoicesco:  Journal  de  medecin^  interne,  July  21,  1899. 
(Reports  of  six  cases  of  aneurism  of  the  aorta  and  innom- 
inate artery  treated  by  tiie  gelatin  method.) 

ANGELICA. — Angelica  L.  (fam.  Umbelliferee)  is  a  genus 
the  limits  and  dimensions  of  which  are  greatly  in  dispute 
among  botanists,  the  various  sub-genera  of  one  author 
being  regarded  as  so  many  distinct  genera  by  another. 
As  recognized  by  Messre.  Engler  and  Prantl,  whom  we 
follow,  It  contains  about  twenty -five  species,  most  of 
them  natives  of  the  cool  temperate  regions  of  the  northern 
hemisphere.  The  plants  abound  in  the  aromatic  princi- 
ples of  the  family.  A  number  of  them  have  been  em- 
ployed in  domestic  practice,  and  two.  under  the  names 
**  European  "  and  **  American  "  angelica,  have  been  very 
extensively  used  in  medicine 

European  Angelica  is  the  rhizome  and  roots  of  Angdica 
arcluingelica  L.,  a  biennial,  four  to  six  feet  high,  with  a 
stout,  hollow,  purple-green,  fluted  stem,  large  decom- 
pound leaves  with  clasping  petioles,  and  large  umbels  of 
white  flowers.  It  is  a  native  of  far  Northern  Europe  and 
Asia,  and  is  very  extensively  cultivated,  our  commercial 
supplies  coming  mostly  from  cultivated  plants  of  Ger- 
many and  France. 

It  is  one  of  the  few  vegetables  whose  use  began  in  the 
extreme  north  of  Europe  and  extended  southward.     It 
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wuit  uu  urtirli'  of  TikmI  in  Norway  mid  lii'liiml  itiiuiy  yi'iirs 
Ufti,  nhi'ii  iu  Hpicy  tUHTi-  inH<li-  {t  u  gtuti-fiil  ii<lili1ic>ii  to 
the  iiiiiiu>t(moua<li^l  of  tlivNiirlli.  Luti'r.  in  IJii.'  lifin'iiili 
mid  sixtii'tilh  I'ctititrif?^  it  win  fR-m-ntlly  I'liltiviitinl 
llirotigiiiiiil  ('(.-utnil  Kiiriipe.  Siiuv  Itit-n.  till'  iisi'  of  iiii- 
KcUt-ii  liHit  iN-i-n  ^nuliially  cliniiiiisliiiij;.  niililiT-lkvnriil 
vi'p'liUiics  InkiD-;  itji  jiiuri-.  iiikI  it  Is  only  jfrou-n  ut  |in'S> 
cut  to  tili  H  vi-ry  iiuMli-ratc  ilcinmiil  in  ilotmstic  unit  v<-u-ri- 
uary  iiiL-Uicini',  run  feet  i»iii-ry,  ami  li(|Ui-iirs. 

It  1h  iin)iiinant  !■>  noti- ilu^  I'nti-asiw  iixc-  of  tlic'riiii- 
(liiifMi'iiiK  lAui/tlfi^i gitiff'}u»u  niiifti-tlon,  since  ini]iiir- 
iHut  cHKi-s  of  ]ioU(ininK  jfonu't  iincDn'SEilt  fmin  llii>  i;:iii>niiit 
iiKC  iif  I'l'riain  luxii-  |>1unlit  wliirli  lii-ur  u  close  rcsciiiiiliini'i' 
to  tills. 

Tlie  riKit  coiiiisls  of  ii  hirm-  slmrl  rliizomc,  liTiiifnatcd 
alHivc  iiy  a  lu.ll.in  sli-iii.  hi..!"  oflcti  ttonii-ntl(.-D.  lii-low. 
it  ilividcs  iiiin  iiiii(UT..iis  tliiik,  tloliv  r.-ns,  -I  mm.  (oiic- 
ci^litll[.fii]|iii<-li;itLt]iii'kii<'ss.;ui']-J;>or:ll>ciii.  in  Icri^'Ili. 
of  n  iilaclilsli  1ir.>»  ncolor.  imicli  n'rinlil<il  loiiiritiKliniinv. 
unil  liitH'n-uliiIol.  TJji-y  arc  nilliir  Kofl  aiul  iilinUfc. 
Iiruwiiiiili  white  »itliiii.  ami  in  tlicilriiil  s[M-<-iiii<-ns  iii-  in 
a  ]mmlh-1  tn-ss  or  tmncli.  TIumhIot  is  nitlicr  jikiiKaiU: 
llif  taste  lit  lira!  KWc<'Ii^ll.  liitt-r  liiticr  uixl  Tiiiisky.  Itii<li- 
iiDy  arrantriHl  oil,  etc..  iliictH  arc  ti>  Ih'  »'i'Ii  limlcr  tlit 
inl<-n)Ki'ii|<i'  on  Kivtion.  cliicflv  in  Ilic  coriicul  iiortinn. 

Thu  coiisiituciitA  of  mijiri'ficti  iirc.  tli^i.  iin  .m  :li.il  oil. 
of  wllk'll  It  vlflils  rromi-iiilit-li'iilliKlooiicprri'i'Mt.;  tliU 
hiks  till-  'hIot  of  llic  [>laiil  aail  Ili<'  usual  inmiiiialivc  oiiiil' 
itics  <.f  the  oils  of  the  ..nlcr.     St.ki.I,  six  I..  t,ii  jirr  i,.i(. 


ANGINA  PECTORIS.     &t:v  llotrt.  X,H,--m> '■/ thr. 
ANGIOKERATOMA.  — (^ynaoyms:    Kcrota-an^oiua : 


Tcliii. 


<■  Wtti 


tal  Rkiii  dlKcuM',  chiefly  met 
with  oil  thu  liuniU  niul  fi-et  of  tliusv  siibln-t  to  cliflblaius. 
',  It  eoniiistii  of  single  and  grouped  nupiilar  und  niNlular 
j  li-sionti  of  a  ntldtsli  or  piirplisili  color,  nisdi'  tip  vf  cpi- 
!  dermic  liyiH-rirophy  covering  diluiation  of  thv  capillary 
I   vewH'ls  in  tliL' |iBpillic. 

!  HisTouv.— Alitielli  pivp  ilio  tirst  auatontical  dcMrip- 
tlon  of  tliciiiindiilon  met  wiili  in  the  aflWoiion  and  pru- 
poseil  ili«  naniv  "uiipiiilM-Taionia"  for  the  diseost-.  Tlic 
li-sioiu)  which  formed  tlte  iKiMsof  hisiil>scrvattoiisurcum-il 
(III  llic  durNil  Kiirfan-  of  the  fliifien  of  ii  fourUtii-yt^r-old 
(rirl,  ami  liad  cxislcd  for  Bcveral  years.  They  vmte  pn.- 
cedtil  liy  (liilhlahifi. 

Ui-fon-  ililK'llis  careful  inrcsli  pat  ions,  cases  of  the 
mine  atfection  hud  liei'n  notetl  liv  other  writers  under 
%'arioiiH  nmiii's:  the  tnie  nature  o!  the  lesions  bad  nut, 

Imn'eVer,  k-cn  delrrniiiLcd. 

We  an-  itiileliteit  to  Prin^^le  for  a  most  accurate  and 
pattislakiii};  des(Ti|ili'iii  of  llio  clinical  appeatanci;  and 
inorliid  atialoniy  of  llie  alTe(rlii>n.  ai  well  as  for  an  analy- 
sU  of  DUist  of  itii-  citHc^  which  liad  Ik-cu  inet  with  up  to 
Ihe  time  <if  his  ptil>li<'alioii. 
'  i'rinjrle  reported  two  can«  iitTectiag  girls  with  chil- 
-  Mains,  and  JiU  hisioloKlcal  lindin^  mgn-c  in  all  cssi'iiTial 
]>ottitsw[th  those  of  MilN'lli.  »ivuv  the  piiblicatlou  of 
iheseniscsa  miuilxTof  oilieniliav<>  been  reported,  Binon); 
ihi'in  Zeisler's.  wliich  presenteil.  in  addition  to  characlt-r- 
i  istir  li'siotisdU  tlicliuiidsaiul  feet,  oievus-likc  patelwAnud 
,  peiliineiitatcfl  vasctilar  tumors  oil  llie  forranns.  over  iIk' 
IWtelLT.  IlH'h-gs, 
thiirhs.  am)  au- 
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I  Lave  lately,  through  (lie  kind- 
ness of  Dr.  Lcviseiir.  st-cn  a  Biniilar 
case  in  wliich  tlic  sniull  tiinxirs  were 
seated  on  the  vulva  of  a  young  girl. 
The  diagnosis,  in  this  cose,  was  con- 
firmed by  the  microscope. 

Anderson  has  reported  a  cose  iu 
which  the  eruption  bepan  ovit  the 
knees  at  the  age  of  eleven  years, 
gradually  sprt'adinK  to  tlie  trunk 
and  tipper  extremities,  and  finally 
fnvolv in K  almost  the  entire  nurfaee 
of  the  body  with  the  exception  of 
the  bands  and  feet. 

Symptom  A  Toi.ooT. — A  history  of 
recurring  attacks  of  chilblains  ]hv- 
cedes  the  development  of  the  affec- 
tion on  the  luiodB  and  feet.  Artcr 
a  variable  time  minute  telangiec- 
tases appear  over  the  dorsal  surfnres 
of  the  phalanges  of  the  fingers  and 
toea,  which  eventually  cannot  be 
made  to  disappear  by  pressnre. 
The  points  of  vascular  dilatation 
become  grouped,  and  over  tlicin  the 
epiderm^  undergoes  thickening, 
eiving  rise  to  hcmLspherical  lesions 
from  the  size  of  a  pin's  head  to  that 
of  a  split  pea,  or  larger,  having  a 
rough  warty  surface  and  a  dark 
purple  or  lead  color. 

Tbe  minute  vascular  points  l)e- 
neath  the  tJiickened  epitbeliiiiii  can 
be  detected  by  making  pressure  on 
the  growths. 

In  some  coses  lesions  in  all  stages 
of  development  from  minute  pink 
poinU    tojhc   commingled    warty    nn.  aB.-raveTBOusSpa™s  HJled 


palms  and  soles  may  be  involved. 
On  parts  of  the  body  where  tlie 
stratum  corneum  is  thinner  than  on 
the  hands  and  feet  its  hypertrophy 
Is  less  marked  than  in  the  latter  lo- 
calities and  may  not  he  perceptibly 
thickened  It  n  usuallj  bilateral 
though  not  strictb  s>mmetncal 
Tlie  affection  may  ptrsist  indefl 
nitel}    become  stationary    or  disap 

Pathoioot  and  BIorbid  An 
ATom  ^Tbe  primary  <lianj,e  is  un 
doubledly  in  the  capillan  lessels 
of  the  papillee  which  subjected  to 
repeated  congestions  become  per 
manent!)  dilated  leadmg  to  the 
formation  of  cavernous  spaces  and 
hv  pressure  alter  tbe  normal  con 
f(  rmation  of  the  parts  On  the 
hands  and  feet  the  straluni  come 
um  oovtnng  the  lesions  is  greatly 
Ihickencd  tins  change  is  not  so 
pi  mounced  however  when  the 
affection   is  met  wilh  in  other  re 

{;ions  Tlie  characteristic  patho 
ngical  changes  are  slion  n  in  the 
accompany  ing  photomicroemphs 
made  from  siclions  of  tumors  re 
move<l  from  the  scrotum 

In  Fig  301  a  small  caMt\  filled 
with  red  and  wiute  blood  corpus- 


On  the  right  of  Fig.  202.  a  large 
cavernous  space  is  seen  to  be  filled 
with  blood  corpuscles,  which  have 
bv  pri'ssure  cnuseil  a  marked  atro- 
phy of  the  epidemds. 


be    detected.     The  itopty  ut  Mran 
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Ou  tint  left  of  lliifl  gi.-cli'ju  tile  fireiikiion  lias  Ihi'd  nli 
litcratt^l,  UH  iIk'  luciinu.-  urt'  oc<:iipir(l  bv  conci'Dlric  luyets 
vf  fllii'in  rnntaiiiiiig  tiluoci  corpiist'lt'S  aiid  iiigniont. 

Fig.  203  rrprtseuts  n  niiin.' t^nlargL-d  vk'Wof  tliccarcm 
nus  opatcs  willi  tlicir  dividitl  si'iiin.  TIic  stratum  cor 
ucum  is  also  sliown  In  be  t'onsiilLTBlily  tlitckeoed. 

An  <-xiiiiiiiuktiiiu  of  tlii'  SLttiooa  hIkiws  tluit  tbc  Ii-siorm 
cotifliHt  iif  iHtunnr  spaces  tlUi-d  witli  blood  octiipyiug  tin- 
jiapilliirv  ]inriiiiii  iifl  hi;  derma,  aonie  of  which  arc  ('ui'Tiiscd 
ill  il^  ii  ii  M.:li:,liii.  These  cavi'rnmis  siMifesurt'  cvi 
liiiii.  ■iiiirL'or  the  disease  aiid  the  primarj' 

l-.n..iiiii   ■     i ~i'aso.  when  it  otYiirs  on  lliv  liniidn 

imil  l(-['i.  ]Ls  It  iiiosL  Ireiiueully  dnen.  is  uii  otTttliuu  of 
4.-arly  life,  uud  l-uiimiiI  b,v  repealed  attacks  or  i-hilblaiiie. 

BonK  cuNi's  liKvu  hi'tn  ft»s(x.-iiitiKl  witii  tiLberculiius 
aRecIioiia  of  the  liinini.  i^lumls,  and  other  refiona.  An 
iittciiiT't  lilts  bicn  iiiiiik'   hy   Lcriddc'  In  slioiv  that  ii  is 

in  ''  "  ,,'■'■  '  ,  ■  '.  -"  :'.  ■■■'  "  mtiim  ivasaf- 
fn  !■  ■■■!,■■    I'|ipinl-vessc1s  as 

fideiit  lo  iilil  HfTi-,  wi'i-e  prulisbly  llii-  iiiosl  iHiIcnt  causes 
ill  briu^uK  about  thu  ciuidition, 

DiAiiMisii^. — A  wcM-develiipi'ii  rase  of  llie  liiBease  could 
liardiv  be  iiiistiikiii  fiFr  luiv  uiIht  aHeitiriu.     Tile  color 

ipf   till'   Ii -] i   ilii    jiii -I  r 1     Ii.    iiLsrulur  im" 


CRWDtUlly  the  product  of  new  growth.     Tlic  hieiiiangio 

inala  liavc  been  designBtcd  trttfiU  tnmars  by ' 

Ilidr  analogy  to   the  corpus  cavernosum  pel 


of 


otlier  erectile  stnicluri'S.  Th-,-  size  and  consistencoof  one 
of  these  tumors  may  vary  gri-atly  from  time  to  lime,  such 
varialioD  depending  upon  the  uinouDt  of  blood  cootained 
wltldu  it:  this  may  be  incrt-ascii  by  exercise,  during  a  lit 
of  weeping,  and.  in  women,  during  tlic  menstrual  period. 
When  from  any  caub?  tlie  amount  of  blood  in  ihe  tumor 
ia  diminished.  Ilie  hitter  may  become  soft  and  flaccid,  to 
regain  Its  flrniuess  and  elasticity  when  the  former  condi- 
liun  is  ri'stored. 

Varirlics:  Two  varieties  of  Iiieniangioma  are  recog- 
nized, the  distinction  between  Iliem  being-  bsscd  upon 
differences  both  in  structure  and  in  location.     These  va- 

{n)  IlimitiiiBioma  Siui/ikr  (nipvus  vasculosus:  birth 
mark:  telangiectatic  liiemangioma).  Tliis  form  of  lucm- 
iingioma  comprises  tlie  small  vascular  ntevi,  and  most  of 
the  so-called  mother's  or  birth  marks.  It  occurs  in  two 
forms:  (I)  Aa  flat,  round,  or  Irregularly  outlined,  usu- 
iilly  sharply  contoured,  red  or  biuiah-ivd  patclies  on  a 
level  with,  or  but  very  sliglitly  elevated  above,  the  sui- 
(ace  of  tlie  skin :  in  Hl]:e.  varying  from  that  uf  a  Hea-bite 
to  that  of  the  side  of  Ihe  fac?.  The  skin  over  these  patches 
is  either  snioolh  or  thickened,  and  is  sometimes  covered 
with  lanugo  liairs.  (S)  As  round,  more  or  less  lobiibiied 
luinnrs,  in  sine  i-arying  from  that  of  a  hemp  seed  to  lliat 
of  an  apple,  eiluiited  primaiily  beneath  Ihe  skin,  the 
larger  growllis  projecting  ahovu  it.  Tlie  skin  over  them 
is  mrely  uomiul,  usually  thin,  transparent,  dark  red  or 
,  and  IravcTsed  by  vessels.  They  are  Bometimes 
ivered  with  hair. 

Oefinriiet:  This  variety  of  litemangior 
■arly  always  congenital.  From 
niadc  by  Depaiil.  it  appears  lliat  one-tliini  o! 
dren  born  in  llie  clinic  of  tlie  Faciiltv  of  Aledicine  in 
have  aiieh  luvmaugioinataat  birth.  The  tumor  ia  situated 
moat  fn'tiiieutly  in  Iheskfnof  Iheface.  neck.  back,  chest, 
abdomen,  sometimes  of  tlie  cxtreniilies.  More  isrely  it 
m'curs  in  iiiuciius  membranes,  and  beneath  the  at 
faces  of  the  inteninl  organs.  It  may  he  single  orinultiplc. 
trying  size.     The  congenital  fonus  re- 

Slnii-lHiY.  Uistnlogically.  the  luemangioma  simplex 
consists  of  ni'n  )y  funiiiil,  much  convoluted,  more  or  lees 
ililiiii'il  rii]iilliini's  l\  iiii;  in  a  stroma  composed  of  tibroiis 

rijiiiici-iiic  ti^^h^■  or  of  fill  tiwue.     Tlii.s  Stroma  varies  in 

p'">r 
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capsule  of  the  liver    extensive  liemoirtia^  lias   taken 
place  iolo  the  ptntoDea)  caMi}   and  fatal  ptntoDiti't  bas 

been  caused. 

This  tumor  also  occurs  altlinugh  less  commoiiU  tliao 
intheliver,1ntlii.otlierab(lominalorcans  os  forcxample 
the  ai^ffn  aod  ihe  kidney»   aud  aho  id  the  biam     It 


--^i 


ized  In  groups.  The  spacos  of  this  mesliwnrk  are  lined 
will)  flat  endothelial  cells,  and  contain  hlood,  Tliese 
spaces  are  of  varying  size,  but  whatever  their  extent, 
they  always  represent  capillaries,  for  they  are  iulerposed 
between  an  artery  and  a  vein.  Adjacent  targe  spaces 
may  he  separated  by  but  very  thin  partitions.     The  con- 


Hbrcs. 

Bti'Aogy. — The  cause  of  hfcman- 
giomata.  in  common  with  that  of 
most  new  growths,  is  not  understood. 
A  large  proportion  of  all  tumors  of 
this  sort  are  congenital,  end  when 
they   do   develop  after  hirth.  It  ia 

Snerally  in  the  early  years  of  life, 
is  seldom  that  ho^mangiotnata  de- 
velop in  adults,  a  fact  which  in  re- 
markable in  view  of  the  frequency  of 
dilatation  of  the  blood-vessels  in  old 
age.  and  one  wliidi  constitutes  B 
strong  objection  to  the  theory  that 
these  tumors  arise  from  a  simple  dila- 
tation of  pre-existing  vessels.  He- 
redity seems  to  i>lay  some  part  in  their 


is  found  in  the  Mn  less  frequently  than  are  the  sim- 
ple liftnuingiomata.  Esmarch  has  reported  in  Viichow'a 
Arrhiri  a  very  interesting  case  of  its  occurrence  in  this 
position.  A  single  tumor  developed  upon  the  middle 
finger  of  a  girl  eight  years  of  age.  followed  in  subsequent 
years  by  the  appearance  of  a  gn'at  many  others.  At  the 
time  of  the  flrst  menstruation  there  wns  u  gittit  increase 
in  both  the  number  and  the  siie  of  the  tumors.  At  each 
succeeding  catamenial  period  tln-y  seemi-<i  to  grow  more 
than  at  any  other  time.  In  size  they  VHrie<l  from  that  of  a 
pea  to  that  of  a  lien's  egg.  They  were  all  successfully  ex- 
tirpated, and  in  most  cases  were  found  U<  be  silualetl  on  the 
wall  of  a  vein,  with  wbicJ)  Ihcy  were  in  conimnnicnlion. 

Cavernous  hiemangioma  is  seldom  rongenilal  -.  it  occurs 
mostly  in  the  earlier  years  of  life,  and  rarely  develops  at 
a  later  age.  It  grows  very  slowly,  often  remaining  sta- 
tionary. 

Slnieliire.  The  cavernous  liojniungioma  upon  section 
presents  an  appearance  quite  similar  to  that  of  the  cut 
surface  of  the  corpus  cavemosum  penis.  It  is  eharacler- 
ized  by  the  presence  of  a  ttrm.  tough,  n-lilte.  mesliwork, 
which  in  the  recent  state  is  empty  or  contains  sonieirrcR- 
iilar  blood  clots.  The  meshes  freifuenlly  enclos**  small, 
round,  calcareous  masses  known  ns  phlebolhhs.  In  some 
instances  ihiscavcrnousstnictuic  is  sharply  circumscribed 
and  separated  from  Ihe  surrounding  stitictures  by  a  ttrm 
capsule.  In  others,  where  the  tumor  is  smiiU  atid  to  all 
appearances  In  a  state  of  rapid  growth,  ii  is  surrounded 
by  a  7.one  of  lymphoid  cells.  The  conststeuce  of  the  tu- 
mor depends  upon  the  amount  of  tlie  fibrous  conneclive 
tissue  meshwork.  or  stroma:  when  this  Is  abundant.  Ihe 
tumoris  relatively  hard,  and  when  scanty,  soft  ami  flaccid. 

HlCTOSCOpically,  the  tumor  presents  lral>eculir  of  lihnius 
connective  tissue'.  In  part  newly  fnrmcil.  In  part  belong- 
ing to  the  structure  in  which  the  tumor  is  developed,  of 
varying  thickness,  arranged  in  Ihe  form  of  h  meshwork. 
TTie  cells  of  this  tissue  are  numenms,  und  il  is  usually 
fnfllttaled  with  lympliold  cells  scattered  singly  or  local- 


corded  in  which  a  child  presented  one 
of  these  tumors  in  the  same  place  on 
Its  body  as  that  in  which  one  of  Ihe 
parents  also  had  a  hirth  mark.  Pop- 
ular belief  in  all  a^'S  lias  associated 
the  presence  of  these  growths  in  chil- 
dren with  some  intliieuco  exerted 
upon  the  mother  during  pregnancy; 
maternal  impressions  cannot,  how- 
ever, be  regardful  as  delinite  factors 
tl,eBr,Un.Allll«,Attacl««lPor.    '% '"e  development  and   growth  of 

•— ~   oitspnng. 

Different  views  linve  been  held  re- 
garding the  genesis  of  the  cavernous  form  of  hiein- 
atigioma,  and  at  one  time  tlic  subject  formed  a  ground 
of  contention  between  two  of  the  greatest  pathologists, 
Vlrchow  and  Itokitansky,  Vircliow  held  that  the  de- 
velopment of  a  cavernous  tumor  was  always  preceded 
by  the  formation  of  granulation  tissue,  the  newly  formed 
vessels  of  which  afterwanl  became  dilated,  and  the 
intervening  structures  atrophied.  Itokitansky,  on  tlie 
other  liand.  did  not  regard  the  hlooii  tilled  spaces  of 
the  tumor  as  true  vessels,  but  supposed  that  they  were 
formed    iudepeudcutly   in    the   (onnective    tissue,  and 


__ .__„ J  Vtieta  nt  > 

AnHlomaorilieLlviirat  ft  rimi- W bi-n  This  « 

of  AMIve (irowUi.   ICarmlat! pnwralli d  )        Ik  (iiaiuLtera.    tAner 

Zlegler,] 

afterward  came  into  communication  wilh  bl  mil-vessels. 
The  blood  corpusclis  he  nganied  as  fimiiid  by  an  en- 
dogenous process  within  cirtuin  altireil  conni'Ctive-tis- 
suc  cells.  These  he  ciilUd  "HohlkollKn  ''and  described 
them  as  large  proloplasmi<  masses  iitualcd  usually  along 

the  blood-vessels.    1' _c  n.i  .1. — 1.  1 .. 

And  conHrmalion 


dtsiriptio 
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Btnictiin-s  ncciirriiijc  i"  iIh'  Hiiinll  tTliMxl-viiwlH  nf  ilii* 
liMiu.  It  iit  iiiiw  known,  linwi-viT.  tliiit  lliitcf  s(i-<-allnl 
blfNHl  r.vHtK  of  LiiKclika  nn>  nii-n-1,v  ililiitiitinnH  of  tli<-  iH-ri- 
VHoriilur  slimiliM  of  the  n-n-lirul  viiM'lit.  OituT  inviMl- 
{ratoratti  vHrtiiiiH  liim-K  in  llu-  jniKt  linvc  siiii{Mirl(il  ilic 
llii-ory  of  It'ikiianitky  Unit  biiKnl  I'uriiiisclis  an-  fiiriiuil 
In  InlEftiiinuktory  lisHncfi.  bnt  in  ilio  li^ilit  <it  tniin.'  n-t-i-nt 
kiKiwIifilgc  it  ni>|K'Hrs  Ihut  lliis  di'vit  liiki's  iiluri',  |{jni1- 
lIcLwb  lii'ii)  liiut  the  1]ii-Tiuiii![iiinullii<-iiiilil  In' iI('V|'1i<|kiI 
)u  any  siruptiiiv  proviiiiil  with  liliBkl-vcsm-lii.  liy  wluit  hf 
tpniiml  "  cnvt-niniis  iiii'tariiuqilKisLt.''  ii  jirtia-tiii:  i  Imnu-Icr- 
Izcd  liyiiic  ili  lilt  lit  ion  of  (irf-i-xUtiii^  vi-itw'Is.  n'wiliinK 
i^itlifr  i^rnni  tiliniii)  il<';n-iii' nil  loll  uf  llii'  iii|iiliiirt<s  or  from 
till'  rinilmrtiim  of  I'ii'titrfciiil  ii<Miii'  UMiinil  liii'  vci^u'ls. 
Tliis  (lii''iry,  lit  li'iiM  so  iiincli  of  it  iii ili-pi-mlii ii]u>n  lli.' 


ni'wly  fonncil:  but  iniiRniiicli  u:i  in  iiny  isin^cip  nuw  It  ia 
ofti- II  iiifll<-»lt  Ki  ili-ti'Tniiiic  liow  br  tLi-  vcsiwl*  uri-  ncwly 
foniHil  aiul  luiw  far  jm'-i'sisting  oni'V,  citliid-il  aiii]  tliirlt- 
i-iuii,  it  in  ciiiivi'iilciit  to  liii-luiii'  iiniliT  llip  lyni]ilmn^'n- 
■until  iiTtiiiii  iilmonniil  stniciiin'S  In  wliici)  tni-  cMtu-iitial 
piitliolo^'ioil  I'liiiiliiioti  U  lyinpliiiiiijck-ctu^.  Thii)  form 
of  lu'W  ^mntli  (H.'ciirs  in  ti  -.'Riil  variety  of  liiri.  uiii)  jiri'- 
M'litK  nil  I'Xti'rniil  ('i>iili};iinitiiin  iii-i(-nniii<il  vitv  Iiiriifly 
1>y  till'  iii'Kiiii  or  Ktriii-tiiri'  in  wlilrli  ii  is  dcvi'Iopi-d.  hk 
well  lis  l)y  its  liiKtoliiKicHi  cliHnicti'rigtiifi.  It  is  m-vii  In 
wiiTtr  tuiiiiini  mill  dllTiM'  ibk-fciiiiiipK  nf  ilu-  skin  nud 
niiiriiiiK  nu'nihTuiMii,  in  iiiu(toj;1iiw4u.  in  ccrtAln  rfin;n'n- 
itjil  cystK.  unil  in  vnrloiiii  iiHilt  i-oiKlitinuH.  Tbc  clm^dtiiii- 
tioii  of  lyiii|i)iiin;riuiii!ilii.  ImisoI  iiixin  stnii'tun-.  ari.tinlinir 
III  Wi-jtWT.  lulniitu  of  llif  rccofniitloii  of  Ilu-  fiilbiwing — ' 
^'uril■^i^■s:  (II)  LgM/iiinghiHii  i^m/ili/:  — An  »  tnii- 
iii-opliisnt  lliifi  (icciiM  ill  tbi'  form  of  u  clrciiiiiM'rilx-il 
iwwd  <ir  cuiiillnry  iinil  lurjifr-Mziil  lympli 
"  '  ''  '"sti'd  in  tlii'lymitliutir 
vtirix.  in  (Ii lilt ut  ion  ttt 
till'  lytnphiitk'i^  n-Hiilt- 
iai:  fnini  ■'iMitnu'tli'in. 
in  intii'ni>r1otu(iit  ami 
t'U']i)iunti:iMs  following 
cryKiiM-lHR.  uiiil  in  «■!«'- 
liluMiIiiiHS  due  to  flla- 


tlii-  cnvi-mciiiti  liii'i 

it  diniiistii  of  InrinTuuil 
siiiaili.T  spiiciii.  liiii'i] 
witli  I'lidoitii-lium.  tinil 
KiiinmiiiliinivHMrone 

wall    of    tilm.us    ". 
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form  of  relatively  circumscrribcd  growtiis  iu  the  coriuni. 
characterized  histologically  i»y  the  presence  of  large  round 
and  oval  spaces  lined  with  flat  endothelium.  These  lym 
phatic  structures  may  press  up  into  the  epidermis.  In  the 
interstitial  connective  tissue  there  are  many  i)igmented 
cells.  Lymphangioma  occurs  also  in  the  subcutaneous 
tissue,  causing  ditTuse,  rough  thickening  ot  the  skin,  and 
sometimes  leiuling  to  an  elephantiasis  of  the  allected  part. 
Such  a  condition  may  involve  an  entire  extremity.  (.)n 
section,  clear  or  slightly  cloudy  lymph  es<.ai)es.  Micro 
scopicaliy,  the  structture  consists  of  large  spaces  lined 
with  endothelium,  and  an  int»;rstitial  stroma  consisting  of 
fibrous  connective  tissue  or  fat,  and  containing  areas  of 
lymphoid  cells. 

In  the  spleen,  this  variety  of  lymphangi»»ma  has  been 
found  in  a  few  instances.  Barbacci  found  upon  the  an 
terior  edge  of  the  spleen  a  row  of  small  tumors,  in  size 
varying  from  that  of  a  pin  s  head  to  that  of  a  hazelnut. 
They  consisted  of  a  collection  of  cavities  of  vaiious  sizes. 
more  or  less  completely  combined  with  one  another,  and 
containing  a  yellow,  transparent  tluid.  Microscopically, 
they  presented  the  cliaraclerislics  of  cavernous  lymph 
angioma. 

(<•)  Lymphangioma  Cynticum. — This  form  of  lymphan 
g:ioma  differs  from  the  cavernous  only  in  that  the  spaces 
within  it  are  larger  and  more  cyst  like  than  are  those  of 
the  latter.  It  consists  in  single  or  multiple  cysts,  which 
occur  in  various  parts  of  the  bmly,  chiefly  in  the  neck 
and  ne^r  the  sacrum,  but  also  in  the  extremities,  in  the 
tongue,  and  on  the  face.  More  rarely  it  is  found  in  the 
peritoneum,  and  as  single  small  cysts  in  or  between  the 
alxlominal  organ.s.  When  located  in  the  submaxillary 
region,  the  tumor  not  infrecjuently  mpidly  extends,  be 
coming  mon^  and  more  pendant  until  it  reaches  the 
sternum.  The  cystic  lymphangioma  is  known  also  under 
tlie  names:  hygroma  cysticum  congenituni.  hydrocele 
of  the  neck,  congenital  serous  cyst  of  the  neck.  By  some 
authorities  it  is  regarded  as  forming  a  distinct  group  of 
lymphan  giomata. 

The  cystic  lymphangioma  of  the  neck  is  congenital ;  it 
is  probably  not  derived  from  ha'mangioma  by  the  oblit 
eration  of  connections  Avith  bloo<l- vessels  and  the  develop 
nient  of  secondary  conmiunications  with  the  lymphatic 
system.  The  fact  that  the  cystic  spaces  are  lined  with 
endothelium  and  not  with  epithelium  is  evidence  that 
these  tumors  are  not  derived  from  either  the  siilivary 
glands  or  the  branchial  clefts.  The  tumor  is  situated 
upon  the  anterior  or  latend  surfaces  of  the  neck;  nirely 
upon  the  back ;  it  may  be  unilateml  or  bilatenil.  Its  size 
varies;  it  tends  to  burrow  and  to  extend  under  the  cer- 
vical fascia  between  the  muscles  of  the  neck.  In  this 
way  it  may  travel  down  the  sheath  of  the  subchivian 
vi-ssels  to  the  axilla,  or  it  may  go  into  the  mediastinum. 

Histologically,  this  form  of  lymphangioma  presents 
large  cystic  spaces  lined  with  endothelium,  separate  or 
communicating,  containing  a  clear  tluid,  lying  within  a 
stroma  composed  of  fibrous  connective  tissue,  fat.  smooth 
muscle  fibres,  blofxl- vessels,  and  nerves.  In  some  in- 
stances the  numl)er  of  blood -ves.s«*ls  is  disproportionately 
£Tpat,  so  that  the  tumor  may  present  a  combination  of 
Effimangionia  with  lymphangioma. 

The  cystic  lymphangioma  may  remain  stationary,  grow 
rapidly,  or  un(h*rgo  spontanecais  involution.  It  is  prone 
to  Recurrent  attacks  of  inflammation,  especially  after 
aspiration.  When  superficial  it  may  give  rise  to  lymph- 
orrhagia.  The  more  dangerous  positions  of  the  tumor 
are  the  neck  and  the  .sjicro- perineal  regions. 

Jlesenteric  cvsts  aiv  usuallv  the  result  of  .some  obstruc- 
tion,  inflammatory  or  otherwise,  in  the  mesenteric  lyniph 
vessels.  In  rare  instances  Ihev  mav  be  attributable  to 
the  new  growtli  and  subsequent  dilat^ition  of  lymph 
vc*ssels. 

The  fluid  contents  of  these  cystic  tumors  are  ordinarily 
clear,  alkaline,  and  albuminous;  when  intlammation  is 
present  blood,  choiesterm,  and  pus  may  occur.  TIh^ 
diameter  of  the  fluid  may  vary  widely  in  dilTerent  parts 
of  the  same  tumor. 

Etiology.  —  The    lymphangioma  is  essentially  a  new" 
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growth.  In  exceptional  <'^i.ses  only  may  any  other  condi- 
tion, e.g.,  inflammation,  be  associated  with  the  cause  of 
tumors  of  this  sort.  Lesser,  in  agreem<*nt  with  many 
authorities,  affirms  that  simple  lymph  sUisis  can  never 
give  rise  to  a  lymphangioma,  citing  in  support  of  his 
opinion  the  fact  that  tying  of  the  thoracic  duct  and  other 
large  lymph  vcs-mIs  has  never  been  followe<l  by  this  sort 
of  tumor  formation,  and  further  that  lymphangiomata 
often  occur  in  regions  where  there  are  but  very  few 
lymph  vessi'ls.  The  ransi'  of  the  \w\\  growth  Krynsk 
believes  to  consist  in  local  changes  in  the  lymph-vessel 
walls,  changes  which  he  regards  as  of  embryonal  origin, 
as  attested  to  by  the  (!ongenital  character  of  the  growth 
and  its  deveh)pment  in  chihlhood.  The  mode  of  new 
growth  he  describes  as  chiefiy  of  the  hetcrophistic  sort, 
/.t'.,  a  process  in  which  fibrous  and  fat  coimective  tissue 
furnish  the  cells  from  which  the  endothelium  of  the  newly 
developed  spaces  originates.  Wegner  describes  another 
mode  of  origin,  acconling  to  which  the  formation  of  new 
lymph  vessels  takes  place  in  a  previrm.sly  formed  granu- 
lation tissue.  This  theory,  while  difiicult  to  prove,  is 
quite  generally  accepted.  iieorge  Burgess  Magrath. 
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LuMchka:  Cdvern.  Blutgt»8ehwul»te  des  Gehtrns.    Vlrch.  Arch.,  1864, 
Muscatello :  Angiom  der  willkUrl.  Muskeln.    Vlrch.  Arch..  1894. 
Hobin  et  I^redde :  Arch,  de  med.  exp.  et  de  anat.  path.,  1896. 
Rokitan.sky :  Lehrbuch  d.  path.  Anat..  1855. 
Samto  :  I'eber  Lymphungiome  d.  Mundh<)le.    Lang.  Arch.,  1891. 
Vin'how  :  l-etier  cavcni.  (ieschwQIste.    Vln'h.  Arch.,  1854. 
Vln'how  :  Hygroma  cysticum  glutt^le  congen.    Virch.  Arch.,  108. 
Vlnhow  :  Die  krankhaften  Geschwdlste,  1863. 
Wegner:  Ijing.  An*h.,  xx. 
Wefl :  Beitrage  z.  Keuninisis  der  Angiome,  Prag,  1877. 

ANGIOMA  SERPIGINOSUM.— This  rare  cutaneous  dis- 
onler  was  tirst  described  by  Mr.  Jonathan  Mutchinson.  in 
his  "Archives  of  Surgery,''  in  1891,  under  the  title  of  in- 
fective angioma  or  na'viis  lupu.s.  Crocker's  name,  angi- 
oma 8<Tpiginosum,  would  seem  to  be  (»n  all  accounts  the 
more  appropriate.  But  a  handful  of  cases,  six  or  seven 
in  all,  have  iK'cn  reiK>rted,  and  it  may  be  doubted  if  one 
or  two  of  these  are  really  entitled  to  a  place  in  this  group. 
Hutchinson  has  also  published  a  short  account  of  three 
otluT  cases,  those  of  Las.stir.  Tay.  and  Jamieson.  Besides 
White's  case  one  other,  incompletely  reported,  lias  been 
described  in  America,  and  Leslie  l^)*berts  refers  to  a  case 
that  may  belong  in  this  category,  although  differing  from 
tlie  type  in  many  respects. 

In  all  the  cases  thus  far  reported  the  affection  began  in 
early  life,  in  four  of  them  before  the  age  of  two  years. 
Small  bright  yvx\  papules,  tirmly  seated  in  the  skin,  are 
the  tirst  manifestations.  These  papules  do  not  disappear 
on  pn^ssure.  and  have  been  likened  to  Cayenne  pepper 
grains.  They  increase  in  size  slowly,  and  niay  reach  the 
size  of  a  pea,  when  central  involution  occurs,  while  the 
edges  continue  to  spread  so  that  circinate  figures  are  pro- 
duced. Outside  these  circles,  small  new  hsions,  called 
Siitellites  by  Hutchinson,  are  continually  making  their 
appearance,  which  also  enlarge  and  undergo  c<'ntnil  in- 
volution so  that  new  rings  are  formed.  wlii(!h  may  unite 
with  the  original  ones.  There  is  no  appaniit  atrophy  in 
the  central  part  that  has  undergone  involution,  but  in 
White's  case  there  was  a  dull  pigmentation  in  this  por- 
tion. In  none  of  \\\v.  cases  thus  far  rep(»rte(l  has  there 
been  any  breaking  down  or  ulcemtion  of  the  i)apules. 

In  Hutchinson's  ca.stv*;  the  lesions  were  .^^itiiated  on  the 
back  of  the  arm.  spreading  ui)wanl  to  the  shouhler  antl 
downward  below  the  elbow.  In  tin-  other  casi  s.  the  ann 
and  side  of  the  thonix,  the  farr  and  U])per  extremity, 
and  the  lower  extremity,  have  been  the  portions  jiffected. 

White's  case,  which  was  seen  and  studied  by  the  writer, 
concerned  a  boy  of  twelve  vears.  who  had  ahvavs  becin 
deli<*ate  and  of  a  very  nervous  ten\i»eninK'nt.  At  birth  a 
semilunar  red  mark  was  noticeil  below  the  right  shoulder 
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blade,  Avhicli  increased  very  slowly  in  an  upward  direc- 
tion until  he  was  four  years  old,  when  another  spot  the 
size  of  a  pin's  head  niade  its  appearance  near  the  first 
one,  which  gradually  grew  larger,  and  since  then  other 
spots  have  continually  appeaR'd  and  grown  larger.  When 
the  patient  was  first  seen,  the  aflPectiou  formed  a  band 
three  inches  Avide,  which  extended  from  the  anterior  edge 
of  the  right  scapula  about  six  inches  forward  towanl  the 
nipple,  and  was  composed  of  about  twenty-four  different 
lesions,  which  varied  in  size  from  a  pin's  head  to  circular 
patches  more  than  two  inches  in  diameter.  ^linute  ele- 
vated points,  of  a  bright  red  color,  first  made  their  appear 
ance,  which  increased  slowly  in  size  until  they  were  from 
one-eighth  to  one-twelfth  of  an  inch  in  diameter.  They 
were  of  firm  consistence,  and  only  partially  disappeared 
under  long  pressure.  Involution  in  the  centre  then  began, 
while  the  growth  spread  peripherally,  so  that  circles  were 
produced,  until  by  confluence  with  other  lesions  near  by 
this  shape  was  lost.  The  skin  in  the  centre  of  the  lesions 
appeared  normal  except  for  the  presence  of  a  distinct  pig 
mentation.  New  lesions  were  continually  appearing  at  a 
little  distance  from  the  older  areas,  and  in  one  or  two  in- 
stances small  foci  were  apparent  in  the  old  central  por 
tions.  The  anterior  group  of  lesions,  .some  seven  or  eight 
in  number,  were  at  one  time  destroyed  by  the  Paquelin 
cautery.  Pale  cicatricial  tissue  was  formed  at  the  side  of 
the  cauterization,  and  it  looked  as  if  the  openition  was 
successful,  but  after  a  time  the  lesions  appeared  on  the 
borders  of  these  scars,  and  the  (►riginal  condition  was 
produced.  In  this  case  there  was  the  greatest^  sensitive- 
ness to  slight  prc^ssure  upon  the  affected  region,  but  it  is 
not  improbable  that  this  wjisdue  to  the  extreme  nervous- 
ness and  fear  of  the  patient.  There  was  also  some  itch- 
ing complained  of. 

The  only  careful  histological  examination  that  has  been 
made  of  this  remarkable  disorder  was  that  of  White's 
case.  A  typical  lesion  was  excised  and  one-half  was  stud 
led  by  Darier  of  the  St.  Louis  Hospital,  Paris,  and  the 
other  half  bj'  Councilman  and  the  writer.  Microscopi 
cally,  the  epidermis  and  the  epithelial  appendages  of  the 
skin,  such  as  the  hair  follicles  and  sweat  glands,  were 
unaltered.  The  lesion  wius  charact^Tized  by  groups  of 
cells  throughout  the  corium,  which  were  fairly  well  cir- 
cumscribecl.  and  mii  in  their  genemlarningement  parallel 
to  the  surface  of  the  skin.  They  were  sometimes  round, 
but  more  often  elongat(>d  in  shape,  and  .sometimes  ex- 
tended out  in  long  ribbon-like  mass<*s,  which  seemed  to 
be  formed  by  a  eojilesceiice  of  neighboring  groups.  Th<* 
papillary  layer  of  the  corium  was  only  liere  and  there 
invaded  by  the  jiroecss.  Under  a  lii»j;h  power  the  nuclei 
were  s<*eii  to  he  oval  in  form  with  a  genend  direction  par 
allel  to  the  course  of  the  mass.  Thev  were  surrounded 
by  a  small  amount  of  protoplasm,  and  the  boundaries  of 
tin*  individual  cells  could  not  ahvavs  be  distinetlv  made 
out.  Tln'cellsof  all  the  groups  were  arninge(l  in  smaller 
grou])s  or  clumps,  concentric  in  form,  an(l  in  the  (centre 
a  lunwn  could  sometimes  be  seen,  showing  their  connec- 
tion with  the  vessels  of  the  skin.  There  were  also  various 
chang<'s  in  the  vessels,  consisting  in  a  swelling  and  pro- 
lifemtion  of  both  endothelial  an<l  perithelial  erlls.  A 
striking  feature  was  the  |)resence  of  small  gninular  masses 
here  and  there  in  the  cell  groups,  which  showed  no  defi- 
niU'  structure,  and  which  were  evidently  produced  hy  a 
degeneration  of  the  cells,  as  there  was  every  gnidation 
from  slightly  gnuudar.  ])oorly  staining  cells  to  a  total 
necrosis.  In  some  places  the  cell  groups  were  situated 
about  spaces  and  fissures  which  evidently  c(»rresponded 
to  lymphatics.  Taken  as  a  whole,  the  j^rocess  is  evi- 
dently one  connected  with  the  vessels  of  tlie  skin,  affect- 
ing certidn  groups  of  vessels,  notiihly  th(»  blood-vessels. 
It  seems  to  begin  by  a  i>roIifemtion  of  the  endothelium 
of  the  ve.ss(ds  accompanied  also  by  a  j^rolifenition  of 
the  perithelium,  which  is  followed  later  by  a  degenem- 
tion  and  necrosis  of  the  central  cells.  There  is  apparently 
no  complete  new  fonnation  of  blood-vessels.  Histolog- 
ically, tin*  growth  is  to  be  compared  to  an  angiosjircoma. 
and  its  caus<*  is  pos.sibly  that  underlying  tumor  formation 
in  genenil.  and  due  to  some  congenital  condition  of  the 


vessels.  Darier,  from  his  investigations  of  the  case  in 
question,  pn)poses  the  name  Sarcome  Angioplastique 
Reticule.  He  considers  that  we  have  to  do  with  a  pecul- 
iar form  of  sarcoma  which  is  not  massed  to  form  a  single 
tumor,  but  has  a  reticulated  structure  following  the 
vessels  of  the  skin,  and  that  there  is  a  tendency  to  form 
clusters  of  capillaries,  approaching  in  this  way  the  char- 
acteristics of  a  true  angioma.  He  refers  to  the  fact  that 
in  some  of  the  soft  naevi  cell  forms  are  found  very  similar 
to  those  of  this  case. 

The  uuml>er  of  reported  cases  of  this  disease  is  too 
small  to  warrant  any  general  conclusions  as  to  its  course. 
In  Hutchinson's  case  there  was  a  recurrence  of  the  growth 
after  cauterization.  In  White's  case  the  nodular  infil- 
tration made  its  appearance  in  the  normal  skin  beyond 
the  scar  left  from  cauterization.  This  patient  was  seen 
six  years  later,  when  he  liad  reached  the  age  of  eighteen. 
There  had  been  some  treatment  by  cauterization  in  the 
mean  time,  and  again  the  appearance  of  lesions  jumping 
over  the  part  treated,  to  reappear  beyond  the  cicatrix  in 
the  sound  tissue,  was  seen.  There  had  been  no  breaking 
down  in  any  part,  and  on  the  whole  it  seemed  as  if  the 
process  was  gradually  becoming  less  active. 

Treatment  of  this  affection  has  thus  far  proved  most 
unsatisfactory.  Caustics  or  excision  may  convert  the 
t4»rritory  occupied  by  the  lesions  into  a  cicatrix,  but 
hitherto  they  have  failed  to  stop  the  peripheral  spread 
of  the  disorder,  and  sometimes  new  lesions  have  recurred 
in  the  scar  tissue  itself.  Electrolysis  applied  along  the 
edges  that  are  progressing  has  been  advocated,  but  no 
successful  results  from  this  or  any  other  method  of  de- 
struction have  been  reported.  John  T.  Bowen. 

ANGIONEUROTIC  (EDEMA.— Definition.— A  vaso 
motor  neun)sis  or  an  angioneurosis,  characterized  by  the 
appearance  of  circumscribed  swellings  on  various  ]>ortions 
of  the  surface  of  the  body  and  the  mucous  membranes, 
by  preference  the  face,  throat,  and  extremities,  without 
apparent  cause  or  premonition,  and  non-inflammatory  in 
character. 

Synonyms. — Acute  circumscribed  oedema;  acute  idio- 
pathic (eden)a :  peri<xlic  swelling ;  urticaria  tuberosa,  or 
giant  swelling;  acute  non -inflammatory  cedema;  Austra- 
lian blight. 

History. — Although  references  to  this  affection  may 
be  found  here  and  there  in  medical  literature  since  1827,  it 
is  only  during  the  present  generation  that  it  has  been 
recognized  as  a  disease  posstrssing  sufficient  individual 
characteristics  to  have  a  history  and  special  designation  of 
its  own.  It  is  to  Quincke,  and  his  pupil,  Dinkelacker. 
that  we  are  indebted  for  calling  the  attention  of  the  pro- 
fession to  this  disease  in  such  a  lucid  manner  that  it  was 
soon  generally  recognized. 

Etiolooy. — Afji'. — The  period  of  early  life  furnishes 
the  greatest  numl)er  of  cases,  the  average  age  in  a  series 
of  ninety -three  cases  examined  by  the  author  being 
twenty-four.  It  rarely  occurs  for  the  first  time  in  indi- 
viduals upward  of  sixty  years  of  age.  Childhood,  how- 
ever, is  by  no  means  exempt ;  a  c^ise  is  reported  by 
Dinkelacker.  in  which  a  child,  whose  father  suffered  from 
the  disease,  had  an  attack  for  the  first  time  when  it  was 
three  months  old. 

•S.r. — It  occurs  oftener  in  males  than  in  females.  The 
disorder  is  seen  just  as  often  in  women  as  in  men  when 
the  former  are  ex|)()sed  to  conditions  that  produce  bodily 
and  mental  exhaustion. 

llvndiiii. — This  is  one  of  the  most  important  and  inter- 
esting elements  in  the  genesis  of  the  disease.  It  has  been 
seen  to  occur  in  families  one  generation  after  another. 
In  a  remarkable  .series,  reported  by  Osier,  the  disease  was 
demonstrated  to  be  j)resent  in  five  generations,  including 
in  that  tinu»  twenty  individuals.  Its  occurrence  in  sev- 
end  niemlx'i-s  of  one  family  has  recently  been  reported  by 
Meiire. 

I*nr{tni!<  (Uiil  Pnsrnt  (oiitlition  of  Bodily  Health. — No 
relationship  can  be  traced  to  previous,  immediate,  or  re- 
mote disease,  and  the  majority  of  CAses  presenting  them- 
selves with  this  disease  are  in  fairly  good  health.     It 


;5:>4 


REFERENC  E  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


A  nfflonearotle 


•^HTurs  in  ncurojmthiV  individuals  and  (K-casionally  in 
those  who  suffer  I'roni  hysteria,  ncurastiieuia,  and  Graves' 
disease. 

Exciting  Oiuneft. — Of  the  directly  excitinja:  causes,  cold, 
t rail nuit ism.  and  psychical  disturbances  an;  the  most  ob- 
vious. P^ri^ht.  •rrief,  anxiety,  worry,  and  tlie  inujestion 
of  certain  kinds  of  f(K)d.  such  as  ai)i)les  and  fish,  have  all 
IxH'U  found  to  hv  exciting  causes  in  some  patients.  The 
relationship  of  an  attack  to  the  use  of  alcoholi<!  litjuors 
and  tobacco  can  .soinelinies  be  made  out.  An  attack  is 
often  precipitated  by  cold,  as  in  passin;^:  from  a  warm 
into  a  cold  atmosphere,  althou^rh  it  do«.-s  result  after 
severe  muscuhir  exercise  witli  consecjuent  sweatinir  and 
then  liecomin^  cool  very  rapidly.  In  women  attacks 
are  most  liable  t^)  occur  durini^  or  near  the  mc-nstrual 
period.  Tlie  period  in  die  twenty-four  hours  when  at- 
tacks are  most  liable  to  show  themselves  is  during;  the 
time  between  1  and  5  a.m..  when  the  tide  of  life  is  at  its 
lowe.st  ebb  and  the  |)arts  are  least  resistant. 

Area  of  DiHtrihu lion  and  Pviimivy  Point  of  Miinifesta- 
lion. — In  a  total  of  8iJ  cases  the  swelling;  showed  itsi'lf  for 
the  first  time:  in  the  face  in  H3  cas<*s;  on  the  extremities 
in  24;  in  the  pharvnx.  uvula,  andlarynx  in  6;  on  the 
genitals,  penis,  and  scrotum  in  C:  on  the  body  in  (J;  on 
the  gums  and  j)alate  in  2:  in  the  stomach  in  4:  on  the 
neck  in  1;  and  iK'hind  the  ears  in  1.  Of  the  cases  in 
which  the  swelling  show«*d  itself  upon  the  face,  in  5  it 
was  restricted  to  the  forehead;  in  »\  it  occurred  first  <m 
the  eyelids,  in  9  cm  the  lips,  and  in  the  remainder  it 
was  distributed  over  various  portions  of  the  face.  Of  the 
extn*mities,  the  hands  were  bv  far  the  most  often  at- 
tacked,  and  after  th(*sc  the  forearms  were  the  next  most 
frecjuenl  seat.  The  occjisional  occurrence  of  this  variety 
of  (edema  in  the  gastrointestinal  mucous  membrane 
-seems  to  be  sufficiently  attested  by  characteristic  symp- 
t/)ms. 

The  occurn-nce  of  the  swelling  in  one  spot  seems  to 
predispose  tlie  place  for  futun*  attack.s,  and  it  is  the  ex- 
ception for  it  to  be  once  seen  in  a  place  whi(?h  thereafter 
remains  free.  Parts  of  the  body  which  have  received 
injury  or  liave  been  the  8t»at  of  protracted  pain  seem 
occasionally  to  Im*  favorite  places  for  the  development  of 
the  swellings.  <  )ccasionally  there  seems  to  be  a  perirwlic 
ity  in  the  appearance  of  the  swelling.  It  has  been  con- 
tended that  the  jiia.  and  even  the  bniin  substance  it.self, 
may  be  the  .seat  of  this  variety  of  o'dema.  No  proof  of 
such  occurrence  has  been  given,  and  the  only  testimony 
18  inf<;rential  from  certain  nit  her  o])scure  clinical  data. 

Symptomatoi.ogv  and  CiJMCAL  CoiRSK. — The  mani- 
festations of  the  disease  genenilly  pre.s<*nt  themselves 
without  warning,  and  the  suddenness  of  their  appeanince 
and  departure  is  rather  chanicteristic.  Possibly  the  j^a- 
tient  may  complain,  for  a  short  time  before  the  appearance 
of  the  swelling,  of  vague  feelings  of  malaise,  general  di.s- 
inclination  to  do  anvthing.  and  a  fueling  of  depression 
associated  with  ill-defined  gastrointestinal  symptoms. 
The  fpdema  comes  <m  (juickly.  genemlly  reaching  its  full 
development  in  a  few  hours,  and  gives  tlw  patient  very 
little  trouble,  excei)t  by  its  mere  j)n's«'nce;  there  is  a  feel- 
ing of  stiffness  and  unwi(>ldinessand  a  seiisjition  as  if  the 
part-s  were  on  the  stretch,  l)ut  tins  sensjition  is  not  at- 
ti'mhnl  with  i>ain  or  distressing  tlirobbing.  or  any  of  the 
giibj«»ctive  symptoms  of  infianiniatory  swelling.  The 
8welling  is  distinctly  circums<iibed  and  plainly  diffi-n-n- 
tiate<i  from  the  surrounding  surface,  and  <»f  varying  color. 
In  some  cases,  but  ])n»bably  not  in  the  majority  of  them, 
the  skin  isof  a<lark-re<l.  dull  roseate  hue,  w  hih*  in  others 
tlie  markwi  contmst  between  the  i)ah',  almost  waxy  color 
of  the  swollen  surface  and  the  skin  around  it  is  very 
striking.  The  endematous  part  does  not  j>it  on  pn-ssurc. 
or  if  it  does,  only  in  a  few  case.s,  and  in  tli<'s<*  not  to  any 
markcHi  extent,  so  that  the  indentation  produced  by  the 
forcible  pressure  of  the  finger  is  (piickly  elTaced. 

The  subjective  .s>'mptoni  of  which  the  patients  com- 
plain most  is  a  sensjition  of  scalding  or  burning  during 
the  *H:currence  of  the  swelling,  this  being  probably  due 
to  the  marked  tension  under  winch  the  skin  is  suddenly 
placed;  and  after  this,  there  is  generally  a  feeling  of 


itchiness.  Out,sid«'  of  these,  if  the  swelling  does  not  en- 
croach on  any  organ,  such  as  the  eye,  the  stomach,  the 
jx'nis.  and  the  testicles,  or  does  not  block  up  the  conduc- 
tivity of  a  pas.siig<«,  such  as  the  pharynx  or  larynx,  as  it 
sometimes  does,  and  so  produce  trouble,  it  is  not  likely 
that  the  patient  will  complain  of  any  other  subjective 
symptoms.  Freijuently  the  surface  *temp«*rature  of  the 
swollen  part  has  been  found  to  be  slightly  elevatt'd,  while, 
on  the  other  hand,  carefully  made  observations  have  de- 
monstmted  that  the  specific  heat  of  these*  parts  is  ccmsid- 
enibly  U)wered.  It  is  i)robable  that  at  t  he  beginning  of  an 
attack  the  surface  tempeniture  of  the  juirt  is  somewliat 
elevated,  while  later,  or  just  before  the  swelling  begins 
to  wane,  the  temperature  falls. 

The  swelling  genemlly  n  aches  its  height  in  any  one 
part  in  a  few  hours  after  its  appeanince,  in  .some  cast's  in 
a  few  minutes,  while  in  others  from  six  to  eight  hours 
will  elapse.  After  remaining  for  a  i)eriod  varying  from 
a  few  hours  todays,  it  will  begin  totlisjippear.  onlinarily 
with  a  nipidity  corn-sponding  to  that  Avith  wjiich  it 
showed  itself.  Fre(]U<'ntly  its  disiippeamnce  from  one 
part  is  the  signal  for  itsappeanuice  in  another,  which  may 
iiave  no  anatomical  or  physiological  relation  to  the  part 
previously  afrect<'d.  As  a  rule  it  does  not  show  itst»lf  in 
more  than  two  or  three  localities  at  one  visitation,  and 
fnMiuentlv  onlv  in  one.  The  (iisea.se  recurs,  and  in  the 
analysis  of  the  cases  spoken  of  above,  the  time  between 
the  attacks  avemged  twenty -ont*  days.  Occiisionally  a 
patient  will  have  tliree  or  four  attacks  in  a  nK)nth,  while 
others  go  for  three  and  four  months,  and  even  longer, 
before  they  have  a  recurrence.  Just  before  and  during 
an  attack  the  patient  is  often  depres.sed,  anxiou.s.  afllicted 
with  fon'luMlings  of  evil  or  calamity  similar  t^)  those;  of 
neurasthenia.  I  have  not«*d  these  psychical  or  emotional 
symptoms  peculiarly  in  those  in  whom  excessive  use  of 
t<)l)acco  and  alcohol  seemed  to  have  something  to  do  with 
causing  the  condition. 

The  symptoms  of  the  di.sea.se  wiien  some  of  the  mucous 
membranes  are  attacked  are  well  marked  and  suggestive. 
As  has  already  been  s»iid,  the  mucous  surfaces  most  often 
attacked  are  those  of  the  stomach  and  of  the  larvnx.  In 
about  one-third  of  the  cases  gastro  intestinal  sym])tom8 
are  prominent.  These  symptoms  are  first  a  feeling  of 
uneasin(>ss  and  tension,  as  if  something  indigestible  liad 
been  taken  and  had  remained  in  the  .stomach.  With  this 
there  is  loss  of  appetite  genemlly  as.sociate<l  with  consti- 
pation, which  is  soon  followed  by  a  di.stend(Hl  appearance 
of  the  epigastrium;  and  then  follows  a  sharp  colicky 
pain,  often  attended  with  profu.se  vomiting  and  great 
thirst.  The  pain  may  be  .so  sev(»re  as  to  demand  the  ad- 
ministmtion  of  morphine.  The  character  of  the  material 
vomited  consists  at  first  of  the  C(mtents  of  tlie  stomach, 
but  later  it  becomes  watery  and  somewhat  stringy  from 
the  mucus  which  it  contains,  and  it  is  frecpiently  profuse 
in  (pnmtity.  When  this  continues  for  any  length  of  time 
the  thirst  becomes  greater,  and  large  quantities  of  urine 
are  frctfuently  pass4'(i.  which,  however,  contain  nothing 
abnormal  with  the  exception  of  increa.sed  amounts  (»f 
earth v  |>hosphates.  Tmn.sient  ha*nioglobinuria  has  been 
noted  in  two  or  {\\xvq  cases.  After  this  exacerbation  in 
the  symptoms  has  ceas<'(i.  the  reaction  sets  in.  and  there 
is  fre((U<'ntIy  diarrluea  of  a  coIli(|Uative  nature,  with  an 
apparent  retraction  of  tlu^  alxlomr'ii  and  a  genenil  feeling 
of  Ijissitude  and  prostmtion,  and  the  chanicteristic  .symp- 
tom of  the  disease  shows  itself  in  another  part  of  the 
IxmIv.  or.  if  it  has  alreadv  done  so.  it  now  In-gins  to  dis- 
appear. 

When  the  swelling  appears  in  the  larynx,  it  of  course 
j>roduces  symptoms  in  proportion  to  the  amount  of  en- 
croachment that  it  makes.  This  is  often  .^o  great  as  to 
cause  distressing  symptoms  r)f  sutTocation.  and.  indeed, 
in  some  instances  death  has  taken  place  in  conse(|U(»nce 
of  tin*  o'dema.  In  others  the  symptoms  are  so  sev<»re  as 
to  demand  libeiiil  scarification,  or,  more  rarelv,  tnichcot- 
omy.  As  a  rule  the  sw<'llinLMloes  not  ])ass  by  continuity 
from  the  ]>liarvnx  to  tin*  larvnx.  but  when  the  latter  n*- 
gion  is  affected  by  the  diseasi'  the  swelling  develops  there 
with  the  same  degree  of  abruptness  and  vigor  as  in  otluT 
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parts  of  the  body,  and  in  consequence  the  horrible  sensa- 
tion of  choking  to  death  is  added  to  the  patient's  misery. 
Difficulty  in  swallowing,  when  the  seat  of  swelling  is  m 
the  pharynx,  is  not  so  common  as  the  corresponding 
symptom  of  difficulty  in  breathing,  which  occurs  when 
the  larynx  is  the  seat  of  the  disease,  nor  does  it  ever  be- 
come so  distressing.  If  it  l)e  granted  that  the  oedema  in 
question  may  manifest  itself  in  the  lungs,  as  many  good 
observers  would  have  us  believe,  the  symptoms  resulting 
will  not  differ  materially  from  those  of  acute  pulmonary 
oedema,  except  in  the  suddenness  of  onset,  the  urgency 
of  the  symptoms,  and  the  abrupt  mwle  of  departure. 

Of  the  general  healtli  betwcfcn  the  attacks  but  little 
need  be  said.  Generally  there  is  nothing  noticeably 
wrong,  although  for  a  day  or  two  after  an  attack  there 
may  be  a  feeliug  of  prostniticm,  especially  if  the  gastric 
or  mtestinal  mucous  membmne  has  been  attacked ;  but 
this  soon  passes  away,  and  the  patient's  physical  condi- 
tion and  his  morale  are  excellent  until  the  next  attack 
allows  itself.  Frequently  there  is  not  even  this  feeling 
of  lassitude. 

Diagnosis. — The  diagnosis  of  a  case  of  angioneurotic 
oedema  will  be  attended  with  little  or  no  difficulty  if  ar- 
rived at  by  the  process  of  exclusion.  The  spontaneous 
appearance  of  the  opdema,  its  recurrence  at  certain  inter- 
val, the  absence  of  the  concomitant  symptoms  of  in- 
flammation, either  local  or  constitutional,  and  the  abrupt- 
ness of  the  disappearance  of  the  (edema,  are  generally 
sufficient  to  enable  us  to  recognize  the  disease  at  once. 

It  may  be  confounded  with  the  blue  oedema  of  hysteria, 
as  described  by  Sydenham,  or  with  the  Avhite  {edematous 
swellings  that' sometimes  occur  with  the  same  disease,  as 
described  by  Charcot.  Such  confusion  is  of  no  moment, 
however,  as  the  pathogenesis  of  the  swelling  is  probtibly 
the  same  in  both  aises.  Moreover,  the  treatment  for  the 
one  is  appropriate  for  the  other.  In  hysteria,  however, 
and  especially  if  the  hysterical  attack  is  sufficiently  pro- 
found to  liave  (pdema  as  one  of  its  attendants,  there  will 
always  be  found  the  well-known  stigmata  Avhich  will  be 
sufficient  to  make  the  diagnosis.  Other  factors,  such  as 
the  abruptn(»ss  of  onset  and  the  mode  of  departure,  as 
well  as  the  distribution  of  swelling  in  angioneurotic 
oedema,  will  corroborate  the  diagnosis. 

There  are  a  certain  number  of  afTcctions  described  un- 
der other  names  which  are  in  all  probability  modified 
forms  of  this  disi»as(\  Thev  are  urticaria  tuberosa,  Aus- 
tralian  blight,  malarial  avlonm,  acute  es.st?ntial  opdoma. 
creeping  ojdema,  ephemeral  congestive  cutaneous  trem- 
ors. As  was  seen  at  the  beginning  of  this  article,  these 
terms  are  con.sidered  as  synonyms  of  the  disease;  in  ques- 
tion, and  therefore  require  no  further  description. 

Duration'  and  Prognosis. — The  duration  of  the  dis- 
ease varies  from  a  perio<l  sufficient  for  one  attack  to  a 
lifetime;  the  duration  of  the  attack,  from  one  hour  to  a 
week.  The  statistics  bearing  on  i)rognosis  do  not  allow 
us  to  draw  conclusions  that  are  of  any  great  value,  on 
account  of  the  fact  that  the  patients  do  not  often  remain 
under  the  physician's  care  sufficiently  long  to  enable  him 
to  studv  the  natural  course  and  termination  of  the  dis- 
ease. 1  am  inclined  to  believe  that  in  about  half  the  in- 
stances the  disease  disappc^ars  after  lasting  a  varial)le 
length  of  time,  say  from  two  to  thn^e  years.  In  the 
other  half  it  may  remain  dormant  for  prolonged  pericKis. 
but  one  can  never  prognosticate  Avheu  or  when*  it  is  next 
going  to  manifest  itself.  In  this  respect  it  resembles  all 
other  manifestations  of  the  neuropathic!  state,  as  well  as 
the  neurosc^s,  hysteriii.  and  neurasthenia  which  it  some- 
times accompanies.  In  still  other  cases  it  continues  to 
recur  with  varying  intervals  during  the  patient's  entire 
life,  which  may  not.  however,  be  j)erceptil)ly  shortened 
by  the  exhibition  of  these  attacks.  Not  infre(iu(  ntly 
the  manifestations  cease  to  present  themselves  wJien 
the  exciting  cause  is  obviated.  The  disease  rarely 
causes  death,  and  then  only  when  laryngeal  involvement 
is  so  profound  as  to  cause  suffocation.  Whether  or  not 
the  possi'ssion  of  this  infirmity  tends  to  shortm  life  by 
I)re(iisposing  to  other  conditions  which  jeopardize  the  life 
of  the  patient,  nothing  definite  has  been  observed,  and 


there  must  necessarily  be  many  observations  before  any 
justifiable  conclusions  can  be  drawn  in  regard  to  th& 
point. 

Patiioix)gy. — The  pathology  of  the  disease  is  still 
rather  obscure.  The  nature  of  the  lesion  is  unquestion- 
ably that  of  a  non-inflammatory  oedema  circumscribed  in 
form.  The  fact  that  the  epidermis  is  not  involved  is  de- 
cidedly opposed  to  the  view  tliat  the  lesion  is  an  inflam- 
matory one,  even  though  it  is  not  so  evident  clinically* 
that  the  u^dema  is  in  no  way  connected  with  an  inflam- 
matory condition.  The  seat  of  the  oedema  is  usually  in 
the  connective  tissue  of  the  derma,  beneath  the  papilla, 
and  in  the  subdermal  tissue;  ver}'  rarely  the  oedema  con- 
fines itself  to  the  more  superficial  parts.  It  is  probable 
that  although  the  lesions  or  the  irritants  on  which  the 
disease  is  dependent  may  attack  the  other  parts  of.  the 
system,  yet  the  result  directlv  appears  Uirough  the  sym- 
pathetic system  of  nerves.  Furthermore,  the  nerves  af- 
fected are  undoubtedly  the  vasomotor  nerves.  The  X)ath- 
ogenesis  of  the  disease  lias  a  close  relation  to  other  vaso- 
motor neurases,  such  as  morbid  blushing  and  flusliing, 
exophthalmic  goitre,  the  so-called  pulsating  variety  of 
neurasthenia,  and  intermittent  sweUing  of  the  knee,  and 
to  some  of  the  arthropathic*s  as  yet  not  well  miderstood. 
An  oedema  very  similar  to  it  is  occasionally  associated 
with  tic  douloureux,  migraine,  and  nerve-stretching,  and 
in  hypnotizable  subjects  it  is  apt  to  follow  a  seance. 

Treatment. — Therapeutic  mi^asures  are  of  little  avail, 
either  in  mitigating  the  length  or  the  severity  of  the 
attack  or  in  increasing  the  intervals  between  their  oc- 
currence. A  fact  that  the  practitioner  will  do  well  to 
bear  in  mind  when  called  upon  to  treat  any  neurosis 
w^hich  is  apparently  dependent  upon  perversion  of  func- 
tion of  the  sympathetic  nervous  system,  is  tliat  disease 
thus  originating  is  far  less  amenable  to  tlierapeutic 
agencies  than  when  it  is  dependent  upon  some  lesion  of 
the  cerebro-spinal  system.  The  greatest  success  will  be 
obtained  by  adopting  such  hydriatic,  hygienic,  dietetic, 
disciplinary,  and  medicinal  measures  as  give  tone  and  sta- 
bility to  the  nervous  system.  As  an  all-round  vasomotor 
and  general  tonic  to  the  nervous  systems  of  the  body 
strychnine  most  nearly  rt^aches  the  mark.  It  should  be 
given  in  large  doses  and  until  its  full  physiological  effects 
are  manifest,  particularl  v  tm  the  spinal  cord ;  for  although 
the  affection  is  one  indicating  defect  in  the  svmpathetic 
nervous  system,  we  must  not  forget  that  the  origin  of  tliat 
svstem  is  in  clos(?  relaticm  genetically  with  the  spinal  cord. 
l^hysostigmine  stil  icy  late,  in  fn>m  gr.  ^  to  gr.  ^  doses,  is 
often  beneficial.  The  next  most  importiint  drug  in  tho 
treatment  is  atropine ;  it  should  be  likewise  given  in  mod- 
eratelv  large  doses,  and  its  administration  should  be  con- 
tinued during  the  intervals  between  the  attacks.  Tonics, 
invigorating  baths,  exercise,  ma.ssage,  and  the  prevention 
of  trauma  are  the  most  important  factors  in  the  treatment 
of  this  disease.  It  is  unnecessary  to  enter  into  details 
concerning  the  treatment  for  sympttmis  as  they  arise.  If 
there  be  an  excess  of  uric  acid  in  the  blood,  manifest  by 
a  disproportionate  relation  to  the  urea  in  the  urine,  this 
condition  demands  regulating.  The  same  may  be  said  of 
constipation,  menstrual  irregularities,  and  thelike.  The 
treatment  at  the  time  of  an  attack  will  depend  somewhat 
on  the  part  of  the  body  in  which  the  disc*ase  is  manifest. 
If  the  dermal  surface  of  the  IkkIv  be  involved,  the  most 
satisfactory  plan  of  treatment  is  to  keep  the  patient  quiet, 
in  an  etiuable  temperature,  and  to  apply  dry  heat  to  the 
swellinir;  and  if  there  1m'  nuieh  uneasiness  of  restlessness, 
a  mild  anodyne  should  be  administered.  C/ompression  by 
j  means  of  a  luuulaire  or  a  (Jamgee  dressing  is  occasionally 
of  benelit.  When  the  dis<'ase  manifests  itself  in  the  mu- 
cous membranes  X\w  treatment  is  entirely  symptomatic. 
As  I  have  already  stated,  when  the  gastro- mtestinal  symp- 
toms are  prominent,  morphine  fulfils  two  conditions:  it 
relieves  the  severe  pain  and  distention,  and  checks  the 
vomiting?  for  i1h>  time  l)eing.  AVlu'U  the  disease  shows 
itself  in  tiie  throat  and  larynx,  this  drug  should  not  be 
given  unless  the  pain  is  so  severe  as  urgently  to  demand 
its  employment.  It  will  occasionally  be  nect»8sary  to- 
scarify  and  sometimes,  but  rarely,  to  perform  the  opera- 
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tion  of  laryngotomy.  It  need  scarcely  be  emphasized 
that  when  either  of  Ihese  procedures  is  indicated  it  should 
be  done  at  once.  In  every  case  it  will  Ix*  wise  to  bt^gin 
treatment  with  the  adniinistmticm  of  calomel  followed  by 
a  saline.  Oftentimes  this,  with  a  judicious  regulation 
of  the  diet  and  the  administration  of  a  suitable  mineral 
water  to  countemct  any  diathetic  tendency,  will  l)e  all 
that  is  required.  The  use  of  electricity,  although  recom- 
mended, has  not  been  attend(Ki  with  suflicient  success  to 
Avarrant  more  than  mere  mention.  Joacph  Collins. 

ANGIOSARCOMA.    Sc^e  Sarcoma. 

ANGUILLULA  INTESTINALIS.    See  Nematoda. 

ANGUILLULA  STERCORALIS.    See  Ncinatoda. 

ANGUSTURA.— Cusparia.  The  bark  of  Galipea  Cns- 
jHiria  A.  St.  llil.  (fam.  RuUicea).  This  is  a  shrub  or 
small  tree  of  the  Orinoco  Itiver  valley,  exported  from 
Bolivar.  The  river  at  this  place  runs  in  a  narrow  chan- 
nel, called  **^lw<7w«^w/Y/"  (equivalent  to  "The  Narrows''), 
and  this  has  given  its  name  to  the  bark.  The  bark  was 
formerly  sliaved  otf  in  long  strii)s,  often  with  Avood  ad- 
hering to  the  inner  surface.  More  care  is  now  tiiken  to 
obtain  it  in  quills,  which,  however,  arrive  much  broken 
up  into  curved  or  (iinlled  pieces.  Its  outer  surface  pre- 
sents a  peculiar  and  very  characteristic  appearance,  being 
of  a  yellow-chiy  color  and  densely  covered  with  small 
and  very  slightly  elevat^'d  scale-like  warts,  which  can  be 
readily  scmped  olT  with  the  tingcr  nail.  It  rarely  reaches 
a  fourth  of  an  inch  in  thickness.  The  inner  surface  is 
usually  marked  by  a  transversely  wavy  appearance.  It 
has  a  short  and  sharp,  but  by  no  means  weak,  fracture, 
which  disclos**s  a  zone  of  stone  cells  between  the  periderm 
and  inner  bark  and  darker  volatile-oil  cells.  It  is  very 
bitter  and  aromatic.  Its  composition  indiciites  properties 
of  greater  imporUmce  than  have  yet  been  attributed  U) 
it.  Volatileoil,  to  thee.xtent  of  from  0.5  to  1.5  percent., 
gives  its  aromatic,  and  a  considerable  amount  of  the  nma 
roid  angm<(firin  its  bitt<*r  properties.  With  these,  a  pe- 
culiar resin  and  a  little  gum,  occur  the  alkaknds  gnliiiine, 
galipiuine,  ruHparihe,  and  cuftjktruh'ne.  all  crystallizable. 
The  chief  consumption  of  angustum  is  in  South  America 
and  the  West  Indies,  where  it  is  highly  valued  as  an  anti 
periodic  and  intestinal  stimulant.  Its  us<*  in  the  United 
states,  outside  of  patent  medicines,  has  t)een  as  an  aro- 
matic bitter.  The  dos<'  is  0.6  to  3  gm.  (gr.  x.-xlv.). 
Large  doses  have  a  purgative  elTect.  H.  11.  liusby. 

ANHALONIUM.    See  }fumile  Buttom. 

ANHYDROTICS.    See  Anthudonfics. 

ANIDROSIS. — Anidrosis  in  the  usual  meaning  of  the 
term  denotes  a  disturbance  of  the  function  of  the  perspi- 
ratory glands  in  which  their  st^cretion  is  either  absent  or 
materially  diminished.  Under  these  circumstances  the 
«kin  is  dry  and  harsh,  more  or  less  priiritic,  and  inclined 
to  crack  or  fis.sure.  Cold  les.s<»ns  the  amount  of  perspira- 
tion and  heat  increases  ii.  and  this  increa.se  or  diminution 
in  the  amount  of  sweat  is  also  inthieiiced  by  certiiin  drugs 
which  may  be  readily  called  to  mind.  The  close  connec- 
tion l>etw«'en  the  severjd  functions  of  the  kidneys,  bow- 
<;ls.  ami  skin  may  also  be  mentioned.  Certain  persons 
normally  sweat  but  little,  even  under  conditions  that 
ordinarily  provoke  the  secretion,  as.  for  example,  in  the 
Turkish  bath. 

Anidrosis  is  usually  symptomatic,  and  is  accordingly 
observed  in  connection  with  some  general  or  local  ]mtho- 
logical  conditir)n.  A  genenil  diminution  of  sweat  is  fre- 
quently seen  in  diabetes  mcllitus  and  insipidus,  and  in 
the  states  of  nmlnutrition  dependent  upon  tuberculosis 
and  the  cancerous  cachexia.  Sweating  is  apparentlv 
sbsent  in  the  patches  of  amestlietic  leprosy  and  in  local- 
ized areas  in  scleroderma,  psftria-sis,  and  eczema.  The 
Scbthyotic  notably  suffer  in  this  way.  Aub<»rt  has  made 
extended  stucfy  of  the  secretion  of  sweat  in  various 


diseases  of  the  skin,  to  which  the  curious  reader  may  be 
referred  (Atm.  de  derm,  et  de  »yph.,  tome  ix.,  1877-78). 
The  association  of  anidrosis  with  various  disorders  of  the 
nervous  system,  and  as  following  direct  nerve  injury, 
etc.,  may  also  be  referred  to  in  this  place.  Lastly,  deli- 
cient  perspinition  may  be<iue  to  simple  mechanical  plug- 
ging of  the  sweat  ductus,  the  result  of  uncleanlines.s.  Ka- 
posi declares  that  there  is  no  absolute  anidrosis,  the 
insensible  perspiration  never  becoming  abolished.  This, 
he  stiites,  becomes  noticteable  as  a  fluid  secretion  when- 
ever the  skin,  however  dry  it  may  feel,  or  even  if  affected 
with  one  of  the  dry  dermat^)ses  (psoriasis,  ichthyosis, 
prurigo),  is  covered  with  some  material  that  prevents 
evapoiation.  It  is  certaiidy  true,  however,  that  under 
certain  circumstances,  and  in  limited  areas,  the  sweat 
glands  may  be  entirely  destroyed  or  undergo  atrophy 
from  a  variety  of  causes,  or  that  pandy  tic  conditions  arise 
in  conse(iuence  of  nerve  lesions  due'  to  the  presence  of 
new  forma ti(ms  (Geber). 

The  prognosis  and  tn»atment  must  be  liased  upon  the 
character  of  the  primary  cause.  In  a  g(*neral  way  it 
may  be  stiid  that  the  skin  should  be  stimulated  by  warm 
alkaline  baths  and  ma&sage.  Pilocarpine  gives  only  tem- 
porary relief,  (-od- liver  oil  and  glycerin  are  often  pre- 
scribed in  considerable  dows.  Unna  recommends  arsenic 
and  ichthyol  sepamtely  or  together.  Free  lubrication 
with  fats  gives  much  comfort  in  ichthyosis. 

William  A.  Ilardaway. 

ANILINE. — {Aniidfff/efizetif,  Pheuylamine,  C«HtN.)  Ani- 
line is  an  aromatic  amine  j^^-esenting  it.self  as  a  thin,  oily, 
colorless  tluid  of  a  vinous  odor  and  hot.  aromatic  taste. 
It  is  very  volatile  and  infiHmmable.  dissolves  only  ver}' 
slightly  in  cold  water,  but  freely  in  alcohol,  ether,  fixed 
and  volatile  (>ils.  etc.  Itisremarkabh*  for  the  great  num- 
ber of  colored  crystallizable  conn)ounds  that  it  forms  with 
aciils.  Physiologically,  aniline  is  a  powerful  neurotic  of 
more  interest  toxicologically  than  Ihempeutically.  Ex- 
j)eriments  upon  animals  show  s<'rious  derangement  of  the 
functions  of  the  spinal  cord  as  the  essential  element  of 
the  aniline  action.  The  aniline  dye  stuffs  aR*  certainly, 
in  the  great  majority  of  instances,  not  themselves  poison 
ous.  but  in  the  form  in  Avhich  thev  are  in  some  cases 
practically  used  they  may  poison,  because  of  the  presence 
in  them  either  of  uncombined  aniline  or  of  arsenic. 
3Iany  of  the  ca.ses  of  eczema  following  the  wearing  of 
aniline-dyed  shirts  or  stCK-kings  have  doubtless  their  cause 
in  such  contamination  of  the  dye. 

T/urapeitdrally  aniline  has  been  experimented  with,  to 
a  small  extent,  in  some  nerve  diseases,  notably  chorea 
and  epilepsy,  and  in  scarlatinal  dropsy.  Andine  has 
been  given  in  doses  of  a  grain  or  two,  ancf  aniline  sulphate 
in  doses  of  tive  grains  or  more.  Edtrard  Curtis. 

ANILIPYRINE  is  a  combination  of  one  eciuivalent  of 
acetanilid  with  two  equivalents  of  antipyrine,  and  it  ap- 
pears as  a  crystalline  white  powder  which  is  fairly  soluble 
in  water.  It  combines  tlic^  antipyretic  and  analgesic 
l)rop(?rties  of  its  components,  and  is  claimed  to  be  less 
toxic  than  either.     Its  dose  is  gr.  v.  to  x. 

ir.  A.  Bastedo. 

ANISE,  ANISUM.— .4r/iV  Fruit.  "The  fruit  of  Pimpi- 
lulla  Anit<um  L.  (fam.  I'mMlifirn)''  (U.  S.  P.).  The 
anise  plant  is  a  small  annual,  from  30  to  50  cm.  high 
(twelve  to  twenty  inches),  a  native  of  the  Orient,  but  so 
long  under  cultivation  that  its  wild  form  and  original 
home  are  scarcely  known.  It  is  a  long-known  drug, 
menticmed  by  the  earliest  writers  on  medicine,  and  re- 
ferred to  as  a  medicine  or  s])iee  in  nearly  every  period 
since  then.  It  has  Iwen  cultivated  in  the  wanner  parts 
of  Europe.  Asia  Minor,  Kgypt,  Russia,  and  Africa  for 
centuri<*s:  mon*  recently  also  in  ln<lia  and  South  Amer- 
ica. The  i)rincipal  supply  comes  from  Southern  Ku- 
roi>e. 

l^he  meriearps  are  rather  loosely  attached  together.  In 
many  such  fruits  these  fall  apart  upon  ripening,  but  not 
in  anise,  where  they  are  always  adherent.     The  whole 
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I.  S08.— ADlae,   T^lBntd    About 


fruit,  so  fomiL-d.  is  small,  hard,  ovoid,  seed-like,  and 
tinelf  bristly  pubescent.  It  lias  a  grayisli-grpcn  color 
and  atroDg,  agreeable  odor.  A  transverse  section  is 
nearly  circular  in  general  outline,  with  tfn  i)rojccting 
ribs.  The  Villa  are  numerous,  two  or  three  times  as 
many  as  the  ribs,  and  are  ratlicr  small.  The  seed  on  sec- 
tion is  Bomcwliat  cresceutic.  Anise  Is  apt  tn  be  pretty 
dusty,  and  is  mixed  with  stems  anil  various  coarse  im- 
purities, requiriog  frequently  to  be  winnowed  or  siftt^l. 
but  it  is  not  often  adul- 


ts caused  on  ac 
count  of  its  being  mixed 
with  conium. 

The  properties  and  uses 
of  anise  Biv  wholly  those 
of  anelhol,  which  ronsti 
tutus  aUiut  ninety  per 
cent,  of  its  nne  and  one 
half  to  three  per  cent,  of 
volatile  oil.  It  contains 
alsoamthcrlar^r  amount 
of  li\e<l  oil  and  a  little 
'  ^umaadsugar.  Thedose 
IS  0.5  to  3  gni.  (gr.  viij,- 
XKK.).  Excepting  the  oil.  there  is  no  official  preparation. 
Oa  of  Aiiinf.—X  volatile  oil  distilled  from  anise.  It  is 
colorless  or  pale  yellow,  of  characleristic  odor  and  taste. 
has  a  specific  gravity  of  O-ftJO  to  0.990  at  17'  C.  and  ro- 
tates very  slightly  to  the  left.  At  a  temperature  of  fnira 
14°  U>  19°  C.  it  congeals.  More  than  ninety  per  cent,  of 
it  is  anethol.  which  gives  its  pro)M.'rties.  and  which  iiiav 
the  more  ailvantageously  bo  euiployed,  as  iiniformily  is 
thus  secured.  It  belongs  to  the  more  camiiaative  class 
of  volatile  oils,  and  sliure's  the  diffusive  stimulant  proper- 
tics  of  volatile  oils  in  geneml.  It  is,  at  the  same  time,  of 
an  unusually  pleasant  Havor  and  much  used  for  purely 
flavoring  purposes,  especially  as  an  addilion  tii  lic|Uors. 
Its  pleasant  fitivor  also  makes  it  of  S[ieciiil  use  in  treating 
the  flatulent  t^lic  of  infants,  and  in  uildiug  to  mt-dicincs 
which  havea  tendency  to  gripe.  The  dose  Is  "[  iil.  toxv. 
The  official  preparations  are  tlic  Aqua,  of  oue-fifthof  one 
per  cent,  strength,  and  the  Spirilus,  of  leu-percent, 
strength.  The  Sp.  Aumnt.  Comp.  contains  one-half  of 
one  per  cent.,  and  the  Tincture  Op.  Cutnpb.  two'llfths  of 
one  piT  cent.  It  also  tiavora  scvcthI  other  prepamliiins. 
Aneth'il  (C, JInU).— The  active  constituent  of  oil  of 
anise,  of  which  it  coaslitutes  about  ninety  jiercenl.,  of 
oil  of  slur  anise,  which  contains  somewhat  less  of  it.  an<l 
of  oil  of  fennel,  whichcontainsalxiutsitty  pereenl.  of  it. 
It  occurs  lioth  asa  solid  and  as  a  Ikpild,  the  former  in  color- 
less crystalline  plates.  Its  s|K'eiHc  gravity  at  W"  C.  is 
0.98,1,  and  it  melts  at  21°  loSi'C.  It  is  freely  soluble  in 
alcohol  and   slowly   in   water.     Its  odor  and  taste  ari' 

Eurely  those  of  anise,  anil  It  maybe  UM'd  with  advautugc 
1  doses  of  one  to  ten  grulusasusulistil.ule  ForilieatKive 
named  oils.  //.  //.  It'idiy. 

ANISE,  STAR.— /"(ViHW,  ■^Tfie  fruit  of  Hl!ri-n,t 
ttritm  Hook.  (fum.  Miinii'iliareiF)"  {V.  S.  IM.  Tlii'  spe- 
cies here  named  is  the  Oliiuesc.  or  sw^i^  star  iiiiise,  U'siilcs 
which  tbere  IsaiioisonousJaimm'st'spmes,  Wbrn  E.iiitie 
applied  the  name  I.  miimtum,  siippoKiug  tliat  lir'  hnd  tiie 
former,  he  really  liad  the  latter,  aK  bis  (lescri[)Miiti  and 
figure  clearly  sliow.  As  a  result  of  this  mislnki',  tlic: 
poisonous  species  must  always  iHiir  the  iimpt>i'"l>n>iif' 
name  /.  ««im(nin  I..  (Syn. :  7.  rtli;/i-iii'iiii  Zucc),  and 
Hooker's  later  name,  /.  Teriiin,  nivist  iierlain  to  the  usefid 
species. 

1'he  plant  Is  a  handsome  Rniall  tree. 

The  fruit  consists  of  the  eif;ht  carpels*,  imilnl  to  a  cur- 
popliore,  from  which  they  cun  be  easily  seiHimtiHl.  hut 
dislinct  from  one  auollier,  Eaeli  carpel  U  shorl.  luli-rally 
compressed,  "lioat-siiaped."  ]ioiuli'<l  al  llii'  upper  and 
outer  exlri'uiily,  and  dehiscent  al  tlie  uppenind  inner 
bonier.  The  [Jericarp  is  deep  brown,  niIh<T  woi«ly,  brit- 
"'      '  ■         "   }picy.     The  seeds,  which  euu  Im;  seen 


tie,  fragrant,  and  spicy. 


through  the  split  in  tlie  carpel,  although  this  is  not  usu- 
ally wide  enough  to  ict  them  fall  out,  are  also  brown,  but 
very  smooth  and  shining.  They  are  less  fragrant  than 
the  carpels,  but  contain  considetsbie  fixed  oil  in  their 
kernels.  Both  testa  and  pericarp  show,  under  the  micro- 
scope, numerous  oil  cells,  and  the  parenctiyina  of  the  seeds. 
reveals  drops  of  fat. 

Co MPOBiTi OK. ^Besides  sugar,  gum,  and  oil,  which, 
although  abundant,  have  no  practical  value,  star  anise  is 
remarkable  for  contaiuine  a  large  percentage  (from  three 
to  five)  of  an  essential  oil,  so  aimiuir  in  odor,  taste,  prop- 
erties and  composition  to  that  of  anise,  that  no  meanfr 
can  be  relied  upon  to  distinguish  them  from  eiich  other, 
except  by  the  greater  percentage  of  anelhol  in  the  latter, 
'  of  which  it  congeals  at  a  higher  tempeialuie. 


FtO.  an.-Illidum  tmim.  Flower.    FIOS.  310  iM  211. 


Illieium  is  ne 

commercial  si  .  .  .  __  j,  _, 
Its  weaker  action,  should  not  be  indiscriminately  substi- 
tuted for  oil  of  anise.  H.  II.  Itatbg. 

ANKLE  JOINT.— As  this  joint  supports  the  weight 
of  the  body.  ronNiderable  stability  is  required  of  it.  Ttiia 
is  s(>cured  nuiiiily  by  the  shape  of  the  articular  surfaces, 
which  interlock  like  a  mortise  and  tenon.    The  tibia  and 


BjnoTlal  aTltf. 


Deltoid  llgamaot. 


iDW  canal  with  « 


FTontal  SpctloD  ot  Rlgbt  Ankle. 


filmla,  slmnglv  united  by  ligaments  (interosseous  and 
inferior  libio  libiiUir,  Fig.s.  214,  315,  and  318).  form  the 
morlise  liy  enilinieing  wiihlheire.\tremities(malleoli)  the 
teiiiin-like  iislmgulus.  The  joint  is  a  binge,  its  move- 
nienl  a[ii;u1ar,  iinil  in  a  single  oblique  plane  (eonvspond- 
iii^'  (o  ilie  i>ut«iinl  iHiinting  of  Ihe  toes)  through  an  arc 
of  Slime  eighty  degrees,  hi  the  fa'tus  of  six  wecka 
(lleuke  and  lieyhcr)  the  joiut  is  arranged  like  that  of 
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lupials,  so  sa  to  admit  of  rotation,  tbe  astraga- 
IK  a  process  up  between  the  tibia  and  fibula. 
■        1  the  adult.     To 


Peat.  Ultras,  calc.  l!(rL 


PlO.  !I6.— Reu  View  of  Left  Ankle. 


dislocation  arises  thus),  the  astragali 
hind  than  in  front,  averaging  85  m 
in  front    And  a  slight  lateral 
moTement  is  therefore  possible 
when  the  malleoli  are  thrown 
back     in    complete     extension. 
The   malleoli   arc   held   ugalnat 
tlie  articular  surfaces  in  all  po- 
tdtiODS  by  tbe  elasticity  of   the 
shaft  of  the  fibula,  which  bends 
inward  when  the  wedge  pushes 
the    malleoli     apart,    sprinpog 
back    during    extension,      ■"" 
axis  of    rolalion  of  llie  c 
superior  surface 
of    the    astrag- 
alus   (Fig. 


passes  through  the  most  fixed  part  of  the  bone,  viz., 
tbe  tarsal  canal,  touching  the  outer  malleolus  but  pass- 
ing below  the  inner,  which  doea  not  descend  so  low 
(ifgs.  214  and  21!i|.  The  original  capsular  ligament 
(tee  Arthrology)  remains  in  front  and  behind  as  a  thin 


layer  of  fibres  connected  wilh  the  synovial  mem- 
brane and  strengthened  by  the  extensor  tendons  in 
front  and  the  tendon  of  the  flexor  longua  hallucis  be- 
hind. Effusion  into  the  joint  usually  shows  first  in 
front.  On  the  sides  strong  bands  arc  developed.  The 
internal  lateral  ligament  (Figs.  214,  215,  and  217),  also 
called  the  deltoid,  from  its  triangular  form,  is  the  strong- 
est of  these:  in  dialocations  usually  tearing  the  bone 
apart.  It  is  a  thick  bundle,  enslieathing  Uic  internal 
malleolus  and  passing  to  the  calcaneum.  the  scaphoid. 
and  the  calcaueo -scaphoid  ligament.  The  tendon  of  tjie 
tibialis  posticus  strengthens  it.  Deeper  fibres  pass  to 
the  astragalus.    In  ampulaling  at  Uie  ankle  the  joint 


Fio.  SIS. -Oilier  Side  ol  Rlffbl  Ankle. 

should  be  remembered.  The  external  lateral  ligament 
(Figs.  214.  215.  and  218)  is  composed  of  three  bands 
which  radiate  from  the  lower  part  of  the  malleolus, 
the  anterior  and  posterior  banos  passing  to  the  as- 
tragalus, the  middle  one  to  the  calcaneum.  The  synO' 
vial  cavity  is  quite  extensive,  conimunlcatlng  above 
with  tlic  inferior  tibio-fibular  articulation.  It  is  said  to 
contain  more  synovia  than  that  of  any  other  joint  (Hor- 
ris).  Its  capacity  ia  not  affected  by  the  position  of  tbe 
foot,  and  no  chaiige  of  posture  lakea  place  during  in- 
flammation of  its  membrane. 

Sensations  of  pain  are  somelimes  fell  in  the  ankte  with 


nous,  connected  with  the  tuml)ar  plexus,  and  tbe~anterior 
tibial  with  the  sacral  plexus.  The  vascular  supply  aris- 
ing fjom  twigs  from  tbe  aulerior  and  posterior  tibial 
arteriea.  and  oiachargiDg  by  both  saphenous  veins,  may 
be  interfered  with  by  tight  boot  laces  and  Dccasiou  a 
dull  pain.  Prank  Jiaker. 

ANKYLOSIS  (sometimes  spelled  ancbyloaia), — "{aym- 
'.o(.  a  stiff  joint).  Union  of  the  bones  forming  a  joint,  re- 
sulting in  astiff  Joint,  Ankylosis,  falseorapuriuua,  Isdue 
to  tbe  rigidity  of  surrounding  parts.  Ankylosis,  true  or 
bony,  is  the  proper  term  In  employ  when  (lie  connecting  . 
material  is  none;  and  ankylosis  ligamentous,  when  the 
medium  is  tlbroiia  "  ((}ould  s  Medical  Dictionary-,  189T). 

SvNoNTMa.— English :  Stiff  joint,  fixed  Joint':  French: 
Roideur  articiilaire.  Anehylosc:  Geminu:  Gelenkver- 
wactisung,  Oclcnksteitlgkeil:  Italian:  Ancbilosl:  Latin: 
Ankylosis  cartilaginca.  Ankylosis  fibrosa  intercartila- 
ginea.  Ankylosis  fibrosa  interossca.  .Vnkylosis  ossea. 

A  strictly  correct  definition  would  designate  a  fixed 
angular  position  of  a  joint,  but  this  restriction  no  longer 
obtains,  the  word  now  being  used  to  describe  joints,  in 
whatever  position,  that  have  become  more  or  less  stiff. 


Ankylosis. 
Anodjrnes* 
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Qualifying  teniis  are  used  to  indicate  the  extent  of  the 
stiffness,  such  as  false,  spurious,  true,  bony,  ligamentous, 
partial,  complete,  incomplete,  etc.,  all  of  which  can  be 
best  understood  with  the  leiist  possible  confusion  if  the 
word  ankjiosis  is  accepted  as  a  synonym  for  stiffness. 

Etiology. — Traumatism.  gonoiTha»al  rheumatism,  sup- 
puration in  joints,  tuberculous  osteitis,  tuberculous  syno- 
vitis, syphilitic  affections  of  joints,  long  fixation  when  a 
fracture  is  near  or  extends  into  a  joint,  osteitis  defor- 
mans, etc. 

Pathology. — In  complete,  i.e.,  bony,  ankylosis  the 
bones  forming  a  joint  are  limited  by  callus  in  the  same 
manner  that  union  takes  place  afterafmcture  in  the  shaft 
of  a  long  br)ne,  or  bridging  by  callus  takes  place  at  one  or 
more  places  around  the  joinf.  Usually  osseous  ankylosis 
is  preceded  by  a  more  or  less  prolongnl  stage  of  fibrous 
or  cartilaginous  union.  In  fibrous  ankylosis  bands  of 
fibrous  connective  tissue  unite  the  bones  forming  a  joint, 
thereby  liiniting  the  motion.  Accordingly  as  thes<*  bauds 
are  short  or  long  the  stiffness  is  complete  or  partial. 

In  cases  of  joint  stitTness  produced  by  extra -articular, 
fibrous,  tendinous,  or  cicatricial  contmcuire  the  joint  re- 
mains free  from  adhesions  for  vears  Avhen  it  has  not  been 
involved  in  inllamniatory  action. 

Di.\GNosisof  bony  ankylosis  is  usually  imattended  with 
difficulty  except  where  tliere  are  a  number  of  joints  near 
together,  as,  for  example,  the  carpus,  tarsus,  and  spine. 
This  limitation  of  motion  in  one  joint  is  generally  com- 
pensated for  by  excess  of  motion  in  another,  thereby 
rendering  all  the  surrounding  parts  capable  of  functionat- 
ing in  a  very  nearly  normal  manner. 

Fibrous  ankylosis  is  inorediflicult  to  discern,  especially 
if  pain  accompanies  the  required  manipulative  proced 
ures.  It  is  most  apt  to  be  ccmfused  with  fibrous,  liga- 
mentous, or  cicatricial  contractures  of  soft  parts  outside 
of  a  joint,  but  having  direct  functional  relations  there- 
"with.     Extra-articular  contmctions  mav  often  be  differ 

« 

entiated  by  theexi.steuceof  resistance  to  free  joint  motion 
in  one  direction  only,  i.e..  that  i)roduced  by  the  contnic- 
ture,  Avhile  the  joint  moves  more  or  less  freely  in  other 
directions.  Muscular  conlnuture,  whether  voluntary  or 
Involuntary,  is  but  tempomry,  and  the  rigidity  of* the 
surrounding  parts  is  clearly  discernible. 

As  muscular  rigidity  is  r)ne  of  the  most  important  and 
reliable  symptoms  of  joint  infiammation,  it  is  a  serious 
error  to  aniesthetize  a  patient  for  examination  of  a  joint 
until  the  absence  of  mnscular  fixation  has  been  clearly 
]  roven.  In  such  eases  the  anaesthetic  relaxes  the  mus- 
cles, leaving  the  joint  free  for  niovenients  which  are  seri- 
ously ])reju(lieial  and  which  were  instinctively  guarded 
ngjiinst  by  the  patient. 

If  there  has  l)een  no  muscular  fixation  nuich  may  be 
learned  by  the  carefnl  study  of  a  joint  while  the  patient 
is  unconscious.  It  can  be  definitelv  determined  whether 
it  is  ankylosed  or  only  partially  so.  The  yielding  of  the 
soft  parts  above  and  below  the  j(Mnt  suspected  may  be 
j.revented  bv  tightly  bandairinir  them,  the  joint  itself 
being  left  uncovered. 

Thkatmknt. — The  most  important  ])art  of  the  treat- 
ment lies  in  prophylaxis,  prevention  of  the  oeenrrenee  of 
ankylosis,  or,  if  it  is  inevitable,  in  so  disposinir  the  i)arts 
that  the  best  i>()sition  for  future  usefulness  maybe  ob- 
tained. The  trend  of  modern  surgery  is  gn-atly  to  shorten 
the  time  of  fixati(m  of  a  fmctured  bone,  in  the  effort  to 
avoid  impaired  joint  function,  as  \\('ll  as  to  seeun'  a  free 
dom  from  muscle  atrophy.  The  earlier  application  of 
passive  motion  and  massjigc  is  beinir  resorted  to.  and 
many  of  the  serious  deformities  which  formerly  followed 
fractUH'sare  now  less  fre(iuenlly  seen. 

Each  individual  joint  has  special  features  and  ])resents 
special  difficulties  that  must  be  carefully  considered  in 
applying  any  fonn  of  treatment.  The  most  useful 
position  for  a  stiff  joint  is  still  subject  to  discus-sion : 
no  general  rule  can  hQ  laid  down.  Fibrous  or  incomplete 
ankylosis  may  re(iuire  attention  to  overcome  a  faulty  po- 
sition, or  to  increa.se  the  extent  of  the  motion.  This  is  to 
be  accomplished  by  passive  motion  made  in  the  dinction 
of  the  normal  action  of  that  joint.     Hrisement  force  is  a 


term  applied  to  the  use  of  such  force  as  the  surgeon 
judiciously  apply,  bearing  in  mind  the  danger  of  break- 
ing the  shaft  of  the  bone  used  as  a  lever  or  of  producing 
a  sepiration  of  the  epiphysis.  It  is  wise  to  begin  ail 
manipulations  well  within  a  safe  limit,  and  gradually  to 
increa.se  the  power  employed  as  the  range  of  motion 
increase's :  remembering  that  the  strength  of  the  long  bones 
often  diminishes  from  disuse  and  that  they  will  break  if  a 
sudden  corrective  force  is  applied.  The  above  methods 
are  greatly  facilitated  by  previously  subjecting  the  limb 
to  dry  hot  air  at  a  temperature  of  from  300**  to  400-  F.  for 
an  hour.  For  this  purpose  some  one  of  the  many  forms  of 
ovens  made  for  the  purpose  may  be  employed.  Care 
should  always  be  taken  to  wrap  thoroughly  fhe  parts  in 
fiannel,  but  never  in  cotton.  The  latter  is  Inghly  inflam- 
mable and  holds  the  moisture.  Tlie  interior  of  the  oven 
should  be  kept  as  dry  as  possible,  as  the  perspiration, 
which  is  often  profuse,  renders  the  atmosphere  within 
the  oven  moist,  and  is  apt  to  result  in  scalding  the 
patient. 

Ovens  are  now  made  for  use  with  alcohol,  gas.  and  elec- 
tricity as  means  of  generating  heat.  E^ch  has  its  peculiar 
advantages,  but  the  results  are  not  different.  TJie  effect 
is  to  soften  the  fibrous  adhesions  very  much  in  the  same 
waj'  that  old  glued  joints  of  wood  are  softened,  enabling 
the  surgeon  to  obtain  movements  of  a  partially  stiff  joint 
with  very  much  less  force  and  therefore  with  less  danger 
and  less  pain. 

The  pain  accompanying  corrective  manipulations  fol- 
lowing the  usi»  of  the  oven  is  generally  inconsiderable, 
although  varying  greatly  in  different  subjects.  When 
the  pain  is  very  great,  the  employment  of  an  anaesthetic 
that  acts  (juickly  enables  the  operator  to  proceed  with 
greater  despatch.  The  ana'sthetic  that  I  have  found  most 
.siitisfactory  for  this  purpose  is  ethyl  bnmiide.  I  liave 
also  used  chloroform  and  at  times  nitrous  oxide  gas. 

Fixation  appliances  of  any  kind  are  contraiudicated 
during  corrective  i)rocedures  in  fibrous  ankylosis,  as 
increttsed  freedom  of  movements  is  desired  rather  than 
fixation.  Voluntary  motions  are  to  be  encouraginl  to 
increase  the  mobility  and  to  regain  the  musi^le  function 
which  is  required  for  proper  use  Of  the  joint. 

The  emi)loymcnt  of  electricity  has  been  extolled  for  its 
effect  in  restoring  lost  or  impaired  muscle  function,  and 
when  used  by  skilful  physicians  it  is  more  likely  to  pro- 
duce the  desired  effects  than  when  crudely  applied  by  a 
more  or  less  non -medical  attendant. 

Massiige  is  a  means  of  restoring  impaired  muscle  power 
that  should  not  be  overlooked,  and,  like  all  other  thera- 
])eutic  measures,  should  1k'  carefully  prescribed  as  to 
metlKKls  and  time.  The  object  sought  should  be  the 
voluntary  control  of  the  affected  joint  and  the  mechan- 
ism that  actuates  it:  this  should  be  impressed  on  the 
l>atient. 

In  true  ankylosis  the  object  sought  is  the  most  useful 
])ositi(»n  of  the  parts,  and  here  careful  study  is  necessary 
to  avoid  attempting  to  obtain  a  movable  joint  when 
greater  usefulness  ct)uld  be  had  from  a  stiff  joint  in  an  ap- 
proved ]v)sition.  The  greatest  diversity  of  opinion  exists 
as  to  the  most  (lesind)le  i)osition  forankylost^'d  joints.  In 
the  elbow  a  fully  extended  position  of  the  arm  is  gener- 
ally conceded  to  be  the  least  useful,  while  the  exact 
angle  of  Hex  ion  has  been  the  cause  of  much  discussion. 
S(»nie  advocate  a  right  angle,  others  a  lesser  angle,  to  en 
jible  the  ]>atient  to  bring  the  Jiand  to  the  moutli;  and  vet 
any  rigid  position  is  more  or  less  conspicuous  and  cum- 
bersome. 

The  hip  when  ankylosed  at  various  angles  can  be  made 
useful  by  the  increased  latitude  of  motion  imparted  to 
the  other  hip  joint  and  to  the  lumbar  vertebral  articula- 
tions. To  such  jin  extent  is  the  lower  spine  reciprocal  in 
loss  of  function  of  one  or  both  hip  joints  that  it  has  lx»en 
called  the  third  liip  joint.  Ankylosis  of  a  hip  at  right 
angle  to  its  fully  extended  position  has  frecpiently  bt»en 
observed  to  be  useful  for  i)rogression.  The  third  hip 
joint  has  also  develojud  in  etliciency  in  cases  in  which  a 
hip  joint  was  ankylosed  in  the  most  approval  position, 
i.e.  that  of  almost  full  extension,  facilitating  the  move- 
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mentsof  the  entire  pelvis  in  walking  and  especially  in  sit- 
ting, and  approaching  very  closelv  normal  action. 

The  arguments  in  favor  of  a  fully  extended  leg  versus 
fllight  flexion  in  ca.ses  of  hony  ankylosis  of  the  knee  ap- 
pear to  be  about  e(|ually  divided.  iThe  slightly  flexed  leg 
is  certainly  somewhat  less  in  the  way  in  sitting,  and  it 
enables  the  patient  to  develop  a  more  gmceful  carriage, 
but  all  of  these  are  cast  into  insignificance  by  the  mechan- 
ically faulty  position  of  llexion.  Ashhurst  n-fers  to  a  case 
in  which  the  knee  remained  st might  with  apparent  bony 
union  for  eight  years  and  thei;  begun  toyiehl,  and  within  a 
year  was  bent  to  a  riglit  angle  and  rotated.  The  fully 
extended  or  straight  position  is  les.s  liable  to  bend  becausi* 
its  weight-bearing  function  is  disposed  in  the  mechanical 
position  in  which  it  was  designed  to  act  most  etliciently. 
Where  the  quadriceps  attachment  to  the  tibia  is  main- 
tained or  properly  .substituted,  the  powerful  flexors  will 
have  less  opportunity  of  pro<lucing  flexion,  which,  as  ex- 
perience has  shown,  tends  to  increase*  Avith  use. 

The  operative  prcM'edures  most  frequently  resorted  to 
are:  excision  to  obtain  a  false;  joint  (pseudarthn>sis);  ex- 
cision to  obtain  a  better  position  of  the  limb:  osteotomy, 
breaking  the  lK)ne  after  partially  cutting  it  with  an  osteo- 
tome: and  osteoclasis,  breaking  the  bone  without  any 
cutting.  These  dilTerent  procedures  have  especial  ad  van  - 
tages  in  different  joints,  and  can  be  fully  studied  and  ap 
preciated  only  under  the  headings  of  the  individual  joints. 

//.  August iiH  Wiiiuth, 

ANNATTO  {OrU'tina). — This  coloring  matter  is  ob- 
tained from  the  s<'ed  of  BUa  Onllnmt  L.,  a  small  tree  of 
8outh  America,  belonging  to  the  order  liUacctv.  The 
plant  is  also  cultivated  in  all  tropical  countries.  Com- 
mercial annatto  is  prepared  in  a  variety  of  ways,  having 
for  their  object  the  .si-pamtion  from  the  wed  of  its  color- 
ing matter,  and  its  pn*s<'rvation  in  a  moist  or  dry  condi- 
tion. The  bruised  s«.'ed  is  .sometimes  washed  over  a  sieve 
and  the  liquid  allowed  to  stand  until  the  annatto  sub- 
sides: or  it  is  si'pamtiMl  by  fermentation.  The  prmluct 
is  a  brownish-red,  resinous  substance,  usually  in  moist 
masses,  but  sometimes  in  drv,  brittle  cakes.  It  has  often 
little  or  no.  sometimes  a  sweetish,  resinous  rwlor.  and  a 
saltish- bitter  tast<'.  Some  lots  hav(»  a  very  di*yigreeabl(! 
smell,  and  are  said  by  Hager  to  be  prepared  with  urine. 
Two  kinds  are  sjiid  to  be  imported  from  F'rench  (iuiana, 
one  without  unpleasant  smell,  the  (►ther  dis»igreeabl<*.  A 
third  variety  comes  also  from  Bmzil,  but  this  is  not  so 
higldy  esteeme<i  as  the  Ix^st  French. 

Annatto  is  a  nnxed  susbtance,  nearly  insoluble  in 
water,  soluble  in  alcohol,  ether,  fatty  and  essential  oils, 
making  orange-red  solutions.  It  consists  i)rincipally  of  a 
yellow  (orellin)  and  a  red  (///>///)  resinous  coloring  matter. 

The  principal  demand  for  annatto  is  for  dyeing  fabrics, 
but  it  is  also  extensively  employed  to  color  butter  and 
cheese.     In  the  tropics  it  is  largely  employed  for  color 
ing  foods  for  table  use.     Internally  given,  it  is  siiid  to  be 
"tonic  and  an  fid  vs<'nteric."  II'.  /'.  liidhti. 

ANODYNES. — This  term  («.  privative,  and  oiVvytj,  pain) 
is  applied  synonymously  wiili  tindhftnicsin,  and  n?)r/(7tg)  to 
a  small  class  of  drugs  whose  ]>(M'uliar  action  is  to  relieve 
pain.  The  anjesthetics.  which  also  relieve  pain,  but  by 
suspending  all  sensation,  together  with  consciousness  and 
motility,  are  not  anodvnes. 

By  far  the  most  important  member  of  this  group  is 
opiimi.  (For  detaile(l  aeeomit  of  the  action  of  this  drug, 
stHi  Ojn'tnn.)  Thouuh  other  remedies  oeeasionally  relieve 
the  milder  decrees  of  jmin.  opium  alone  can  i)e  relied 
upon  to  remove  si'vere  sufTering.  It  has  its  limitations, 
in  occasional  paroxysms  of  a  irony  such  as  attend  the 
passage  of  renal  and  gall  stones,  when  nothing  short  of 
absolute  an>esthesia  will  bring  relief.  Mere  o|)iiun.  in 
dos<*8  so  hi^h  as  even  to  endanirer  the  life  of  the  individ- 
ual, is  without  effect  on  the  i)ain.  In  the  ordinary  forms 
of  severe  pain  a  failure  of  opium  to  give  relief  is  almost 
always  due  to  improper  adjustment  of  th(»  dos<'.  Of 
course,  the  subsequent  ill  effects  of  opium,  such  as  nau- 
constipatioD,   and   narcotic  addiction,   may   be  so 


marked  as  to  form  a  contraindication,  more  or  less  strong, 
to  its  use.  But  the  point  here  emphasized  is  that,  as  au 
anodyne  pure  and  simple,  opium,  if  properly  adminis- 
tered, is  almost  always  successful.  In  certain  subjects, 
particularly  women  and  nervous  persons,  the  intoxicating 
effect  of  opium  pre(h)minatcs  in  the  modemte  doses.  In 
sueh  cases  the  dose  must  be  cautiously  increased  lx»yond 
the  limits  usually  ])re.scribed,  or  else  the  opium  must  be 
cond)ined  with  some  nervous  sedative,  as  bromide  of 
potassiinn  or  chloral.  For  it  should  be  remembered  that 
opium  is,  in  analgesic  doses,  by  no  means  always  a  hyp- 
notic. In  many  cases  in  w  hich  it  completely  removes  pain, 
the  patient  does  not  close  his  eyes  in  sleep  the  whole  night. 

The  conunon  cause  of  failure  in  securing  the  analgesic 
effect  of  opium  is  conformity  with  a  strict  and  arbitrary 
posological  standard,  and  forget  fulness  of  the  fact  that 
there  is  much  difTerencc  in  the  capacity  of  different  indi- 
viduals, and  of  the  same  individual  at  different  times,  for 
the  drug.  Under  tht?  influence  of  seven'  pain,  the  tolem- 
tion  for  opium  incn^ases  enormously.  In  general  and 
pelvic  i)eritoneal  inflammations,  for  instance,  it  may  Ik? 
necessary,  in  order  to  get  the  full  effect  of  opium,  to  ad- 
minister it  in  doses  up  to  four  grains  (or  its  eciuivalent  in 
morphine)  at  a  time,  and  to  repeat  with  suflicient  fre- 
(piency  to  keep  the  patient  just  short  of  narcotism.  This 
bold  use  of  opium  in  pelvic  inflanmiation  has  come  into 
practice  of  late  years,  and  some  of  the  t1g\n*es  published  of 
the  amounts  actually  administered  are  very  large.  They 
are  not  given  here,  however,  for  the  reason  that  no  defi- 
nite figures  reported  in  one  case  should  have  any  Aveight 
in  determining  the  amount  to  be  given  in  another  case. 
It  is  needless  to  say  that,  in  the  case  of  a  i)atient  suflTer- 
ing  fr(>m  a  frank  j)eritonitis,  which  calls  for  the  employ- 
ment r)f  these  luToic  doses,  and  when  the  individual  is  held 
iust  on  the  verge  of  narcotism,  with  respirations  perhaps 
lowered  to  t(»n  or  twelve  per  minutx'.  no  standing  order 
should  be  given  in  advance  for  a  stated  administmtion  of 
the  drug,  and  that  each  dose  .should  be  given  by  the  prac- 
titioner hims(?lf.  who  .should  on  no  account  leave  the  case, 
ami  who  should  have  at  hand  atropine  and  a  famdic  bat- 
t(Ty  ready  for  instant  use  in  ca.se  the  narcotism  goes  too  far. 

Among  the  derivatives  of  opium,  morphine,  as  an  ano- 
dyne. s\iiin\fiptnhfn'iurrpn,  itsconvidsjjnt.  constipativ**, 
and  diaj)horetic  i)ropertiesareall  less  than  those  of  opium, 
while  as  an  analgesic  it  is  even  more  active  than  the  drug 
from  which  it  is  derived.  Of  the  other  principal  alkaloids, 
the  analg('si<'  effect  upon  man  is  in  the  following  onler: 
narceine.  thebaYne.  papaverine,  and  cothMue.  The  interval 
between  the  strongest  of  these  and  morphine  i.s,  however, 
great,  one  authority  claiming  that  narceine  is  four  times 
weaker  than  morphine,  and  in  pnictice  it  is  found  that 
none  of  them  can  be  relied  upon  with  certainty  in  pain 
of  a  severe  <'lianicter.  The  promptness  and  effective- 
ness of  morphine  as  an  ancnlyne  are  usually  enhanced 
by  the  hypod<'rmic  uk'UkhI  of  administration. 

Chlorofonn  is  at  times  an  anodyne.  This  is  especially 
the  ca.Hc  when  injected  subcutaneously  in  the  vicinity  of 
a  nerve,  as  in  .sciatica  and  other  forms  of  neuralgia.  Ad- 
ministen-d  by  the  mouth  it  also  has  a  local  analgesic  effect, 
due  partly,  no  doubt,  to  its  revulsive  counter-irritant  ac- 
tion. It  is  thus  of  use  in  gastmlgia  and  flatulent  colic. 
The  s]>irit  of  chloroform,  in  doses  of  3  i.  in  hot  water,  is 
an  eligible  form  for  the  internal  administration  of  chloro- 
form, and  the  JSpiritus  ^'Etheris  Compositus.  conmionly 
called  llr)ffmann's  ancwlvne.  may  be  used  in  the  Siune 
doses  for  abdominal  pain.  The  so-called  chlorcHlynt'.  a 
British  nostrum,  has  under  varir>us  modifications  been 
pretty  widely  used.     One  of  its  many  fonnul;e  is  this: 

Morphinie  hydrochloratis gr.  viij. 

AcjUJc fl  I  ss. 

Acidi  hydrochlorici fl  3  ss. 

Chlorof'ormi fl  3  is.s. 

Tinct.  cannabis  indie fl  3  i. 

Acidi  hvdrocyanici  U.  S.  P m  xi j. 

Alcohof ' fl  !  ss. 

()1.  menth  pip nij. 

Oleon*siuie  capsici lU  i. 
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The  adult  dose  is  from  five  to  ten  drops.  This  may  be 
well  replaced  in  the  same  dose  by  the  Tinctura  Chloro- 
formi  et  Morphinse,  B.  P.,  which  was  intended  to  be  its 
official  substitute. 

Belladonna  may  be  considered  a  feeble  anodyn«.  Ad- 
ministered with  opium  it  has  not  only  a  corrigent  effect, 
mitigating  some  of  the  unpleasant  symptoms  of  the  lat- 
ter drug,  but  is  also  apparently,  to  a  certain  extent,  an 
adjuvant. 

The  various  coal-tar  products,  whose  name  is  now 
legion,  have  a  certain  anodyne  value.  Antipyrine,  phe- 
nacctin,  acetanilid,  lactophenin,  are  a  few  among  the 
many.     (See  also  under  AnttapannuMiics.) 

Cannabis  iudica  is  a  still  weaker  anodyne,  if  it  deserves 
the  name  at  all.  Its  hypnotic  action  can  overcome  a 
moderate  degree  of  discomfort,  but  not  much  actual 
pain.  It  is  of  some  repute  in  the  treatment  of  chronic 
migraine. 

There  are,  besides  the  foregoing,  one  or  two  drugs 
which  deserve  mention  as  local  ancKlynes.  although  their 
commoner  u.se  is  as  local  anesthetics.  For  example,  co- 
caine is  chiefly  employed  to  produce  ana'sthesia,  as  of  i\w. 
cornea,  or  by  injection  to  ana*sthetize  the  field  for  a  cir- 
cumscribed operation.  Its  anodyne  action  may  be  ob- 
tained, however,  in  conjunctivitis,  in  painful  hemor- 
rhoids, etc.  A  four-percent,  solution  may  be  employed. 
But  the  ever-present  danger  of  establishing  the  cocaine 
habit  must  always  be  borne  in  mind  before  resorting  to 
cocaine  as  an  anodyne. 

Cocaine  itself  is  much  less  .sohible  in  water  than  its 
salts,  e.fj.,  the  muriate;  but  the  former  is  soluble  in  fats. 
while  the  latter  are  not.  Hence  in  ointments  the  cocaine 
itself  should  be  used,  and  not  its  Siilts. 

Eucaine  has  been  found  in  many  respe(!ts  a  useful  sub- 
stitute for  cocaine.  ClmrlfH  F.  With' f if/ton. 

ANONACE^.— (The  Custard-Apple  family.)  A  fam- 
ily of  nearly  fifty  genera,  pertaining  almost  wholly  t^  the 
tropics,  of  both  hemispheres.  They  yield  a  number  of  the 
most  delicious  of  known  fruits,  such  as  thotm  of  A  nonti 
and  Vuguetia.  They  are  clas.sed  near  the  Magnolias  and 
Myristicas,  and,  like  them,  are  rich,  chiefly  in  the  bark. 
in  volatile  oils,  for  which  they  are  considerably  used  in 
domestic  practice.  H.  II.  Vtnid>y. 

ANOSMIA.     See  Smdh  IHmnUrs  of. 

ANTACIDS.     See  AlkaUen. 

ANTHELMINTICS. — Agents  rendering  harmless  or 
killing  wonns.  A  nnnifuffe  is  an  agent  which  expels 
wonns.  a  rennicide  one  which  kills  them,  but  thes(*  terms 
are  occji.sionally  used  as  synonyms. 

A  priori  auy  agent  thus  used  must  either  be  insoluble 
in  the  gastrointestinal  juices,  and  therefore  non-absorh- 
able,  or  else,  if  soluble,  must  possess  the  faculty  of  being 
innocuous  to  the  host  at  the  same  time  that  it  is  destruc- 
tive to  the  intruder.  Drugs  of  this  latter  class  are  f<\v, 
and  the  employment  of  nearly  all  abs<>rbable  drugs  is 
distinctly  hazardous,  for  their  dose  is  necessarily  large. 
and  they  not  infrequently  produce  various  ])henonieiui  of 
poisoning. 

For  convenience  worms  may  be  divided  into  three 
groups,  each  with  its  own  treatment :  tape  Avornis  or 
tasnia;;  round  worms;  seat.  pin.  or  thread  worms. 

Tape  Worm  or  Tunin. — Drugs  used  in  this  condition 
are:  pelletierine.  and  pomegnuiate  from  which  it  is  de- 
rived, pumpkin  seed,  thymol,  cusso.  kaniala.  sjilicylieacid. 
silver  oxide,  chloroform,  turpentine,  and  areca  or  l)et<l  nut. 

In  the  treatment  of  tape  worms  the  method  of  proceed - 
ure  is  of  as  much  importance  as  is  the  choice  of  the  r<'ni- 
edy  to  be  employed.  An  absolute  essential  is  the  with- 
holding of  all  food  from  the  patient  for  from  twelve  to 
twentvfour  hours.  If  this  is  impracticable  the  drug 
should  be  administere<l  before  breakfast,  a  liirht  supfxr 
only  having  been  partaken  of  the  previous  night.  AJjout 
three-quarters  of  an  hour  after  the  adininistmtion  of  the 
anthelmintic  an  active  purge  should  be  administered.    For 


this  purpose  an  ounce  of  compound  tincture  of  jalap 
(French  Codex)  will  be  found  useful,  or  a  large  doae  of 
calomel  may  be  used — and  calomel  has  the  advantage  of 
causing  a  profuse  outpouring  of  bile,  which  seems  to  be 
particularly  obnoxious  to  these  parasites.  As  the  desid- 
eratum is  the  removal  of  the  head  or  heads  of  the  worm 
or  worms,  the  stools  should  be  carefully  examined  for 
their  presence,  and  in  any  case  a  high  rectal  injection 
should  be  given,  preferably  of  saline  solution,  as  this  is 
most  useful  in  bringhig  away  the  head  of  the  taenia, 
which  may  be  narcotized  but  not  dead.  It  is  of  the  ut- 
most importance  that  the  bowel  discharges  be  destroyed. 

Of  the  agents  us(*d  against  this  worm,  three  are  largely 
and  successfully  employed,  though  at  times  two  or  even 
three  drugs  may  have  to  be  sucxiessively  tried,  and  the 
treatment  may  even  then  fail.     Aspidium  is  most  useful 
in  the  form  of  the  oleoresin,  given  in  four  capsules  of 
fifteen  minims  each,  at  one  dose,  or  in  two  doses  half  an 
hour  apart.     It  is  not  to  be  forgotten  that  oils  render  sol- 
uble this  agent,  and  never,  therefore,  should  they  be  em- 
ployed.    Pelletierine  may  be  usckI   as   the   tannate.  of 
which  the  dose  is  three  grains,  or  else  as  the  liquid  alka- 
loid prepare<l  by  Tanret ;  the  latter  is  very  expensive  and 
not  always  obtainable.     PeiH)  is  most  effective  and  may 
be  us(^d  by  taking  two  ounces  of  the  powdered  pumpkin 
.seeds  to  make  an  emulsion  or  a  confection,  this  amount 
Ixiing  the  usual  dose.     Thymol  has  quite  recently  been 
advocated,  and  may  conveniently  be  given  in  capsules  of 
ten  grains  each,  one  capsule  being  taken  every  quarter 
of  an  hour  until  two  drachms  are  taken.     Pomegranate  is 
us^'d  by  taking  two  ounces  of  the  bark,  adding  this  to 
two  pints  of  water  which  is  boikni  down  to  one  pint,  and 
of  this  a  wineglassful  is  taken  every  half-hour.     Arcca 
nut  is  a  comparatively  new  remedy,  which  depends  upon 
a  volatile  oil  and  uj)on  its  active  principle,  arecaine.  for 
its  efficacy :  it  is  employed  in  the  dose  of  two  drachms  of 
the  powdered  nut.      Kamalti  and  eusm  have  the  disad- 
vantage of  being  requir(»d  in  large  dosage,  while  they  are 
most  repugnant  to  the  taste ;  the  former  is  given  in  syrup, 
in  the  dose  of  two  drachms,  to  which  has  been  addeil  some 
hyoscyamus  to  prevent  griping,  and  the  latt<;r  as  the 
powdered  flower,  of  which  half  an  ounce  is  used  to  make 
a  decoct k)n  with  a  pint  of  water.     Of  koosin,  the  active 
principle  of  cusso,  twenty  to  forty  grains  may  be  given 
in  capsule.     The  dose  of  Milrcr  ojridc  is  one  grain  three 
times  a  day;   it  is  of  doubtful  value.      Salicylic  acid, 
one-half  dmchm,  combined  with  an  equal  amount   of 
sodium   bibomte,  added   to  a  pint  of  water,  has    l>een 
reconunended,  but  the  taster  of  this  solution  is  a  serious 
dmwback   to  its  use.      Turp^ntinf  and  chloroform  are 
certainly  effective,  but  belong  to  the  class  of  absorbable, 
and  therefore  dangerous,  drugs.     The  dose  of  each  is  one 
dmchm,  and  in  their  administration  glutol  capsules  will 
be  found  of  advantage. 

Children  under  two  years  of  age  react  badly  to  ta^nia- 
eides  as  a  rule,  and  great  care  must  be  taken  in  treating- 
them  for  this  condition. 

liniind  Worm  or  .{.sntris  Lumhrirmden. — Tliest*  worms. 
alTeet  children  mther  more  than  adults,  and  infest  the 
upper  part  of  the  small  intestine,  though  rarely  they 
work  their  way  up  into  the  stomach,  and  even  into  the 
o'sophagus  and  pharynx.  Drugs  used  against  this  para> 
site  are:  .sjintonin  (the  glucoside  of  sjintcmica  or  levant 
Avonnseed):  spigelia  or  pink  root:  chenopodium  or 
American  wornisecd;  turi)entine:  azedanich  or  pride  of 
China;  mueuna.  tin.  Probably  the  best  of  these  is  san- 
tonin. Avhich  can  be  conveniently  administered,  as  it  is 
tasteless,  in  powders  of  two  grains,  alone  or  combintKl 
with  calomel.  Equally  useful  is  s])igelia  in  the  fonn  of 
the  tiuid  extract,  of  which  the  dose  is  two  drachms,  or, 
better,  the  fluid  <'Xlnict  of  senna  and  spigelia  (imotficial) 
may  be  used  in  a  dose  of  half  an  ounce,  the  senna  in  this 
case  acting  as  a  purge.  Oil  of  chenop(Mlium,  in  the  dofie 
of  from  twenty  to  thirty  minims,  which  maj' be dropi>cd 
on  sugar,  is  very  useful :  turpentine,  half  an  ounce,  com- 
bined withcast(^roil.  oneoiuice.  is  generally  most  efllcient, 
l)ut  should  not  be  used  because  poisonous  effects,  partic- 
ularly renal  intlammation,  may  occur  from  its  absorption. 
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Azedarach  has  the  disadvantage  of  requiring  a  large 
dose,  two  ounces  of  the  drug  being  added  to  a  pint  and 
a  half  of  water,  which  is  then  made  into  a  decoction  by 
boiling  the  mixture  down  to  one  pint ;  it  is  nevertheless 
most  useful.  Mucuna  and  tin  are  barbaric  relics,  their 
administration  being  as  crude  as  their  preparation  and 
mode  of  action.  Thejr  belong  to  the  class  of  so-called 
mechanical  anthelmintics.  Mucuna,  a  West  Indian  plant, 
was  used  by  scraping  the  pods  of  the  plant  of  the  hairs 
or  spicules  which  cover  them  and  adding  to  this  mo- 
lasses or  syrup.  The  patient  swallowed  this  mixture, 
and  the  spicules  in  their  passage  down  the  intestines  were 
supix>sed  to  transfix  the  worm.  The  tincture  and  decoc- 
tion liave  no  virtue,  and  mucuna,  so  largely  employed  at 
one  time,  has  passed  away. 

In  treating  any  patient  for  the  presence  of  ascarides,  it 
is  necessary,  as  in  the  case  of  tsenia,  tliat  food  be  ab- 
stained from  for  twelve  or,  better,  twenty-four  hours; 
that  an  active  purge  be  administered  about  three-quar 
ters  of  an  hour  after  the  remedy  has  been  taken ;  and 
that  the  bowel  discharges  ha  destroyed. 

Seat,  Pin,  or  Thread  Worms:  Orywris  Vennicularts. 
— These  worms  generally  infest  the  rectum  and  colon, 
and  are  most  common  in  children.  The  following  drugs 
are  those  usually  employed,  but  anthelmintics  used 
against  the  tape  and  round  worm  can  be  used,  as  many 
of  them  are  equally  destructive  to  the  seat  worm;  quas- 
sia; saline  solution ;  carbolic  acid :  lime  water;  iron;  tan- 
nic acid  and  drugs  containing  large  amounts  of  tannic 
acid,  such  as  catechu,  kino,  and  krameria. 

Quassia  is  unquestionably  the  most  efficient  of  this  list, 
and  has  at  the  same  time  the  advantage  of  being  non- 
irritant  and  non- poisonous.  A  rectal  injection,  consisting 
of  one  ounce  of  the  fluid  extract  added  to  a  pint  of  water, 
or  of  a  decoction  made  of  an  ounce  of  quassia  chips  added 
to  a  pint  of  wat(»r,  is  given.  Before  using  this  or  any 
other  injection  the  bowel  should  be  thoroughly  cleansed 
with  soap  and  water,  and  it  is  imperative  that  the  injec- 
tion be  retained,  by  pressure  over  the  anus,  for  fifteen 
or  twenty  minutes,  and  that  the  region  around  the  anus 
be  thoroughly  washed  with  salt  and  water.  Failure  to 
observe  these  precautions  will  render  the  treatment  of 
little  avail.  Of  the  remaining  drugs,  saline  solution  is 
probably  the  best ;  carbolic  acid  (one-per-cent.  solution) 
has  its  advocates,  and  is  often  used  inunediately  after  the 
quassia  injection ;  it  should  not  be  employed,  I  t)elieve, 
for  two  reasons:  first,  because  it  may  cause  sloughing, 
and,  secondly,  because^  dangerous  symptoms  may  follow 
its  absorption  from  the  rectum.  Alum  (one  ounce  to  a 
pint  of  water),  lime  water,  iron,  and  tannic  acid  act  as 
astringents. 

For  cleansing  with  soap  and  water  and  for  injecting 
the  medicament  a  soft  rubber  catheter  or  rectal  tube  will 
be  found  most  useful  in  aiding  the  solution  to  go  well  up 
into  the  colon,  and  it  is  advisable  to  repeat  the  treatment 
two  or  three  times  at  intervals  of  a  day  or  so. 

Charles  Adams  Holder. 

ANTHRAROBIN. — Dioxyanthrol,  desoxy-alizarin,  leu- 
ko-alizarin,  CeH4,COH.CH,CeHa(OH),.  This  is  prepared 
by  the  reduction  of  commercial  alizarin  in  warm  ammo- 
niacal  solution  with  zinc  du.st,  and  subsequent  filtering 
into  water  acidulated  with  hydrwliloric  acid.  The  re- 
sulting precipitate  is  washed  and  dried. 

Anthrarobin  is  a  yellowish-white,  granular  powder, 
insoluble  in  water  and  dilute  acids,  slowly  soluble  in 
chloroform  and  ether,  and  freely  soluble  in  glycerin  and 
in  ten  parts  of  alcohol.  In  aqueous  solutions  of  alkalies 
or  alkaline  earths  it  dis.solves  with  a  brownish-yellow 
color,  which,  through  oxidation  and  the  reformation  of 
alizarin,  rapidly  turns  to  green  and  then  blue.  Claimed 
to  have  the  same  virtues  as  chrysiirobin.  this  substance 
has  the  advantages  of  being  non-irritating,  and  of  caus- 
ing but  slight  staining  of  the  skin.  Clinical  reports  differ 
as  to  its  efficacy;  for  example,  Jackson  says  that  it  is  a 
weak  preparation  and  not  of  much  value,  while  Behrend 
and  others  consider  it  superior  to  clirysarobin.  These 
latter  use  it  as  a  parasiticide  and  stimulant  to  the  skin, 


and  especially  commend  its  use  in  psoriasis,  pityriasis, 
tinea  tonsurans,  tricophyton,  and  herpes.  It  is  employed 
in  ten-  to  twenty-per-cent.  ointment,  or  in  solution  in 
glycerin  or  alcohol,  or  in  collodion.  It  must  not  be  ap- 
phed  in  the  immediate  neighborhood  of  the  eye,  as  it  has 
a  tendency  to  spread.  A  prescription  that  is  recom- 
mended contains  anthrarobin  and  salicylic  acid,  of  each 
one  drachm,  in  alcohol  sufficient  to  inake  one  ounce. 
Behrend 's  mixture  consists  of  anthrarobin  10  parts,  bo- 
rax 8  parts,  in  water  82  parts,  or  he  uses  a  ten-percent, 
solution  in  glycerin.  W.  A.  Bastedo. 

ANTHRAX.* — (Synonyms:  Carbimculosis  Contagio- 
sus;  Milzbrand;  Charbon;  Wool-Sorter's  Disease;  Mai 
de  Rate :  Mycosis  intestinalis ;  Anthracsemia ;  Malignant 
Pustule;  Splenic  Fever.)  (See  also  Carbuncle  and  Pur- 
unci^.) 

A  specific,  highly  infectious  disease,  common  to  most 
vertebrate  animals  and  communicable  to  man  (though  in 
varying  degree).  The  disease  is  not  contagious  in  the 
ordinary  sense  of  the  word,  but  it  is  in  a  high  degree 
communicable  by  means  of  secondary  media  of  infection. 
It  maintains  its  virulence  for  long  periods,  and  suffers 
no  deterioration  from  transportation  or  variations  of  cli- 
mate or  other  external  conditions.  It  appears  as  an 
acute  intoxication,  usually  of  a  restricted  part  of  the 
body,  but  later  of  the  entire  body,  and  is  due  to  the  in- 
vasion of  the  tissues  of  its  host  by  the  bacillus  anthracis. 
The  disease  is  primary  in  animals,  and  occurs  m  the  hu- 
man subject  in  two  distinct  forms,  viz.,  by  direct  inocu- 
lation, or  indirectly  by  eating  the  flesh  of  animals  infected 
with  anthrax  or  by  inlialing  dust  which  is  contaminat- 
ed with  the  poison  of  anthrax,  as  in  the  operations  of 
currying  hides,  upholstery,  mattress-making,  etc.  The 
blood,  tis.sues,  and  excretions  of  an  animal  dead  from 
anthrax  are  found  to  contain  a  minute  organism,  in  the 
form  of  a  rod  bacillus,  which  has  been  demonstrated  to 
be  the  specific  and  invariable  cause  of  the  disease,  and 
may  b<*  obtained  in  every  fully  developed  case  of  anthrax. 
At  the  point  of  invasion  the  bacillus  first  acts  as  a  purely 
local  poison,  producing  only  a  local  irritation,  but  it  soon 
multiplies  rapidly,  and  later  is  conveyed  by  the  circulat- 
ing blood  into  all  parts  of  the  body,  where  by  its  enor- 
mous numbers  it  blocks  the  capillaries  with  embolic 
masses  of  bacilli,  causing  innumerable  hemorrhages  into 
the  organs  and  tissues,  and  effusions  into  the  serous  cav- 
ities and  cellular  structures;  and  by  its  specific  toxin 
acting  upon  the  sympathetic  nerve  centres  it  produces 
great  depression  of  the  vital  functions,  which  often  ends 
in  death  within  a  few  days. 

Anthrax  is  the  most  widely  spread  and  the  most  de- 
structive of  all  communicable  diseases  which  affect  ani- 
mals. The  malady  is  primary  in  the  herbivora,  and  is 
found  in  all  countries.  It  is  very  prevalent  in  parts  of 
France,  Germany,  Italy,  Persia,  North  and  South  Africa, 
and  South  America.  It  is  least  prevalent,  though  not 
absent,  in  Australia,  North  America,  and  the  British 
Isles.  Epidemics  of  the  disease  often  appear  among  cattle 
and  sheep  of  affected  regions,  and  may  be  fatal  at  the  rate 
of  from  fifty  to  seventy  per  cent,  of  the  animals  attacked. 
It  also  attacks  human  beings  in  infected  districts  by  in- 
oculation fn)m  the  lower  animals,  and  is  often  attended 
with  great  fatality.  All  classes  of  vertebrate  mammals 
are  susceptible  to  anthrax.  The  disea.se  does  not  spread 
by  contact  or  association ;  it  can  be  acquired  only  by  the 
intrtKluction  of  the  infective  organisms  into  the  body, 
either  through  an  abrasion  of  the  skin  or  a  defect  in  the 
mucous  membranes,  or  by  the  spores  of  the  bacilli  finding 
their  way  through  the  epithelial  lining  of  the  alimentary 
canal  or  respiratory  tract,  and  so  causing  general  infec- 
tion. The  inoculation  of  these  organisms  produces  the 
same  fatal  effect  upon  animals  as  does  the  infection  from 
the  original  source  of  the  primary  disease.  Blood  taken 
from  a  diseased  animal  is  also  fatal  if  introduced  into  the 
tissues  of  another  susceptible  healthy  animal;  but  if  the 

•  Tbe  bar teriolwy  of  anthrax  will  be*  considered  In  the  article  en- 
titled. Bacteria^  Pathttgenic.  For  this  reason  no  allusion  has  been 
made  to  the  subject  in  this  article. 
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blood  is  filtered  previous  to  its  introduction,  so  as  to  re- 
move all  germs,  it  is  no  longer  infectious  to  a  healthy 
animal  (Klebs,  Pasteur). 

Anthrax  cannot  under  any  circumstances  originate  de 
now,  but  is  always  communicated  by  some  medium 
capable  of  conveying  the  infection;  and  it  is  always 
transmitted  directly  or  indirectly  fn)m  pre-existing  cases, 
or  by  the  products  of  such  cases,  from  animals  (lead  of 
the  same  dis(?ase. 

In  Great  Britain,  anthrax  is  included  among  the  mal- 
adies specified  under  '*The  Contagious  Diseases  Acts." 
In  England.  numen)us  outbreaks  of  antlmix  have  been 
traced  to  the  refuse  of  washings  from  wool,  hair,  etc.. 
which  are  discharged  into  streams  or  .sewers,  and  from 
the  solid  residue  which  is  used  for  manure. 

Twelve  men  and  sixty  head  of  cattle  died  of  anthrax 
in  Pennsylvania  during'  the  year  1897.  The  men  were, 
without  exception,  operatives  in  local  tanneries,  and 
the  cattle  were  from  pastures  watered  by  the  stream 
carrying  off  the  refuse  of  these  tanneries  (Mftdeni  Medi- 
cal Science,  vol.  xii..  No.  7,  January.  19(K)).  Ten  cases 
of  anthrax  were  admitted  to  the  Liverpool  Northern  Hos- 
pital between  March  13  and  July  H.  1H98.  The  source  of 
the  disease  was  found  in  two  tanvards  which  had  be- 
come  infected  from  .some  hides  inii)orte(I  from  China. 
The  diagnosis  was  not  doulitful  in  any  of  the  ]>atients. 
and  was  supported  by  microscopic  examination  in  all  the 
cases,  in  six  of  which  it  afforded  absolute  proof  of  the 
nature  of  the  disease.  Later,  three  additional  cases  were 
admitted  to  the  same  hosi)ital,  of  whom  two  were  work- 
men from  the  same  tannerv.  The  third  was  a  woman 
employed  as  a  wool -sorter.  Three  other  cases  were  re- 
ported from  the  sjime  establishment  which  were  treated 
elsewhere.  The  mortality  is  reported  at  forty- four  per 
cent.     {T/ie  Lducet,  January  20,  190(),  p.  104.)  * 

Animals  rarely  take  the  disea.se  from  other  animals, 
but  obtain  it  indirectly  fnmi  the  soil  or  other  second- 
ary medium  of  infection.  Thus,  certain  restricted  re- 
gions or  localities  become  centres  of  infection  where  the 
disea.se  shows  itself  year  after  year.  This  may  arise  from 
the  sujierficial  burial  of  animals  dead  from  anthmx, 
which  leads  to  the  infection  of  the  soil,  which,  once  pro- 
duced, is  not  ea.sily  eradicated.  In  portions  of  the  ])rov- 
ince  of  Bmndenburg.  the  owners  of  cattle  have  learned 
by  oft  repeated  exj)erienee  the  exact  boundaries  of  lim- 
ited districts,  and  even  of  certain  fields,  where  anthmx 
contamination  persists  in  the  soil.  The  same  condition 
prevails  in  certain  portions  of  the  Bavarian  Ali)s. 

No  ordinary  changes  of  temperature,  such  as  freezing 
of  the  ground,  affects  the  vitalitv  of  the  orijanisni.  Sta- 
ble  implements,  veterinary  surgical  instrunients.  etc.. 
may  spread  the  disease  among  healthy  animals.  The 
bodies  of  animals  when  buried  are  not  so  dangerous  for 
the  propagation  of  anthrax  as  are  the  blood,  intestinal  j 
contents,  etc.,  which  niav  he  scattered  on  the  surface  of 

'  ft. 

the  ground  or  adhere  to  grass.  shru])s,  etc. 

Herbivorous  animals,  such  aseattle  and  sheep,  are  more 
suscepti])le  to  the  intestinal  form  of  anlhnix.  ])Ul  are  less 
often  affected  by  the  external  form  of  the  disease,  the 
so-called  "malignant  pustule."  Others,  sueh  as  guinea- 
pigs  and  rabbits  and  white  mice,  are  less  often  attacked 
by  the  intestinal  forms,  ])ut  are  more  susee])til)le  to  sub- 
cutaneous inoculation  bv  experiment.  The  eainivora 
are  less  susceptible  than  other  classes.  Animals  ordi 
narily  acquire  anthrax  by  way  of  the  intestinal  canal, 
through  infected  fodder,  stable  litter,  manure,  or  from 
water  polluted  by  anthrax  infection;  or  from  infection 
of  the  pa.<«tures  or  fields  owing  to  the  exposed  Ijodies  of 
animals  dead  from  the  disease -.  or  from  the  contamina- 
tion of  the  grass  by  the  anthrax  genus  from  the  dead 
body  of  an  animal  which  has  been  buried  in  the  vicinity. 

Direct  inoculation  of  anthrax  in  man  is  noi  very  com- 
mon. It  can  liappen  only  in  those  whose  calling  brings 
them  in  direct  or  personal  contact  with  the  diseased  or 
dead  animal.  There  must  be  also  either  an  abrasion  of 
the  epidermis  or  a  wound  of  the  skin  to  insure  infection. 
Veterinaries  and  knackers  have  been  more  frequently 
affected  than  physicians,  nurses,  undertakers,  or  butch- 


ers. There  is  danger  to  man  from  flies  about  those 
affected  with  anthrax,  as  it  has  been  proved  that  the 
virus  of  many  infectious  diseases  may  be  conveyed  by 
insects,  either  from  soiling  of  their  bodies  or  limbs  with 
the  infectious  material,  or  from  their  dejections  which 
may  contain  the  germs  of  an  infectious  disease. 

Anthrax  in  man,  in  this  country  at  least,  is  almost  ex- 
clusively limited  to  those  working  in  animal  products 
imported  from  other  countries  where  the  disease  exists. 
The  dead  animal  is  far  more  dangerous  when  thus  dis- 
tributed than  is  the  living  animal  to  the  human  beings 
in  its  own  immediate  vicinity.  Infection  may  occur 
thnmgh  the  skin,  intestines,  or  the  lungs.  In  a  guinea- 
pig  a  single  bacillus  of  virulent  anthrax  is  capable  of 
producing  fatal  infection.  Experiments  on  rabbits  have 
shown  that  general  as  well  as  local  infection  may  follow 
the  rubbing  of  certain  pathogenic  bacteria  into  the  unin- 
jured skin.  In  infected  localities  the  anthrax  bacillus 
lives  in  the  soil,  and  may  thus  render  certain  portions  of 
a  fiehl  or  pasture  where  the  bodies  of  animals  dead  from 
the  disease  have  bi*en  buried  a  permanent  source  of  the 
disease  to  other  susceptible  animals  through  long  periods. 

The  greatest  source  of  danger  in  this  disease  lies  in  the 
fact  that  the  virus  may  be  introduced  through  the  small- 
est abrasion  or  injury  of  the  skin,  or  of  the  mucous  mem- 
bmne  of  the  alimentary  canal.  The  degree  of  suscepti. 
bility  of  different  animals  to  the  poison  of  anthrax  is  not 
unif()rm.  The  herbivora  are  especially  susceptible  (ex- 
perimentally, rabbits  and  guinea  pigs)," the  omnivora  are 
less  liable  to  take  the  disease?  (pigs,  men,  etc.).  and  the 
carnivore  are  least  susceptible  to  the  virus.  Strong, 
healthy  animals  are  more  easily  affected  than  the  lean  or 
sickly.*  One  attack  affords  no  protection  against  a  recur- 
rence of  the  disease.  To  show  the  ravages  of  this  dis- 
ease, it  may  be  stated  that  in  Russia,  in  the  year  1864, 
no  less  than  72, (KK)  horses  were  destn)yed  by  it.  In  the 
province  of  Novgorod,  w^ithin  four  years,  more  than 
5(>,(K)0  horses,  cows,  and  sheep,  as  well  as  525  men,  fell 
victims  to  this  terrible  scourge  (see  Bollinger).  The  dis- 
ease spreads  among  men  in  proportion  as  they  are  ex- 
pos<Ml  to  infection  from  diseased  animals  or  men.  Shep- 
iierds,  farmers,  butchers,  coachmen,  stablemen,  as  well 
as  veterinary  surgeons  and  thoseindividuals  who  handle 
animal  products,  such  as  wool  sorters,  curriers,  mattress- 
makers,  etc..  are  especially  exposed.  Horsehair  is  par- 
ticularly dangerous.  Furl  her,  articles  like  hides,  horns, 
wool.  etc..  from  c(^»intries  where  the  disea.se  is  pn^valent, 
which  may  ]>e  transport ed  great  distances,  are  liable  to 
convey  the  infection  and  thus  give  rise  to  the  malady 
among  those  employed  in  their  transportation  or  manu- 
facture. Trousseau  mentions  two  factories  in  Paris,  in 
which  horsehair  from  Buenos  Ayres  was  used  in  uphol- 
st<'ring  furniture,  and  in  which  not  more  than  six  or 
eight  workuK'U  wenM'mploved:  during  ten  years  twenty 
liborers  died  in  these  establishments  from  anthrax. 
Kven  after  the  hair  has  been  long  in  use,  the  disease  may 
be  induced  in  the  form  of  true  malignant  pustule  in  those 
employed  in  renovating  the  upholstering.  A  small 
scratch  or  crack  in  the  skin  or  mucous  membrane  is  suffi- 
cient for  inoculation,  and  frequently  the  di.sease  is  intro- 
duced into  the  system  l)y  the  unclean  nails  or  finjrers  of 
workmen  in  scratching  the  face  or  arms.  The  disease 
may  be  ^]irea<l  from  man  to  man.  The  discharge  from 
the  pustule  (anthrax  carbuncle)  contains  the  bacilli  of 
the  disease,  and  its  inoculation  will  be  followed  by  the 
(levelopiuent  of  anthrax.  Repeated  transmis-sions  of 
virus  do  not  caus"  a  diminution  of  virulence:  the  last 
•reneration  is  as  highly  infectious  as  the  first.  Anthrax 
is  observed  in  men  in  the  j)roj>ortion  of  fifty-nine  per 
(M'Fit.,  to  forty  one  ])er  cent,  in  women.  The  seat  of  the 
])riniary  sore,  tin*  malignant  pustule,  w^as  found  by  Vir- 
cliow  to  be  contined  to  the  face,  hands,  fingers,  forearm, 
or  neck  in  eiirhty  four  per  cent,  of  ciises.  In  the  rest, 
sixteen  percent.,  tlie  arms  and  lower  extremities  were 
tlieseat  of  infection,  and  in  the.se  cases  the  patients  were 
chiefly  women  and  children,  in  Avhom  these  regions  are 
more  exposed  than  in  men. 

Then;  is  a  varying  susceptibility  to  anthrax  among 
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different  families  of  the  same  race.  This  has  been  ob- 
served in  both  men  and  animals.  Thus  the  negro  is  less 
susceptible  than  the  white  man,  and  certain  breeds  of 
sheep,  notably  the  Algerian  variety,  are  less  susceptible 
than  other  breeds.  Deer,  reindeer,  and  elephants  are 
also  liable  to  the  disease 

The  bacillus  of  anthrax  is  famous  as  being  the  first 
micro-or^nism  to  be  discovered  as  the  actual  cause  of 
an  infective  disease.  In  San  Domingo  in  1770  it  was  the 
cause  of  the  death  of  fifteen  thousand  persons  in  the 
space  of  six  weeks  from  eating  the  flesh  of  animals  dead 
from  the  disease. 

All  forms  of  anthrax  are  caused  by  a  single  organism. 
It  is  at  first  a  local  lesion  which  may  be  destroyed  by 
thorough  excision  or  by  efficient  caustic  treatment.  The 
disease  is  not  necessarily  always  fatal.  Dr.  Budd.  of 
Bradford,  England,  had  nine  cases,  of  which  eight  re- 
sulted fatally. 

Other  observers  in  mostly  tropical  countries  report  as 
low  as  twelve  per  cent.,  or  even  five  per  cent.,  mortality. 
Such  a  statement  should,  however,  be  taken  with  some 
amount  of  reservation.  In  forty-eight  cases  of  external 
anthrax  treated  at  Guy's  Hospital  in  London,  thirty -nine 
recovered  after  operation  for  the  destruction  of  the  local 
disease.  The  infection  of  a  wound  of  entrance  of  the 
poison  cannot  be  prevented  by  the  immediate  irrigation 
of  the  wound  by  corrosive  sublimate  or  carbolic  acid 
when  the  bacilli  have  once  gained  entrance  into  the 
flesh. 

There  is  always  a  local  lesion  in  some  part  of  the  body 
by  which  the  virus  of  anthrax  gains  entrance  to  the  sys- 
tem. The  disease  is  by  no  means  always  fatal  to  animals. 
Fagge  states  the  average  mortality  among  horses  and 
homed  cattle  to  be  seventy  per  cent.  The  disease  is  ac- 
companied in  cattle  with  enlargement  of  the  spleen  as  a 
very  characteristic  condition.  Many  cases  show  no  ex  - 
ternal  lesion,  as  the  infection  may  be  taken  by  the  mouth 
in  swallowing,  or  may  have  been  inhaled.  Then*  are  then 
rarely  premonitory  symptoms;  the  patient  is  seized  with 
a  chill,  becomes  faint  and  prostrated,  has  pains  in  the 
back  and  legs,  the  temperature  rises  to  102'  or  103°  F., 
the  breathing  is  rapid  and  there  is  much  pain  in  the 
chest,  the  pulse  is  feeble  and  very  rapid,  and  there  may 
be  vomiting  From  the  prominence  of  these  symptoms 
the  pulmonary  form  of  the  disease  has  at  times  been  di- 
agnosed. Death  may  occur  in  twenty  four  hours.  Cere- 
bral symptoms  may  be  very  marked  in  the  course  of  the 
disease. 

When  the  disease  is  located  in  the  chest,  there  is  great 
resemblance  to  a  rapidly  spreading  pneumonia  with  sub- 
sequent heart  failure.  It  is  probable  tliat  many  cases  of 
** pneumonia"  occurring  in  manufactories  of  carpets, 
blankets,  furs,  etc.,  are  really  thoracic  anthrax.  The 
recognition  of  **  wool-sorter's  disease"  as  a  form  of  anthrax 
is  due  to  Dr.  J.  H.  Bell,  of  Bradford,  England.  Eppin- 
ger  has  shown  "  rag-picker's  disease  "  to  be  a  lociil  anthrax 
of  the  lungs,  with  subsequent  general  infection  cf  the 
system  from  this  source. 

The  term  ** malignant  pustule"  is  inappropriate  and 
misleading,  as  the  disease  is  often  not  malignant,  and 
the  pustule  never  contains  pus. 

Course  op  tue  Disease. — Extenml  Anthroj!. — Dur- 
ing the  first  day  the  seat  of  infection  is  more  or  less 
irritable,  sometimes  painful.  The  continued  itching  of 
the  part,  with  augmentation  of  the  redness,  an  o'dema- 
tous  swelling,  together  with  shooting  ])ains  in  the  local- 
ity, with  red  lines  beneath  the  skin,  marking  the  course 
or  the  swollen  lymphatics,  are  among  the  strongest  initial 
symptoms  of  anthrax.  As  the  disease  ])rogres.ses,  these 
conditions  increase  in  intensity,  and  tlie  tis.sues  about  the 
point  of  infection  become  discolored  and  variegated  in 
tint.  The  formation  of  a  vesicle  at  the  point  of  infec- 
tion, with  subsequent  rupture,  and  the  appearance  of  a 
crust  or  scab  are  decidedly  characteristic.  Fever  is  often 
present  even  at  this  stage,  though  it  may  not  be  observ- 
able in  the  early  stages.  Diarrhoea  is  fnM|uent.  Malig- 
nant cases  may  terminate  fatally  in  from  twenty -four  to 
forty -eight  hours,  and  are  often  preceded  by  collapse. 


During  the  second  day  there  usually  appears  a  vesicle 
varying  in  size  from  1  to  3  cm  ,  with  a  yellowish  or 
brownish  exudation.  At  about  the  third  day,  the  vesicle 
bursts  and  shrinks,  leaving  a  brownish  base,  exuding 
serum.  On  the  fourth  day  there  is  a  black,  dry,  de- 
pressed crust  or  scab,  often  called  the  eschar,  which  is 
surrounded  with  a  very  cluiracteristic,  slightly  elevated 
border  or  wreath  of  small  new  vesicles.  There  may  be 
other  discrete  or  confluent  vesicles  in  the  neighborhood. 
Pus  is  first  observed  at  the  end  of  the  tenth  or  fifteenth 
day,  if  the  patient  lives  so  long,  when  the  separation  of 
the  sloughing  eschar,  accompanied  with  suppuration, 
occurs  in  the  usual  manner. 

The  initial  symptoms  of  anthrax  are  similar  to  those 
of  other  acute  febrile  diseases:  weakness,  malaise,  chilli- 
ness or  moderate  rigor,  headache,  thirst,  restlessness  with 
or  without  mild  delirium.-  scmietimes  vomiting  and  dis- 
turbed sleep.  The  subsequent  symptoms  Vary  in  char- 
acter and  intensity  according  to  the  external  localization 
of  the  disease.  If  this  is  in  the  stomach,  there  may  be 
obstinate  vomiting;  if  in  the  intestine,  persistent  diar- 
rhoea; if  in  the  pulmonary  structures,  rapid  breathing, 
with  symptoms  similar  to  those  of  extensive  pneumonia, 
cyanosis,  and  speedy  collapse.  Serious  disturbance  of 
tlie  brain  may  be  associated  with  any  of  these  conditions, 
accompanied  with  convulsions  and  coma.  The  tempera- 
ture curve  is  similar  to  that  in  other  acutely  toxic  febrile 
conditions,  ranging  from  102*  to  105**  F. 

Dr.  Hamer  reported  a  mortality  of  forty  per  cent,  in 
cases  of  anthrax  of  the  neck,  while  the  mortality  in  cases 
in  which  the  primary  lesion  was  situated  upon  other 
parts  of  the  body  was  twelve  per  cent. 

Anthrax  is  less  fatal  in  tropical  countries,  where  the 
condition  of  the  climate,  heat,  sunshine,  etc.,  may  pro- 
duce diminished  virulency  of  the  specific  organism  of  the 
disease.  Perhaps  a  greater  resistance  to  the  effect  of  the 
bacilli,  or  of  their  toxin.s,  on  the  part  of  the  inhabitants, 
or  a  greater  toleration  of  the  infective  poison,  may  ac- 
count for  the  less  fatal  character  of  the  malady  in  those 
regions  where  the  mortality  has  been  npdrted  as  ex- 
tremely low,  varying  from  zero  to  one  per  cent. 

A  pronounced  systemic  reaction  with  much  local  in- 
flammation has  been  thought  favorable  to  recovery. 
In  asthenic  conditions  of  the  system  the  prognosis  is  less 
hopeful.  The  pulse,  respiration,  and  temperature  are 
not  always  indicative  of  the  gravity  of  the  disease  or  of 
the  probable  result. 

Dr.  Bell  gives  the  following  table  of  mortality  in  rela- 
tion to  the  duration  of  the  disease: 


Dayp. 


Cases 


2d 

3d 

4tb 

5th 

6tb 

7th 

8tta 

2 

3 

13 

6 

11 

10 

5 

9tb 


Over  nine  days,  1  case ;  total,  55  cases. 

Intestinal  Anthrax  {Mycmis  IntentinalU). — In  some 
cases  the  primary  lesion  of  anthrax,  the  malignant 
pustule,  is  seated  upon  the  internal  surface  of  the  bowel, 
and  produces  the  symptoms  known  as  those  of  mycosis 
intestinalis,  followed  by  the  same  train  of  fatal  results 
as  when  the  primary  lesion  is  upon  the  external  surface. 
Often  the  milk  and  the  flesh  of  diseased  animals  are  taken 
as  food,  and  doubtless  the  infection  frecjuently  occurs 
from  this  source.  The  course  and  symptoms  of  t  hi.s  form 
of  the  disease  are  not  well  understood.  Often  the  work- 
men engaged  in  slaughtering  di.scased  animals  become 
infected  by  direct  inoculation,  while  tho.se  eating  the 
flesh  of  tlie  same  animals  experience  no  harm.  It  is 
probable  that  the  bacilli  are  destroyed  by  the  processes 
of  cooking,  which' generally  require  an  elevation  of  tem- 
perature sufficient  for  their  sterilization;  or  pos.sibly 
they  may  be  rendered  harmless  by  th(*  gjvstric  digestion; 
but  if  they  succeed  in  passing  the  stomach,  they  may 
then  become  seated  in  the  mucous  membrane  of  the 
bowel  and  there  produce  the  disea.se. 

Intestinal  anthrax  is  rare  in  man,  though  it  has  been 
occasionally  reported.    (For  a  most  .nteresting  case  see 
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"Medical  and  Surgical  Reports,"  Boston  City  Hospital, 
1896-d9,  p.  226.)  The  distinction  between  tli'e  intestinal 
and  pulmonary  forms  of  anthmx  is  not  easily  made,  and 
doubtless  the  two  may  often  be  confounded  with  other 
acute  diseases  affecting  these  organs,  unless  the  anthrax 
bacillus  is  identitied  by  mi(rroseopical  examination,  or 
the  disease  be  reproduced  by  incKrulation  in  animals. 
The  diagnosis  of  intestinal  anthmx  may  be  quite  impos- 
sible, owing  to  the  rapidity  of  its  progress  and  the  sim- 
ilarity of  its  symptoms  to  those  of  other  gastro- intestinal 
diseases,  especially  to  those  of  ptomaine  poisoning.  The 
course  of  intestinal  anthrax  is  almost  uniformly  fatal, 
and  Bell  states  that  no  case  demonstrated  during  life  to 
be  intestinal  anthrax  has  recovered. 

Treatment  of  this  variety  of  the  disease  should  consist 
of  rapidly  acting  evacuants.  followed  by  the  administra- 
tion of  internal  antiseptics  (germicides),  with  supporting 
measures  according  to  the  conditions  present;  but  the 
nature  of  the  lesion  and  the  rapid  progress  of  the  disease 
would  preclude  the  hope  of  benefit  from  any  available 
means  of  internal  medication. 

Pulmonni^  Anthrnj',  Wml  Sorter  i(  Diaease,  Anthrnr^e- 
mia. — This  form  of  the  disease  may  be  acquired  by  in- 
halation of  the  dust  from  any  of  the  products  of  dis- 
eased animals.  Thus  it  has  been  observed  among  those 
employed  in  the  handling  or  manufacture  of  animal 
hairs  and  woollen  rags;  among  wool  sortei^s,  rag  pickers, 
and  those  concerned  in  the  further  manipulations  of  these 
articles  into  woven  textures;  and  to  scmie  extent  among 
paper-makers.  Dr.  Bell  says:  "The  sorting  of  wools 
and  hairs  is  unhealthy  in  proportion  to  the  c(mtamina- 
tion  they  produce  in  the  air  ins])ired  by  the  workmen. 
First,  the  dust  and  fine  short  haii-s,  acting  mechanically, 
excite  chronic  diseases  of  the  lungs,  sucli  as  bronchitis 
and  phthisis.  Second,  dust  from  dried  and  decomposing 
animal  matter  prcxluces  a  low  fomi  of  septic  pneumonia. 
Third,  the  virus  arising  from  the  blood  and  discharges  of 
animals  that  have  died  from  anthrax  acts  specifically  on 
the  lungs." 

Pulmonary  anthrax  is  peculiarly  a  human  complica- 
tion. It  is  not  often  observed  as  a  coincident  condition 
in  either  cutaneous  or  intestinal  infection.  "From  the 
paramount  dignity,  in  the  human  economy,  of  the  organ 
invaded,  and  the  specific  tendency  in  anthrax  to  the  de- 
velopment of  o'dematous  conditions  in  the  tissues  in- 
vaded, it  is  not  surjuisiug  that  pulmonary  invasion  h'ads 
to  a  most  acute  and   srcnerallv  fatal  manifestation  of 

*  -  » 

anthrax,  recovery  occurring  ])ut  seldom."* 

The  general  duration  of  the  pulmonary  invasion  be- 
fore the  fatal  termination  is  from  two  to  live  days.  The 
Ijacilli  are  often  prt'sciit  in  the  sputum. 

FATno[.()(;v. — Tlie  patliology  of  malignant  ])ustule 
consists  of  tlie  scries  of  changes  which  follow  inoculation 
with  anthrax  throuirh  either  the  skin,  the  ahmentary 
canal,  or  the  lungs.  Thcs<'  changes  are  somewhat  differ- 
ent, according  to  the  particular  circumstances  of  the  in- 
dividual case.  When  the  virus  is  introduced  through  a 
scratch  or  abrasion  of  the  skin,  the  period  of  incubation, 
or  the  space  of  time  before  the  local  symptoms  of  anthrax 
appear,  may  var}'  from  a  few  houi-s  to  three  days:  in 
rare  cases  a  somewhat  longer  time  may  elaps<'. 

The  cours(;  of  the  disease  in.'iy  be  divided  into  three 
Stages.  The  first  or  prodromal  stage  is  that  of  incuba- 
tion (period  of  latency).  During  tliis  period  the  patient 
presents  no  marked  symptoms  of  any  .serious  disturb- 
ance. There  are  IcK-ali/ed  burning  and  itchinir  at  the  seat 
of  infection,  which  an*  generally  lliouirht  to  be  due  to  the 
bite  of  an  insect,  such  as  a  tlea,  whicli  the  spot  closely 
resembles.  After  a  period  of  incubation  lasting  from  a 
few  hours  to  three  days  (rarely  longer)  the  local  symp- 
toms suddenly  change.  The  second  stage,  that  of  erup- 
tion, now  ensues,  in  which  a  small  papule  is  s(»en  at  the 
seat  of  the  previous  irritation.  This  rajiidly  increases  in 
height  and  in  circumference,  and  generally  presents  a 
spot  of  dark  discoloration  at  its  summit.  The  itchinir 
and  burning  increase,  and  within  a  iv.w  lioms  a  vesicle 
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appears  at  the  seat  of  discoloration  in  the  papule.  The 
vesicle  now  rests  upon  an  indurated  base,  and  contains 
a  small  amount  of  a  serous,  frequently  bloody  fluid. 
The  surrounding  skin  swells  so  as  to  form  a  slight  ele- 
vation around  the  vesicle,  which  now  exhibits  the  pe- 
culiar appearances  to  which  it  owes  its  name  of  **  ma- 
lignant pustule."  although  this  is  not  an  accurate  defini- 
tion of  tlic  pathological  condition  at  the  seat  of  the  local 
disease.  The  vesicle  soon  ruptures  spontaneously,  or  is 
ruptureil  by  the  scratching  of  the  patient,  and  reveals  a 
dark  red  base,  which  quickly  dries,  forming  a  livid  or 
browni.sh  crust.  This  is  the  commencement  of  the  cen- 
tral gangrene  or  necrosis  of  tissue  commonly  observed 
in  the  carbuncle  of  anthrax.  The  crust  becomes  grad- 
ually larger,  imtil  it  sometimes  reaches  a  diameter  of 
from  1  to  3  cm.,  and  the  swelling  and  tension  of  the 
surrounding  skin  become  more  extensive.  A  line  of  new- 
formed  vesicles  becomes  developed  around  the  margin 
of  the  crust,  and  these  vesicles  contain  a  yellowisli  or 
brown  fluid  ccmtent. 

The  crust  now  gradually  becomes  free  from  pain  and 
tenderness,  and  a  doughy  or  boggy  infiltration  is  felt  for 
s<mie  distance  in  the  tissues  around  the  primary  sore. 
The  local  ccmdition,  liowever,  has  no  diagnostic  value 
as  an  indication  of  the  infection  of  the  general  system. 
In  rare  instances  the  kx»l  symptoms  l^ome  less  seri- 
ous, the  swelling  subsides,  the  slough  separates  and  is 
thrown  off,  and  the  ulcer  heals  by  granulation.  In  such 
cases  the  chief  danger  is  from  siepticsemia  arising  from 
the  absorption  of  gangrenous  matter.  When  general 
infection  occurs  the  swelling  increases  and  becomes 
doughy,  the  lymph  channels  are  detected  as  reddened 
lines  of  induration,  the  glands  become  swollen,  and 
burning  heat  is  felt  in  the  part,  which  gradually  be- 
comes very  painful  and  later  is  the  seat  oi  a  feeling  of 
stiffness  and  numbness.  The  veins  are  often  seen  as 
dark  colored  channels,  and  are  sometimes  plugged  by 
thrombosis. 

The  foregoing  appearances  are  caused  by  the  local 
nndti plication  oi  the  bacilli  of  anthrax  in  the  part  which 
is  the  seat  of  the  primary  infection.  On  the  second  or 
third  day  the  germs  may  be  found  in  the  central  part  of 
the  carbuncle  and  in  scattered  groups  in  the  rete  Mal- 
pighii.  At  times  large  interwoven  masses  of  germs  are 
found  in  the  tissues  at  this  early  period,  and  may  be  ob- 
served to  spread  into  the  neighboring  parts  by  extension 
beneath  the  epidermis.  In  a  carbuncle  extirpated  by 
Bardeleben  cm  the  twelfth  day,  which  mcjusured  5  cm. 
in  diameter,  the  bacilli  were  present  in  such  enormous 
numbers  that  the  tissues  were  everywhere  crowded  with 
them;  they  even  filled  the  spaces  between  neighboring 
cells  and  obscured  the  normal  structures  of  the  part.  In 
a  carbuncle  examined  by  Wagner  the  bacilli  were  so 
abundant  as  to  hide  the  normal  tissues.  The  centre  of 
the  i)ustule  is  generally  the  seat  of  hemorrhage,  and  the 
eiTused  blood  is  prone;  to  undergo  putrefactive  changes. 
This  accident  is  also  frecpiently  observed  in  the  opdema- 
tous  tis.Mu;  immediately  surrounding  the  pustule.  From 
this  centre  of  the  disease  general  infection  of  the  body 
(third  stage)  may  now^  quickly  take  place,  some  castas 
re(|uiring  but  a  few  hours  {ras  fomlroyanU),  while 
others  occupy  from  three  to  four,  sometimes  eight  to  ten, 
days  fof  general  j)oisouing  of  the  system. 

A  second  form  of  the  disease  is  the  "cedema  carbuncu- 
losiim  sen  malignum,"  "Milzbrandcedem."  This  is  ob- 
served in  cases  in  wliich  inoc^ulation  occurs  in  parts  cov- 
ered with  thin  delicate  skin,  such  as  the  eyelids,  axilla. 
and  occasionally  the  extremities.  In  these  cases  the  local 
sore,  the  pustule,  is  not  formed,  there  is  no  crust,  no 
central  gangrene,  nor  an  eru])tion  of  vesicles,  but  a  rosy, 
bluish,  or  even  hvid  swelling  appears  at  the  S(»at  of  pri- 
mary infecti(>n.  and  rapidly  spreads  in  all  directions. 
Generally  the  spot  where  the  inocidation  occurred  may 
be  seen  as  a  <lark  point  more  or  less  elevated  above  the 
surface,  but  sometimes  there  is  no  visible  point  of  origin. 
The  swelling  is  fre(|uently  enormous,  so  that  the  arm 
may  be  three  or  four  times  its  normal  size,  or  the  eyes 
may  be  entirely  closed  by  large  effusions  of  translucent 
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fluid  in  the  tissues.  Like  the  previously  described  local 
manifestations  of  anthrax,  this  muliguaut  a^dema  niay 
subside  spontaneously  without  causing  destruction  of 
the  tissues,  and  the  part  may  be  restored  to  its  former 
condition.  There  is  genemlly  abundant  desquamation 
of  epidermis  after  the  disappearance  of  the  oedema.  At 
times  the  swelling  is  so  enormous  that  the  skin  becomes 
gangrenous  to  a  greater  or  less  extent,  and  often  the 
(Edematous  area  is  the  seat  of  vesicles  or  blebs  which  are 
filled  with  a  bloody  serum,  and  at  the  base  of  which  is 
generally  found  a  slough  comprising  the  entire  thickness 
of  the  skin.  When  the  neck  or  eyelids  are  the  seat  of 
extensive  oedema  and  sloughing,  the  loss  of  tissue  may 
be  so  great  as  to  lay  bare  the  great  vessels  or  other  im- 
portant structures,  and  death  may  ensue  from  hemor- 
rhage or  from  some  other  accident  not  belonging  to  the 
course  of  autlirax. 

General  infection  may  occur  when  the  primary  lesion 
is  seated  in  the  intestinal  tract,  as  well  as  when  the  in- 
oculation has  taken  place  on  the  external  surface,  and 
the  character  of  the  disease  is  not  essentially  different. 
The  primary  affection  has  received  the  name  of  "anthrax 
intestinalis  seu  abdominalis,"  or  "mycosis  intestinalis," 
and  is  described  by  Bulil,  Waldeyer,  E.  Wagner,  and 
others.  These  cases  generally  run  a  most  alarming, 
pernicious  {fmidroynnt)  course,  and  it  is  chiefly  by  ex- 
amination of  the  intestine  that  the  identity  of  the  disease 
has  been  established.  This  form  of  anthrax  is  generally 
induced  by  eating  the  uncooked  or  insufticiently  cooked 
flesh  of  infected  animals  {e.g.y  sausages,  sandwiches  of 
raw  meat,  etc.). 

General  infection  of  the  system  corresponds  to  that 
period  in  the  development  and  multiplication  of  the 
bacilli  in  which  they  have  penetrated  beyond  the  seat  of 
primary  infection,  have  reached,  by  means  of  the  blood 
channels  or  other  paths,  the  internal  organs,  and  have 
commenced  to  multiply  in  these  structures.  The  bacilli 
are  probably  carried  by  the  blood  corpuscles,  wiiich  often 
contain  them  in  considerable  numbers.  The  disease 
progresses  much  more  rapidly  in  the  intestinal  form, 
probably  from  the  sudden  liberation  of  larger  numbers 
of  bacilli,  which  enter  the  circulation  from  many  points 
at  once. 

The  anatomical  appearances  in  anthrax  are  those  de- 
pendent upon  a  multiplication  of  the  bacillary  organisms 
m  the  body,  and  there  is  hardly  a  structure  or  a  tissue  in 
the  dead  body  in  which  they  may  not  be  found  in  great 
abundance.  They  form  thrombi  in  the  capillaries,  the 
lymphatic  channels  and  glands;  the  brain,  kidneys,  and 
intestinal  glands  are  found  more  or  less  crowded  with 
them.  The  most  striking  changes  are  hemorrhages  in 
the  tissues,  varying  in  amount  from  mere  points  to  large 
extravasations.  (Edematous  exudations  and  serous  effu- 
sions in  the  various  cavities,  and  serous  infiltration  in 
various  organs,  frequently  ensue.  The  visceral  organs 
are  generally  found  in  a  normal  condition,  with  the  ex- 
ception of  the  spleen,  which  is  usually  enlarged  and 
softened  in  structure,  and  contains  enormous  collections 
of  bacilli.  There  is  a  marked  increase  in  the  number  of 
white  corpuscles,  and  death  is  quickly  followed  by 
strongly  developed  rigor  mortis. 

In  general  appearances  the  clinical  picture  of  fatal 
anthrax  closely  resembles  that  of  virulent  blood-poison- 
ing. As  a  rule,  cases  of  malignant  pustule  terminate 
fatally  in  from  three  to  seven  (lays,  though  in  cases  of 
special  virulency  death  may  occur  within  a  few  hours. 

TTie  General  Symptoms  of  anthrax  are  usually  the 
following:  Chilliness,  or  a  well-marked  rigor,  faintness, 
pains  in  the  limbs,  loss  of  appetite,  sometimes  severe 
distress  in  the  region  of  the  stomach,  colic,  meteorism, 
vomiting,  and  (liarrhopa,  frequently  accompanied  by 
bloody  stools.  There  is  excessive  thirst.  The  patient 
retains  consciousness  to  the  end,  unless  coma  should  su- 
pervene shortly  before  death.  Frequently  there  is  great 
agony  and  disti'essing  anxiety;  the  patient  begs  for  re- 
lief in  the  most  piteous  manner,  and  feels  that  dissolu- 
tion must  soon  ensue.  In  other  cases  there  is  stupor  from 
the  first,  or  the  patient  becomes  delirious,  or  sinks  into 


a  deep  coma,  or  the  body  may  be  convulsed  by  clonic 
cramps  or  continuous  trismus  or  tetanic  contractions. 
Occasionally  there  are  harassing  cough  and  dyspnoea,  with 
bloody  expectoration.  There  may  be  frequent  hemor- 
rhages in  the  tissues  or  from  the  mucous  membranes,  and 
sometimes  secondary  pustules  are  formed  which  are 
similar  in  all  general  characters  to  the  primary  lesion. 
Usually  there  is  considerable  elevation  of  the  body  tem- 
perature at  the  period  of  invasion  of  anthrax,  the 
thermometer  often  registering  40°  C.  (104"  F.),  or  higher, 
for  some  days,  when  there  is  a  sudden  fall  to  a  tempera- 
ture at  or  below  normal,  frequently  as  low  as  36**  C. 
(97^  F.).  The  pulse  is  generally  accelerated,  and  in- 
creases in  frequency  until  death.  The  action  of  the  heart 
is  often  feeble,  and  the  sounds  are  hardly  audible.  Death 
usually  occure  from  collapse  and  general  cyanosis. 

Cases  of  intestinal  anthrax  are  generally  more  virulent 
than  the  ordinary'  ones  of  malignant  pustule,  and  they  re- 
sult fatally  sooner  than  those  in  which  the  infection  takes 
place  from  the  external  surface.  The  effects  seem  to  de- 
pend upon  the  mechanical  action  of  enormous  masses  of 
germs  within  the  body,  and  upon  the  destruction  of  large 
portions  of  tissue  by  the  growth  and  multiplication  of 
the  bacilli,  together  with  the  added  action  of  the  specific 
toxin  produced  by  these  or^nisms,  which  may  be  sup- 
posed to  be  more  rapidly  disseminated  from  this  origin 
than  when  the  initial  lesion  is  situated  upon  the  cutaneous 
surface.* 

The  progress  of  anthrax  when  acquired  by  inhalation 
is  variable,  but  usually  the  course  of  the  disease  is  rapid, 
and  tends  towanl  a  fatal  ti*miination.  The  symptoms 
are  often  unimportant  or  insignificant  until  near  the  end. 
In  some  cases  the  invasion  of  anthrax  is  followed  by  sud- 
den collapse  with  speedy  death  of  the  patient,  as  from 
shock;  but  generally  there  is  more  or  less  reaction,  fol- 
lowed by  collapse  and  death,  without  the  signs  of  any 
inflammatory  lesion  in  the  lungs.  When  the  patient  sur- 
vives a  sufticient  time  for  inflammatory  processes  to  de- 
velop in  the  lungs,  the  risk  from  the  anthrax  poison  is 
reduced.  The  duration  of  pulmonary  anthrax  varies 
from  one  to  ten  days.  A  large  proportion  succumb  to 
the  disease  within  the  fii*st  four  days. 

The  bacilli  may  or  may  not  be  found  in  the  blood,  but 
if  the  disease  is  really  anthrax,  the  subcutaneous  iniec- 
tion  of  the  blood  in  a  mouse  will  certainly  prove  fatal. 

The  specific  action  of  the  bacillus  upon  the  body  of  its 
host,  aside  from  its  presence  in  enormous  numbers,  has 
been  sought  in  the  morphological  character  of  the  organ- 
ism ;  the  germ  belongs  to  the  aerobic  class  of  organisms, 
and  is  a  greedy  consumer  of  oxygen ;  and  it  has  been 
thought  that  the  great  prostration  of  the  system,  and  the 
signs  of  the  destructive  action  of  the  disease,  as  well  as 
its  rapid  progress,  may  be  due  to  the  fact  that  it  depletes 
the  red  blood  cells  of  their  supply  of  oxygen,  and  thus 
induces  a  sudden  collapse  of  the  vital  powers.  This  view 
is  supported  by  the  appearances  presented  by  the  disease 
in  grave  cases,  in  which  there  is  cyanosis  to  a  marked 
degree,  and  the  patient  dies  with  all  the  appearances  of 
asphyxia.  In  this  respect  the  organism  of  anthrax  pro- 
duces in  the  animal  system  an  effect  similar  to  that  of 
certain  poisons  of  thecyanide  group,  in  which  death  is 
uniformly  associated  with  asphyxia. 

In  cases  in  which  the  disease  progresses  slowly,  the 
secondary  toxins  formed  by  the  bacilli  are  probably 
the  cause  of  the  fever  and  other  constitutional  distur- 
bances.! 

The  dissemination  of  the  bacilli  through  the  system  is 
chiefiy  by  way  of  the  lymphatic  channels  and  the  glands. 
Only  after  passing  these  physiological  barriers  can  they 
obtain  entrance  into  the  general  circulation  and  pass  to 
all  parts  of  the  body.  Therefore  they  would  not  be  de- 
tected by  microscopical  examination  of  the  blood,  as  an 

•  See  a  very  interesting  account  of  "  Charbon "  by  Larrey  In  his 
**  Memoirs,"  vol.  1.,  p.  59,  an  abstract  of  which,  by  Mr.  H.  G.  Howse, 
appears  in  The  Lancet,  December  23, 1899,  p.  1730. 

T  "*  We  may  further  talie  it  as  certain  that  mlcro-ordranisms  cause 
disease  almost  entirely  by  virtue  of  certain  toxic  substances  which 
thev  produce."--Prof.  J.  A.  Lindsay,  Lecture  at  Queens  College, 
Belfast,  November  20, 1899;  Lancet,  December  20,  Vm,  p.  1799. 
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aid  to  diagnosis,  until  a  period  when  the  condition  of  the 
patient  is  beyond  relief. 

After  entrance  into  the  general  circulation,  the  organ- 
isms of  tlie  disease  invade  every  tissue  and  organ  in 
enormous  numbers.  Bacterial  embolism  is  common ;  the 
heart  muscle  is  invariably  swollen  and  ana?mic,  and  at 
times  the  seat  of  petechial  hemorrhages.  The  same  ap 
pearance  witli  more  or  less  ecchymosis  may  be  observed 
beneath  the  endocardium,  pleura,  and  pericardium,  as 
well  as  in  the  substance  of  the  lungs.  The  same  con- 
dition may  also  exist  in  respect  to  the  vessels  and  serous 
membranes  around  and  witliin  the  brain. 

Diagnosis. — The  diagnosis  of  anthrax  is  often  very 
far  from  easy.  Dr.  Bell  says:  "The  slightest  illness 
occurring  in  those  expo.sed  to  infection  from  anthrax 
should  be  looked  upon  with  suspiciim  until  the  possibil- 
ity of  its  Ixiing  anthrax  has  been  negativwl.  Often  it  is 
impossible  to  make  an  early  diagnosis,  as  the  symptoms 
may  rest»mble  those  of  ordinary  illue.ss.  The  progress  of 
the  disease  is  freciuently  not  characterized  by  alarming  in- 
dications until  near  the  end  of  life,  hence  not  infrequent- 
ly it  is  unrecognized  until  the  patient  is  cold,  livid,  al- 
most pulseless,  and  dying." 

The  occupation  of  the  patient  may  afford  a  valuable 
clew,  or  at  least  awaken  a  suspicion  of  the  di.sease  in  a 
given  case.  Under  such  circumstances,  a  papule  upon 
any  exposed  surface  of  the  body  would  excite  a  suspicion 
of  the  disease,  though  a  positive  diaguo.sis  might  at  this 
time  be  impossible.  When  the  (lisca.**e  has  advanced  to 
the  vesicular  stage  with  serous  exudation,  there  would 
be  less  uncertainty  as  to  its  nature.  Implication  of  the 
lymphatic  channels  and  swelling  and  tenderness  of  the 
neighboring  glands  would  add  weight  to  the  probable 
diagnosis,  tliough  all  these  symptoms  may  be  as.s(K'iated 
with  oth(T  infectious  diseases.  The  most  certain  method 
is  that  of  taking  a  drop  from  the  contents  of  the  pustule 
or  vesicle,  and  subjecting  it  to  microscopic  examination. 
If  the  case  is  one  of  anthrax,  this  fluid  will  be  seen 
to  contain  the  bacillus.  This  at  once  establishes  the 
character  of  the  disease  in  distinction  from  simple  non- 
specific carbuncle  and  furuncle.  In  doubtful  ca.ses  the 
liquid  may  be  subjected  to  cultivation  in  a  moist  chain 
ber,  when  a  definite  result  may  be  obtained  within  a  few 
hours.  Or  the  experimentiri  inoculation  of  guinea  pigs 
and  rabbits  or  other  animals  susceptible  to  the  disease 
maybe  carried  out;  and  if  anthrax  develops  in  them, 
there  will  then  be  no  doubt  in  reijard  to  the  nature  of 
the  disease;  but  a  ncirative  r(?sult  d(K's  not  entirely  ex- 
clude malignant  pustule. 

In  districts  in  which  malignant  pustule  is  known  to 
prevail,  the  surgeon  would  suspect  this  disease  in  the 
early  stages  of  simple  carbuncle,  or  of  furuncle,  and  in  tli(^ 
stings  of  wasps  and  other  insects.  Malignant  pustuh; 
also  resembles  the  early  stages  of  erysipelas  to  some  ex- 
tent. Boils  or  furuncles  an^  frequently  very  similar  in 
their  early  stages  to  tlu;  first  appearances  of  anthrax.  In 
certain  tissues  they  also  often  commence  by  the  develop 
ment  of  a  vesicle  at  the  seat  of  irritation.  In  funinele, 
however,  there  is  not  so  extensive  inflannnation  in  the 
vicinity,  and  the  central  gangrene,  the  crust,  the  wreath 
of  vesicles,  and  the  febrile  action  are  absent;  these  syni])- 
toms  belong  exclusively  to  anthrax.  The  ordinary  sim- 
ple carbuncle  is  very  ])ainful,  the  carbuncle  of  antlimx, 
on  the  contrarv.  is  onlv  sliirhtlv  sensitive.  Bites  of  in- 
sects  generally  show  a  small  yellowish  point,  which  is 
not  obsiTved  in  anthrax.  Krysipelas.  especially  when 
accompanied  by  .serous  effusions  (hulK-e).  resenii)les  the 
malignant  Gpdema  of  anthrax  to  some  extent,  but  in  ery- 
sipelas the  chill  and  fever  usually  preced<'  the  eruption 
of  the  disease,  while  in  anthrax  these  occur  sinuillane- 
ously. 

In  glanders  the  carbuncles  are  smaller,  generally  mul- 
tiple, and  accomjmnied  by  intense  febril*-  reaction. 

Cases  of  intestinal  anthrax,  mycosis  intestinalis.  may 
be  very  difficult  of  diagnosis.  The  symptoms  often  r<- 
semble  those  of  poisoning  by  arsenic  or  phosplw^rus. 
though  the  appearances  due  to  anthrax  are  fre(|uently 
more  suddenly  developed  and  advance  more  rapidly  to 


a  fatal  termination  tlian  in  cases  of  poisoning  by  these 
substances.  Often  the  patient  is  dead  within  a  very  few 
houre. 

Prognosis. — The  prognosis  in  anthrax  is  always  vcfty 
grave,  and  statistics  prove  that  more  than  seventy-five 
per  cent,  of  persons  attacked  die  from  the  disease.  Ex- 
tensive eruption  and  multiple  pustules  render  the  pros- 
pect of  recovery  less  favorable.  In  children  and  in  feeble 
jHjrsons  the  disease  is  almost  always  fatal.  Pregnant 
women  are  especially  liable  to  abortion  from  the  invasion 
of  anthrax.  t 

The  prognosis  in  cutaneous  anthrax  bears  a  direct  rehi- 
tion  to  the  promptness  and  thoroughness  with  which  the 
local  lesion  is  ti-ealed.  If  the  seat  of  the  primary  inva- 
sion be  destroyed  by  efficient  cauterization  or  complete 
excision  before  the  bacilli  have  entered  the  lymph  ehan- 
neljf  or  gained  access  to  the  blood  vessels,  a  fatal  result 
need  seldom  be  apprehended. 

When  general  infection  of  the  system  has  occurred,  the 
result  is  unifonnly  fatal.  It  is  stated  that  but  two  cases 
of  general  anthrax  are  thus  far  known  to  have  survived 
the  disease  (Leube  and  Massing). 

Fagge  states:  **  Hitherto,  so  far  as  I  am  aware,  no  in- 
stance of  recovery  from  the  intestinal  form  of  anthrax 
has  Ix^en  recorded.  In  pulmonary  anthrax  the  spleen  is 
less  subject  to  enlargement  and  softening  than  in  any 
other  form  of  the  disease.  The  appearance  of  anv  illness 
of  however  trifling  nature  in  a  person  exposed  to  the 
infection  of  anthrax  should  lead  to  a  very  guarded  prog- 
nosis until  such  time  as  the  disease  may  prove  to  be  some 
other  ailment.  The  greater  number  of  cases  of  anthrax 
are  fatal  within  four  days  from  the  appearance  of  the  first 
symptoms.  Pronounced  febrile  reaction  with  chill  and 
a  temperature  above  102.5°  F.  would  Ikj  a  possible  sign  of 
successful  >esistauce  to  the  entrance  of  the  bacilli  into  the 
general  eirculati(m,  and  the  localization  of  the  disease  to 
the  seat  of  invasion.  Xo  reconle<l  case  in  which  the  pres- 
ence of  the  t)acilli  in  the  blood  has  been  proved  has  re- 
covered." 

Pkopiivlaxis. — As  the  diseased  or  dead  body  of  an 
animal  or  a  human  being,  and  the  substances  emanating 
from  the  same,  form  the  souix-e  of  danger  from  anthrax, 
it  is  evidently  important  that  these  substances  should 
receive  special  attention.  The  excreta  or  discharges  of 
any  kind  from  tho.se  sick  with  the  disease  should  be  care- 
fully disinfected  and  bunied,  and  the  bo<lies  of  animals  or 
human  beings  dying  fnmi  the  disease  should  bi*  immedi- 
ately wrapped  in  some  efficient  disinfectant  and  cremated. 
No  postmortem  examination  should  be  allowed,  as 
thereby  the  opportunity  for  further  infection  is  largely 
increased.  The  physician  shouM  warn  the  attendants,  in 
ca.ses  of  anthrax,  of  the  danger  of  infection  from  the  dis- 
charges of  the  patient.  No  person  having  a  wound  or 
abrasion  on  an  exposed  part  of  the  body  shouhl  take 
any  part  in  the  care  of  the  patient,  or  touch  anything 
which  has  been  in  contact  with  or  near  him.  All  band- 
ages, dressings,  etc..  should  be  immediately  burned. 
Especial  attention  should  be  given  to  the  exdusion  of 
flies  and  moscpiiios,  which  have  been  proved  to  be  the 
active  carriers  of  various  coutagia.  Unnecessary  persons 
and  all  visitors  should  be  rigorously  excluded 

The  inoculation  of  the  vaccines  and  toxins  of  an- 
thrax is  an  ellicient  preventive  of  the  disease  in  animals. 
Antitoxins  may  be  curative,  but  no  antitoxin  is  at 
])resent  known  which  may  be  t)f  service  when  the 
tlisease  has  passed  its  earliest  stage.  Tl;e  bltxxl  sc- 
rum from  an  innnune  animal,  if  injected  sulK'Utaue- 
ously  into  a  susceptible  animal,  will  alTonl  a  certain 
(lei:re<'  of  protection  against  subsequent  infection  with 
anthrax.  The  following  statement  is  from  Sfjoii's  An- 
final  for  ISDH: 

"  A  sln'cp  was  immunized  until  it  could  bear  the  injec- 
tion of  seven  agar  cultures  with  but  slight  elevation  of 
temperature.  A  lamb  was  immunized  likewise  to  the 
hi^jchest  degree,  and  blood  was  taken  from  the  carotid  to 
obtain  serum.  With  the  serum  of  the  sheep  it  was  actu- 
ally possible  to  .siiv(»  from  death  a  rabbit  in  which  an  ex- 
tremely virulent  culture  of  anthrax  was  injected  either 


368 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


after  or  simultaneously  with  the  serum.  Evident  tbera- 
peutic  results  were  obtained  with  this  serum  in  animals 
that  had  received  the  anthrax  bacilli  previous  to  the  in- 
jection of  serum.  These  results  permit  us  to  hope  that 
anthrax  in  man  and  the  domestic  animals  may  sometime 
be  treated  by  sero- therapy.** 

It  is  further  stated  that  ^  French  skins,  since  Pasteurian 
inoculation  has  been  employed  among  the  French  flocks, 
have  been  found  rarely  to  cause  anthrax."  ♦ 

Billings  says:  "Preventive  inoculation  seems  an  un» 
justifiable  attempt  in  anthrax;  that  is,  it  is  impos- 
sible.*' 

Bell  makes  the  following  statement:  "No  efficient 
system  in  relation  to  the  spread  of  anthrax  lias  been  yet 
possible.  To  accomplish  this  end  there  should  be  a  care- 
ful separation  of  the  infected  wools,  hair,  hides,  rags, 
etc.,  at  their  source,  often  in  distant  countries.  This  is 
manifestly  very  difficult  to  accomplish."  In  the  subse- 
quent handling  of  the  materials  during  the  processes  of 
preparation  and  manufacture,  every  effort  should  be 
made  to  protect  the  workers  from  the  dust  arising  from 
such  materials,  which  should  be  removed  by  air  draught 
and  burned.  Sterilization  of  all  suspected  substances  by 
steam  under  moderate  pressure  has  been  found  useful  in 
the  treatment  of  other  infectcKl  substances,  and  would 
doubtless  provide  efficient  protection  against  the  disease. 
The  vapor  of  formalin  would  probably  be  destructive 
to  the  germs  of  anthrax,  and  posses.ses  the  special  advan- 
tage that  the  texture  of  the  suspected  materials  is  not  in. 
jured  by  the  process. 

Fagge  says:  "The  system  of  prophylaxis  by  inocula- 
tion of  anthrax  virus  attenuated  by  transmission  through 
suitable  animals  promises  important  results,  and  its  study 
indicates  a  close  analogy  to  the  relation  of  cow  pox  to 
smallpox.** 

Treatment. — No  treatment  thus  far  known  is  of  any 
avail  in  malignant  pustule,  unless  it  is  employed  at  an 
early  stage  in  the  disease.  The  complete  destruction  of 
the  pustule  as  soon  as  its  nature  can  be  recogui/.ed  is  the 
only  measure  upon  which  reliance  can  be  placed.  If  this 
is  not  practicable  by  thorough  excision,  the  carbuncle 
should  be  divided  by  deep  incisions,  and  powerful  caus- 
tics should  be  thoroughly  applied  (carbolic  acid,  nitric 
acid,  chloride  of  zinc,  bichloride  of  mercury,  or  tlie  hot 
iron).  This  mode  of  treatment  should  be  employed  even 
when  the  disease  has  existed  three  or  four  days,  as  it  has 
the  power  of  destroying  large  numbei-s  of  bacilli,  and 
may  thus  be  supposed  to  modify  the  virulence  of  the  dis- 
ease, and  possibly  to  allow  of  recovery  in  some  cases 
which  otherwise  would  end  fatally.  The  resulting 
wounds  should  be  treated  in  accordance  with  ordinary 
surgical  rules.  Internally,  the  treatment  should  embrace 
wine,  champagne,  coffee:  and  if  signs  of  failure  of  the 
heart  appear,  carbonate  of  ammonia,  camphor,  etc., 
should  be  added. f  If  the  disease  has  been  induced  by 
the  use  of  infected  meaf,  a  prompt  emetic  should  be  ad- 
ministered, followed  by  a  cathartic,  for  the  purpose  of 
removing  the  gernLS,  as  thoroughly  as  possible,  from  the 
alimentary  canal  before  general  infection  of  the  s^'stem 
occurs.  The  only  medicine  which  can  Ix'  looked  upon  as 
in  any  sense  a  specific  is  quinine,  of  which  1  to  3  gm. 
should  be  prescribed  in  twenty-four  hours,  and  it  may  be 
advantageously  combined  with  ciirboHc  acid,  1  gm.  per 
day. 

Carbolic  acid,  in  a  two  to  five  percent,  solution,  may 
be  injected  into  the  diseased  tiasues  in  the  amount  of 
1  gm.  per  day. 

StrubellJ  reports  a  most  interesting  case  of  recovery 
from  anthrax.     The  patient  was  a  tanner,  in  whom  the 


*  The  total  mortality  from  anthrax  among  inoculHt^'d  animals,  in- 
dudioff  thai  from  ttie  inoculations,  was  OM  per  (vnt.  for  sheep  and 
0.54  per  cent,  for  cattle.  The  animal  loss  before  protective  inoculation 
was  practised  is  said  to  have  t)een  about  10  per  <'ent.  for  sheep  and 
6  per  cent,  for  cattle.    ("  Immunity  and  Serum-Therapy,"  lHftr».  p.  95.) 

t  Ipecacuanha  locally  and  internally  has  also  been  hif^hly  reconi- 
menaed,  and  reports  of  recovery  from  its  use  have  been  published. 
Nuclelnic  acid  has  also  yielded  pmmising  results  in  the  bands  of 

tfiOoctiener  med.  WocheDschrift,  1896,  No.  48,  p.  1538. 
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point  of  inoculation  was  the  end  of  the  nose.     Owing  to 
the  seat  of  the  lesion  on  the  nose, — both  it  and  the  face 
generally  bein^  enormously  swollen, — and  to  the  serious 
general  condition  of  the  patient,  operative  treatment  was 
not  considered  advisable.     Treatment  by  subcutaneous 
injection  of  carbolic  acid  in  three-percent,  solution  was 
commenced  in  and  around  the  seat  of  the  lesion,  and  into 
the  enormously  swollen  and  cedematous  tissues  in  the 
neighborhood.     Thirty  Pravaz  syringefuls  were  injected 
daily,  thus  introducing  0.9  gm.  pure  carbolic  acid  daily  in- 
to the  tissues.    The  same  solution  was  also  injected  into  the 
arm  for  its  general  effect,  and  the  lesion  was  kept  covered 
with  tei'y  hot  poultices,  as  were  the  parts  around  the  seat 
of  the  disease.     Stimulants  and  hot  baths  were  also  em- 
ployed.    For  some  days  there  was  no  apparent  change  in 
the  condition  of  the  patient,  but  afterward  gradual  im- 
provement could  be  observed.     The  gangrene  did  not 
extend,  and  the  oedema  of  the  face  ana  eyelids  became 
less.     The  swelling  of  the  neck,  however,  became  more 
marked,  and  the  number  of  injections  was  accordingly 
increased  to  thirty -six  per  day.      By  the  end  of  three 
weeks,  under  this  most  energetic  treatment  and  constant 
watchfulness,  further  extension  of  the  disease  was  pre- 
vented.    Only  one  small  gland  at  the  angle  of  the  jaw- 
suppurated.     A  ragged  slough  with  fragments  of  adher- 
ent tissue  was  separated  from  the  enormously  enlarged 
and   gangrenous  nose,  leaving  a  granulating   surface, 
which   quickly   healed  without   leaving  a  visible  scar. 
The  bacilli  of  anthrax  were  readily  found  in  the  exu- 
dation from  the  primary  lesion,  but  cultures  from  the 
blood  never  showed  the  organisms.     The  duration  of  the 
illn(^ss  was  l)etween  five  and  six  weeks.     The  location  of 
the  primary  lesion  on  the  nose  has  not  been  previously 
reported,  and  this  region  is  not  adapted  for  the  operative 
treatment  of  the    disease.      During  eighteen  days  this 
patient  received  more  than  four  hundred  syringefuls  of 
three-per  cent,  solution  of  carbolic  acid,  but  developed 
no  symptoms  of  any  toxic  action  from  the  drug.     The 
urine  was  at  times  faintly  tinged. 

The  poultice  is  supposed  to  act  by  elevating  the  tem- 
perature of  the  tis.sue8  to  a  depth  of  1  to  2  cm.  to  such  a 
degree  as  to  render  them  unsuited  for  the  growth  of  the 
anthrax  bacillus,  which  cannot  flourish  at  a  temperature 
much  above  that  of  the  human  body.  Thus,  on  external 
surfaces  it  is  theoretically  possible  to  exert  an  inhibitory 
influence  upon  the  growth  of  the  anthrax  bacillus  by  the 
constant  application  of  heat.  The  temperature  of  the 
poultice  should  not  be  less  than  120"  to  130''  F.,  and  the 
applications  should  be  renewed  at  sufficiently  frequent 
intervals  to  maintain  nearly  this  degree  of  heat  in  the  tis- 
sues at  and  around  the  lesion. 

Scharnowski  treated  a  series  of  twenty -eight  cases  of 
anthrax  by  subcutaneous  injection  of  carbolic  acid,  with 
recovery  in  all  cases.  As  much  as  0.7  gm.  per  day  has 
been  reported  as  thus  injected  at  one  time  without  toxic 
symptoms.  In  anthrax  it  seems  as  if  there  were  an  in- 
creased tolerati(m  of  carbolic  acid.* 

The  constant  use  of  ipecacuanha  after  excision  of  tlie 
local  lesion,  both  by  the  mouth  and  by  application  to  the 
seat  of  the  pustule,  has  been  followed  by  gratifying  re- 
sults in  many  cases. 

In  cases  in  which  the  limbs  are  the  seat  of  extensive 
oMlema  or  of  gangrene,  deep  incisions  should  be  made  to 
allow  the  evacuation  of  the  abnormal  pnKlucts,  and  anti- 
septic dressings  should  be  rigidly  adhered  to  until  granu- 
lations have  formed. 

Increased  familiarity  with  anthrax  shows  a  striking 
similarity  to  other  disea.ses  dependent  upon  the  introduc- 
tion into  the  animal  system  of  a  specific  organism  of  bac- 
terial character,  and  tlie  probable  i)ro(luction  of  a  specific 
toxin  as  the  result  of  the  physiological  activity  of  the 
bacterial  germ.     From  the  results  obtained  in  the  study 


♦  In  speaking  of  the  use  of  carlwnate  of  creosote  in  pneumonia,  a 
compound  similar  in  many  ways  to  carbolic  acid.  Dr.  Andrew  H. 
Smith  says:  "The  occasional  smoky  urine  does  not  imply  disintegra- 
tion of  blood  corpuscles,  as  at  one  time  supposed,  but  Is  the  result 
of  a  harmless  chemical  reaction,  and  may  be  disregarded."— Medical 
News,  December  16, 1899,  p.  781. 
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of  other  specific  organisms,  affecting  the  human  body  or 
that  of  animals,  it  would  seem  reasonable  to  hope  and 
expect  that  further  research  may  furnish  an  elficient 
remedy  in  the  form  of  an  antitoxin  in  anthrax,  such  as 
has  been  obtained  in  respect  to  some  other  of  the  bacterial 
infections,  particularly  human  diphtheria.* 

The  discovery  of  such  an  antitoxin  lias  not,  however, 
been  announced ;  and  the  treatment  of  anihnix  must  still 
be  considered  as  largely  empirical  or  entirely  sympto- 
matic. This  will  vary  accortling  to  the  seat  of  the  pri- 
mary lesion,  the  severity  and  rapidity  of  the  development 
of  the  disease,  the  possibility  of  employing  ethcieut  reme- 
dies locally,  and  many  other  circumstances  which  will 
arise  in  each  individual  case. 

The  tretitment  of  the  conditions  following  the  immedi- 
ate effects  of  anthnix,  such  as  intlammatory  and  suppu- 
rative affections  of  the  lungs  or  of  other  organs,  should  be 
directed  by  the  considemtions  and  principles  applicable 
to  the  treatment  of  similar  conditions  arising  from  other 
causes. 

The  only  practicable  prophylactic  measures  which  are 
adapted  for  geneml  use  among  those  subject  to  domestic 
visitations  or  anthrax,  are  to  prohibit  the  use  of  any  prod- 
uct or  part  of  diseased  animals;  to  pnHect  the  bodies  of 
infected  animals  from  flies  and  other  insects,  and  to  bury 
them  as  early  as  possil)le  deeplv  in  the  earth,  or  prefer- 
ably to  bum  them.  Care  shouUl  also  be  taken  that  none 
of  the  fluids  or  secretions  of  diseased  or  dead  animals  be 
allowed  to  soil  th(i  stables  or  yartls  where  they  have  been 
confined,  nor  to  cling  to  implements,  such  as  shovels, 
etc.  The  fjeces,  being  loaded  with  bacilli,  should  be 
carefuUv  collected  and  buried.  All  stalls  and  stables 
visited  or  occupied  by  diseased  animals  should  be  care- 
fully disinfected  and  whitewashed.  Other  suitable  pre- 
cautions which  may  be  applicable  to  individual  cases 
should  be  rigorously  carried  out,  as  the  best  safeguard 
against  the  spread  of  the  disease  among  human  beings  is 
to  control  it  among  the  lower  animals.  The  precautions 
to  be  observed  in  relation  to  infected  articles  of  com- 
merce— hides,  hairs,  wool,  rags,  etc. — liave  been  men- 
tioned in  an  earlier  part  of  this  article. 

Albert  X.  Blodgett. 

The  literature  upon  the  subject  of  anthrax  i.s  very  large,  but  among 
the  uiost  valuable  contribution^}  uiay  be  mentioned: 

Heuslnger:  Die  Milzbrandkrankheiten  der  Thiere  u.  des  Menschen, 
Erlangen,  1850. 

Bollinger:  Art.  Milzbrand  in  v.  Ziemssen's  Handbuch. 

Waldeyer:  Virc-how's  Arch.,  Bd.  Hi..  S.  .>41. 

Zuelzer :  Berl.  klin.  Woclienschrift,  lKr4,  No.  25 ;  also  in  Eulenburg's 
Realencyclopadle,  vol.  ii.,  p.  <}79. 

Qualn  :  Dictionary  of  Medicine,  p.  1302. 

Forbes :  International  Kncyclopiedia  of  Surgery,  vol.  i.,p.  228. 

Holmes^  System  of  Surgery,  vol.  v.,  p.  467. 

John  Henry  Bell,  in  Allbutt'.**  Systi»m  of  Medicine  (contains  a  valu- 
able list  of  references).  Tralte  de  Medecine.  Charcot,  Buchard, 
Bri8.saud,  vol.  i.,  p.  523. 

Fagge :  Principles  of  Pra<ti<*e  of  Medicine,  vol.  i.,  p.  '^7. 

Twentieth  Century  Practice  of  Medicine,  vol.  xv.,  art.  Anthrax. 

ANTHROPOMETRY.     See  Rtrvuitinfj  Sercice  and  Skull. 

ANTIARTHRIN  is  a  condensation  product  of  tannic 
acid  and  saligeuin,  one  of  the  decomposition  products  of 
salicin.  It  has  been  found  by  Schaelfer  to  be  of  value  in 
acute  and  chronic  gout  and  acute  rheumatism,  it  po.ssess- 
ing  the  advantages  of  not  deranging  the  stomach  and  not 
depressing  the  heart.  The  compound  is  very  unstable. 
and,  to  prevent  decomposition,  it  nuist  be  kept  dry  and 
free  from  admixture  with  other  drug.s.  Dose:  fifteen 
grains,  from  three  to  six  times  a  day.         W.  A.  Bnstnh). 

ANTIDIABETINUM.— Glycosolveol.  A  name  ai)i>lied 
to  a  series  of  three  mixtures  of  mannite  and  siiccliarin, 
each  mixture  having  a  definite  sweetness  in  proportion 
to  that  of  cane  sugar.  Antidiabetinum  No.  1  has  \\w 
?ame  sweetening  power.  No.  2  is  ten  times  as  sweet,  and 

*  **  How  far  this  principle  will  be  found  cHpabh'  of  treneral  appHcjition 
in  infective  dineajies  and  whether  path<»loc1sts  will  N»  successful  in 
discovering  the  necessary  modes  of  attenuation  and  cultivation  the 
future  will  show.  The  outl<x)k  is  certainlv  most  hopeful."— l*rof.  J. 
A.  Lindsay :  Lancet,  December  20, 1899,  p.  1799. 


No.  3  is  seventy  times  as  sweet  as  sugar.    They  are  used 
as  substitutes  tor  sugar  in  diabetes.         W,  A.  Batftedo. 

ANTID0TES.7-<Deriv.,  avrt  and  iiSufu.)  Antidotes 
are  remedies  which,  acting  mechanically,  chemically,  or 
physiologically,  are  capable  of  combating  and  neutraliz- 
ing the  effects  of  poisons  on  the  system.  They  may  be 
divided  into  three  classes,  according  to  their  mode  of  ac- 
tion: (1)  mechanical,  (2)  chemical,  and  (8)  physiological 
or  dynamic. 

1.  Mechanical  Antidotes. — The  functions  of  this 
class  are  the  removal  of  poisons  as  such  from  the  system 
and  the  mechanical  prevention  of  absorption.  In  this 
cla.ss  are  included  emcftics,  stomach  tube,  cathartics,  in- 
jections, washes,  poult ict»s,  ligature,  tourniquet,  etc. 

The  use  of  emetics  is  frequently  rendered  superfluous 
by  the  vomiting  induced  by  the  poison  itself  or  by  the 
diluent  drinks  already  administered.  Where  there  exists 
any  considerable  corrosion  of  the  oesophagus  or  stomach, 
or  severe  alxiominal  inflammation,  their  use  is  contra- 
indicated.  When  employed  the}'  should  be  administered 
without  delay,  and  vomiting  shoidd  be  carried  on  to  such 
completeness  as  circumstances  will  allow.  The  nature 
of  the  poison  in  each  particular  case  must  to  a  certain 
extent  govern  the  choice  of  the  emetic  to  be  prescribed. 
Thus,  comm<m  salt  is  contraiudicated  in  poisoning  by 
tartar  emetic  or  by  corrosive  sublimate,  and  oily  sub- 
stances in  poisoning  by  phasphorus,  cantharides.  and  salts 
of  copper.  The  emetics  include  sulphate  of  copper, 
sulphate  of  zinc,  tartar  emetic,  ipecac,  emetin,  apomor- 
phiue,  soapsuds,  olive  oil,  melted  fats,  snuff,  etc.  In 
most  cases,  vomiting  may  be  induced,  encouraged,  and 
supported  by  tickling  the  fauces  with  the  finger. 

Sulphate  of  copper  may  be  administered  in  doses  of 
0.12  to  0.30  gm.  in  water.  Sulphate  of  zinc  is  a  very 
efficient  emetic  in  doses  of  1.0  to  2.0  gm.  in  250  gm.  of 
water.  Tartar  emetic  is  slow  in  action,  and  it  exercises 
so  depressing  an  effect  on  the  system  as  to  render  its  use 
inadvi.sable  when  emesis  can  be  otherwise  produced.  If 
administered  it  should  be  given  in  0.1  gm.  doses,  once 
or  twice  repeated  if  necessary.  Ipecac  is  best  given  in 
the  form  of  powder,  the  action  of  the  wine  and  of  the 
fluid  extract  being  too  uncertain.  The  powdered  root 
may  be  given  in  1  to  2  gm.  doses  in  warm  water,  or  it 
it  may  be  combined  with  tartar  emetic  in  the  proportion 
of  1  to  0.05  gm.  The  alkaloid  emetine  is  an  eflflcient 
emetic  in  doses  of  0.005  to  0.020  gm.  Apomorphine  is 
in  many  cases  the  only  emetic  possible  to  introduce, 
especially  when  there  is  resistance  or  trismus.  It  is  not 
only  a  very  powerful  emetic,  but  it  acts  with  great 
rapidity.  It  is  administered  by  subcutaneous  injection 
in  doses  of  0.004  to  0.010  gm.  The  common  household 
remedies,  salt,  mustard,  soapsuds,  etc.,  are  frequently 
of  great  assistance,  and  they  possess  the  advantage  of 
availability.  Common  .salt  is  effective  when  given  in 
the  proportion  of  two  t>iblespoonfuls  to  a  pint  of  water; 
mustard  in  doses  of  two  teaspoonfuls  in  a  cup  of  warm 
water;  snuff,  one  teaspoonful  in  warm  water  or  claret. 
Olive  oil,  soapsuds,  etc.,  require  no  especial  mention. 

It  frecpiently  happens,  especially  in  poisoning  by  nar- 
cotics, that  even  the  most  pow^erful  emetics  are  inopera- 
tive. In  such  cases  the  stomach  pump  is  a  very  valuable 
aid.  This  instrument  has  certain  advantages  over  the 
emetics;  the  object  is  attained  more  quickly,  the  patient 
is  spared  the  weakening  effects  of  the  emetics,  and  fluids 
may  be  introduced  not  only  for  washing  out  the  stomach 
but  for  their  chemical  action  on  any  residuum  adherent 
to  the  stomach  wall.  Should  the'  instrument  be  not 
readily  obtainable,  one  may  use  a  common  rubber  tube 
to  one  end  of  which  a  funnel  is  attached.  To  use  this 
very  excellent  substitute  is  a  matter  of  no  great  diffi- 
culty; introduce  the  free  end  into  the  stomach,  elevate 
the  other  end,  and  pour  water  or  other  fluid  through  the 
funnel  until  the  stomach  and  tube  are  full;  then  lower 
the  funnel  end  to  make  a  siphon,  and  allow  the  contents 
of  the  sttmiaeh  to  escape  into  a  proper  vessel.  The  em- 
ployment of  the  stomach  pump  is  not  permissible  when 
the  (e.sophagus  and  stomach  are  corroded,  on  account  of 
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the  danger  of  perforation.  The  instrument  is  also  of 
no  value  when  the  poisonous  substance  is  in  the  solid 
form  and  in  large  pieces  (meat,  sausage,  cheese,  etc.). 

CaUuirtics  are  frequently  necessary  when  the  poison 
has  passed  from  the  stomach  into  the  intestine.  Those 
in  most  common  use  are  castor  oil,  croton  oil,  Epsom 
salts,  senna,  etc.  Castor  oil  not  only  acts  as  a  cathartic, 
but  protects  the  mucous  membranes  and  obstructs 
absorption.  Its  use  is  contraindicated  in  phosphorus 
and  cantharides  poisoning,  since  the  absorption  or  these 
substances  is  materially  assisted  by  fats  and  oils.  Croton 
oil  is  valuable  by  reason  of  its  rapid  and  powerful  action. 
It  is  best  given  in  pill  form  (bread  crumb)  in  doses  of  one 
to  four  drops.  Sulpliate  of  magnesium  in  doses  of  4  to 
16  gm.  (3i.-lv.)  is  recommended  in  chronic  lead  poi- 
isoning.  and  in  connection  with  certain  of  the  chemical 
antidotes  as  an  aid  in  the  removal  of  the  resulting  com- 
pounds from  the  alimentary  canal.  Gamboge',  croton 
oil,  and  other  drastics  are  to  be  preferred  to  the  cathartics 
of  milder  action  in  narcotic  poisoning. 

The  other  physical  antidotes  above  mentioned  are  em- 
ployed according  to  the  circumstances  of  particular  cases. 
u'heir  use  is  limited  almost  wholly  to  poisoned  wounds 
and  bites. 

2.  CHE.HICAL  Antidotes. — These  constitute  the  class 
of  true  antidotes;  they  act  on  the  poisons  themselves 
rather  than  against  their  effects,  differing  in  this  respect 
from  the  dynamic  or  antagonistic  antidotes.  Their  action 
depends  upon  their  property  of  uniting  chemically  with 
poisonous  substances,  thus  altering  their  chemical  and 
physical  cliaracter,  converting  soluble  absorbable  sub- 
stances into  insoluble  or  difficultly  soluble  nonabsorbable 
compounds,  or,  as  the  case  may  be,  into  compounds 
which  are  soluble  and  absorbable,  but  harmless.  Their 
use  is  restricted  to  those  cases  in  which  the  nature  of  the 
poison  is  known.  Good  chemical  antidotes  should  be 
themselves  harmless,  even  in  large  excess,  easily  obtain- 
able, and  capable  of  rapid  action.  Their  employment 
should  not  be  unnecessarily  delayed  nor  too  long  con- 
tinued. They  are  usually  administered  in  large  doses, 
since  it  is  as  a  rule  impossible  to  determine  the  necessary 
amount  with  any  exactness,  but  in  certain  cases  the 
amount  given  must  be  carefully  regulated,  on  account  of 
the  solubility  of  the  resulting  compound  in  an  excess  of 
the  antidote;  instances  illustrative  of  this  point  are  cop- 
per salts  with  albumin,  and  the  alkaloids  and  their  salts 
with  tannin.  In  all  cases  the  new-formed  compounds, 
especially  when  only  temporarily  insoluble,  or  insoluble 
only  in  the  stomach,  must  be  removed  by  appropriate 
means  with  all  possible  despatch. 

The  antidotes  of  this  class  are  divided  into  {a)  Organic, 
and  (h)  Inorganic. 

(a)  (h*ganic  Chemical  Antidotes. — ^These  antidotes  are 
derived  from  the  animal  and  vegetable  kingdoms,  and 
include  substances  of  widely  diverse  character.  The 
most  important  are  albumin,  milk,  gelatin,  charcoal, 
soap,  tannin,  turpentine,  oils,  etc. 

First  in  importance  is  albumin,  which  is  adapted  to 
very  general  use,  especially  against  the  inorganic  poi- 
sons. It  is  in  most  cases  very  easily  obtained,  it  never 
<caiises  of  itself  any  harm,  and  it  forms  more  or  less  in- 
soluble compounds  with  most  metallic  salts  and  mineral 
acids.  Orfila  recommended  its  invariable  use,  even  on 
mere  suspicion  of  poisoning.  It  is  best  administered  in 
fairly  dilute  form,  the  whites  of  four  eggs  to  a  quart  of 
lukewarm  water.  When  taken  in  sufficiently  large 
amounts,  it  not  only  unites  with  the  poison  to  form  in 
soluble  compounds,  but  provides  a  protecting  coating 
for  the  mucous  membrane,  and  at  the  same  time  may 
induce  vomiting.  With  hydrochloric,  nitric,  and  sul- 
phuric acids  it  produces  coagula  which  are  more  or  less 
soluble  in  large  amounts  of  water;  with  phosphoric, 
acetic,  tartaric,  and  the  organic  acids  generally  (tannic 
excepted),  no  precipitation  occurs.  With  the  corrosive 
alkalies  albumin  forms  soluble,  harmless  compounds 
when  given  in  copious  draughts.  It  forms  insoluble 
albuminates  with  the  alkaline  earths  and  soluble  com- 
pounds with  potassiimi  and  sodium.    The  alums,  tartar 


emetic,  and  compounds  of  arsenic  are  not  precipitated. 
Iodine,  bromine,  and  chlorine  unite  directly  and  in- 
timately with  the  antidote  to  form  harmless  compounds. 
With  phosphorus  its  action  is  very  limited,  and  of  no 
especial  value  except  as  a  diluent  drink.  The  presence 
of  any  large  excess  of  alkali  acts  in  general  to  prevent 
the  precipitation  of  the  albumin  compounds.  The  pre- 
cipitates of  albumin  with  the  salts  of  the  heavy  metals 
consist  either  of  a  compound  of  albumin  with  a  basic 
salt,  or,  as  it  is  claimed,  of  a  mixture  of  the  metallic  al- 
buminate with  a  compound  of  albumin  and  the  acid  of 
the  metallic*  salt.  They  are  asually  soluble  in  acids  and 
alkalies,  and  insoluble  in  excess  of  albumin.  Notable 
exceptions  are  the  compounds  with  mercury  and  copper, 
which  are  soluble  in  a  considenible  excess  of  the  anti- 
dote. The  compounds  with  salts  of  lead,  copper,  and 
zinc  are  easily  dissolved  in  lactic,  acetic,  and  other  or- 
ganic acids,  and  in  free  alkalies.  In  tlie  case  of  sul- 
phate of  zinc,  however,  which  is  precipitated  only  in 
very  great  excess  of  the  antidote,  the  precipitation  is 
hastened,  and  rendered  more  complete,  by  the  addition 
of  a  small  amount  of  free  alkali.  Silver  salts  are  easily 
precipitated ;  the  resulting  compounds  are  partially  solu- 
ble in  excess  of  common  salt.  The  precipitate  with 
corrosive  sublimate  is  easily  soluble  in  mineral  and  or- 
ganic acids,  common  salt  and  similar  chlorides,  some- 
what soluble  in  sodic  phosphate  and  in  large  excess  of 
albumin.  The  precipitates  of  the  other  mercuric  salts 
are  less  soluble  in  the  same  solvents;  the  mercurous 
salts  are  reduced  to  the  metallic  form.  Other  salts 
with  which  albumin  unites  are  those  of  gold,  platinum, 
zinc,  antimony  (except  tartar  emetic),  and  iron.  Among 
the  organic  poi.sous  which  unite  chemically  with  albumin 
are  creosote,  aniline,  and  alcohohc  solutions  of  most  of 
the  alkaloids. 

In  case  albumin  is  not  obtainable,  recourse  may  be  had 
to  milk  as  a  substitute ;  its  action  is  due  to  its  casein, 
albumin,  and  free  alkali.  Administered  lukewarm  it  is 
very  valuable  in  poisoning  by  metallic  salts,  corrosive 
acids  and  alkalies  (especially  ammonia),  and  the  alkaline 
earths.  Its  richness  in  fat  contraindicates  its  use  where 
fatty  substances  are  to  be  avoided. 

The  value  of  gelatin  as  an  antidote  to  many  metallic 
salts  would  be  greater  if  less  time  were  required  for  its 
preparation  in  a  suitable  form  for  administration.  It 
must  be  broken  up  into  small  pieces,  covered  with  water, 
and  allowed  to  soak  for  about  an  hour;  more  water  is 
then  added,  and  the  mixture  is  heated  with  constant 
stirring  until  a  fluid  of  the  consistence  of  honey  is  ob- 
tained. Its  chief  value  is  in  poisoning  by  iodine,  bro- 
mine, and  the  alums. 

Tannin,  and  substances  containing  it,  act  as  efficient 
antidotes  to  many  of  the  organic  and  inorganic  poisons. 
Tannin  forms  more  or  less  insoluble  compounds  with 
many  metallic  salts,  but  it  cannot  be  considered  as  equal 
to  albumin  in  efficiency  as  an  antidote  to  this  class  of 
poisons.  Tartar  emetic  is.  however,  a  notable  exception 
since  it  is  unaffected  by  albumin,  but  rendered  harmless 
by  tannin,  with  which  it  forms  an  almost  insoluble  com- 
pound. Tannin  has  considerable  value  as  an  antidote 
to  the  vegetable  poisons ;  it  precipitates  the  alkaloids  and 
their  salts,  and  forms  compounds  which  are  dis.solved 
only  with  difficulty.  These  compounds  are  of  them- 
selves poisonous,  and  hence  must  be  removed  from  the 
system  as  soon  as  possible  by  emetics,  drastic  purges,  or 
the  stomach  tube.  Tannin  may  be  given  in  doses  of  0.1 
to  0.3  gm.  in  two-per-cent.  solution  every  quarter  of  an 
hour.  Combined  with  about  one-tenth  of  its  weight  of 
iodine  its  eflTect  on  the  vegetable  poisons  is  very  much 
increased.  Should  tannin  itself  be  not  easily  obtained, 
decoctions  of  substances  containing  it  may  be  substituted. 
Among  the  large  number  of  these  may  be  mentioned 
tea,  coffee,  oak  bark,  willow,  cinchona  bark,  nutgalls, 
kino,  rhatany,  and  catechu. 

Sugar  has  been  recommended  in  poisoning  by  the 
alkaline  bases,  with  which  it  is  supposed  to  form  su- 
crates.  It  has  also  been  recommended  in  poisoning 
by  salts  of  copper,  but  just  what  value  it  possesses  in 
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such  cases  would  be  difficult  of  determination.     It  is 
perliaps  safe  to  say  that  its  value  with  copper  salts  is  7nl. 

Oils  possess  more  or  less  value  in  poisoning  by  cor- 
rosive alkalies,  metallic  oxides  and  salts,  c<>rrosive  acids, 
and  carbolic  acid.  They  may  be  administered  alone  or 
with  hot  water.  (Contraindicated  by  phosphorus  and 
cantharides.)  With  the  caustic  alkalies  they  unite  to 
form  soaps  with  liberation  of  glycerin.  Their  action  i.s. 
however,  slow,  and  they  are  on  this  account  of  less  value 
than  the  organic  acids  in  poisoning  by  alkalies.  They 
are  also  inferior  in  value  to  albumin  in  the  treatment  of 
poisoning  by  metallic  salts.  The  oils  most  commonly 
used  as  antidotes  are  olive,  cotton  seed,  linseed,  and 
almond ;  also  melted  butter  and  lard. 

Starch  in  the  form  of  paste  (one  part  of  starch  to  ten 
or  twenty  of  water)  is  a  suitable  antidote  to  iodine  and 
bromine,  with  which  it  forms  intimate  and  almost  harm- 
less compounds.  Its  affinity  for  icnline  is  less  than  that 
of  albumin,  and  the  latter  is  preferable  when  obtainable. 
It  has  some  value,  but  by  no  means  as  much  as  albumin, 
in  the  trt^atment  of  poisoning  by  corrosive  acids,  cor- 
rosive sublimate,  sulphate  of  copper,  aud  sulphate  of 
zinc. 

Mucilage  and  mucilaginous  drinks,  though  exerting 
more  or  less  chemical  action,  are  administered  chietly  as 
protectives  against  corrosion.  They  are  best  made  from 
gum  arable,  which  is  rubbed  up  with  water.  Mucilage 
in  copious  draughts  has  been  reconunended  specially  for 
the  treatment  of  poisoning  by  salts  of  bismuth. 

The  use  of  turfjentine  as  an  antidote  is  confined  ex 
clusively  to  poisoning  by  phosphorus,  against  which  it 
is  beyond  question  the  most  valuable  remedy.  To  be 
capable  of  acting  beneficially  it  must  contain  oxygen, 
which  it  absorbs  with  age.  When  needed,  it  should  be 
given  with  all  despatch,  either 'alone  or  in  hot  water,  in 
doses  of  about  one  hundred  times  the  supposed  amount 
of  phosphorus  ingested. 

Charc<Hil.  In  addition  to  its  power  of  absorbing  gases, 
freshly  prepared  animal  charcoal  has,  according  to  many 
writers,  considerable  antidotal  value  in  poisoning  by 
metallic  salts,  phosphorus,  and  many  of  the  alkaloids. 
Many  consider  its  value  to  be  restricted  to  its  ])rotective 
influence  on  the  walls  of  the  stomach.  The  latter  view 
would  seem  to  be  the  more  reasonable,  especially  when 
one  considers  that  the  antidote  enters  into  no  fixed  com- 
pounds with  mineral  or  vegetable  poisons.  Whatever  its 
action  on  the  poisons,  however,  it  cannot  be  denied  that 
their  effects  are  postponed  and  considerably  slowed.  It 
may  be  administered  in  repeated  doses  of  about  a  table- 
spoonful,  in  water,  with  or  without  .sugar. 

Whatever  value  it  has  as  an  antidote  is  possessed  also 
by  wo<)<i  charcoal,  though  in  a  lesser  degnM*. 

ASoap  dissolved  in  warm  water,  and  in  this  form  admin- 
istered by  the  cupful  at  intervals  of  a  few  minutes,  is 
very  useful  in  poisoning  by  acids  and  ni(*tallic  sidts, 
esi)ecially  corrosive  sublimate?,  bichromate  of  potassium, 
and  salts  of  tin  and  zinc.  In  contact  with  inorganic 
acids  the  alkaline  stearates,  palmitatcs,  etc.,  are  decom- 
posed with  the  liberation  of  the  fatty  acids  and  the  union 
of  the  alkali  of  the  soap  with  the  acid  against  which  the 
influence  of  the  remedy  is  directe(l.  The  sjinic  result 
obtains  with  the  metallic  siilts,  e.vecpt  that  the  metal 
forms  compounds  with  the  fatty  aei<ls.  This  antidote  is 
preferable  to  the  caustic  alkalies,  since  it  exerts  of  itself 
no  corrosive  influences;  it  is.  however,  much  inferior  in 
value  to  albumin  in  most  crises. 

(b)  Inoi'f/anic  CJionicul  AntiiJotts. — In  the  administra- 
tion of  this  cla.ss  a  more  or  hss  exact  knowledire  of  the 
nature  of  the  poison  is  even  more  necessary  than  for  the 
exhibition  of  the  organic  class.  The  ati<'mpts  which 
have  been  made  to  compound  a  universjil  anti(l(>te  which 
would,  of  course,  be  eciually  valuable  with  or  without 
the  knowledge  of  the  nature  of  the  poison,  are  very 
numerous,  but  such  an  antidote  has  not  l)e<*ii  as  yet.  anil 
it  is  safe  to  sav  never  will  be.  disc(>vere(l.  Th<'se  at- 
tempted general  remedies  have  in  most  cases  consisted 
chietly  of  substances  belonging  to  the  class  now  under 
consiiieration,  and  several  of  them  are  of  considerable 


value,  especially  when  the  nature  of  the  poison  is  un- 
known. One  of  the  number  consists  of  equal  parts  of 
magnesia,  oxide  of  iron,  and  wood  charcoal ;  it  may  be 
administered  freely  in  moderately  large  amounts  of 
water.  Another,  suggested  by  Jeanne!,  consists  of  2 
parts  of  calcined  magnesia,  1  part  of  washed  animal 
charcoal,  20  parts  of  water;  when  administered  it  is  to 
be  mixed  with  2.5  parts  of  ferrous  sulphate  solution 
(specific  gravity,  1.450)  and  well  shaken.  Given  in 
doses  of  a  wiueglassful  it  is  itself  liarmless,  and  may  be 
productive  of  much  good.  When  the  nature  of  the 
poison  is,  however,  known,  and  an  antidote  of  the  in- 
organic class  is  indicated,  the  appropriate  remedy  is  usu- 
ally exhibited  unmixed  with  other  than  inert  substanccs^ 
(vehicles,  diluents,  etc.).  The  antidotes  of  this  sub- 
division include  the  following: 

Acids.  The  acid  antidotes  belong,  strictly  speaking,  to 
both  the  subdivisions  {a)  and  {b),  since  they  include  both 
organic  and  inorganic  compounds.  The  organic  acids 
indeed  are  the  ones  most  commonly  used,  yet  for  con- 
venience* sake,  and  on  account  of  other  obvious  con- 
siderations, it  would  seem  not  inappropriate  to  consider 
both  kinds  together,  with  the  single  exception  of  tannic 
acid,  which  is  of  sufficient  importance  to  be  classed  alone. 
Their  principal  use  is  in  dilute  form  as  neutralizing 
agents  in  poisoning  by  the  alkalies  and  alkaline  car- 
bonates. For  this  purpose  the  most  commonly  used 
are  acetic  (vinegar),  citric  (lemon  juice),  and  tar- 
taric. Very  dilute  sulphuric  acid  (one  per  cent.)  is 
used  as  a  prophylactic  against  painter's  colic,  and 
also  in  the  active  treatment  of  poisoning  by  soluble 
salts  of  bariijm  and  lead,  with  which  it  forms  in- 
soluble sulphates.  The  vegetable  acids  are  employed 
also  dynamically  in  the  after-treatment  of  narcotic 
poisoning. 

Annuo ina  as  an  inhalation  is  valuable  in  poisoning  by 
chlorine,  bronune,  vapors  of  corrosive  acids,  hydrocyanic 
acid,  and  nitrobenzol.  It  is  best  to  dilute  the  remedy 
very  considerably  in  order  to  les.sen  the  pungency  of  the 
vapor. 

tsxUum  and  potassivm  carbonates  in  dilute  form  may 
be  used  as  neutralizing  agents  in  poisoning  by  acids,  in 
the  treatment  of  which,  however,  they  are  less  valuable 
than  the  carbonate  of  magnesium,  since  they  are  less 
easily  tolerated  by  the  stomach.     Their  employment  is 
still  further  prejudiced  by  the  fact  that  in  large  doscs^ 
they  may  cause  more  or  less  injury.     The  mildest  in 
their  effects  are  the  bicarlx)nates,  which  are  at  the  same 
time  the  more  easily  obtained.     Their  use  as  antacids  ia 
sometimes  accompanied  by  the  development  of  such  an 
amount  of  carbonic  acid  as  to  cau.se  distress  by  distend- 
ing the  stomach.     They  are  contraindicated  in  poisoning 
by  oxalic  acid  with  which  they  form  compounds  equally 
dangerous.     Besides  their  function  as  antacids  they  may 
be  u.sed  very  advantageously  in  poisoning  by  iodine  and 
bromine,  with  which  they  form  hannless  salts.     Bichro- 
mate of  potassium,  when  treated  with  alkaline  carbonates, 
is  converted  to  the  neutral  chromate.     The  majority  of 
]iois()nous  metallic  salts  may  be  decomposi»d  by  the 
bicarbonates,   the   resulting   [products  being  basic  car- 
bonates and  hydmtes.  which  are  insoluble  in  excess  of 
the   reai^M'nt.     They  are  recommended  particularly  in 
poisoning  by  the  salts  of  zinc,  which  are  precipitated 
only  incompletely  hy  albumin  in  large  amounts;  these 
sjilts  are  inunediately  decomposed  by  the  bicarbonates 
with  which  thev  form  insoluble  basic  carbonates. 

Ilifdrntc  and  enrhttmitt  of  cnlcitini  (linu^  water,  clialk, 
eggshells,  pounded  oyster  shells,  etc.).  Tliese  com- 
pounds are  ellicient  antidotes  in  pois<ming  by  the  acids, 
l)oth  nn'neral  and  organic.  Thev  have  especial  value  in 
poisoiiinir  ])y  o.xalie  acid  and  the  acid  oxalates,  which 
substaiKMS  thev  not  only  neutnilize.  but  convert  to  in- 
solMl)le  ealcie  oxalate.  The  sucrate  of  calcium  has  also 
been  n-eoininended,  but  it  possesses  no  particular  ad- 
vantages. 

The  hi/drtitt  and  rnvhon<tte  of  niagnesinm  are  beyond 
(question  the  most  etficient  and  valuable  antidotes  to  the 
acids  and  acid  salts.     Whenever  possible  it  is  advisable 
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to  administer  those  preparations  in  preference  to  the 
other  antacids  already  mi'utioned.  except  with  oxalic 
acid  and  the  acid  oxalates.  In  the  absence  of  the  cal 
cium  preparations,  however,  they  may  be  productive  of 
very  good  rcsuhs  in  the  treatment  of  oxalic  poisoning, 
the  resultiuir  oxalate  of  maguesinm  Ix'ing  very  nearly 
insoluble.  Th«'y  are  superior  in  value  to  the  carbonates 
-of  sodium  and  potassium  in  poisoning  b\'  bromine. 
Iodine,  and  bichrf)mate  of  pottissium.  The  hydmtc  was 
recommended  by  Mandel  as  early  as  1K(W  as  an  antidote 
to  nrw*nic,  and  by  Graf  and  Berzelius  in  1K14  as  an  anti- 
<lote  to  ars<*nic  and  mercurv.  liv  Paidusand  Schuchard 
it  was  recommended  against  corrosive  sublimate  and 
other  metallic  sjilts.  It  has  been  reeonmiended  also 
against  phosphorus,  especially  in  (connection  with  the 
hyp<K"hl<»rite.  In  contact  with  solutions  of  metallic  salts 
its  action  is  to  precipitate  the  corresponding  oxides  or 
basic  salts.  With  the  ars<*nic  acids  it  combines  to  form 
compoimds  which  are  almost  completely  insoluble  in  the 
alimentary  canal. 

The  w>-c4illed  magnesia  of  the  apothecaries  is  a  com 
pound  of  magnesic  carlxniate  with  magnesic  hydmte  and 
water,  or  a  iMisic  carl>onate  of  magnesiiun.  This  sub 
stance  when  gently  heated  jmrts  with  its  water  and  car 
bonic  acid,  leaving  a  n*sidueof  calcined  magnesia,  which 
is  slightly  soluble,  and  which,  when  mixed  with  alxnit 
twenty-tfve  times  its  weight  of  water,  lK*comes  gelatin- 
ized, and  is  then  in  the  proper  form  for  antidotal  us<*. 
In  the  pRKvss  of  cah-ining  it  is  es.s<»ntial  that  the  tem- 
perature Ixj  kept  as  low  as  possible,  since  when  prei>arcHl 
at  a  high  tempemture  it  losesits  property  of  gelatinizing 
with  water.  The  hydmte  may  be  prr'pared  by  precipi- 
tating a  srdut  ion  of  sulphate  of  magnesium  with  sodic 
hydrate  free  from  carlK»nate.  The  pn»(ripitate,  after  be- 
ing well  washed,  may  be  dried  out  of  contact  with  the 
air  at  a  tempemture  b<'h>w  KX)'  C. 

In  the  administration,  in  case  of  poisoning  by  arsenic, 
the  preparation  made  from  pure  calcined  magnesia  with 
twenty-tive  times  its  weight  of  wann  water  may  be 
given  in  doses  of  nl)0ut  45  to  00  gm.  (5  iss.  to  ij.)  at 
short  intervals,  then,  after  a  few  (loses,  at  longer  mter- 
▼als,  until  the  immediate  symptoms  disappear,  and  the 
magnesium  appears  abumlantly  in  the  fieces.  A  large 
excess  can  do  no  harm:  it  acts,  indeed,  beneficially  by 
stimulating  catharsis.  In  the  administration  of  the  com- 
pounds of  magnesium  f(»r  their  antacid  elTects  it  is  well 
to  give  a  considerable  excess,  which  is  tolerated  without 
tUlflculty. 

Suljifiatrs  of  maff/nifrium  atid  tnHlium  (Epsom  and  Glau- 
ber's salts)  have  especial  value  in  poisoning  bv  soluble 
salts  of  barium  and  lead.  The  removal  of  the  insoluble 
sulphates  which  an?  precipitated  is  materially  aided  by 
the  cathartic  action  of  the  excess  of  the  antiddte.  Their 
administration  maybe  continued imtil  purging  occurs  or 
until  the  symptoms  abate  or  disappear. 

Chioriffc  of  9fx/inn^  (connntm  salt)  is  perhaps  the  In'st 
QDtldote  to  the  solubb?  salts  of  silver.  It  should  bt*  given 
lnsom(*what  dilute  solution,  since  concentrated  salt  solu- 
tion will  dissolve  considen\ble  amomits  of  chloride  of 
silver.  By  wmn?  writers  albumin  is  considered  prefend»le 
to  salt;  by  others  it  is  reeonunended  to  give  both  to- 
other: and  bv  still  others  to  administer  both  singly, 
the  albumin  following  the  sjilt. 

Frrrf/rr/iiftuft'  of  jMitifMiritn/i  forms  insolubh*  or  dillicultly 

'Soluble  compoimds  immediately  on  addition  to  solnlions 

of  many  salts  of  the  hcjivy  metals.     It  is  in  itself  a  ctun- 

paratively  hannless  substance;   in   large  doses  it   may 

cause  marked  dizziness.       It    is  espeeially   valuable  in 

poisoning  bv  salts  of  copper,  in  the  treatment  (»f  which 

Orfila  found  it  to  give  as  go(Ml  restdts  as  are  obtained 

With  albumin.     It  is  not.   however,   to  be  pn'ferred  to 

tlie  latter,  which  is,  if  only  (Mpial  in  eflleiency,  certainly 

more  easily  obtained.     The  ferrocvanide  mav  be  given 

m  repeated  doses  of  *2  to  .")  gm.  in  water. 

Chlorine.     The  value  of  chlorine  is  (ronsiderablv  less 
«ned  by  its  very  irritant  j'lTects  on  the  mucous  mem 
branps.      It  may   Ik*   us(?d  externally   in   tin;   fonn   of 
ddorine  water,  hypochlorite  of  s(xlium  (I^tibarraque's 


fluid),  or  hypochlorite  of  potas.sium  (eau  de  Javelle),  as 
a  wash  for  snake  bites  and  other  poisonous  wounds. 
The  nl)ove-named  preparations  may  be  ust*d  in  dilute 
form,  l)oth  internally  and  as  .spravs  for  inhalati(ms:  in- 
t<.*nially,  in  poisoning  by  alkaloids  and  vegctabh^  and 
animal  poisons*,  as  inhalations,  in  poisoning  by  c(»al  gas 
(carlnaiic  oxide),  annmmia,  phosphoretteil  hydrogen, 
sulphuretted  hy(irogen.  and  prus.sic  acid. 

Chlorine  water  may  U'  administered  internally  in  doses 
of  4  to  It;  gm.  ( 3  i.*to  iv.)  largely  diluted:  as  a  spray 
for  inhalation,  a  solutitm  of  five  to  ten  drops  in  water. 
The  hyjMX'hlorites  of  potassium  and  sodimn  may  be  ad- 
ministered in  doses  of  4  to  8  gm.  (  3  i.to  ij.),  well' diluted 
with  water. 

JiMfiHf  possesses  considerable  value  in  the  treatment  of 
poisoning  by  the  alkaloids  and  their  sjilts,  by  other 
vegetable  poisons,  and  by  snake  bites.  It  uiutes  with 
most  of  the  alkaloids  to  form  compounds  which  are  in- 
soluble in  water  and  dilute  acids  but  are  <h*eo!ni>osed  by 
tli(»  caustic  alkalies,  alkaline  carlKmate.s,  and  strong  acids. 
The  C(mi pounds  (»f  the  vegetable  poi.sons  with  i«Kline  arc 
pos.sess<'(l  of  more  or  less  f)oisonous  properties,  and  are 
therefore  to  be  exi>elled  from  the  system  by  appropriate 
means:  tliey  are.  of  course,  nnich  k\ss  poisonous  tlmn  the 
pure  bases.  Since  icMliue  is  itself  a  V(?ry  energetic  poi- 
.sc»n,  it  must  bo.  given  in  very  dilute  form.  The  j^repara- 
tion  reeonunended  by  Boucrhardat.  and  by  him  con.sitlered 
particularly  elTective  against  the  vegetable  poisons,  con- 
si.sts  of  ifHline.  O.*20  gm. ;  iodi<le  of  pota.ssium.  2  gm. ; 
and  distilled  water,  8(5<)  gm. ;  the  dose  is  fnnn  50  to  100 
gm.,  frecpiently  n-peated  according  to  circumstances, 
iodide  of  potassium  is  much  u.sed  as  an  antidote  in  the 
elimination  of  lead  and  mercury  from  the  system  in  cases 
of  chnmic  poisoning. 

Bibnm's  antidote  to  the  pois<m  of  8cri)ents  isa mixture 
of  iodide  of  potassium.  ().(>1H;  corrosivi?  sublimate,  0.130; 
and  bnmnne,  20  gm.  Given  in  g(MKl  s(*ason  and  in 
n-peated  (h)ses  of  ten  drops  in  wine  or  brandy,  it  has 
been  proved  to  be  elTectual. 

llyj^fHiilphite  ofinMlium  in  doses  of  1  gm.,  well  diluted 
and  frecpiently  repeated,  is  valuable  in  poisoning  by 
bleaching  powder  (hypochlorite  of  C4Ucium,  ** chloride  oi 
lime**),  Labarratpie's  fiuid  (hypochlorite  of  s(Klium),  an(i 
Javelh^  water  (hypcK-hloriti^  of  potassium).  Its  action 
is  to  rcnlure  the  hyp(H'hlorites  to  chk>rides.  it^i-lf  under- 
going oxidation  to* the  sulphate. 

Sulfihiinttfd  hif(h'tptf€H  has  b(»en  recommended  as  an 
antidote  toarseniuretted  hydn)gen,  but  itsefhcacy  is  yet 
to  be  proven. 

Iron.  The  hydrated  sestiuioxide  of  Iron  is  the  most 
efficient  antitlot'e  to  arsenic  when  the  latter  is  ingested 
in  soluble  form.  It  was  first  recommended  in  this  con- 
nection in  1?<.'U  by  Buns(^n  and  lierthold,  who  proved  its 
etficiency  by  numerous  experiments  on  dogs  and  other 
animals.  \Vith  ars<.'ni()us  anhydride  (white  arsenic)  it 
forms,  according  to  IJunsen.  a  basic  arsenite  of  inm, 
which  is  but  slightly  soluble  in  thefluids  of  the  digestive 
tra(*t,  but  which,  on  account  of  its  not  unpoisonous  (*har 
acter.  must  be  R-moved  fnmi  the  Ixnly  with  all  despatch 
by  prrmiptly  acting  cathartics.  \\\  later  writers  the, 
compound  which  is  formed  is  C(msi(lered  to  Ik*  a  ferrous 
arseniate.  The  uni(m  with  arsenic  is  very  complete:  if 
an  amount  of  the  antidote  n-presenting  ten  parts  of 
ferric  oxide  be  added  to  one  part  of  arsenic,  the  filtrate 
will  not  n*veal  even  a  trace  of  the  poison.  In  adilition 
to  its  condtining  actiim,  it  j>os.s<'ss<'s  a  cert;nn  value  as  a 
protection  to  the  stomach  an<l  intestines  against  the  in 
jurious  loc^d  elTects  of  the  poison.  With  the  aiseni*- 
anhydride,  and  the  arsenious  and  arM'nie  siilts.  the  union 
is  very  limited,  even  with  very  larg«'  exeess  of  the  anli 
dote:  the  elTect  is  much  increasid  by  the  atlditinn  of  a 
small  amount  of  anunonia  or  other  eanstie  alkali.  In 
pois(ming  by  tlur  ars<'intes  and  arseniates  a  mixture  of 
the  hy<lrated  .sescpiioxide  with  lia^ic  acetate  of  iron  is 
more  elTectiv«'.  The  hy<lrate(l  ses(juioxi(h'  is  easily  pn* 
pared  by  adding  ammonia  water,  sodic  or  potas.sic 
hydrate,  sodic  or  magnesic  carbonate,  to  a  soluti(m  of 
ft'rric  chloride  or  sulphate,  or  to  the  tinctun*  of  the  chlo- 
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ride  (tinctura  ferri  chloridi).  The  precipitate  is  thor- 
oughly washed  and  then  mixed  with  a  rather  large 
amount  of  water.  The  directions  of  Bunsen  and  Berth- 
old  for  its  preparation  are  to  add  a  small  amount  of 
sulphuric  acid  to  a  solution  of  100  gm.  of  ferrous  sul- 
phate, then  nitric  acid,  and  boil;  when  cold  add  an 
excess  of  ammonia  water,  filter  and  wash,  and  mix  the 
precipitate  with  900  gm.  of  water.  It  is  rather  better, 
however,  to  obtain  the  antidote  by  the  addition  of  car- 
bonate of  magnesium  to  a  solution  of  ferric  sulphate 
and  avoid  filtering  and  washing;  one  of  the  products 
of  this  operation  is  sulphate  of  magnesium,  which  adds  to 
the  value  of  the  antidote  by  virtue  of  its  cathartic  action. 

Since  the  freshly  prepared  hydrated  sesquioxide  un- 
dergoes gradual  changes  which  lessen  its  effectiveness 
in  a  very  material  degree,  it  is  advisable  when  possible 
to  prepare  it  as  occasion  demands.  The  stability  is  in 
direct  proportion  to  the  care  in  preparation  and  the 
purity  of  the  iron  salt.  Since  all  warming  is  to  be 
avoided  in  the  preparation,  the  solutions  iisi'd  must  be 
considerably  diluted.  If  the  antidote  is  to  be  preserved 
for  cases  of  emergency,  it  is  best  kept  in  a  cold  place  and 
well  stoppered. 

In  the  administration  of  this  antidote  there  are  certain 
points  which  are  to  be  kept  in  mind ;  the  poison  should 
be  removed  from  the  stomach  as  completely  as  possible 
by  emetics  or  the  stomach  tube ;  the  antidote  should  be 
freshly  prepared  if  possible,  and  should  be  given  luke- 
warm and  in  large  doses  (30  to  60  gm.)  at  first,  at  inter 
vals  of  about  ten  minutes,  and  later  at  longer  intervals, 
until  the  sympt<)ms  disappear  and  iron  appears  in  the 
stools.  It  is  perhaps  needless  to  say  tliat  treatment 
should  be  begun  as  soon  as  possible.  It  is  well  to  follow 
up  the  treatment  with  an  active  cathartic,  on  account  of 
the  poisonous  character  and  slight  solubility  of  the  re- 
sulting compound.  It  has  been  well  shown  experiment- 
ally by  Schroff,  that  when  the  latter  substance  is  its<*lf 
administered  to  animals,  arsenic  may  be  detected  in  the 
urine. 

Basic  acetate  of  iron,  dialyzed  iron,  and  .saccharated 
iron  (ferrum  oxydatuni  saccharatum  solubile)  have  been 
used  with  varying  success  in  poisoning  by  arst^nic  and 
arsenious  compounds. 

Iron  filings  and  reduced  iron  have,  it  is  claimed,  been 
iised  with  good  effect  in  poisoning  by  salts  of  gold, 
mercury,  copper,  and  other  metals.  Dose,  2  to  10  gm. 
frequently  repeated.  Sulphide  of  iron  has  been  pro- 
posed as  an  antidote  to  mercury,  lead,  antimony,  ropj)er, 
gold,  platinum,  tin,  arsenic,  and  other  metallic  salts,  hut 
its  value  is  not  proven. 

CarfK^iuite  of  c/zp^Mr  in  repeated  doses  of  O/^o  to  0.50 
gm.  with  sugar  and  water  has  been  recommended  in 
acute  phosphorus  poisoning,  following  an  emetic.  It  is 
supposed  to  act  upon  the?  particles  of  ])hosphorus  in  such 
a  way  as  to  prevent  thcnr  .solution  by  furnishing  them 
first  with  a  layer  of  phosphide  of  copper,  and  later  with 
one  of  the  metal  itself.  Its  use  is  to  be  preceded  and 
followed  by  emetics. 

3.  The  Physiological  ok  1)yna.mic  Antidotes  are 
remedies  employed  to  combat  the*  symptoms  or  after- 
effects, and  to  neutralize  the  effects  ()f  poisons  after  ab- 
sorption into  the  sysstem.  As  their  name  implies,  they 
do  not  act  on  the  poison  themselves  chemically,  me- 
chanically, or  otherwise.  Considemtion  of  the  individual 
members  of  this  class  is  beyond  the  scope  of  this  article 
and  comes  more  pro])erly  under  the  head  of  therapeutics. 

C/ta rffs  If/ rrinqion . 

ANTIDYSPEPTIC   AND  TONIC  SPRINGS.- Notto 

w^ay  County,  Virginia. 

Fost-Office. — Burke  ville. 

Access. — ^Via  Norfolk  and  Western  Railroad,  thence 
one  half  mile  to  springs.  Small  hotel  and  boarding 
houses. 

These  springs  are  located  in  a  fine,  .siilubrious  region 
about  530  feet  above  the  sea  level.  They  are  two  in 
number,  the  flow  from  the  main  spring,  'No.  I,  being 
about  240  gallons  per  hour.     The  water  was  analyzed 


in  1890  by  Prof.  E.  T.  Fristoe,  of  the  Columbian  Uni- 
versity, with  the  following  results: 

Onb  United  States  Gallon  Contauvs: 

Solids.  Onins. 

Sodium  hydrate  (?) 051 

Sodium  eblortde 0l28 

Magnesium  chloride 0J90 

HagDesium  carbonate O.M 

Magfoesium  sulphate \M 

Calcium  sulphate 0.4ft 

Iron  oxide Tnoes. 

Aluminum 0.16 

Lithium TrmcxB. 

Calcium  carbonate 1.05 

Nitricacid Trmoes. 

On^nic  matter Traces. 

Sulphuric  acid Traces. 

Phosphoric  acid 0.7S 

Silica 1.89 

Total. 8,17 

Free  carbonic  acid  gas,  large  amount. 

The  acids  and  elements  expressed  in  the  table  are  un- 
doubtedly in  combination.  The  water  has  an  extensive 
reputation  in  the  treatment  of  dyspepsia  and  intestinal 
disorders.  It  is  believed  to  possess  useful  properties  as 
a  tonic.  It  may  be  classified  as  a  light  sulphated  saline. 
The  water  of  Spring  No.  2  contains  about  ten  grains  of 
solid  matter  per  United  States  gallon,  including  enough 
iron  to  make  it  a  valuable  clmlybeate.  It  is  wamuy 
recommended  as  a  ferruginous  tonic.  These  waters  are 
bottled  and  sold,  being  shipped  to  any  desired  point. 

J.  K.  Crook. 

ANTIKAMNIA  is  a  proprietary"  name  for  a  whitish 
powder  which  is  claimod  by  the  makers  to  be  a  mixture 
of  coal-tar  products,  and  mund  by  various  analyses  to 
contain  acetanilid  and  sodium  bicarbonate,  with  or 
without  caffeine.  Its  dose,  as  an  analgesic,  is  from  five 
to  ten  grains.  W.  A.  Bastedo. 

ANTIMONY.— 1.  General  Medicinal  Properties 
OK  Compounds  of  Antimony. — As  usual  with  com- 
pounds of  the  heavy  metals,  all  antimonials  capable  of 
absorption  produce  e8^»ntia)ly  similar  constitutional 
effects.  These  effects  are,  'in  medicinal  dosage,  depres- 
si(»n  of  pulse  in  both  force  and  frequency,  with  fall  of 
arterial  tension,  diaphoresis,  increase  of  mucous  secre- 
tions, and.  with  ris<^  of  dosage,  nausea  and  vomiting, 
with  decided  mu.scular  debility.  In  large  doses  anti- 
monials are  jiowerfully  poisonous,  causing  heart  failure, 
l>roloni]:ed  and  violent  vomiting  and  purging,  witli 
crani|)s,  and  g^eneral  C()lla|>se.  Ix)cally,  soluble  anti- 
monials, such  as  that  most  commonly  used  preparation 
of  antimony,  tuvtur  emetic,  are  irritant — much  of  the 
emetic  effect  being  evidently  due  to  local  irritation  of 
the  stomach  U])on  swallowing.  Concerning  the  rationale 
of  the  production  of  the  various  effects  described,  the 
only  points  of  clinical  importance  are  that  the  effects 
upon  the  pulse  seem  to  arise  from  a  direct  depressing 
action  upon  the  heart,  and  not  secondarily  from  a  possi- 
ble excitation  of  the  restraint  influence  exerted  through 
the  vagus  nerve,  and  that  the  vomiting  seems  to  be  in- 
duced partlv  by  direct  local  irritation  of  the  stomach, 
and  partly  by  an  action  upon  the  nerve  centres,  after 
absorption.  For  tartar  emetic  vomits  when  injected  into 
the  veins,  but  yet  not  so  readily  as  when  given  by 
swallowiu<r. 

Tlierapeutically,  antimonials  generally  are  used  to 
dei>r('ss  the  i)ulse  in  sthenic  fever,  to  hasten  the  secret 
inir  sta^^e  in  respiratory  catarrhs,  empirically  to  oppose 
the  intlanunatory  process — most  notably  again  in  respira- 
tory inflammations,  such  as  pneumonia,  and,  possibly, 
to  determine  vomitin*^. 

2.  The  Pkkpahations  of  Antimony  Used  in  ^Iedi- 
ciNK. — The  antimonials  of  the  United  States  Pharmaco- 
pd'ia  are  derived  from  three  compounds  of  the  metal, 
namely,  anfimonwtts  o.ri(U',  ahiimonious  sulphide^  and 
jM/f/fM.s(o-a tit i inn n itniH  ta rtvate. 

Antit/iofiior/s  0.rt(fi\  SbaOa. — An timonious  oxide  is  offi- 
cial as  Antimouii  (Miction,  Antimony  Oxide.     It  occuib 
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as  **a  heavy,  grayish-white  powder  without  odor  or 
taste,  and  permaneDt  in  the  air.  Almost  insoluble  in 
water,  and  insoluble  in  alcohol.  Nitric  acid  fails  to  dis- 
solve it,  but  it  is  readily  soluble  in  hydrochloric  acid 
without  effervescence,  and  also  in  a  warm  solution  of 
tartaric  acid,  or  in  a  boiling  solution  of  potassium  bitar- 
trate"  (U.  8.  P.).  Antimonious  oxide  exerts  the  gen 
eral  properties  of  the  antimonials,  but  is  uncertain, 
doubtless  because  from  its  insolubility  it  must  undergo 
chemical  conversion  in  the  stomach  before  absorption  is 
possible.  It  is  rarely  prescribed  except  in  the  official 
preparation,  entitled; 

Pulvis  Antimonialis,  Antimonial  Powder;  "James' 
Powder."  This  powder  consists  of  thirty-three  parts  of 
antimony  oxide,  intimately  mixed  with  sixty-seven 
parts  of  ** precipitated  calcium  phosphate."  It  is  white 
in  color,  and  from  the  insolubility  of  its  two  ingredients 
is  without  taste.  It  is  a  generally  mild  but  yet  uncer- 
tain antimonial,  available  for  the  antifebrile  purposes  of 
the  mineral.  Dose,  for  such  use.  from  0.20  to  0.50  gm. 
(gr.  iij.-viij.)  every  few  houra. 

Antimonious  Sulphide,  SbgSs. — Under  the  title  Antt 
monii  Sulphidnm,  Antimony  Sulphide,  the  U.  S.  P. 
makes  official  **  native  antimony  sulphide,  purified  by 
fusion  and  as  nearly  free  from  arsenic  as  possible. "  This 
is  the  compound  commercially  known  as  antimony,  or 
crude  antimony.  It  is  in  coniciil  masses  of  metallic  ap 
pearance,  which,  pulverized,  yield  a  dull,  blacl^,  odor- 
less and  tasteless  powder,  insoluble  in  water  or  alcohol. 
It  is  official  as  the  source  of  the  following  preparation, 
which,  again,  is  used  only  pharmaccutically  to  yield  still 
another: 

Antiinanii  Sulphidum  Purijicatum,  Purified  Antimony 
Sulphide.  The  sulphide  above  described  is  finely  pul- 
verized, the  coarser  particles  separated  by  elutriation 
and  rejected,  and  the  finer  macerated  in  ammonia  water 
for  five  days,  then  washe<l  and  dried  by  heat.  By  these 
manipulations  impurities  in  the  native  sulphide  are 
gotten  rid  of,  the  ammonia  serving  to  dissolve  out  cop- 
per, a  common  contamination.  The  purified  sulphide 
is  a  dark  gray  powder  of  the  qualities  already  detailed. 
It  is  used  to  make  the  following : 

Antimonium  Sniphuratnm,  Sulphurated  Antimony. 
"Kermes  Mineral."  The  purified  sulphide  is  boiled  in 
diluted  solution  of  smla,  the  liquid  strained,  and  while 
still  hot  precipitated  by  diluted  sulphuric  acid.  The 
precipitate  is  then  washed,  dried,  and  finely  pulverized. 
It  appears  as  a  reddish -brown,  amorphous  powder,  odor- 
less and  tasteless,  and  insoluble  in  water  and  in  alcohol. 
In  composition  it  is  ** chiefly"  antimonious  sulphide, 
**with  a  very  small  amount  of"  antimonious  oxide. 
Like  all  the  insoluble  antimonials,  its  medicinal  action  is 
uncertain,  and  the  preparation  is  rarely  prescribed  ex- 
cept as  it  occure  in  the  following  official  pill: 

Pilulof  Aniimonii  Coinpotnto;,  Compound  Pills  of  Anti- 
mony ;  **  Plummer's  Pills. "  These  pills  are  compounded 
of  one  part  each  of  sulphurated  antimony  and  calomel. 
and  two  parts  of  guaiac.  Each  pill  weighs  0.16  gm. 
(about  2.5  grains).  This  preparation  had  an  ancient 
reputation  in  the  treatment  of  secondary  syphilis,  scaly 
skin  eruptions,  chronic  rheumatism,  etc.  One  or  two 
pills  constitute  a  dose,  to  be  given  twice  a  day. 

Potamo-antimoniouH  Tartrate,  2K(SbO)C«H40B+H,0. 
— This  salt,  so  well  known  by  the  name  tartar  emetic,  is 
official  under  the  title  Antimonii  et  Pota,mi  Tartran, 
Antimony  and  Potassium  Tartrate.  It  is  commonly 
made  by*  boiling  together  in  water  antimonious  oxide 
and  aciS  potassium  tartrate  (cream  of  tartar),  and  ob- 
taining the  resulting  double  tartrate  by  crystallization 
from  the  solution.  Other  methods,  however,  are  re- 
sorted to  by  some  manufacturers.  Tartar  emetic  occurs 
as  **  colorless  transparent  crystals  of  the  rhombic  system, 
becoming  opaque  and  white  on  exposure  to  air;  or  a 
white  granular  powder,  without  odor,  and  having  a 
sweet,  afterward  disagreeable,  metallic  taste.  Soluble 
in  seventeen  parts  of  water  at  1.")°  C.  (59^  F.)  and  in 
three  parts  of  boiling  water,  but  insoluble  in  alcohol, 
which  precipitates  it  from  its  aqueous  solution  in  the 


form  of  a  crystalline  powder"  (U.  S.  P.).  Aqueous 
solutions  of  tartar  emetic  spontaneously  decompose,  and 
are  precipitated  by  acids,  alkalies,  and  alkaline  carbo- 
nates, soluble  salts  of  lead,  and  vegetable  astringent 
preparations,  such  as  infusion  of  galls. 

In  modern  medical  practice  in  the  United  States  tartar 
emetic  is  practically  the  only  antimonial  used,  and  is 
available  for  all  the  effects  of  antimony  as  already  de- 
scribed. In  doses  of  about  0.005  gm.  (gr.  -f^)  it  de- 
presses the  heart  and  promotes  secretion;  in  doses  of 
about  0.01  gm.  (gr.  \),  repeated,  it  nauseates,  and  in  doses 
of  from  0.03  to  0.12  gm.  (gr.  ss.  to  ij.)it  vomits,  with  the 
usual  prolonged  and  distressing  attendant  nausea  of  the 
antimonials.  In  quantities  beyond  those  last  mentioned 
it  is  a  dangerous  and  easily  fatal  poison.  It  may  be  given 
in  aqueous  solution,  and  if  employed  to  provoke  vomit- 
ing, should  be  prescribed  in  doses  of  0.03  gm.  (gr.  ss.),  to 
be  repeated  every  fifteen  minutes  until  vomiting  ensue, 
or  until  four  doses  have  been  taken.  When  wanted  in 
small  dosage  for  catarrhs  or  fevers,  the  official  Vinum 
Antimonii,  Wine  of  Antimony,  is  more  commonly  pre- 
scribed. To  make  this  wine,  four  parts  by  weight  of 
tartar  emetic,  dissolved  in  a  Httle  boiling  water,  is  added 
to  fortified  white  wine  in  such  quantity  as  to  yield  1,000 
parts  by  measure  of  product  (about  gr.  1.8  to  the  fluid- 
ounce).  Wine  of  antimony  keeps  far  better  than  aque- 
ous solutions  of  tartar  emetic,  but  yet  will  deteriorate 
in  time.  From  ten  to  thirty  drops  is  the  average  dose. 
Wine  of  antimony  is  an  ingredient  of  the  compound 
mixture  of  glycyrrhiza  of  the  Pharmacopoeia.  (See 
Olycyrrhiza.) 

Tartar  emetic  enters  into  the  composition  of  the  official 
compound  syrup  of  squill.    (See  Squill.) 

Tartar  emetic,  as  a  soluble  antimonial.  possesses  local 
properties  wanting  in  the  insoluble  compounds  hitherto 
discussed.  It  is,  namely,  powerfully  irritant,  and  ap- 
plied to  the  skin  in  ointment  or  plaster  produces  after  a 
while  an  eruption,  papular  at  first,  but  passing  to  vesi- 
cles or  pustules,  much  resembling  the  eruption  of  small- 
pox, for  which  it  actually  has  been  mistaken.  The 
eruption  is  painful,  and  may  leave  scars.  Pustulation 
by  tartar  emetic  is  a  possible,  but  disagreeable  method 
of  effecting  a  continuous  counter-irritation.  The  best 
mode  of  application  is  to  prescribe  an  ointment  of  one 
part  of  tartar  emetic  to  four  of  simple  ointment,  to  be 
rubbed,  but  rubbed  lightly,  into  the  skin.  Too  vigorous 
inunction  may  produce  an  uncontrollable  inflammation. 

3.  Genekal  Thekapeutics  of  Antimony  Com- 
pounds.—  Vatscular  Depression. — The  power  of  anti- 
monials to  reduce  the  pulse  is  unbounded,  but  in  high 
degree  the  effect  is  associated  with  so  much  general  de- 
pression as  to  be  unavailable.  Still,  in  the  beginning  of 
a  congestion  or  inflammation,  notably  of  the  air  pas- 
sages, in  a  vigorous  subject,  a  mild  antimonial  effect  is 
often  most  happy.  Indeed,  so  marked  often  is  the 
benefit,  that  it  is  probable  that  depression  of  undue 
va.scular  excitement  is  but  one  factor  of  the  curative 
influence. 

Promotion  of  Secretion  in  Catarrhs. — Nauseants  gener- 
ally tend  to  this  effect,  but  none  can  compete  with  anti- 
monials in  power.  Yet  again,  the  use  of  antimonials 
should  be  confined,  except  in  very  small  dosage,  to  the 
fairly  vigorous,  and  particularly  should  be  avoided  in 
subjects  at  either  extreme  of  age. 

Induction  of  Vomiting. — Although  a  powerful,  anti- 
mony is  a  poor  emetic,  since  it  is  both  slow  antl  unnec- 
essarily nauseant  and  depressing.  Furthermore,  the 
vomiting  does  not  stop  when  the  stomach  is  empty,  as 
is  the  case,  practically,  with  the  so-called  mechanical 
emetics.  For  these  reasons  the  emetic  operation  of  anti- 
mony is  nowadays  rarely  utilized. 

Relaxation  of  Spasm. — In  full  antimonial  nausea  the 
concomitant  muscular  debility  may  determine  relaxation 
of  spasm,  as  in  laryngismus  HtriduUis,  or  may  be  pro- 
nounced enough  to  be  of  avail  in  the  reducticm  of  a 
hernia  or  dislocation.  But  for  all  these  purpo-ses  an 
even  greater  degree  of  paresis  is  so  easily  obtainable 
by  m^cines  less  disagreeable  and  depressing  than  anti- 
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monials  tliat  the  latter  are  seldom  resorted  to  for  the 
therapciisis.  Tartar  emetic,  in  full  dosage,  has  been 
praised  highly  by  some  in  the  treatment  of  tetanus. 

Edira}'d  Curtis. 

ANTIMONY,  POISONING  BY.— Pure  meUillic  anti- 
mouy  is  not  thought  to  Ik*  directly  poisonous.  Symptoms 
of  gastro-enteritis  occasionally  followed  its  medicinal  us(» 
in  times  past,  and  seriou.<i  symptoms  are  sjiid  to  have 
been  produced  by  the  metal  when  inlialed  in  the  state  of 
vapor;  but  the  effects  in  these  cases  have  usually  been 
attributed  either  to  tlio  partial  oxidaticm  of  the  metal  or 
to  the  presence  of  ars(>nic.  which  is  a  freciuent  impurity  in 
commercial  antimony.  Many  of  the  compounds  of  anti 
mony  are  more  or  less  poisonous.  The  most  important  of 
these  are  tartar  emetic  and  tlie  terchloride  of  antimonv. 

___  •* 

Tartar  Emetic. — This  is  a  double  tartrate  of  anti- 
mony and  potassium,  and  is  tlie  most  important  com- 
pound of  antimony.  It  occurs  in  the  fonn  of  colorless, 
slightly  efflorescent,  crystals,  which  are  usually  rh(Hii])ic 
octahedrons,  or  in  the  form  of  a  white  powder  (»])taiued 
by  the  pulverization  of  these  crystals.  It  is  soluble  in 
about  fifteen  parts  of  waterat  the  ordinary  temperature. 
and  in  less  than  three  parls  of  boiling  water.  Tartar 
emetic  may  give  rise  to  acute  ])()is()ning,  as  a  result  of  a 
single  large  dose,  or  to  chronic  poisoning,  as  a  result  of 
small  doses  frequently  administered.  Its  poisonous 
properties  are  due  to  the  oxide  of  antimony  which  it 
contains. 

Anite  Poimuing,  Si/tupfomn. — When  a  large  dose  of 
tartar  emetic  is  taken,  the  acrid  metallic  taste  of  the 
poison  is  usuall}'  perceived  by  the  patient.  After  a 
short  time,  varying  from  a  few  minutes  to  half  an  hour, 
there  is  nausea  and  faintness,  followed  by  violent  vomit- 
ing. There  is  burning  in  the  throat  and  a?sophagus; 
sometimes  great  thirst  and  difficulty  of  swallowing, 
pain  in  the  stomach  and  abdomen.  The  vomiting  is 
usually  persistent.  The  vomited  matters  consist  at 
first  of  the  contents  of  the  stomach,  then  of  mucus, 
later  of  mucus  mixed  with  bile,  and  in  some  cases  blood. 
Violent  and  persistent  purging  is  usually  an  early  symp 
torn.  The  discharges  are  liquid,  rest^mbling  those  of 
cholera,  and  fn*(iuently  contain  blood.  Symptoms  of 
extreme  dei>ression  and  prostnition.  ending  in  collapse. 
which  is  a  prominent  feature  in  acut(»  tartar-emetic  i»oi 
soning,  soon  appear.  The  skin  is  cohl  and  covered  with 
perspiration;  the  pulse,  which  ap])ears  to  be  increased 
in  frequency  till  iinincdiately  before  vomiting  sets  in.  is 
at  this  stage  diminished  in  fnMiueucvand  force,  and  may 
become  inipercepti])le:  the  respiration  is  irregular,  but 
for  the  most  part  slow,  with  hasty  and  f(>rced  inspiration 
and  prolonged  ex])iration;  the  t<'mpemture  is  lowered. 
Cramps  in  the  extremities,  delirium,  loss  of  conscious 
ness.  {ind  convulsions,  not  infreciucntly  precede  death. 
The  urine  in  mild  cases  is  increased  in  quantity,  as  it  is 
also  in  the  beginning,  even  in  fatal  cases;  but  in  such, 
toward  the  close,  it  is  grnerallv  scanty  and  bloody,  and 
even  suppressed  (IT.  C.  Wood,  Jr.).  Exceptionally, 
vomiting  is  absent;  in  such  cases  the  other  symptoms 
are  said  to  be,  as  a  rule,  more  promin<'nt.  In  sonu*  cases 
a  pustular  eru])tion,  resemblinir  that  produced  by  the 
external  application  of  tartar  emetic,  has  appeared  on 
the  body  on  the  tliird.  fourth,  or  tilth  day.  In  fatal  cases 
death  mav  occur  within  a  few  lionrs.  but  is  more  fre 
quently  delayed  for  two.  three,  or  more  days.  Recovery 
is  very  frequent. 

Kjrternal  Applied  (ion. — Tartar  emetic  is  occasionally 
employed  externally  as  a  counter  irritant.  j>ro(lueing 
sooner  or  later  a  burning  pain,  followed  by  a  ])ustular 
eruption,  on  the  parts  to  which  it  has  been  applied.  Its 
use  for  this  purpose  lias  been  followed,  in  several  in 
stances,  by  symptoms  of  irritant  ]>oisoning  as  a  result 
of  its  absorption  through  the  integument.  In  two  cases, 
at  least,  death  has  been  cau.sed  by  its  ai)plicati<>n  to  the 
broken  skin. 

Chronic   Poisoning,  Sj/mptoms. — The    symptoms    j)ro 
duced  by  the  repeated  administration  of  small  doses  of 
tartar  emetic  are  of  the  same  general  character  as  those 


which  have  been  described  under  acute  poisoning.  They 
are,  however,  less  severe  and  less  rapid  in  their  progress, 
varying  in  these  respects  with  the  quantity  admin- 
istered and  the  frequency  of  the  administration.  The 
most  prominent  are  nausea,  retching,  vomiting  of 
mucous  and  bilious  matters,  soreness  and  constriction  of 
the  throat,  a  sensation  of  burning  and  pain  in  the 
stomach,  a  feeling  of  uneasiness  and  sometimes  pain  in 
the  abdomen,  a  constant  feeling  of  depression,  gradual 
loss  of  strength,  and  progressive  emaciation.  The  nausea 
and  vomiting  recur  after  each  administration  of  the 
poison.  Purging  is  not  so  prominent  a  symptom  as  in 
acute  poisoning.  The  stools  are  at  first  normal ;  later, 
there  may  be  diarrh(ea,  usually  alternating  with  con- 
stipation. The  time  at  which  death  occurs  depends 
chiefly  upon  the  size  of  the  doses  and  the  frequency  of 
their  administration.  Taylor  collected  five  cases,  four 
of  which  were  fatal.  In  three,  death  took  place  in  six, 
eight,  and  nine  days  respectively;  in  the  fourth,  the 
])oison  was  administered  over  a  period  of  three  months 
preceding  death. 

Fatal  Quantity. — The  quantity  of  tartar  emetic  re- 
(juired  to  destroy  life  cannot  be  stated  with  accuracy, 
.since  its  effects  are  variable  and  frequently  depend  less 
(m  the  ({uantity  taken  than  on  other  conditions.  Owing 
prolmbly  to  early  and  abundant  vomiting,  recovery  has 
frequently  taken  place  after  doses  varying  from  <.8  to 
31  gm.  (  3  ij.  to  viij.).  On  the  other  hand,  as  a  result 
probably  of  idiosyncrasy,  alarming  symptoms,  and 
even  death,  have  followed  the  administration  of  doses 
which  would  ordinarily  be  considered  non -fatal.  In 
sixteen  fatal  cases  collected  by  Taylor,  the  smallest  fatal 
dose  was.  in  a  child,  0.048  gm.\gr.  0.75),  and  in  an  adult, 
0.130  gm.  (gr.  ij.);  but  in  the  latter  case  there  were  cir- 
cumstances which  favored  the  fatal  operation  of  the 
pois<m.  Taylor  quotes  a  case  in  which  0.022  gm.  (gr. 
0.33),  given  in  divided  doses  to  a  child  four  yc^ars  of 
age,  prcKluced  alarming  symptoms.  Serious  symptoms 
have  foUowwl  the  administration  of  0.032  gm.,  0.26  gm. 
and  0.40  gm.  (gr.  0.5,  4,  and  %^  respectively)  to  adults. 
Dr.  Draper  reported  a  case,  at  a  meeting  of  the  Boston 
Society  for  Medical  Observation,  in  1880,  in  which  0.26 
gm.  (gr.  iv.),  followed  in  ten  minutes  by  0.13  gm..  proved 
fatal  to  a  healthy  adidt  woman  in  fifty-three  hours. 
According  to  Walilcy,  0.195  gm.  (gr.  iij.)  killed  an  adult 
in  twenty  four  hours;  0.65  gm.  (gr.  x.)  and  0.97  gm. 
(gr.  XV.)  have  proved  fatal  to  children,  2.3  gm.  (gr. 
xxxvi.).  2.4  gm.  (gr.  xxxvij.).  3.24  gm.  (gr.  1.).  and  8.9 
gm.  (gr.  Ix.)  to  adults.  Children,  aged  pers<ms,  aod 
those  who  are  in  delicate  health  are  more  susceptible  to 
its  action  than  healthy  adults.  On  the  other  hand,  there 
are  certain  diseased  states  of  the  body  in  which  hirge 
and  repeated  doses  have  been  administered  without  pro- 
ducing any  symptoms  of  poisoning.  Taylor  concludes 
that  under  favond)le  circumstances  0.65  to  1.3  gm.  (gr. 
X.  to  XX  ).  taken  at  once,  might  destroy  an  adult,  and 
that  a  still  smaller  (juantity  than  this  might  suffice  if 
taken  in  divided  doses 

A})p(aninr(s. — The  mucous  membrane  of  the  stomach 
and  intestines  is  usually  more  or  less  inflamed  and  soft- 
ened The  intlainniatory  appeamnces  in  the  intestines 
are  usually  most  markeci  in  the  duodenum,  c:vcum,  and 
reeluni.  The  mneous  membmne  of  the  mouth,  throat, 
and  (esophagus  is  sometimes  inflamed.  There  are  oc- 
casionally aphih.e  and  pustules  in  the  mouth,  throat, 
(esophagus,  or  stomach:  sometimes  aphthous  idcenition 
of  the  glands  of  the  small  intestines.  The  stomach  and 
intestines  contain  more  or  less  mucus,  colored  with  bile 
or  ])loo(l  or  both.  Hypostatic  congestion  of  the  lungs 
has  been  frecpiently  noticed.  A  greater  or  less  degree  of 
fatty  deireneration  of  the  liver,  kidneys,  heart,  muscular 
tissue  of  the  diaphragm,  and  cells  of  the  gastric  glands, 
sometimes  reeogni7.ai)le  only  by  microscopic  and  chem- 
ical examination,  is  a  well  recognized  result  of  the  action 
of  antimony  compounds.  This  was  first  pointcni  out  by 
Saikowsky.  Avho  stat<'s  that  there  is  also  a  diminution  of 
the  amount  of  glycogen  in  the  liver,  and  in  some  cases  a 
total  disftippeamnce  of  it. 
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Absorption  and  Elimination. — Antimony  is  quickly 
absorbed,  and  after  death  may  be  detected  in  nearly  all 
the  organs  and  tissues  of  the  body.  It  is  rare  to  find 
more  than  a  trace  in  the  stomach,  since  its  emetic  prop- 
erties usually  secure  its  early  removal.  The  liver  and 
kidneys  probably  contain  the  largest  amount.  It  is 
eliminated  in  the  urine  and  bile,  also,  according  to 
Lewald,  in  the  milk.  When  tartar  emetic  is  injected 
into  the  veins  it  is  said  to  be  rapidly  eliminated  through 
the  mucous  membrane  of  the  stomach  (Brinton).  The 
time  required  for  its  complete  elimination  is  uncertain. 
Millon  and  I^veran  detected  antimony  in  the  urine  of 
patients  as  late  as  twenty -four  days  after  the  last  admin- 
istration of  tartar  emetic.  They  also  found  antimony  in 
the  fat,  bones,  and  other  tissues  of  dogs,  as  late  as  four 
months  after  the  last  administration.  They  state  that 
there  are  well-marked  intermissions  in  the  elimination. 

Treatment. — If  vomiting  has  not  occurred,  it  should  be 
provoked  by  tickling  the  throat  or  by  the  administration 
of  w^ami  water.  The  best  antidote  is  tannic  acid,  which 
forms  with  oxide  of  antimony  a  compound  in.soluble  in 
water.  A  solution  of  the  acid  may  be  used.  In  the 
absence  of  this,  an  infusion  of  green  tea,  decoctions  of 
oak  bark,  gall  nuts,  or  Peruvian  bark,  or  tincture  of  kino 
or  catechu,  all  of  which  contain  tannic  acid,  may  be 
administered.  The  stomach  should  be  thoroughly 
washed  out  after  the  administration  of  the  tannic  acicl. 
Opium  should  then  be  given,  to  allay  pain  and  irritation. 
Stimulants,  external  and  internal,  may  be  required.  In 
the  treatment  of  chronic  poisoning  it  is  essential  to  pre- 
vent the  further  administration  of  the  poison.  Stimu- 
lants, tonics,  and  nutritious  diet  are  required. 

Tercht^oride  op  Antimony,  Butter  op  Antimont, 
— This  is  a  transparent,  fusible,  crystalline  substance, 
which,  on  exposure  to  moist  air,  rapidly  deliquesces  to  a 
clear  liquid.  When  pure  it  is  colorless,  but  it  frequently 
contains  more  or  less  chloride  of  iron,  which  Imparts  to 
it  a  color  varying  from  yellow  to  dark  brown.  It  is  de 
composed  by  Avater,  with  tlie  formation  of  hydrochloric 
acid  and  an  insoluble  white  basic  chloride,  which  may 
be  distinguished  from  the  corresponding  basic  chloride 
of  bismuth  by  its  solubility  in  tartaric  acid.  A  concen- 
trated hydrochloric  acid  solution  of  the  chloride  has  some 
uses,  and  has  given  rise  to  a  few  cases  of  accidental  or 
suicidal  poisoning.  It  is  a  violent  corrosive  and  ir- 
ritant. 

Symptoms. — These  resemble  closely  the  symptoms  pro- 
duced by  the  mineral  acids.  They  come  on  very  rapidly, 
and  consist  of  violent  vomiting  and  severe  pain  in  the 
throat,  stomach,  and  abdomen,  soon  folloAved  by  symp- 
toms of  collapse.  Death  has  taken  place  in  two  hours, 
and  has  been  delayed  for  ten  and  one  half,  eighteen,  and 
twenty  four  hours. 

Fatal  Quantity. — The  smallest  quantity  recjuired  to 
destroy  life  is  unknown.  Ninety  cubic  centimetres  (three 
fluidounces),  approximately,  of  the  solution  has  proved 
fatal  to  adults  in  three  cases.  Recovery  has  taken  place 
after  30  c.c. 

Appeara^wes. — The  lips,  mouth,  and  tliroat  have  usu- 
ally been  found  more  or  less  corroded.  The  interior  of  the 
stomach  and  upper  part  of  the  small  intestines  are  in- 
tensely inflamed,  corroded,  and  sometimes  black,  as  if 
charred.  In  a  case  related  by  Taylor,  the  whole  alimen- 
tary canal,  from  the  mouth  tb  theniiddle  of  the  small  in 
testines,  presented  this  black  appearance.  The  mucous 
membrane  was  entirely  dcjstroyerl,  and  the  parts  beneath 
were  so  soft  that  they  were  easily  torn  with  the  tingers. 
Fatty  degeneration  of  the  liver,  kidneys,  heart,  muscular 
tissue  of  the  diaphragm,  and  cells  of  the  gastric  glands, 
was  observed  in  rabbits  to  which  small  doses  of  terchlo 
ride  of  antimony  were  administered  (Saikowsky). 

Treatment. — This  consists  in  the  administration  of  sodic 
carbonate,  chalk,  or  magnesia,  to  neutralize  the  free  acid, 
and  of  preparations  containing  tannic  acid. 

William  B.  HilU. 

ANTINERVIN  is  a  proprietary  remedy,  which,  accord 
ing  to  Squibb,  contains  acetanilid  50  parts,  ammonium 


bromide  25  parts,  and  salicylic  acid  25  parts.     It  is  anti- 
pyretic and  sedative  in  eight-grain  doses. 

W.  A.  Bastedo. 

ANTIPERIODICS.— The  various  malarial  fevers  are  all 
characterized  by  a  more  or  less  regular  recurrence  of 
their  characteristic  sj-mptoms,  to  wit:  chill,  fever, and 
sweating;  the  periods  for  such  recurrence  varying  ac- 
cording to  the  life  cycle  of  the  particular  organism  which 
causes  the  special  type  of  fever.  These  phenomena  are 
therefore  spoken  of  as  periodical,  and  the  remedies  which 
are  known  to  exert  an  inhibitive  effect  upon  them  are 
called  antiperio<lics.  The  symptoms  against  which  anti- 
periodics  are  most  commonly  employed  are  those  consti- 
tuting the  seizure  in  the  estivo-autumnal,  tertian,  and 
quartan  types  of  ague,  and  consisting  of  the  cold,  the 
hot,  and  the  sweating  stages.  In  the  milder  forms  of  in- 
termittent and  remittent  fever,  the  breaking  up  of  the 
recurrent  chills  as  soon  as  possible  is  important  for  the 
comfort  of  the  patient,  but  in  tiie  so-called  **  pernicious  " 
malarial  fevers,  it  may  be  a  matter  of  life  or  death  to  stop 
at  once  those  congestive  chills  whose  effects  are  so  alarm- 
ing, and  it  is  in  such  cixses  that  the  great  value  of  the 
antiperiodics  is  seen.  Other  chronic  manifestations  of 
the  malarial  cachexia,  such  as  neuralgia,  are  amenable  to 
antiperiotlic  treatment,  and  it  is  noticeable  that  the  sue 
cess  of  quinine  in  the  relief  of  neuralgia  is  in  proportion 
to  the  regular  perio<licity  of  the  attacks. 

By  far  the  most  important  antiperiodic — of  more  value, 
in  fact,  than  all  the  others  taken  together — is  cinchona, 
with  its  derivatives.  Ever  since  the  cure  of  the  Countess 
of  Cinchon  of  an  ague  at  Lima,  in  the  earlier  half  of  the 
seventeenth  century,  first  gave  name  and  fame  to  the 
drug,  its  value  in  intermittent  fever  has  been  acknowl- 
edged. More  tiian  any  other  remedy  in  the  Pharmaco- 
pa?ia  it  deserves  to  be  considered  a  specific.  Its  direct 
action  on  the  malarial  parasite  in  the  blood  has  been 
abundantly  shown. 

Quinine,  by  reason  of  its  more  concentrated  and  con- 
venient form,  is  now  used  almost  entirely  to  the  exclu- 
sion of  cinchona  as  an  antiperiodic.  For  this  purpose 
the  dose  must  be  large,  corresponding  in  quantity  to 
the  so-called  antipyretic  dose  of  the  drug.  The  quinine 
should  be  so  administered  as  to  produce  a  saturation  of 
the  patient's  system  at  the  time  when  the  next  seizure 
would  occur.  To  attain  this  object  we  may  best  give 
one  full  dose,  1  to  2  gm.  (gr.  xv.  to  xxx.)  on  the  drop  of 
temperature  following  a  given  paroxysm  in  order  to 
abort  the  following  paroxysm.  Or  it  may  be  given  in 
divided  doses  tlu-ough  the  twenty-four  hours  before  an 
expected  chill,  the  last  dose  being  six  hours  before  the 
time  the  chill  is  due.  If  the  interval  is  much  shorter  than 
this,  the  chance  of  aborting  the  very  next  seizure  is 
diminished.  If  a  single  administration  of  the  drug  an- 
ticipates the  chill  by  only  four  or  five  hours,  the  chances 
are  about  equal  for  and  against  its  success.  In  no  other 
form  is  quinine  more  effective  than  in  that  of  the  crystals 
of  the  sulphate  in  an  acid  solution  (bisulphate)  or  dis- 
solved in  lemon  juice.  The  solubility  is  usually  some- 
what impaired  in  the  pill  fonn,  and  the  administration  in 
coffee  fails  to  give  the  best  effect  because  of  the  imper- 
fect solubility  of  the  tannate.  The  manufacturing 
chemists  have  put  upon  the  market  a  *'  compound  syrup 
of  licorice."  which  quite  effectually  disguises  the  bitter 
taste  of  the  drug,  without,  so  far  as  the  Avriter  knows, 
interfering  with  its  solubility. 

When  the  periodicity  of  the  intermittent  fever  is 
irregular,  and  in  cases  of  remittent  fever,  cinchonism 
should  be  produced  as  soon  as  possible  after  a  seizure, 
and  maintained  by  mo(iera,te  but  suflicient  doses  for 
several  days.  In  the  cases  of  pernicious  malaria,  if  there 
are  not  ten  or  twelve  hours  before  the  expected  time  of 
attack  in  which  to  secure  complete  cinchonism  by  the 
oral  administration  of  the  drug,  it  should  be  given  sub- 
cutaneously.  In  order  to  secure  its  complete  solution, 
acid  must  be  added,  one  minim  of  dilute  sulphuric  acid 
to  each  grain  of  quinine  usually  sufficing.  But  this 
solution  has  the  disadvantage  of  being  irritating,  and 
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UieTE  ia  some  danger  of  ahucess.  This  risk,  liowever, 
should  bn  taken  in  preference  Ui  that  of  a  Hcvure  coiif;ts- 
tive  ebill.  Tiie  liyilrobroniatf  nf  ijuiniue  is  especially 
adapted  for  subcuuneoiiH  use.  It  niay  be  prepared  ac 
cording  to  tLe  followiDg  formula: 

Q   Quininffi  Bulpb IQIgr  ctx.) 

Acidi  liyilrobromlri  (Sijiiibb). , .     4  (  ;  i.) 
AiiuH?  (toI  splH.  trumt-Hli) ..  .ml  30  (ad  J  i.) 

The kinat« and  the  (iisulpbnie of  (juiniueure  preferred  by 
BOnie  for  liypcxlermic  use.  Tlie  do«e  of  qmniue  HUbeu- 
tancouflly  is  less  than  by  llic  mouth,  and  its  oirlion  Is 
more  prompt.  Wllen  liir  miy  n'.isdii  iieillier  of  tbp 
foregoing  methods  is  innilM  !■  ui-  i.ni.;  may  be  given 
by  tlic  rectum  in  dosi'>  .    r    Hitkn   by  the 

mouth.    For  childreniiiiil  ■■'■■'     -       ■  ■  -iiiwiilonmehH, 

whan  haste  is  not  an  c-i '   ■■i-!i .  i     .luiniue  may  l>c 

given  by  inunelion.  Fur  iliis  piir]niw  an  eligible  prvpa- 
ntion  is  the  following: 

fl  QuininiB  sulph .1  (gr.  IxxK.) 

Aeid.  oleic,  plir HOtji.) 

Ol.  olivarum *'( I i) 

Diasolre  tbc  quiniuc  in  the  arid  with  the  aid  of  geulle 
beat.     Add  the  oil.     The  soliitiim  shnulil  lie  clear. 

There  is  crmsidcmblc  c^hiijcc  amniiL'  ilii'  viirioii^  .siills  of 
quinine  both  ils  tn  tlnir  -;hiilt;l  .imi  ,l-  n  'Ij.  ii  ^i^lu- 
bility.     Fur  exuoiple,  lU-   .  -.;■■■    ..f 

quitiiu(>.tlii:bit;sL(' iind  n<  .1'      <  i     '  ulv 

Saper  cent.,  IhebLi.sic  lari:,i-  .-   fI,     i,,.„    i,i.| -initu- 

76,  the  liasic  sulpliale  74.  ihi'  lu'iiirnl  Biii|ihiLtc  less  iliaii 
00  per  cent.,  while  llic  launale.  mucb  in  bivor  for  iid' 
ministration  to  ehililn-n  In  the  form  of  ~  chocolate  quinine 
tablets."  tuis  only  ^t>  per  cent. 

TJie  hydriH'hliimto  is  the  niont  Miliiblc  suit,  and  as  it  is 
one  of  tbc  ricbcEt  in  quinintt,  it  in,  in  spite  of  itH  slightly 
greater  cost  than  some  others,  tbc  most  eligible.  The 
neutral  bydrobromatu  is  soUibIc  in  fl  parts  of  water, 
whilo  the  basic  Bulpbate  is  soluble  ouly  in  .ISl  parts  of 

Id  old  mabirial cases,  in  m^iiiv  <•{  -ah'u-ti  rbi'  livrr  is  en- 
larged, we  iniisl.  In  onler  lot'iYlhr' tiill  iiml  |ir'iiii|u  I  ITcct 
of  quinine,  preface  or  nci  iiiii|);iiiy   iis  lAhiliitiun   liy  ilir 

'I'll'  .  ■'   I.     I    '.r  I  inchona.  quinidiuc.  cbinoidine. 

vuhii'.  i.iii  .LI.'  -lii  i]iii  iiiir  to  i|Uinine,  and  If  usiil  -slmLild 
be  gisi'h  ill  i<iii;>'i  livsi-n.  lii'pinlin;;  the  dose  of  i[idnine. 
fIBlioiiId  im  said  ihul  It  varies  much  not  oidy  wiifi  tbc 
individual,  but  witli  tlic  place.  In  the  tropics  and  In 
the  habitat  of  inulartu  much  larger  dosia  are  toleralc«l 
and  arc  necessary  to  break  up  a  chill  tlmti  In  tem{H'mlc 
climatvs  and  non'-miasmiitic  loculilles.  Tbc  ]iiophylactic 
value  of  quinine  against  ague  is  even  greater  than  its 
curative  acliim.  A  iiuMlciutu  amount — us,  for  instance,  a 
grain  three  tiin<'S  a  day — may  he  taken  eonstimily  for 
years  without  any  ill  effects.  This  jtrccaution  isoni'tbut 
should  be  taken  by  ev<Ty  one  conijK-lled  to  live  in  a 
malarious  coimlr^-.  Even  in  non-malarious  ilistricis  per- 
sons who  bavc  contracted  ague  clsttwUere  sboidil.  nfler 
breaking  up  tbc  chills  by  the  antipcilodic  iloscs,  as  de- 
scribed above,  coutblue  with  small  cjiiantitii's  of  quinine 
for  a  fortnight  or  mon-,  or  bi-tlcr.  witli  a  full  d"^i-  oiiic  a 

Next  to  cinchona,  the  most  uwful  amipcrimlic  wliicli 
we  possess  ia  probably  arsenic.  Il  is  tu  Ilmsi'  [lironic 
cases  which  have  assumed  n  snnicivhiit  irr(';;ul;tr  type, 
and  in  wbicb  we  banlly  know  at  ivbiif  time  to  cxpcil  a 
cbill.  that  arsenic  is  inirticularly  adapb'il.  It  may  be 
given  in  the  form  o(  Fowler's  NobKinn.  In't.'innuiir  wlib 
0.8  gra.  (niv.)  three  times  n  dav.  Ilicnce  earrii'd  up  lo 
0..^  or  0.7,  or  even  1  gm.  tbn't-  tiim-s  a  day,  or  tbc 
BTseniousacid  may  be  given  in  gmnnli-s  of  at  tirsl  I).  1X11.3 
to  0.00a  gm.  (gr.  A  *»  A)  "if<*  "'"'■^  '»  ''";'■  piishnl 
till  tlic  physiological  effects  are  nmclied.  Willi  arsc-nic 
we  do  not  atl«mpt  to  Stop  the   very  next   paroxysm; 
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hence  it  ia  not  adapted  for  jiemicious  eases.  It  should 
always  bo  well  diluted  and  given  on  a  full  stomach. 

When  treatment  has  lieen  delayed  until  the  chill  is 
actually  "on."  quinine  ia  useless  for  that  Beizure.  Noth- 
ing is  so  elHcacious  tu  check  a  chill  actually  in  progress 
as  H  full  dose  of  morphine  snbeiitaneoualy.  Chlopoform 
is  also  recommended  for  this  purpose  in  a  duee  of  from 
3  to  4  gm.  (  3  ss.  to  i.)  in  sweetened  water  or  muci- 
lage. Good  effects  liave  been  claimed  for  tbeadministri- 
t[(m.  during  the  cbill,  of  nitrite  of  amyl  by  inbalation.  and. 
nitrate  or  muriate  of  pilocarpine  hypodermically. 

Neclandra.  or  bebecru  bark,  has  met  with  some  suc- 
cess as  an  aniiperiodic.  The  alkaloid,  in  the  form  of  the 
Eulpbalc  of  beiwrine,  contains  wliatever  of  virtue  the 
drug  possesses,  and  mar  lie  given  in  the  same  doses  &nd 

Warb'irg'»  Tinelure.  formerly  in  much  repute,  espe- 
clally_  in  India,  as  an  aulipcri'odic.  contains  some  sixty- 
four  ingredients,  of  which  tbe  most  active  is  quinine,  in 
theuroportion  of  lea  gmins  to  the  ounce. 

The  euciilyptus  seems  to  pos8)>$s  some  antiperiodic 
virtue.  Among  the  peasantry  of  Southern  Europe  it 
has  tjuite  a  reputation.  Careful  observation  shows  that 
in  highly  malarious  localities  it  is  often  without  effect. 
The  oil  of  eucalyptus  In  doses  of  0.1  to  O.U  gm.  (titij.  to 
v.),  may  be  given,  or  the  tincture  in  doses  of  1  to  2 
gm.  ("Ixv.  toxKK.).  That  it  is  of  use  in  tbc  milder  cases 
is  made  probable  by  the  fact  of  its  undoubted  power  as  a 
prophylactic.  Since  the  tree  was  introduced  into  South- 
ern Europe  in  1Hj6,  its  growth  bas  much  iniproved  tbe 
heallbfulness  of  many  marshy  regions.  Tbc  Trappiat 
monks  devoted  themselves  lo  cultivating  this  tree  in 
tbc  most  malarious  regions  of  Italy,  with  tbe  result 
of  making  places  habitable  that  were  formerly  highly 
unhealthy. 

Among  the  other  Biiccolanca  of  quinine,  usually  most 
successful  when  combined  with,  rather  than  entirely  re- 
placing, that  drug,  are  saliclQ  and  salicylic  acid,  fiven 
lu  doses  of  1.0  to  1.3  gm.  (gr.  xv.  to  xx.).  repeated  frw- 
quently  until  tinnitus  is  induced;  the  antipyretics  of  tlio 
coal-tar  scries,  antipyrine.  pbenacetin,  etc.  The  sul- 
phites, especially  the  sulphite  of  magnesia  and  tbe  hypn- 
BUlphile  of  soda,  bavc  hetin  n'commended  by  some  pbyri- 
cians  in  this  country,  in  doses  of  1,0  to  \J>  gm.  every 
two  hours.  The  ferrocyanidc  of  iron,  despite  its  dis- 
agreeable appearance  and  tasle.  bus  been  found  useful 
by  Flint  in  doses  of  4  to  8  gm.  ( 3  i.  to  ij.).  Nitric 
acid  iu  0.5  gm.  (ni  vij.)  doses,  evLTV  six  bours,  throttgh 
jmnixysm  and  iurcrmission ;  the  chloride  of  sodium. 
given  to  tbc  extent  of  10  gm.  (  3  ij.)  during  the  inter- 
mi>Afim:  tbc  chfnrfde  of  ammonium,  the  iodide  of  aza~ 
moniuni,  and  tbe  iiKlidc  of  potussiuni.  In  0.3  tu  0,5  gm. 
(gr.  v.  to  viij.)  doses,  rejiealed  and  increased;  piperine 
and  narcotinc.  each  in  doses  of  0.2  gm.  (gr.  iij.);  mcthy- 
h'lH!  blue  (gr.  ij.  lo  iv.)  in  capsules — these  and  other 
drugs  have  all  hoil  their  advocat<-s  as  being  of  more  or 
less  value  in  preventing  tlie  periodic  attacks  of  ague. 

Finally,  it  ri'maimi  to  allude  U\  two  or  three  classes  of 
drugs  under  which  most  of  theotbcr  numberless  remedies 
tliat  have  \)tva  suggested  against  intemiiiicnt  fever 
may  la:  classed.  Emetics  and  catliartics.  when  there  fs 
time  for  their  adndnistralion,  sometimes  render  ttie  sys- 
tem more  susccptiblo  to  tbc  action  of  quinine.  Alum. 
ijiccac.  suljihate  of  cop)ier,  fra.xinus,  waboo.  Indian 
hi'uip,  and  tin;  like  prolmlily  owe  what  reputalioa  they 
have  as  ant iiH'hiH lies  to  Ibis  fact;  nUministcn-d  aloiie 
tbi>y  wc'ulil  \h;  quite  worlldew*.  Sfflue  of  tbe  simple  and 
niiimalic  bitters,  on  the  other  liand,  inav.  in  mild  uises. 
replace  cincbiina.  Aiilhciuis  (cliainomile):  eupatoriuni 
( t boron gb wort),  ilex  (holly).  )wrthenium  (feverfew),  by- 
ilraslis.  and  cascarilla  have  a  jiopular  repute  in  the  trest- 
[iicnt  of  intermillent  fever,  by  reason  of  their  bitter 
quality.  When  it  is  rememlKred  tluit  the  natuisl  ten- 
dency of  ague  is  to  recovery  as  aoon  as  the  subject  is  re- 
moveil  from  the  source  of  nialarial  infection,  tbe  anti- 
p(>riodlc  value  of  a  large  numlxT  of  tbe  drugs  last 
enumerated  will  appear  <iuile  pn>blenia1ical. 

Cliarla  F.   Withington. 
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ANTIPYRETICS.    See  Appendix,  Vol.  VIIL 

ANTIPYRIN.  —  **  PHENAZONE/'      "  ANALGESIN," 

CeH6(CHj)«CjHN90.  This  popular  antipyretic  was 
made  known  to  the  profession  by  Ludwig  Knorr  in  1884. 
It  is  a  coal-tar  derivative  prepared  according  to  a  pat- 
ented process,  by  the  action  of  acetyl  acetic  ether  upon 
phenyl-hydrazine,  the  patent  for  which  expired  in  1899. 
it  is  a  base  somewhat  analogous  to  ammonia,  and  has  the 
property  of  combining  with  an  acid  or  an  alkali  to  fonii 
salts.     It  is  official  in  the  B.  P.  under  the  title  Pfienazone. 

It  occurs  in  colorless,  scaly  crystals,  without  odor  and 
possessed  of  a  somewhat  bitter  taste.  It  is  readily  solu- 
ble in  water,  alcohol,  and  chloroform,  less  so  in  ether, 
about  one  part  in  fifty.  The  melting  point  is  110*  C. 
Ignited  w  ith  free  access  of  air  it  burns  without  residue. 
It  is  neutral  to  test  paper. 

Antipy rin  may  be  distinguished  from  all  other  organic 
compounds  by  the  action  of  ferric  chloride;  this  produc- 
ing a  deep  red  color  which  is  discharged  by  the  addition 
of  dilute  sulphuric  acid  in  excess.  Other  compounds 
produce  various  colors  and  differ  in  the  effect  of  the  sul- 
phuric acid.  The  bright  red  color  is  clearly  visible  in  1 
to  100  solution;  in  1  to  100,000  a  light  brown,  and  in  1 
to  500,000  a  light  yellow  color  is  produced.  Nitrous 
acid  added  to  a  solution  forms  a  green  color,  and  nitric 
acid  a  yellow  color  which  deepens  to  crimson  on  warm- 
ing. Bioth  these  tests  are  characteristic  of  antipy  rin. 
The  presence  of  acetanilid  is  also  detected  by  the  melting 
point  of  the  suspected  salt.  The  two  compounds  melt 
approximately  at  the  same  temperature,  but  a  mixture 
of  the  two  reduces  the  melting  point  very  decidedly, 
equal  parts  melting  at  45"  C.  Many  other  distinctive  tests 
have  been  proposed.  In  1  to  1,000  solutions,  iodine  and 
iodide  of  potassium  produce  a  reddish-brown,  potassio- 
mercuric  iodide  a  white,  and  potassio-bismuthic  iodide 
an  orange-red  precipitate.  In  1  to  100  acidulated  solu- 
tions, Nessler's  reagent,  mercuric  or  auric  chloride,  and 
tannic  acid,  produce  colorless  or  yellow  precipitates; 
picric  acid  a  yellow;  and  ferrocyanide  of  potassimn  a 
bluish-green  precipitate. 

The  solubility  of  antipyrin  and  its  action  as  an  alka- 
loidal  base  render  many  drugs  and  preparations  incom- 
patible, and  not  infrequently  some  very  unsightly  as 
well  as  inert  mixtures  are  ordered  by  the  physician.  E. 
J.  Millard  and  A.  C.  Stark  *  describe  a  series  of  experi- 
ments made  for  the  purpose  of  testing  the  compatibility 
of  antipyrin  with  the  whole  of  the  drugs  and  prepara- 
tions of  the  pharmacopoeia  that  are  likely  to  be  prescribed 
in  combination,  together  with  many  that  are  unofficial. 
The  following  is  the  list  they  have  prepared  and  the 
changes  that  are  produced : 

Acid,  carbolic. :  precipitate. 

Acid,  hydrocyan.  dil. :  yellow  coloration. 

Acid,  nitric,  dil. :  faint  yellow  coloration. 

Acid,  tannic. :  white  insoluble  precipitate. 

Alumen  (ammonia):  deep  yellow  coloration  and  pre- 
cipitate. 

Amyl  nitrite  (acid) :  ^reen  coloration. 

Arsen.  iodid. :  precipitate. 

Chloral  hydras:  precipitates  in  strong  solution,  no  ap- 
parent action  in  dilute. 

Cupri  sulphas:  solution  turns  green. 

Dec.  cinchonae:  precipitate. 

Ext.  cinchon.  liq. :  precipitate. 

Ferri  sulph. :  brownish-yellow  color  and  precipitate. 

Glycer.  ac.  carbol. :  precipitate. 

Glycer.  ac.  tannic. :  precipitate. 

Hydrarg.  perchl. :  precipitate. 

Infus.  catechu  cone. :  precipitate. 

Infus.  cinchon.  acid. :  precipitate. 

Infus.  rosfle  acid. :  precipitate. 

Infus.  uvfiB  ursi :  precipitate. 

Liq.  arsen.  et  hyd.  iod. :  precipitate. 

Liq  ferri  perch  lor. :    \ 

Liq.  ferri  pemit. :       >•  blood-red  coloration. 

Liq.  ferri  persulph. :  ) 

Liq.  pot.  permang. :  reduction  quickly  takes  place. 


Sodii  salicylas:  liquefies. 

Spts.  aetheris  nit.  (acid) :  green  coloration. 

Syr.  ferri  iodid. :  reddish -brown  coloration. 

Tine  catechu:  precipitate. 

Tine,  cinchon®  •  precipitate. 

Tine,  cinchon.  co. :  precipitate. 

Tine,  ferri  perchl. :  red  coloration. 

Tine,  gallffi:  precipitate. 

Tine,  hamamelid. :  pi*ecipitate. 

Tine,  iodi:  precipitate. 

Tine,  kino:  precipitate. 

Tine,  laricis:  precipitate. 

Tine,  rhei:  precipitate. 

It  was  found  tliat  with  dilute  acids  no  change  took 
place,  as  with  sulphuric,  hydrochloric,  nitric,  and  phos- 
phoric acids,  soluble  salts  were  fonned.  The  changes 
that  take  place  with  amyl  nitrite  and  nitrous  ether  occur 
only  when  the  preparations  are  acid  and  contain  free 
nitrous  acid,  but  as  this  is  generally  present  under  or- 
dinary circumstances,  these  comix)und8  should  never  be 
prescribed  with  antipyrin.  Calomel  is  considered  to 
form  a  toxic  compound  when  combined  with  antipyrin, 
but  these  observers  were  unable  to  notice  any  change, 
and  mercuric  chloride  could  not  be  detected  in  the  mix- 
ture. Sodium  bicarbonate,  Avhen  triturated  with  anti- 
pyrin, causes  a  decomposition  and  disengages  the  odor 
of  ether.  Many  substances  combine  with  antipyrin  to 
form  stable  and  definite  chemical  compounds.  Some  of 
them  have  proved  to  possess  important  therapeutic  prop- 
erties and  their  number  is  constantly  being  incr^sed. 
The  most  important  of  these  are  iodopyrin,  salipyrin, 
and  hypnal,  information  in  regard  to  which  may  be  sought 
for  under  their  respective  titles.  The  following  have 
also  been  recommended : 

Naphthopyrin  is  formed  when  antipyrin  is  triturated 
for  a  length  of  time  with  beta-naplithol,  one  part  of  the 
latter  with  two  parts  of  the  former.  It  assumes  the 
character  of  a  tough  mass  which  gradually  forms  into 
crystals  when  kept  for  a  length  of  time.  It  is  insoluble 
in  water,  soluble  in  alcohol  and  ether.  A  more  recent 
method  of  preparing  the  drug  is  by  dissolving  150  gai, 
of  naphthol  in  ninety  per  cent,  alcohol,  and  adding  to  it 
gradually  190  gm.  of  antipyrin  dissolved  in  the  smallest 
possible  quantity  of  water.  The  mixture  is  to  be  con- 
stantly stirred,  and  in  a  few  minutes  it  becomes  clouded 
and  then  clear;  the  pure  crystals  being  deposited. 

Antipyrin  betizoate  is  formed  by  the  addition  of  anti- 
pyrin to  a  boiling  aqueous  solution  of  benzoic  acid.  It 
is  slightly  soluble  in  cold  and  boiling  water,  but  very 
soluble  in  alcohol  and  ether.  It  has  a  pungent  taste  and 
a  slight  odor  of  benzoic  acid.  A  citrate  and  picrate  may 
be  prepared  in  the  same  way. 

Pheiwpyrin  is  prepared  by  mixing  equal  parts  of 
crystalline  phenol  and  antipyrin.  It  forms  an  oily 
liquid,  free  from  color,  insoluble  in  cold  and  sparingly 
soluble  in  hot  wat«r. 

PyrogaUopyrin  is  obtained  by  the  interaction  of  pyro- 
gallol  and  antipyrin  in  substance  or  in  solutions.  It  is 
a  crystalline  substance,  sparingly  soluble  in  hot  or  cold 
water,  but  soluble  in  alcohol  and  ether. 

Rempyrin  results  from  the  interaction  of  solution  of 
resorcin  and  antipyrin;  an  oily  mass  is  formed  which 
solidifies  into  a  hard,  white,  opaque  body.  From  an  al- 
coholic solution  it  forms  in  crystals.  It  is  not  soluble  in 
water,  but  is  so  in  alcohol,  ether,  and  chloroform. 

The  physiological  effect  of  anti[)yrin  lias  received 
more  attention  than  man}'  of  the  latertlerivatives  of  the 
same  character,  and  in  this  country  the  work  of  Wood, 
Reichert,  Hare,  and  Cerna  and  Carter  has  done  much  to 
advance  our  knowledge  of  this  remedy.  Upon  the  ner- 
vous system  the  action  is  similar  to  that  of  other  antipy- 
retics. There  is  a  short  stage  of  stimulation  followed  by 
one  of  depression.  Upon  the  motor  tracts  it  acts  by 
dulling  the  power  of  conducting  impressions  and  inhibits 
reflex  action. 

Upon  the  sensory  nerves,  antipyrin  acts  as  an  anodyne 
both  when  administered  internally  and  when  locally  ap- 
plied    This  effect  is  early  manifested,  and  before  any 
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dangerous  stage  begins  it  has  been  shown  that  animals 
can  be  operated  upon  without  causing  tiiem  pain.  The 
muscular  scmse  is  also  lost  early,  the  signs  of  ataxia  being 
among  the  tirst  symptoms  noticed  and  the  last  to  pass  off ; 
the  special  senses  are  at  lirst  rendere<l  more  8<*nsitivc, 
but  this  is  quickly  overcome  and  depression  follows. 

The  antipyretic  propertit»s  are  consiilererl  due  to  the 
action  of  the  drug  on  the  lieat  ccaitres  rather  than  to  any 
influence  upon  the  circulation.  It  has  been  shown  that 
it  causes  a  diminution  in  the  production  of  heat,  and 
continues  to  act  when  the  secretion  of  the  skin  is  checked 
by  a  previous  dose  of  atropine. 

Antipyrin  exerts  a  very  decided  action  upon  the  res- 
piration. Even  in  small  doses  it  has  l>eeu  known  to 
greatly  accelerate  the  number  of  respirations,  and  in  all 
cases  in  which  toxic  dos<.\s  are  given  the  rapidity  is  ex- 
<*essive,  and,  as  a  fatal  termination  approaches,  the  ex- 
])irations  become  spasuKKlic  in  character.  This  has  been 
shown  not  to  be  influenced  by  the  section  of  the  vagus 
nerves,  and  is  assumed  to  be  due  to  a  direct  action  on  the 
respiratory  centre  in  tlie  medulla  oblongata. 

In  moderate  doses  very  little  effect  is  produced  on  the 
circulation,  but  in  large' doses  it  weakens  the  heart  and 
causes  depres.<;ion  and  collapse.  As  the  result  of  experi- 
mental work,  Drs.  Cerna  and  Carter-  formulate  the  fol 
lowing  conclusion.s,  which,  in  genenil,  coincide  Avith  the 
work  of  previous  observers:  1.  In  small  and  nKHlerate 
amountsantipyrin  pnMlueesaris<'  of  the  arterial  pressure, 
this  stimulating  effect  being  due  to  an  action  on  the  heart. 
2.  A  lowering  of  the  pressure  by  large  and  toxic  doses 
is  due  similarly  to  a  depres.sant  action  of  the  drug  upon 
the  cardiac  organ.  The  remedy  does  not  appear  to  affect 
the  va.somotor  system.  8.  Antipyrin  causes  an  in- 
crease in  the  pulse  nite  through  pani lysis  of  the  cardio- 
inhibitory  ctmtres.  The  secondary  decrease  in  the  num- 
ber of  pulsations  is  of  a  purely  cardiac  origin,  the  drug 
exercising  a  depressant  effect  upon  the  heart  it.self. 

Upon  the  blood  there  is  no  effect  when  nuxlerate  doses 
are  administered:  in  large  quantities,  however,  it  pro- 
duces a  chocolate  discoloration  of  the  blood  Avhich  is  due 
to  the  alteration  of  the  hiemoglobin  into  methfcmoglobin. 
There  is  no  alteration  of  the  corpuscles  caused  by  the 
drug  itself,  but  ultimately  itsadministmtion  may  lead  to 
a  diminution  in  number  and  may  produce  anaemia. 

In  many  instances  antipyrin  exerts  an  irritant  action 
on  the  stomach  and  causes  nausea  and  vomiting.  An- 
other o])jection  to  its  enii)lovnient  is  the  copious  perspini- 
tion  which  is  freciucntlv  produced  and  which  irenerailv 
accompanies  a  rapid  reduction  of  tenii)eralure.  A  nish 
of  the  elmmcter  of  urticaria,  in  some  eases  descrihed  as 
resembling  measles  and  scarlatina,  is  caused  in  some  pa- 
tients. It  generally  follows  the  use  of  the  drug  for  a 
length  of  time,  but  in  many  instances  a  single  small  dose 
has  had  this  effect.  These  nislies  are  usually  accom- 
panied by  a  burning  and  itchiness  of  the  skin,  and  are 
exceedingly  distressing.  They  rarely  continue  for  more 
than  a  few  hours  and  no  ill  effects  remain,  but  in  some 
cases  vesicles,  hulhe.  and  hemorrhagic  nishcs  have  been 
reported,  the  effects  of  which  persist  for  sonic  time.  An- 
other condition  whi(rh  proves  very  annoying  is  an  irrita- 
tion of  the  mucous  membratK;  of  the  nose  and  throat. 
which  may  end  in  an  ulcerative  stomatitis. 

The  toxic  symptoms  produced  when  the  drug  has  been 
given  in  A'ery  large  doses  are  convulsi\c  in  character,  and 
in  accord  with  the  symi)toms  o])served  in  exi)eriniental 
research  upon  animals.  Tlwre  nrc  generally  marked 
SiUivation  and  lachrymation  very  cjuiekly  following  the 
dose,  crying  and  other  signs  of  distress,  and  in  a  short 
time  ataxia.  This  is  followed  by  a  convidsive  stage, 
during  which  spontaneous  convulsions  are  frecjuent.  and 
are  easily  cau.sed  by  flashes  of  light,  clapi)ing  of  hands, 
etc.  Subsequently  there  will  be  ])amlysis,  ins<'nsibility, 
and  death.  Respiration  and  the  heart  are  greatly  hurried. 
and  death  occurs  during  a  convulsion  or  from  i)andysis 
of  lespimtion.  The  heart  generally  continues  to  beat 
for  souk;  time,  and  is  finally  arrested  in  diastole.^  Wlien 
the  drug  is  administered  in  leas<^r  quantities,  and  often 
in  onlinary  doses,  very  unfavorable  symptoms  occur,  the 


result  of  a  depressant  action.  Collapse  of  the  meet  alarm- 
ing character  sometimes  follows  ten  and  fifteen  grain 
doses,  and  this  is  often  accompanied  by  cyanosis  and 
swelling  of  the  eyelids  and  extremities.  The  milder 
symptoms  of  a  toxic  action  are  a  rapid  and  weakened 
heart,  shallow  respiration,  dyspnoea,  oppression  in*  the 
chc»st  and  in  the  head,  giddiness,  vertigo,  numbness  of  the 
surface,  irritation  of  the  mucous  membranes  and  skin, 
and  many  other  symptoms  indicating  a  depression  of  the 
circulation  ami  nervous  system.  This  undesirable  action 
is  the  one  great  drawback  of  what  is  undoubtedly  the 
most  clhcient  antipyretic  and  analgesic  compound  that 
has  3a't  l)een  pnxluced.  To  this  is  to  be  ascrilied  its 
decreas(*d  employment,  as  the  fiequent  onset  of  alarming 
symptoms,  often  as  sudden  as  they  are  unexpected,  has 
causcnl  the  pn^fession  to  avoid  its  employment  in  many 
cases  in  which  it  undoubtedly  would  prove  of  service.  A 
carefid  consideration  of  cases  in  which  the  drug  has  b€^en 
given  will  generally  enable  one  to  avoid  these  dangers. 
That  dangcn>us  symptoms  are  not  very  common  is  shown 
bv  the  result  of  a  collective  investigation  of  the  Britisli 
Medical  As.soi4ation.  Of  one  hundred  and  sixty -nine  ob- 
servers who  reported,  no  fewer  than  one  hundred  and 
thirty -eight  had  never  observed  any  ill  effects  worth  men- 
tioning. It  is  advised  to  exercise  caution  in  cases  of  car- 
diac debility  and  whenever  the  respiratory  organs  or  kid- 
neys are  affected.  The  remedy  must  also  be  cautiously 
given  to  th(^  aged. 

Antipyrin  is  rapidly  absorbed,  its  effects  are  quickly 
produced,  its  elimination  from  the  system  begins  within 
a  short  time  after  administration,  and  it  is  entirely  re- 
movetl  within  a  few  hours.  In  children  it  has  been 
noticed  that  then;  is  apparently  a  tolerance  of  the  drug, 
as  very  large  doses  may  be  given  without  producing  ill 
effects.  In  order  to  ascertain  whether  this  was  or  was 
not  due  to  a  rapid  elimination  of  the  drug,  a  series  of 
very  interesting  observations*  were  made.  The  urine 
of  children,  adults,  and  aged,  to  whom  eight  grains  were 
administered,  was  systematically  examiniHi  to  determine 
the  first  appearance  of  the  drug  and  the  length  of  time 
it  continued  to  be  excreted.  It  was  found  that  in  the 
ease  of  all  the  subjects  excretion  began  within  fifty 
minutes,  and  that  within  an  hour  the  drug  was  present 
in  abundance.  The  excretion,  however.  Avas  most  rapid 
in  the  children,  in  whom  it  could  not  be  dcti»ctcd  after 
fifteen  or  twenty  hours:  Avhereas  in  the  adult-s  it  was 
present  for  twenty-four  or  thirty  hours,  and  in  the  case 
of  the  aged  its  excreticm  was  still  more  slow.  \^'lien  the 
dose  was  increased  it  was  found  that  its  first  appearau<*e 
in  the  urine  was  not  hastened,  but  its  elimination  was 
nuich  prolonged.  It  is  also  eliminated  by  the  other  se- 
cret ion.s,  including  the  milk  of  nursing  mothers. 

When  antipyrin  was  in tnnluced  as  an  antipyretic  the 
dose  recommended  was  thirty  grains  in  a  single  dose. 
which  was  to  be  repeated  in  four  hours  if  the  pyrexia 
was  j)resetit,  and  a  third  dose*  of  fifteen  grains  was"  to  be 
given  in  atiother  four  hours  if  there  were  any  signs  of  a 
rising  teinixrature.  This  medication  protiuced  a  decidtnl 
n-duction  in  the  fever,  and  maintained  a  condition  of  apy- 
rexia  for  from  twenty-four  to  forty -eight  hours;  it  wais. 
unfortunately,  often  accompanied  by  profuse  sweating 
and  otlwr  signs  of  collapse,  and  was  soon  abandon(Mi.  It 
is  now  given  in  doses  of  from  ten  to  fifteen  grains,  which 
may  lie  repeated  at  short  intervalsif  noeffect  isprwlucwl. 
When  it  is  administered  for  the  first  time,  it  is  safer  to 
begin  with  five  grain  dos<'s.  The  fall  of  tcmperatun^ 
i:enerally  begins  in  from  half  an  hour  to  one  hour,  and 
the  lowered  ieni])eniture  is  maintained  for  .several  hours. 
In  sotne  instances  the  fall  is  very  rapid,  a  decline  from 
lUo  to  !M)  F.  taking  place.  Sometimes  it  is nei*essary  to 
reju^at  the  dose  very  freiiucntly  before  any  effect  is  pro- 
duced, it  ap]>arently  being  neces.sary  to  saturate  the 
system  before  freedom  from  fever  iss<'cured.  In  typhoid 
fever,  and  in  all  febrile  disorders  in  which  there  is  a 
periodic  rise  and  fall  of  temperature,  the  time  of  its  ad - 
ministrati(>ti  should  be  observed,  as  its  action  is  much 
more  marked  when  it  coincides  Avith  the  decline  of  the 
fever.     In  typhoid  fever  it  is  rarely  employed  as  a  mode 
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of  treatment  b^  the  continuous  administration  of  the 
drug;  it  is  considered  only  of  value  as  a  means  of  reduc- 
ing hyperpyrexia.  Its  use  in  tuberculous  troubles  is  not 
looked  upon  with  much  favor,  one  great  objection  being 
the  perspiration  tliat  is  caused.  It  has  been  suggested  to 
combine  atropine  with  it  as  a  means  of  counteracting  this 
effect.  In  rheumatic  fever  it  has  been  advocated  by  many 
as  a  remedy  superior  to  the  salicylates ;  in  these  cases  it  is 
given  in  fifteen  or  twenty  grain  doses  five  or  six  times  a 
day.  In  many  instances  it  has  secured  relief  from  pain 
when  salicylate  of  soda  has  failed,  but  it  has  not  proved 
itself  equal  to  tlie  older  remedy  in  the  treatment  of  rheu- 
matism in  any  form  when  accompanied  by  fever. 

Although  intro<luced  as  an  antipyretic,  antipyrin  was 
soon  found  to  possess  very  decided  analgesic  and  anodyne 
properties,  and  the  latter  application  of  the  drug  has 
almost  eclip.s(Ki  its  earlier  use.  In  all  forms  of  pain  of 
a  neurotic  origin,  or  in  nervous  diseases  accompanied  by 
pain,  it  has  proved  itself  of  especial  value.  It  has  been 
used  with  success  in  neuralgia,  migraine,  pruritus,  sci- 
atica, and  lumbago,  in  the  pains  of  tabes  dorsal  is,  in  the 
pains  of  angina,  and  in  those  arising  from  aneurism.  It 
has  been  found  to  replace  morphine  in  renal  colic  and 
asthma,  and  has  even  proved  itself  to  be  superior,  as  it  in 
no  way  deranges  the  secretions.  It  has  been  used  in  all 
conditions  in  which  the  hypodermic  use  of  morj)hine  is 
generally  resorted  to,  and  has  been  found  a  very  efiicient 
substitute  in  the  greater  number  of  cases.  As  a  remedy 
for  headaches  of  a  nervous  origin  it  is  very  beneficial. 
In  the  forms  peculiar  to  growing  children,  and  in  those 
accompanying  anscmia  and  debility,  it  has  been  recom- 
mended by  Germain  See,  who  employed  it  in  a  large 
number  of  cases  with  marked  success.  The  same  ob- 
server also  considers  it  of  value  in  pain  of  a  rheumatic 
character  unaccompanied  by  fever.  Although  inferior 
to  the  salicylates  in  the  febrile  forms,  he  considers  it  de- 
cidedly superior  to  all  other  drugs  when  there  is  no  fever. 
In  the  pains  of  dysmenorrha?a  and  other  pelvic  disorders 
it  has  also  been  employed  with  success.  Its  use  in  such 
cases  is  indicated  when  the  suffering  is  of  a  nervous 
character,  as  the  drug  exerts  no  influence  on  the  uterine 
contractions  and  fails  to  relieve  the  pains  that  arise  from 
the  efforts  of  the  uterus  to  expel  its  contents.  In  ob- 
stetrical practice  it  has  allayed  much  of  the  suffering  that 
accompanies  labor.  Its  effect  resembles  that  of  chloral. 
In  the  first  stage,  in  primipanc  and  in  neurotic  patients, 
it  lessens  the  rigidity  of  the  os  and  allays  tin;  painful 
spasmodic  action.  In  tedious  labor  it  lessens  the  ex- 
aggerated nervous  pain  which  often  in  a  reflex  manner 
interferes  with  the  etticiency  of  the  uterine  contractions. 
It  is  useless  for  the  pain  of  the  second  stage,  which  is 
mechanical  in  its  character.  For  the  after-pains,  due  to 
the  expulsion  of  clots,  it  is  without  effect,  but  in  those 
that  are  of  a  neuralgic  character  it  affords  marked  relief. 
The  employment  of  the  drug  does  not  in  any  way  increase 
the  tendency  to  post-partum  hemorrhage.  It  exercises 
no  ecbolic  action,  and  has  proved  of  service  in  allaying 
the  pains  and  checking  the  progress  of  threatened  abor- 
tion. It  has  been  recommended  in  cases  in  which  it  is 
desired  to  reduce  the  secretion  of  milk.  Castas  are  re- 
ported in  which  doses  of  eight  grains  le.ssened  the  amount 
within  a  day  and  checked  it  altogether  in  three  days. 

The  action  of  antipyrin  on  the  spinal  cord  aud  nerve 
centres  has  led  to  its  employment  in  many  dis(»ases  of  a 
neurotic  cliaracter.  In  chorea  it  has  proved  useful,  both 
in  cases  traceable  to  rheumatism  and  in  those  in  which 
there  was  no  such  history.  In  a  rejwrt  *  of  sixty  cases 
in  which  it  was  used,  it  was  found  to  benefit  two-thirds, 
diminishing  the  severity  of  the  attack  and  shortening  its 
duration.  Recurrence,  however,  was  noticed  in  three- 
fifths  of  the  cases.  It  was  found  necessary  to  give  large 
doses,  from  3  to  0  gm.  daily  being  re(]uired.  This  was 
found  to  Iw  well  tolerated  for  several  weeks,  and  serious 
symptoms  of  poisoning  were  never  noticed.  Antipy- 
rin was  suggested  as  a  remedy  for  whooping-cough  by 
Sonnenberger,  in  1887,  and  it  has  been  used  for  this  jnif- 
po8e  to  a  very  great  extent,  with  varying  results.  The 
dose  should  be  from  two  grains  upwanl.  according  to  the 


age  of  the  child.  One  grain  and  a  half  for  each  year 
has  been  advised ;  for  infants  of  a  few  months  of  age 
one-half  to  three-quartere  of  a  grain  is  sufiicient.  In  many 
of  the  cases  reported  remarkable  effects  have  been  an- 
nounced, the  disease  having  been  cut  short  in  a  few  days.. 
This  drug  has  also  proved  of  service  for  enuresis,  wliea 
of  nervous  origin  and  due  to  irritability  of  the  bladder. 
It  has  also  been  employed  in  epilepsy,  but  not  with  en- 
couraging results,  but  more  favorable  results  are  reported 
from  its  combination  with  ammonium  bromide.  From 
time  to  time  cases  have  been  reported  of  diabetes  that 
have  been  successful!}'  treated  with  antipyrin.  The 
(juantity  given  has  ranged  from  2  to  6  gm.  daily.  In 
some  instances  the  excretion  of  sugar  was  wholly  checked ; 
in  the  majority  it  Avas  lessened  in  quantity  and  the 
patient  was  relieved  of  all  troublesome  symptoms.  The 
most  marked  effects  were  noticed  in  nervous  patients 
and  when  the  polyuria  was  excessive.  The  diet  must 
not  be  neglected. 

Antipyrin  possesses  a  decided  antiseptic  action,  and 
it  has  been  suggested  that  this  should  be  utilized  both  by 
internal  administration  and  as  a  local  application.  It  has- 
been  shown  that  a  two-and -one-half -per-cent.  solution  pre- 
vents the  development  of  the  bacillus  of  diphtheria  in 
various  cultures,  and  a  five-percent,  solution  applied  ta 
a  culture  containing  the  bacillus  destroyed  it  in  twenty- 
four  hours.  It  has  also  been  found  to  exert  a  powerful 
neutraHzing  action  on  the  toxins  of  diphtheria.  Applica- 
tions of  the  remedy  to  the  throat  and  its  internal  aamin- 
istration  are  advocated  in  this  disease,  but  satisfactory 
evidences  of  the  beneficial  effects  of  this  treatment  are 
still  lacking. 

In  stomachic  disorders  and  diarrhwas  of  children  anti- 
pyrin has  been  employed  on  account  of  its  effect  in 
checking  fermentation.  It  is  given  in  doses  ranging  from 
one-half  to  one  or  two  grains. 

The  local  application  of  the  drug  has  proved  of  de- 
cided value  as  an  anaesthetic  remedy  in  various  troubles  of 
the  nose,  throat,  and  larynx ;  a  solution  of  the  strength  of 
about  four  per  cent.,  used  as  a  spray  or  painted  directly  on 
the  mucous  membrane,  being  found  effective  in  allaying 
the  congestion  and  lessening  the  sensibility  and  irritability 
of  the  part.  It  at  first  causes  a  sense  of  heat  and  smart- 
ing, but  this  rapidly  pas.ses  away  and  is  followed  by  ease 
and  comfort,  and  freedom  from  all  the  painful  sensations- 
that  may  have  accompanied  the  infiame<l  condition.  The 
sensitiveness  of  the  na.sal  mucous  membrane  is  more 
marked  than  that  of  the  pharynx,  and  an  application  of 
cocaine  is  often  required  before  the  antipyrin  can  be  ap- 
plied ;  in  such  cases  it  is  advisable  to  begin  with  a  one- 
I)er-cent.  solution.  The  powdered  drug,  or  concentrated 
solutions,  have  been  found  to  exert  an  ansesthetic  and  very 
astringent  action,  and  have  been  used  for  the  treatment  of 
tuberculous  disease  and  other  painful  affections,  and  in 
conditions  in  which  there  is  a  refiex  element  present. 
When  it  is  applied  in  these  concentrated  solutions  the  re- 
sulting anaesthesia  is  completes  and  lasts  for  one  or  two 
hours.  A  ten-per-cent.  solution  in  a  one-percent,  solu- 
tion of  carbolic  acid  has  been  advised  in  operations  upon 
the  urethra. 

Antipyrin  has  also  been  used  in  the  treatment  of 
certain  forms  of  eye  disease.  Weak  solutions  of  from 
one  to  three  per  cent,  liave  been  used  with  advantage  in 
simple  acute  or  chronic  conjunctivitis.  Under  the  infiu- 
ence  of  three  or  four  washings  a  day,  the  secretion  dimin- 
ishes and  a  cure  is  rapidly  effected.  The  solution  at  first 
causes  a  sensation  of  burning,  which  nmy  hv.  painful, 
but  this  lasts  only  a  few  moments  and  is  followed  by  re- 
lief from  all  distress.  Antipyrin®  has  recently  been 
used  to  replace  jequirity  in  the  treatment  of  scrofulous 
pannus  which  has  resisted  other  niethofls.  Thi'  eye  is  to 
be  rendered  ansesthetic  with  cocaine,  and  a  thin  layer  of 
antipyrin  is  deposited  on  the  cornea  with  a  brush,  or  by 
means  of  an  insufflator.  In  spite  of  the  cocaine  the  pa- 
tient complains  of  pain  and  burning,  and  there  is  more 
or  less  lachrymation.  When  this  reaction  subsides  the 
eyeball  is  gently  massaged  through  the  closed  lid.  The 
inflammation  that  arises  varies  in  intensity,  and  from  one 
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to  several  days  must  elapse  before  the  process  is  repeated. 
The  contraindications  to  this  treatment  are  the  presence 
of  corneal  ulcerations  and  phlyctenular  keratitis.  The 
most  suitable  cases  are  those  in  which  there  is  extensive 
proliferation  of  the  blood-vessels. 

A  very  important  propertj'  of  antipyrin  is  its  power 
of  controlling  hemorrhage.  When  placed  in  contact 
with  blood  at  its  nonnal  temperature  it  thickens  and 
condenses  it  without  causing  coagulation.  When  a  con- 
centrated solution  or  the  powdered  drug  Ls  applied  to  a 
mucous  membrane  it  causes  an  amemia  more  or  less 
marked,  acconling  to  the  .strength  of  the  solution.  When 
applied  to  an  animal's  mesentery  the  bWxxl  grows  darker 
in  color,  the  circulation  becomes  slow  and  ultimately 
ceases,  and  the  parts  appear  almost  bloodless  after  the 
application  of  a  flfty-per-cent.  solution.  This  styptic 
action  may  be  secured  by  applying  a  plug  of  cotton 
saturated  with  a  fifty- per-cent.  solution  to  the  bleeding 
surface,  or  the  powdered  drug  may  be  useil.  This  action 
has  been  confirmed  in  numerous  cases  of  epistaxis  and  of 
bleeding  from  the  tonsils,  or  after  the  extraction  of  teeth, 
and  even  in  cases  of  uterine  hemorrhage.  In  many  in- 
stances it  has  been  found  that  a  ten-per-cent.  solution 
was  sufficient  in  ordinary  hemorrhage  from  mucous  mem- 
branes. In  luemoptysis  of  phthisis  its  internal  admin- 
istration was  thought  to  prove  beneficial,  but  the  large 
quantities  required  to  prcnluce  this  effect  were  accom- 
panied by  dangerous  symptoms. 

To  secure  the  full  benefit  of  antipyrin  it  requires  to 
be  given  in  doses  of  ten  to  fifteen  grains,  and  these  should 
he  repeated  until  the  desired  effect  is  obtained,  or  until 
forty  or  fifty  grains  have  been  given.  These  large  doses 
have  been  given  for  a  prolonged  perio<i  without  any  ill 
effects,  and  to  children  much  greater  (luantities  in  com- 
parison liave  been  given.  Tlie  drug  is  generallv  admin- 
istered in  stjlution.  and  it  is  considered  advisable  to 
combine  it  with  alcohol,  ammonia,  or  stmie  diffusible  stim- 
ulant. The  hypcKlermic  injections  have  been  advocated 
when  it  is  desired  to  secure  a  local  anodyne  action.  The 
effect  is  noticed  in  ten  or  fifteen  minutes,  and  it  lasts  for 
six  or  eight  hours.  The  usual  dose  is  about  four  grains 
in  ten  mmims  of  water,  and  Avhen  the  painful  area  is  great 
a  number  of  injections  are  required.  Cocaine  often  has 
to  be  added,  as  much  pain  is  sometimes  experienced. 
This  method  of  administering  the  drug  is  not  Avithout 
its  dangers,  as  it  has  prcxlueed  gangrene  of  the  toes  when 
injected  for  i)ainful  affections  of  the  foot.  When  the 
stomach  is  irritable  and  rebels  against  antipyrin,  or  when 
a  local  action  on  the  pelvic-  organs  is  wished  for,  it  may 
be  given  as  an  enema:  antipyrin,  gr.  x.  to  xx.,  tinct.  opii, 
TTiv.,  aqua?,  §  iv.  It  may  also  be  prepared  as  a  supposi- 
tory where  such  can  be  used  with  convenience. 

Jka  H  mon  t  Small. 
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ANTIRHEUMATICUM  (Kamm)  occurs  in  the  form  of 
blue  prismatic  crystals  which  result  from  the  action  of 
sodium  salicylate  on  methylene  blue.  It  is  soluble  in 
water  and  alcohol,  and  is  used  in  doses  of  gr.  i.  to  gr.  v.. 
three  timesaday,  in  acute  articular  and  gonorrho'al  rheu- 
matism.    Ijarger  doses  tend  to  irritate  the  kidneys. 

ir.  ^1.  Bastedo. 

ANTISEPSINE. — Asepsine.  ])ani-hr()ni-aeetanili(l.  pam- 
mono-brom- phenyl -acetaniide  ((',in<Br.NlI.('Il3Co). 
Prepared  by  acting  with  bromine  on  a  solution  of  acetan- 
llid  in  glacial  acetic  acid.  The  resulting  white  precipi- 
tate is  recrystallized  from  alcohol.  Antisepr.ine  occurs  in 
colorless  crystals  slightly  soluble  in  water  and  somewhat 
more  so  in  alcohol.  It  is  antipyretic,  antineunilgic.  and 
analgesic,  its  action  being  much  like  that  of  acetanilid, 
but  with  a  tendency  to  be  more  sc^dative.  Dose,  gr.  ij. 
to  X.  W.  A.  Jiaati'do. 


ANTISEPTICS.— Those  agents  only  which  have  the 
power  of  preventing  the  putrefactive  decomposition  of 
organic  material  are  properly  called  antUeptictt  (from  ovri, 
against,  and  avnTiKoc,  putrefying).  But  iDasmucii  as 
these  agents  have  also  the  power  of  arresting  other  forms 
of  fermentation  due  to  the  action  of  micro-organisms  of 
the  same  class — e.g.,  the  acetic  fermentation,  the  alkaline 
fermentation  of  urine,  etc. — it  will  not  be  necessary  to 
consider  antizj'motics — a  more  comprehensive  term — sep- 
arately, and  Ave  may  accept  as  satisfactory  evidence  of 
antiseptic  power  the  ability  of  a  chemical  substance  to 
prevent  the  development  of  bacteria  of  any  kind  in  a  me- 
dium suitable  for  their  growth.  The  amoimt  of  a  given 
antiseptic  agent  necessary  to  accomplish  this  result  is  not, 
however,  the  same  for  all  species  of  bacteria,  but  varies 
considerably,  and  can  be  ascertained  for  each  species  only 
by  carefully  conducted  experiments. 

Putrefactive  decomposition  is  a  complex  process  due  to 
the  combined  or  successive  action  of  a  variety  of  micro- 
organisms, and  attended  with  the  formation  of  a  Isurge 
number  of  volatile  and  non- volatile  products.  The  vola- 
tile products  of  putrefaction,  many  of  which  are  known 
to  iLS  only  by  their  offensive  odors,  are  those  which,  being 
recognized  by  the  .sense  of  smell,  enable  us  to  distingul^ 
septic  from  other  forms  of  fermentation.  An  agent  which 
destroys  these  bad-smelling  products  of  putrefaction  is  a 
deodorant.  It  is  a  popular  error  to  suppose  that  an  anti- 
septic or  a  disinfectant — terms  which  are  often  confounded 
— is  an  agent  Avhich  neutralizes  these  putn»factive  odors. 

It  is  true  that  an  antiseptic  or  a  disinfectant  may  de- 
stroy the  volatile  pnxlucts  of  putrefaction.  Many  agents 
properly  .so  called  have  this  power;  they  art^  not,  how- 
ever, properly  so  called  for  this  reason.  An  antiseptic 
prevents  the  development  of  such  volatile  products  by 
virtue  of  its  power  to  arrest  the  proces.s — putrefactive 
fennentation — which  ^ives  rise  to  them.  (For  definition 
of  disinfictant,  see  article  under  that  heading.)  So,  too, 
as  regiirds  the  non-volatile  products  of  putrefaction. 
Some  of  thest?  are  highly  poisonous  substances  which  it 
may  be  desirable  to  destroy,  and  they  may  be  destroyed 
by  certain  of  the  chemical  agents  recognized  as  antisep- 
tics ;  but  this  power  does  not  entitle  such  agents  to  be 
ranked  as  antiseptics  any  more  than  does  the  power  to 
destroy  the  volatile  products  of  putrefaction.  We  know, 
as  a  result  of  extended  experiments,  that  those  agents 
which  restrain  the  development  of  sceptic  organisms  also 
restrain  the  development  of  known  dis(*ase  germs,  and 
rice  rrrnn.  We  are  therefore  justified  in  speaking  of 
those  agents  as  antiseptics  which  have  been  proved  by 
laboratory  experiments  to  prevent  the  development  of 
pathogenic  organisms  in  suitable  culture  media.  Great 
care,  however,  must  he  exercised  in  drawing  any  infer- 
ences from  experiments  made  upon  one  organism  with 
reference  to  the  (niumut  which  may  be  necessary  to  pre- 
vent the  development  of  another.*  Thus  the  bichloride 
of  mercury  pnn-ents  the  devel()j)ment  of  anthrax  spores 
when  present  in  a  culture  fiuid  in  the  proportion  of  1  to 
80().(M)():  whereas  some  micr(K*(K'ci,  and  certain  bacilli, 
connuonly  present  in  putrefying  infusions,  can  multiply 
in  the  pres(»nce  of  1  to  40. (XK). 

It  is  evident  that  an  agent  which  has  the  power  of  de- 
stroying pntrefaetiv(»  organi.sms  nuist  be  an  antist»ptic. 
(urinicidts  (see  this  heading)  are,  therefore,  antiseptics. 
But  antis<'pti(s  are  not  necessarily  gennicides,  and.  as  a 
matter  of  fact,  some  of  the  best -known  and  most  exten- 
sively used  antisepties  have  no  germicide  power  at  all,  or 
else  destroy  the  vitality  of  micro-organisms  of  this  class — 
bacteria — only  when  used  in  a  concentrated  .solution  and 
after  a  eonipanitively  lonir  exposure;  e.g.,  alcohol,  com- 
mon sjilr.  borax,  etc. 

Certain  chemical  air<'nts  are  antiseptics  because  of  their 
power  in  very  small  amounts  to  precipitate  albuminous 
matters  from  oriranic  infusicms,  and  thus  to  nnider  such 
infusions  unsuitable  as  pabulum  for  the  development  of 
low  organisms.  This  is  especially  tnie  of  the  sulphate 
of  iron,  sulphate  of  /inc.  chloride  of  zinc,  and  other  me- 
tallic sjilts  which  are  extensively  used  as  "disinfectants.** 
It  is  dithcult  to  determine  whether  tht^se  substances  also 
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exert  a  refttmining  infliK*n<*<»  upon  the  development  of 
fferms,  inaflmueh  as  their  action  upon  th(>  orpin ic  pabu- 
nim  esacutial  for  such  development  is  manifested  almost 
immediately,  when  they  are  added  in  very  dilute  solution 
to  a  culture  medium.  It  is  probable,  however,  that  those 
agents  which  have  lK»en  shown  to  pos.s<?ss  germicide 
power — as,  for  example,  the  eliloride  of  zinc,  Avhieh  de- 
stroys the  bacteria  of  putrefaction  in  the  proportion  of 
one  jMirt  to  fifty — exert  a  rrstraining  influence  ui)on  the 
development  of  bacterial  orgjinisms  in  amounts  somewhat 
less  thian  are  recjuired  for  the  destrueticm  of  vitality. 
Tliis  infert^nce  is  basitl  upon  our  knowleflgo  of  the  anti- 
septic action  of  other  germicides  which  (lo  not  destroy 
our  culture  mediii  by  causing  a  precipitation  of  albu- 
minoid matters  contained  in  tliem. 

Certain  substances,  which  in  dilute  solution  have  no 
restraining  power  ujwn  the  developm<»nt  of  low  organ- 
isms, or  may  even  serve  as  pabulum  for  them,  in  a  con- 
centrated solution  prevent  putrefactive  <lecom position ; 
t.g.t  sugar,  chloride  of  so<lium.  sidphate  of  magnesia,  etc. 
It  is  probable  tliat  tlies(»  substances,  in  ctmcentratwl  solu- 
tion, prevent  the  development  of  putrefactive  organisms 
by  giving  a  density  to  the  tluid  containing  them,  Avhich 
is  incompatible  with  the  perfonnance  of  physiological 
processes— osmotic? — upon  Avhich  vital  activity  depends. 

After  this  brief  account  of  the  intMlrtM  opennnii  of  anti- 
A'ptics  we  pHK'ced  to  consider  the  comparative*  value  of 
these  agents  as  established  by  experimental  data. 

And  first  w«!  may  refer  to  certain  antiseptics  extensively 
^mploj'ed  in  the  pn'servati<m  of  foo<l  products,  the  use  of 
which  is  so  genend  and  widely  known  that  a  men»  men- 
tion of  them  is  all  that  wilTbe  recpnred  in  the  i)resent 
place.  The  list  includes  sugar,  us<m1  largely  in  the  pr(\s- 
ervation  of  fnnts;  vinegar,  employed  for  the  preserva- 
tion of  certain  vegetables;  alcohol,  used  to  preserve  fruits. 
Jkn<l,  very  extensively,  fortlie  prestTvation  of  anatomical, 
pathological,  andnatuml  history  specimens;  and  chloride 
of  sodium,  our  main  n'liance  for  the  pres<»rvation  of  mtiits 
and  fish.  All  of  thest*  comm<'nd  themsi»lves  for  use  by 
n»son  of  their  cheapness  and  the  absence  of  noxious  prop- 
erties, rather  tlian  )h'Caus<'  of  their  antiseptit;  j>ower. 
which  is  c<miparatively  low.  Every  ])athologist  knows 
that  his  specimens  arc*  liable  to  spoil  if  the  alcohol  in 
which  they  are  kept  is  not  of  the  strength  of  fifty  per 
cent,  or  above,  and  every  merchant  knows  that  his 
"pickled"  pork  or  fi.sh  will  Iwcome  putrid  in  warm 
weathe^  if  the  brine  in  which  they  an*  kei)t  is  not  very 
^strong." 

Attempts  to  establish  the  exact  antisepti(;  value  of  vari- 
ous chemical  agents)  have  be(»n  made  by  numen)us  inv<*s- 
tigators,  but  it  is  hardly  worth  while  to  c(msirler  any  ex- 
perimental data  publisliHl  prior  to  1875.  as  the  methods 
adopted  prior  to  that  time  were  not  such  as  could  give 
Tellable  n*8idts,  and  we  have  more  n*c(*nt  data  concerning 
extended  n*searches  which  confonn  mon*  nearly  with  the 
-exactions  of  science,  upon  which  we  shall  ba.se  our  de- 
tailed account  of  the  compamtive  value  of  anti.septics. 

In  conformity  with  the  brojul  sense  in  which  tlie  term 
Antiseptics  is  u.sed  in  the  presi.*nt  artich;  w(*  shall  rejiort 
facts  relating  to  the  pow<'r  of  the  agents  named  in  re 
straining  the  development  of  pathogenic  micro-organisms, 
or  of  those  concerned  in  various  fermentations,  as  well  as 
those  relating  to  their  power  to  j>revent  putrefactive*  de- 
composition, to  which  a  more  strict  use  of  the  term  wouhl 
limit  us. 

In  attempting  to  compare  the  results  of  difTen*nt  au- 
thors it  will  be  n<*ces.sarv  lo  remember  that  conformitv 
can  l)oexp<*ct<*d  only  in  tho.se  eas«'s  in  which  the  same  test 
organism  has  been  emplove<l.  and  in  which  the  conditions. 
as  to  the  nature  of  the  cultun*  fiuid.  etc..  have  bi*en  iden 
tical. 

When  the  antis(*ptic  agent  is  voiatili*  it  is  evident  that 
tbc  rt'sult,  in  a  protracted  test,  will  be  itiflueneed  by  the 
form  of  the  receptacle  and  tlu*  fact  of  its  being  open  to 
the  air  or  hermetically  closed,  as  in  the  culture  flasks  ust^'d 
by  the  writer.  Again,  when  the  conditions  of  the  experi- 
ment are  such  that  the  "breaking  down"  of  a  flask  of 
beef  tea,  containing  a  certain  antise])tic  in  a  given  amount, 


as  in  the  experiments  of  Miquel,  depends  upon  the  devel- 
opment of  spores  or  desiccated  organisms  contain<*d  in 
**  dust,"  or  upon  accidental  inoculatitm  by  airborne  spores, 
the  material  will  b<^  preserved  for  a  longer  time  tlian  in 
experiments  in  which  a  drop  or  more  of  fluid  swarming 
with  bacteria  is  add(>d  to  the  solution  at  the  outset.  And 
the  larger  the  (juantity  of  material  ctmtaining  putrefac- 
tive Imcteria  which  is  added  to  a  cultun*  fluid  ]>rotected 
by  an  antiseptic  the  gn*ater  Avill  be  its  liability  to  ** break 
down." 

In  giving  a  detaih*d  account  of  the  comparative  value 
(>f  anti.septics  we  slwll  follow  the  clas.sificati(m  of  Miquel,' 
to  whom  w(»  are  in<lebted  for  a  very  comprehensive  and 
carefully  conduct<Hl  s<*ries  of  experiments  made  at  the 
Observatory  of  ]Montsouris,  Paris,  in  connection  with  his 
ext(*nded  rm*arches  relating  to  atmos])heri(!  organisms. 
The  figures  given  in  the  following  tables  also  represent 
the  results  rei)ort(»d  by  this  author,  unless  otherwise 
stated. 

The  classific4ition  of  Mi(piel  is  as  follows: 

Effective  in  the  propordon  of 

1.  8ubBtan(ii!)eniiD(*ntly  antifieptic 1  :  lOU.OUO  to  1 :  10,000 

:2.  Sukwtanees  very  Htn>D(rty  antiiieptU*.  1  :  10.000   to  1  : 1.000 

:).  Substanfvs  Htnmgly  aiitlHeptic 1  : 1.000     to  1  :  200 

4.  Sut)stanet*8  moderately  antlKeptlc. . .  1  :  2(N)        to  1 :  50 

5.  8ut)Htan<  es  feebly  antiaeptir I'.TA)  to  1 :  10 

0.  SubBtaD(*t*8  very  feebly  antij«eptic...  1 :  10         to  1 : 3.38 

In  the  experiments  of  Mi(pn*l,  the  amount  of  each 
agent  tested — in  grams — which  was  recpiin'd  to  prevent 
the  putrefaction  of  one  litre  of  beef  tea  was  determined, 
thus  giving  din^ctly  the  ratio  per  1,(XM).  AVhen  an  agent 
failed  in  the  proportion  of  8(M)  gm.  to  the  litre  it  was 
dn)pped  from  the  list;  for,  as  Mi(iuel  says:  ** In  quanti- 
ties gn*ater  than  this  a  substance  can  sc^aR'cly  be  called 
an  antis(*ptic.  inasmuch  as  all  substanc(*s  known  to  chem- 
ists, including  some  of  the  most  f(*rmentable,  will  pre- 
Si»rve  indefinit»*ly  one  litn*  of  bouilhm  when  present  in  a 
larger  amount  than  this." 

Miquel  recognizes  th<*  importance  of  exi)eriments  to 
determine  the  n'st mining  power  of  chemical  agents  upon 
various  sp<*cics  r)f  bacteria,  separately,  and  especially 
upon  "di.s<*ase  germs,"  but  he  says:  **  As  to  me,  faithful 
to  a  plan  adopted  at  the  outset,  1  will  treat  the  subject  in 
a  more  general  manm*r  by  making  known  simply  the 
minimum  weight  of  the  substances  capable  of  preventing 
the  evoluti(m  of  any  bacteria  or  g(?rms. 

**The  method  adoptwl  is  very  simple.  To  a  liquid 
always  comparable  to  itself  it  is  sufllcient  at  firet  to  add 
a  known  weight  of  the  antiseptic  and  some  atmospheric 
germs  or  a<lult  bact(>ria,  and  to  vary  the  quantity  of  the 
antis(*ptic  until  the  amoimt  is  a.scertained  which  will  pre- 
serve indefinitely  the  litpiid  fnmi  putrefaction.  In  order 
to  obtain  germs  of  all  kinds  in  the  <lry  state  it  sufl^ces  to 
take  them,  where  they  an;  most  abundant,  in  the  dust 
collected  in  the  interior  of  houses  or  of  hospitals,  and  to 
procure  a  variety  of  adult  bacteria  we  may  take  the  water 
of  sewers. " 

In  the  writer's  experiments,  published  in  The  Amftiean 
Journtil  of  the  }Mical  Sriencen  (April,  1883),  a  different 
plan  was  adopted,  inasmuch  as  the  object  in  view  was  to 
ascertain  the  n*st raining  influen(;e  of  various  antiseptics 
upon  several  different  mi(rro-organi.sms — i.solated  in  pure 
cultures — for  the  purjiose  of  determining  whether  differ- 
ent species  of  bacteria  have  widely  (lifT<*rent  vital  resist- 
ing power  to  the  action  of  these  agents,  or  whether  results 
obtained  with  a  single  test  organism  could  be  applied  to 
other  organisms  of  tin*  stimc  class.  These  exj)eriments, 
which  are  included  in  Table  No.  IV.  of  my  paper  referred 
to,  taken  in  ccmnection  Avith  those  of  Koch  on  anthrax 
spores,  those*  of  Arloing.  Cornevin.  and  Thomas  on  the 
virus  of  symptomatic  anthrax,  those  r)f  Salni(»n  on  the 
micrococcus  of  fowl  cholera,  etc..  show  that  then*  are 
marked  differences  in  the  ability  of  organisms  of  this  class 
to  multiply  in  the  presi-nce  of  certain  antiseptic  agents. 
These  difference's  depend  mainly,  however,  upon  the  fact 
that  spores  are  unable  to  gerininate  in  tin?  presence  of 
very  small  anuumts  of  certain  ag<*nts,  such,  for  example, 
as  the  bichloride  of  mercury;  and  that  nncrococci  and 
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bacilli  in  process  of  active  growth  may  develop  in  the 

presence  or  very  much  larger  amounts  of  these  agents. 
In  the  writer's  experiments  the  antiseptic  agent,  in  a 

given  proportion,  was  added  to  a  culture  fluid;  this  was 

then  introduced  into  little  culture  flasks 
of  the  form  sliown  in  the  figure.*  The 
capillary  extremity  of  the  flask  was  then 
hermetically  sealed  in  the  flame  of  an  al- 
cohol lamp,  and  the  contents  of  the  flask 
sterilized  by  long  boiling  in  a  water  bath. 
Having  now  a  sterilized  culture  fluid 
containing  the  antiseptic  to  be  t^»stetl  in 
known  proportion,  it  is  only  necessary  to 
intro<luce  into  the  fla.sk  a  minute  drop  of 
fluid  from  a  similar  flask,  containing  a 
''pure  culture  "of  the  test  organism,  in 
onler  to  as(;ertain  the  restraining  power 
of  the  agent  under  trial  with  reference  to 
this  particular  organism.  By  multiplying 
the  experiments  we  graduallv  approach 
the  limit  and  establish  the  minimum  quan- 
tity of  each  agent  reciuired  to  prevent  the 
Pig.  219.  development  of  tlu?  several  test  organisms. 
The  experiments  of  l)e  la  Croix  ^  were 

made  by  a  method  which  dcx's  not  difi'er  essentially  from 

that  adopted  by  Mi  quel. 

1.  SrBST.\NCE8  Eminently  Antiseptic. 

This  list,  according  to  the  researches  of  Miquel,  em- 
braces: 

Efficient  in  the 
proportion  of 

Mercuric  Iodide 1  to  40,00(» 

Silver  iodide 1  to  XJ.CMJO 

Hydrogen  peroxide I  to  iO.tXM) 

Mercuric  chloride 1  to  U,3(K) 

Silver  nitrate 1  to  I2,f^1i) 

Of  the  sub.stances  included  in  this  list,  the  bichloride 
of  mercury  (mercuric  chloride)  is  that  which  has  hereto- 
fore received  the  greatest  attention,  and  by  reason  of  its 
comparative  cheapness  (it  can  be  bought  by  the  thousand 
pounds  for  fifty  cents  per  pound),  its  solubility,  etc..  it 
recommends  itself  at  once  as  an  antiseptic  of  great  pnic- 
tical  value. 

The  figures  given  by  Mi(|uel  represent  the  proportion 
in  which  this  agent  will  permanently  prevent  the  devel- 
opment of  any  of  the  wi(lely  distributed  micro-organisms 
in  dust  deposited  from  the  atmosphere.  In  the  writer's 
experiments,  which  have;  recently  been  repeated  with 
similar  results,  it  was  found  that  ().(M)8  per  cent.,  or  1 
part  in  IJIJ.tMM),  prevented  the  development  of  the  test 
organisms  employi'd,  while  one-Ralf  this  amount  failed — 
1  to  66.00().  Thes<*  results  are  not  in  conflict  with  those 
of  Miquel,  in  which  the  test  incrluded  a  great  variety  of 
organisms.  In  my  own  experiments  I  encountered  a 
minute  bacillus,  associated  with  other  putrefactive  organ- 
isms, which  multij)lies  in  solutions  containing  1  to  20.- 
000,  but  the  rest  mining  power  of  the  antiseptic  is  shown 
in  this  proportion  by  the  fact  that  multiplication  is  de- 
layed, and  does  not  occur  during  the  first  twenty  four 
hours  to  such  an  extent  as  to  interfere  with  the  trans- 
parency of  the  culture  solution,  and  it  was  only  after  re- 
maining from  forty-eight  to  seventy  two  hours  in  the 
culture  oven,  at  38*  C.  that  the  fluid  beeanie  clouded  and 
was  found  to  swarm  with  this  minute  actively  moving 
bacillus.  On  the  other  hand,  the  develo])tnent  of  the 
spores  of  certain  bacilli  was  prevented  by  a  much  smaller 

Proportion.     Thus  I  am  able  to  verify  the  statement  of 
'och  as  to  theast(mishing  i)ower  of  this  agent  to  prevent 
the  development  of  anthmx  spores.     A  decided  restrain- 

♦**  To  Intmduoe  r  culture  liquid  into  one  of  theso  liitN'  lla>ks.  lieat 
the  bulb  slitrhtly,  break  off  the  8<.'ale<l  extn-niity  of  the  liiN-,  j»n<l 
plun(;rc  it  h«*neath  the  Rurfac^  of  the  liquid.  Tlie  iniantitv  \vlii<h  entrrs 
will,  of  courst\  ilopend  upon  the  heat  eniployed.  and  the  eorisefnieur 
rarefaction  of  the  encloeed  air.  Onlinarily  the  bulb  is  filled  t4)  alM)ut 
one-third  of  its  capacity  with  the  culture  M(|uid.  Iea\  hut  it  two-thirds 
full  of  uir.  for  the  use  of  the  mlcruDCDpic  plants  which  are  U*  U*  culti- 
vate<l  in  it."- From  the  writer's  work,  "Bacteria,"  Win.  Wood  &  Co., 
New  York. 


ing  pow^er  is  shown  when  it  is  present  in  the  proportioii 
of  1  to  600,000,  inasmuch  as  in  a  sterilized  culture  medium 
containing  this  amount,  anthrax  spores  produce  only  a 
few  flocculi  of  filaments  at  the  end  of  forty -eight  hours, 
while  in  the  same  medium,  without  the  bichloride,  an 
abundant  and  luxuriant  development  occurs  in  less  than 
twenty -four  hours. 

In  one  experiment,  in  which  anthrax  spores  were  intro- 
duced into  two  culture  flasks  containing  1  to  100,000, 
two  containing  1  to  200,000,  and  two  containing  1  to  400,- 
000,  no  development  occurred  during  the  first  twenty- 
four  hours  in  any  of  the  flasks,  wdiile  an  abundant  devel- 
opment had  taken  place  in  another  fla.sk  containing  the 
same  culture  medium,  without  any  bichloride,  which 
was  inoculated  at  the  same  time  to  test  the  purity  of  my 
stock  solution.  At  the  end  of  forty -eight  hours  a  feeble 
development  of  anthrax  bacilli  had  taken  place  in  the 
two  tubes  containing  1  to  400,000,  while  the  others  still 
remained  clear. 

According  to  De  la  Croix,  the  development  of  bacteria 
in  beef  tea  is  prevented  by  1  to  10,250.     This  is  some- 
thing more  than  the  amount  fixed  by  Miquel.  but  it  must 
be  remembered  that  these  results  are  all  only  approxi- 
mate, and  the  statement  tliat  1  to  10,2t50  prevents  devel- 
opment is  not  to  be  interpreted  as  meaning  that  1  to 
14,300  will  not.     No  intermediate  experiment  may  have 
been  made,  for  example,  between  1  to  10,250  and  1  to 
20,500  (referring  to  l)e  la  Croix's  experiments).     Thus 
in  the  writer's  experiments,   published  in  The  American 
Journal  of  the  Mediatl  ^Scu'ure^,  the  staudanl  solution  w^a» 
commonly  diluted  one-half  after  each  experiment;  and. 
starting  with  one  per  cent.,  we  have  the  following  series 
in  experimenting  with  this  agent:  0.1  percent.,  0.05 per 
cent.,  0.025  per  cent.,  0.012  percent.,  0.006  per  cent..  O.OOa 
per  cent.,  0.0015  per  cent. — in  which  failure  occurred  only 
when  the  proportion  was  reduced  to  .0015  per  cent.,  equal 
to  1  to  33,333;  which  proportion  may  be  stated  in  round 
numbers,  on  the  safe  side,  as  1  to  30,000  in  the  case  of 
the  micrococci  of  pus.     Recent  experiments  made  by 
the  same  method,  and  with  the  same  U^st  organism,  have 
fixed  the  limit  between  1  to  30.000  and  1  to  40,000.     The 
field  is  open  for  those  who  desire  greater  exactness  to 
make  the  experiments  for  themst»lves. 

To  the  list  of  substances  '* eminently  antiseptic"  we 
must  add  formaldehyde  gas,  or  an  aqueous  solution  of 
this  gas — it  is  also  an  excellent  deodorant  and  powerful 
germicide.  In  the  experiments  of  Slater  and  RideaP 
formaldehyde  in  the  proportion  of  1  to  20,000  was  found 
to  inhi])it  the  development  of  mo.st  bacteria,  but  Staphy- 
lococcus pyogenes  aureus  developed  in  the  pr6*sence  of 
1  to 5,000.  *  Walter^  found  that  1  to  10,000  absolutely  pre- 
vents the  development  of  anthmx  spores,  of  the  t^'phoid 
bacillus,  of  the  diphtheria  bacillus,  and  of  Staphylococcus 
pyogenes  aureus. 

2.  8rnsT.vN(  Ks  Very  Strong ly  Antiseptic 

In  this  table  we  have: 

EfDcient  In  tbe 
proportion  of 

( Hnilc  arid 1  to  6,aiSt> 

Aluudnuni  a(*('tate  (Dti  la  Croix) 1  to  6,310 

Aluininuju  ar^tiito  (Kuhn) 1  to  5,250 

Chiinnir  aoid 1  to  5,000 

rhlorini' 1  to  4,060 

I<Hline 1  to  4,000 

(^hlorich'  of  >rol(l 1  to  4,000 

IJIchlortde  of  platinum 1  to  3,333 

Oil  of  uiustani    (Dt*    lu   Crulx) 1  to  3.353 

Hvdnx'vanic  acid I  to  2,.')00 

VWyW  a<'i(l  (IX*  la  Cnnx) 1  U)  2,rt^ 

iiruniiiic. 1  to  1,QQR 

Cupric  rhloridc . .     .  1  to  1.428 

Thymol \  \o  1.340 

Cupric  sulphate 1  to  I.IU 

Salieyli*'  a<-i(l  1  to  1,000 

AVe  notice  first  in  this  gnnip  the  haloid  elements,  chlo- 
rine and  iodine,  which  by  the  experiments  of  Miijuel  are 
given  the  sjinie  value — 1  to  4,000.  This  is  exactly  the 
value  obtained  for  iodine  in  my  experiments  heretofore 
referred  to.  in  which  three  dilYerent  test  organisms  were 
u.sed.     According  to  Buchholz.^  1  to  o,714  of  iodine  pre- 
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vents  the  development  of  bacteria  in  tobacco  infusion. 
De  la  Croix  fixes  tlie  antiseptic  power  of  this  agent  at  1 
to  2,010  for  boiled  beef  infusion,  and  1  to  10,020  for  un- 
boiled. This  would  indicate  that  the  nature  of  the  cul- 
ture medium  employed  largely  influences  the  result.  In 
the  case  of  agents  which  destroy  organic  matter  by  oxi- 
dation, or  which  cause  the  precipitation  of  albuminoid 
materials  held  in  solution  in  our  culture  fluids,  this  must 
evidently  be  the  case.  It  is  therefore  necessary  that  ex- 
periments shall  have  been  made  upon  organisms  contained 
m  culture  media  of  identical  composition,  in  order  that 
the  experiments  of  one  observer  may  be  compared  with 
those  of  another.  And  in  protracted  experiments  with 
chlorine  and  other  gaseous  or  volatile  sub.stances  we 
must  take  into  account  the  possibility  of  loss  when  the 
receptacle  containing  the  culture  fluid  is  not  tightly 
closed.  Differences  of  this  nature  in  the  conditions 
may  perhaps  account  for  the  wide  discrepancy  of  the 
results  by  Miquel  and  by  De  la  Croix  with  reference  to 
chlorint. 

The  last-named  author  gives  the  antiseptic  value  of  this 
agent  in  unboiled  beef  infusion  at  1  to  15,606,  while  Mi- 
quel gives  it  at  1  to  4,000.  My  own  experiments  with 
Marine  relat<i  only  to  its  power  as  a  disinfectant.  (See 
article  under  this  title.) 

A  discrepancy  also  exists  between  the  results  of  Miquel 
and  of  De  la  Croix  as  regards  the  antiseptic  power  of 
bromine;  the  former  author  places  it  at  1  to  1,666,  the 
latter  at  1  to  5,597. 

Again,  we  have  a  discrepancy  as  regartls  the  action  of 
chloroform,  one  author  (Miquel)  placing  it  at  1  to  1,250, 
and  the  other  at  1  to  103. 

Oil  of  mustard,  which  is  said  by  De  la  Croix  to  prevent 
the  development  of  micro-organisms  in  unboiled  beef  in- 
fusion, has  been  show  n  by  Koch  to  be  capable  of  prevent- 
ing the  development  of  anthrax  spores  in  the  proportion 
of  1  to  83,000.  According  to  the  same  author  the  oil  of 
turpentine  destroys  the  spores  of  anthrax  in  five  days, 
and  retards  their* development  in  the  proportion  of  fto 
75.000. 

Thymol  retards  the  development  of  these  spores  in  still 
more  dilute  solutions — 1  to  80,000  (Koch).  Buchholz  has 
determined  the  antiseptic  powder  of  this  agent  in  Pasteur's 
fluid  as  1  to  2,000,  a  result  which  does  not  difi'er  greatly 
from  that  given  by  De  la  Croix  for  unboiled  beef  infusion 
—1  to  1,340. 

Sulphate  of  eopjter  is  practically  one  of  the  most  im- 
portant agents  which  appear  in  this  group,  and  the  results 
of  Miquel  are  in  conformity  with  those  of  Dougall"*  in 
giving  it  a  high  place  as  an  antiseptic.  It  is  quite  exten- 
sively used  in  France,  and  there  can  be  no  doubt  of  its 
value  from  this  point  of  view ;  but  it  would  be  a  great 
mistake  to  infer  from  this  that  it  is  a  reliable  disinfectant. 
{See  article  under  this  heading.) 

3.  Substances  Strongly  Antiseptic. 

Efflcient  in  the 
proportion  of 

Benzoic  acid 1  to  900 

Potassium  bichromate 1  to  909 

Potassium  cyanide 1  to  909 

Muriate  of  quinine  (Ceri) Ito900 

Aluminum  chloride 1  to  714 

Ammonia 1  to  714 

Zinc  chloride I  Uy  !m 

Mineral  adds 1  to  fMX)  to  1  to  SO 

Thjrmic  acid 1  U>  500 

Lead  chloride 1  to  •'MO 

Nitrate  of  cobalt 1  to  476 

Sulphate  of  nickel 1  to  4(X) 

Nitrate  of  uranium 1  to  a'i« 

CarboUc  acid  1  to  333 

Potassium  pennanganate I  to  3K5 

licad  nitrate 1  to  277 

Alum 1  to  222 

Tannin 1  to  207 

Btnzoie  acid  is  given  a  higher  value  by  De  la  (^roix  than 
that  given  in  the  table,  which  is  taken  from  Miquel.  It 
Is  said  to  prevent  the  development  of  bacteria  in  unboiled 
meat  infusion  in  the  proportion  of  1  to  1,439,  and  to  fail 
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in  the  proportion  of  1  to  2,010.     According  to  Koch,  1  to 
2,000  retards  the  development  r)f  spores. 

The  antiseptic  power  of  the  salts  of  quinine  has  been 
especially  studied  by  Ceri.*  According  to  this  author 
the  development  of  bacteria  in  a  culture  fluid  in(x*ulated 
with  a  drop  of  turbid  fluid  from  malarial  soil  is  prevented 
by  a  solution  of  muriate  of  quinine  of  1  to  1,9()0;  from  1 
to  1,000  to  1  to  15,000  non-putrid  development  begins.  In 
experiments  by  the  writer  a  minute  bacillus  associated 
with  the  bacteria  of  putrefaction  developed  in  the  presence 
of  1  to  800,  but  the  results  obtained  were,  in  general, 
sufliciently  in  conformity  with  those  ri'ported  by  Ceri  to 
give  confidence  in  the  data  he  has  furnished.  The  power 
of  this  agent  to  restrain  the  multiplication  of  germs  in 
the  proportion  of  1  part  to  800  and  above  indicates  that 
its  therapeutic  value  may  depend,  in  part  at  least,  upon 
a  restraining  influence  exercised  upon  the  development 
of  germs  present  in  the  alimentary  canal,  but  our  data 
scarcely  iustify  the  belief  that  in  doses  commonly  ad- 
ministerea  it  is  competent  to  prevent  the  multiplica- 
tion of  pathogenic  bacteria  in  the  blood  and  tissues 
generally. 

According  to  Dougall,  the  "  salts  of  the  alkaline  earths  ^* 
would  occupy  a  comparatively  subordinate  position  as 
antiseptics  were  it  not  for  the  extremely  high  preventive 
point  of  aluminum  Monde,  which  is  given  at  1  to  2,000 
for  hay  infusion.  This  is  much  beyond  the  value  fixed 
by  Miquel  (1  to  714),  but  may  be  due  to  a  difference  in 
the  culture  medium  used  in  the  two  series  of  experiments. 
Additional  experiments  with  this  agent  and  with  alumi- 
num acetate  are  desirable. 

The  antiseptic  power  of  Moroform  is  fixed  by  De 
la  Croix  at  a  much  lower  figure  than  that  given  by 
Miquel,  and  is  given  at  1  to  103.  Evidently  experi- 
ments with  this  agent  cannot  be  compared  unless  we 
know  that  loss  by  evaporation  has  been  prevented  in 
both  cases. 

YAnc  Chloride. — The  antiseptic  power  of  this  salt,  which 
is  fixed  by  Miquel  at  about  1  to  500,  is  no  guide  to  ita 
use  as  a  disinfectant — for  which  purpose  it  is  frequently 
recommended, — inasmuch  as  my  experiments  show  that  1 
part  in  50  is  required  to  destroy  micrococci,  and  Koch 
has  shown  that  anthrax  spores  are  not  destroyed  by  ex- 
posure for  a  month  to  a  five-per-ceut.  solution. 

The  antiseptic  power  of  the  mineral  acids  is  given  by 
Miquel  at  from  2  to  3  gm.  per  litre  (1  to  5(K)  to  1  to  333). 
In  the  writer's  exp;.Tinients  sulphuHc  add  prevented  the 
development  of  all  of  the  test  organisms  m  the  propor- 
tion of  1  to  800,  and  according  to  De  la  Croix  1  to  3,353 
prevented  the  development  of  bacteria  in  unboiled  beef 
infusion.  The  same  author  states  that  sulphurous  acid 
prevents  the  development  of  bacteria  in  the  same  infu- 
sion in  the  proportion  of  1  to  12,649. 

Carbtdie  acid  has  received  special  attention  from  experi- 
menters on  account  of  its  extended  use,  imder  the  teach- 
ing of  Lister,  in  surgical  practice,  and  of  the  popular  idea 
growing  out  of  this,  that  it  is  the  antiseptic  par  excellence. 

Miquel,  in  his  work  published  in  1883  (op.  cit.),  has 
given  the  antiseptic  value  of  this  agent  as  3.20  gm.  to 
the  litre  of  bouillon.  In  a  later  report  it  is  given  as  3  gm. 
per  litre  (1  to  333).  In  the  writer's  experiments  1  to  500 
was  found  to  prevent  the  development  of  all  the  test 
organisms,  and  all  of  these  organisms  multiplied  in  the 
presence  of  1  to  1,000.  De  la  Croix  also  states  that  1  to 
502  prevents  the  development  of  bacteria  in  unboiled  beef 
infusion. 

According  to  Haberkom  *  the  multiplication  of  bacteria 
in  urine  is  not  prevented  by  1  to  100,  and  Salmon  states 
that  the  mici^ococcus  of  swine  plague  nuiltiplies  abun- 
dantly in  urine  containing  1  to  100.  This  would  indicate 
that  the  restraining  power  of  carbolic  acid  is  neutralized 
by  some  ingredient  in  the  urine.  The  germicide  power 
of  this  agent  is  also  influenced  by  the  nature  of  the  liquid 
in  which  it  is  in  solution.  Thus  Koch  states  that  in  solu- 
tion in  oil  or  in  alcohol  in  the  proportion  of  five  per  cent, 
it  fails  to  destroy  anthrax  spores  in  one  hundred  days  or 
more.  Anthrax  bacilli  are,  however,  destroyed  by  1  to 
100,  while  1  to  850  prevents  their  development. 
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4.  ScBSTAKCEit  Moderately  AyrtBEPTic. 


Brambrdnle  of  uulnliw I  lu  IKi 

Anenloua  add I  in  lUS 

Barfodil 11«1« 

Bulplule  lit  DliTcbaliie 1  lo  IM 

Anenfle of  imdit I  (i>  111 

mdiBle  ot  <1iIoraJ 1  Ki  IflT 

BUIiTliteul  aoda 1  in  lUU 

C»u»tl«  widB Ito    M 

Acetic  wW'!"!! iiiil^l! I!-'--- -Miiiliii^iiii.i'  J 

Tlie  anliscplio  power  of  Inrif  aeiti  was  IlKcd  by  Butli- 
liolz  At  I  to  133.  totmcco  iufunioD  being  Ilir  fluid  ciii- 
ploval  iiihis  fxpcriDK'nts.  Tliis convspuuds  vpry  clost'ly 
witli  till.-  figures  fiivcn  bv  AIii|Uel,  But  Kuliu  sUlcs  tlmt 
it  fftilal  to  prestTvo  u  soIuUon  of  egg  albumeu  in  tlic  pro- 
portion  iif  I  to  101.  On  liic  olliiT  liand.  tlie  wriliT's 
esperinioQts  pive  more  favoralilf  rpsiilis  for  oU  of  tlie 
test  OTganisDiH  c-mpioyrd.  and  llicse  illtTered  cunaidi'rably 
for  tlie  dilTcttnt  organisms.  Tims  tlic  init-mfrirci  nf  pii's 
multiplied  frtely  in  \\te  \\ri~'r:v'-  "^  T   !"  ¥>''   bm  'lil.'d 

to  midtiply  inl  to  200:  -..; -  ..■ uii. 

did  not  multiply  in  llu-  |.'.  ■  ■■'■  ■     in- 

noted  tlint,  ucFording  tn  ^l.       I  ■■    -■  I      ■    r  .if 

talifglie  aciiHl  to  l.tHJOt  i^  ^  :.  li ih  ,■  ■■:  --.<■]■  ^\  <:■■  nf 

snda  (1  lo  100). 

Tlie  antiMcptic  power  nf  firmii*  tuliHuiir  is  placed  l)y 
31ii|uel  nt  1  to  60.  In  the  writer's  UKpcrinii'nts  it  was 
found  lo  bt  cffldi'nl  in  Ilic  tmiiiortlon  r.f  1  t"  3<H(  fnr  nil 
the  teat  orgHin-^ni'i  Ti  i- l.ni  Nir  i"  "t'lif  li..ii^a-cr  ii|.'i 
Id  these  pxpi'riin.  m  -  1 1,.  .  iMi  m  i  -,  .iii:i,  d,  « ,  i,  ■:.  .i  i.  1 1 
in  the  cultnri-  ..■    ■ 

Jiave  brokcTi  ilnv.  n  n!  :i  i.,b  ]  <i-.i,'  i;  ih,  ■mi.  .|.l.|  Ii.  .  :i 
prol'rap'd,  fr)r  llii'  iiiiliscpHf  powifr  nf  oi-rluin  iigi'iifs  in 
ililiile  siiUiliuiis  is  often  Hliown  by  delayed  dcvclopnient 
of  nLierci-iir(,iininniH  subjected  to  Ihi-ir  action,  and  tifli'r  a 
time   1lii'>"e   nrgnni^nis  .may  develnp  freely  in  llie  simie 


BuiphnrliMiri 

j)roIOBnlplmi 
■willitlie  pun 


lEiu-iilly  pun- 
luMlioviilm. 


Rini'ii. 


I  In  I) 


Protoctilorlile  ut  maninimw.' I  fo  til 

Sudlura  tJonile 1  in  U 

NurlMIF  ul  llirirplllliv I  In  D 

Btrorllum  rhl'irlili: ,,  i  t.i  IJ 

Uttilum  rblnrlJi' 1  loll 

BBrium  rbliirldH I  tn  111 

The  writer's  eSiperimerU-   ..-iv ^ni.ii  !M-li..r  :i'Hi.;r.]i. 

tic  value  to  Awmj  than  Umr   i.  ■„,.',   i     ..    \\ i    ■  .,      | 

to  200  for  two  species  of  i  f  1 1 .      .      .  '■  , : .  - 

tlinl  the  dcvdopnieni  nl    i..  '   in 

fusion  is  prevented  by  I  i"  M'^  I'm:i  i-  .;.  i  .  ■.  |.  .ii. 
Indieuti'il.  tile  jitrmaiithi  pnscrvaiiiin  nl  ■.\  lulrnri.  Ilnid. 
r.v posed  to  the  air,  ttOTa  all  Itinds  of  mitru-urguuiiinis  pres- 


ent  In  the  atmosphere  requires  a  larger  amount  of  ttiig 
and  of  other  antiseptic  agenis  than  is  necessary  to  restrain 
development  for  two  or  three  days,  wlien  only  a  few 
micro-organism H  of  one  of  the  spei^ies  mentioned  are  iotro- 
duced  into  a  tiask  such  as  the  writer  used  in  his  experi- 
iiipnls.  The  differences  in  results  are  protmbly  due,  not 
M  error,  but  to  differences  in  the  conditions  of  the  el- 
pcriments. 

According  lo  De  la  Croix,  aleohol  in  the  proportion  of 
1  to  20  prevents  (he  development  of  tmcteria  in  unboiled 
beef  infusion.  It  is  probable  tliat  the  figures  of  Miquej 
arc  nearer  the  mark  when  the  experiment  is  protrartfid, 
for  [mthologists  arc  aware  that  llieir  speoimens  are  liable 
to  s])oil  aniT to  develop  a  putrefartive  odor  in  solution* 
coutHining  forty  to  fifty  per  cent,  of  alcohol, 

6.  Si'BSTASCES  Veky  Feehi.v  AsTisEpnr. 

Efficient  In  lU 
prapDrtloii  of 
?hlorlde 1  lot) 

aitie..'.'.'.'.".'.'.'.  ".'.'"■'.■;;".'.!;'.'.!;'.!!i;!i!  i  to  t 

Girtwin  (»|i.gr..  lisj.'.... '.'.'.'." 1.' 1  lo  4 

AinmuDlani  BUl[ihab!  , 1  to  t 

Sodium  tijixHulpMte tlo3 

Sly  experiments  correspond  with  those  of  Miquel  Is 
giving  to  Mxlium  hyposulphite  a  very  low  place  in  liie 
list  of  anliscpties.  and  yet  this  salt  has  been  cxIenaivclT 
prescrilied  as  an  an ti zymotic  agent.  If  it  hasany  sucn 
powers  as  hsvc  l>cen  ascriht^  to  it  by  Polio  and  others, 
ii  Ti>.n.i   ii,.  in  crmscquence  of  Its  undergoinjc  decompoei' 

1  '  ■'  -  III  I' ofceriain  substances  with  which  it  cornea 

.1  in.,  iilimcntary  canal.  In  this  case  the  aul- 
:i  >i>t  free,  would  no  doubt  act  as  a  pot«at 
iii'i-  I'll  iii'i  L'l'niiicide.  Hut  the  pure  salt  introduced 
Liiio  culLure  solutions  failed  onlircly  to  exhibit  any  re- 
straining power  upon  the  development  of  the  test  organ- 
isms up  to  eight  per  cent.,  at  which  point  it  was  dropped. 
From  Miqiiers  experiments  it  appears  that  when  pres- 
ent in  innre  than  thirty  per  cent,  the  development  of 
micro-organisms  in  Itecl  tea  is  prevented.  But  in  thia 
proportion  it  is  prultable  that  any  soluble  salt  would  pre- 
serve a  culture  solution  hy  giving  it  a  density  incompati- 
ble with  the  development  of  micro-organisms. 

Otorge  .V.  ^tmbfrg. 

'  M.  P.  Xlqiirl.  M.TI..  ilief  du  wrvice  iijlnT«ru<blqup  A  I'OteFrrK- 
I'lirp  de  Miinlwinrin  :  l«i  ortninlsniw  vlvanOi  dr  1"bi  ninsptifni,  ebaf. 
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1.  Pliarniakoln 


.*ifh.  1.  expOT.  FSlb.  u 
i.nrtim.  ApmST.  IK2. 
,niuB.  Inifnisl.  M«l.  fong..  Londun. 
■cWa  eefn'D  elalEe  Aatlseptica,  Dor- 


ANTISEPTOL  is  Ihe  trade  niimc  tor  a  substance  piv- 

liiiird  by  iiiiviiiir  ii  suliitimi  of  25  pans  of  cinchouiiic  sul- 
iiliiil''  in  '-'  I""'  i"irt-.  '■■<  wji'iT,  wild  a  solution  of  10  parts 

.■iK'hn)  j...ii I  .....  ,-....,.1  ...ih.l:.  ill  1.000  parts  of  wn- 

Irr.     'II'.       I      ■;    I  ..  i-lic'il  and  dried  and 

I'liiwrinr  .ii  I  ■■.111  powder,  without 

"liir.    .     .  I     :    .in. I   fr.-,Oy    soluble   in 

ilciiln.l  .i.   I  ■  ■  .  I  I  I  ■  .[..I  I.---  i. Mil. form  siili- 

-Hliil'-i  .1  I  ■■■   I  >^Uen  uat-d 

inlini.ili  Viitisi'ptol  is 


ANTISPASMIN  i-;  ii 


iiiblc  salt  nf  smlium  salicylate 
in.;  Kio  fi.rniulu  ('„H,.XO,Xu+ 
;i  ri'iidish.  Rlightly  hygroscopic 
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Antlseptol, 

A  ntlspaamodlea. 


of  it  consists  of  narceine.  As  an  antispasmodic  and  seda- 
tive it  is  given  in  whooping-cough,  laryngismus  stridu- 
lus, chorea,  asthma,  etc.,  especially  in  children,  and  is 
useful  in  allaying  irritating  cough  or  intestinal  colic  in 
adults.  On  account  of  its  affinity  for  moisture  it  is  pre- 
served with  difficulty  in  the  dry  state,  and  therefore  may 
well  be  kept  in  five-per-cent.  solution;  of  this,  five  to 
eight  drops  are  given  to  a  child  of  six  months,  or  forty 
drops  to  a  child  of  five  years;  an  adult  may  take  one  or 
two  drachms."  W,  A.  Bastedo. 

ANTISPASMODICS.— If  we  are  to  interpret  the  term 
antispasmodic  in  its  literal  sense  as  a  means  of  prevent- 
ing spasm,  nothing  so  completely  fills  the  requirement 
as  ether  or  chloroform,  pushed  to  complete  anassthesia. 
In  conducting  a  careful  physical  examination,  especially 
in  diseases  of  the  abdomen  or  pelvis,  such  relaxation 
of  spasm  is  often  secured  by  anaesthetizing  the  patient. 
But  as  ordinarily  used  by  therapeutists  the  word  anti- 
spasmodic is  given  a  somewhat  loose  and  unscientific  ap- 
plication to  a  class  of  drugs  supposed  to  be  of  special 
service  in  controlling  attacks  of  muscular  spasm  depend- 
ing upon  functional  nervous  derangement.  The  inap- 
propriateness  of  the  name  is  seen  from  the  fact  that  it  is 
not  alone  convulsive  phenomena  which  form  indications 
for  their  use,  but  that  they  are  also  useful  in  other  of  the 
multiform  manifestations  of  nervousness  or  of  hysteria. 
The  theory  of  their  mode  of  action — if,  indeed,  any  one 
method  of  action  is  common  to  all  the  members  usually 
included  in  the  class — is  not  sufficiently  established  to 
make  any  discussion  of  it  profitable  in  this  place.  Suffice 
it  to  say  that  it  is  not  impossible  that  at  least  one  im- 
portant action  of  these  drugs  is  a  local  one  upon  the 
intestinal  tract,  w^here  their  warming  and  stimulating 
character  may  produce  a  revulsive  effect.  For  the  de- 
tailed description  of  the  most  important  drugs  included 
under  this  heading  the  reader  is  referred  to  their  proper 
titles. 

Belladonna  has  a  considerable  power  of  relaxing  spasm, 
as,  for  instance,  in  the  unstripea  muscular  tissue  of  the 
intestine.  It  and  its  congeners,  stramonium  and  hvoscy- 
amus,  are  also  much  used  in  asthma,  w  hich  is  a  disease 
attended  by  spasm  of  the  bronchi.  In  the  same  condi- 
tion opium  is  at  times  of  the  greatest  value,  the  hypoder- 
mic injection  of  morphine  alone  causing  relief  to  some 
asthmatic  attacks.  In  "colic"  (meaning  spasm  of  the 
muscular  walls  of  the  intestine)  opium  is  also  invaluable. 
This  drug,  like  the  anaesthetics  already  mentioned,  while 
distinctly  antispasmodic,  has  other  and  more  important 
therapeutic  qualities  which  lead  to  its  classification  in 
another  group  (see  Aiwdynes),  and  we  pass  to  those 
remedies  known  more  specifically  as  antispasmodics. 
First,  we  have  a  group  of  animal  origin,  strongly  odor- 
ous, but  of  little  therapeutic  value.  Monchua,  musk,  an 
oily  substance  obtained  from  the  preputial  glands  of  the 
Thibetan  musk-deer,  is  the  only  one  of  this  class  which 
is  used  to  any  extent.  In  the  last  stages  of  adynamic 
diseases,  as  typhoid  fever,  it  is  given,  especially  by  Ger- 
man physicians,  but  rather  as  a  forlorn  hope  than  with 
real  conidence.  Its  former  use  in  hysteria  is  now  quite 
superseded.  Castoreum,  a  corresponding  secretion  from 
the  Cantor  fiber,  or  beaver;  ambergris,  a  morbid  product 
obtained  from  the  sperm  w^hale,  and  the  source  of  the 
oleum  miceini ;  and  the  oleum  animale  of  Dippel,  a  sub- 
stance of  disgusting  origin  and  nature,  obtained  from 
"trying  out"  decomposing  animal  structures,  deserve 
mention  only  as  having  been  at  some  time  used  as  anti- 
spasmodics. 

Another  group  consists  of  drugs  of  generally  feeble 
action,  but  occasionally  useful  in  infantile  hysteria  and 
allied  states.  Among  these  are  fniwulus,  hops,  and  its 
derivative,  Inpvlin.  The  former,  applied  locally  in  the 
form  of  poultices  or  embrocations,  has  possibly  some  vir- 
tue, and  the  latter  is  somewhat  more  active  internally. 
Lfictfiearivm,  derived  from  the  garden  lettuce,  is  even 
more  feeble  than  hops,  but  as  some  persons  are  made 
drowsy  by  eating  lettuce,  it  is  not  impossible  that  lactu- 
caiium  may  have  in  certain  cases  a  useful  medicinal 


effect.  The  claims  which  have  been  made  for  celery  as 
an  antispasmodic  and  anticephalalgic  do  not  seem  to  rest 
on  reliable  grounds.  Cimieifuga,  or  black  snakeroot,  be- 
longs in  this  group.  It  has  been  chiefly  used  in  chorea, 
and  in  full  doses  it  has  seemed  to  have  some  effect. 
Di'acontium,  the  root  of  the  "skunk  cabbage,"  and  Gal- 
banum,  an  ingredient  with  asafoetida  and  myrrh  in  the 
FilHla  Galbani  Camp.,  U.  S.  P.,  1880,  have  also  had 
antispasmodic  virtues  ascribed  to  them,  but  with  little 
reason. 

We  now  come  to  the  group  which  contains  the  most 
important  drugs  of  this  class.  They  are  three  in  number, 
viz. :  eamplior,  valerian,  and  asafatida.  They  all  pro- 
duce a  sensation  of  warmth  in  the  stomach,  and  probably 
stimulate  the  whole  alimentary  canal.  But  that  this  is 
not  their  sole  action  is  proved  by  their  superiority  in  cer- 
tain nervous  states  over  the  essential  oils  and  other  so- 
called  carminatives.  The  intestinal  action  of  camphor 
makes  that  drug  a  valuable  aid  in  the  treatment  of  cholera 
and  choleraic  diarrhoea.  In  the  delirium  of  adynamic 
fevers  and  as  a  sedative  for  "  nervousness  "  it  is  useful. 
An  especially  quieting  influence  has  been  claimed  for  it 
in  sexual  irritation  and  excitement.  For  more  distinc- 
tively hysterical  symptoms,  camphor  is  often  combined 
with  bromine  in  the  form  of  bromated  or  monobromated 
camphor,  which,  despite  its  disagreeable  taste,  difficult 
solubility,  and  frequent  tendency  to  cause  irritation  of 
the  stomach,  is  considerably  used  for  chorea,  reflex  con- 
vulsions, etc.  Perhaps  no  drug  is  more  generally  used 
to  combat  the  true  hysterical  convulsive  seizure  than 
ralerian,  and  certainly  in  many  cases  it  meets  the  indica- 
tion better  than  almost  any  other  agent.  The  fluid  ex- 
tract and  the  ammoniated  tincture  are  among  the  most 
eligible  palliatives  of  the  hysteric  attacks,  sometimes  a 
single  dose  serving  to  restore  consciousness.  For  more 
protracted  use  in  the  countless  nervous  manifestations  of 
hysteria,  hypochondria,  and  neurasthenia,  the  salts  of 
valerianic  acid,  notably  the  valerianates  of  zinc  and  of 
ammonium,  are  especially  adapted,  serving  to  control  at 
times  even  such  positive  and  conspicuous  symptoms  as 
neuralgia. 

Asajcetida,  long  the  synonym  for  what  is  most  loath- 
some and  offensive  to  the  palate,  acts  very  like  valerian 
in  the  hysteric  attack.  The  flatus  which  has  been  rolling 
about  in  the  intestine  is  expelled,  and,  as  has  been  inti- 
mated above,  there  is  some  reason  to  believe  that  the 
stimulation  of  the  intestinal  mucous  membrane  and  the 
revulsion  so  caused  may,  with  the  relief  of  the  tym- 
panites, play  a  prominent  part  in  the  alleviation  of  the 
hysterical  spasm.  In  cases  in  which  simulation  seems  to 
have  anj'  part  in  the  attack,  the  vile  taste  of  the  drug 
may  become  of  service  in  adding  to  its  effectiveness.  In 
other  cases  we  may  give  the  drug  by  enema,  and  its  ac- 
tion upon  the  intestine  and  also  its  effect  on  the  convul- 
sions will  be  nearly  the  same  as  if  it  were  administered 
by  the  mouth. 

While  the  above-mentioned  drugs  constitute  the  more 
distinctive  antispasmodics,  there  yet  remain  two  groups 
to  which  the  term  is  often  applied,  and  of  which  some 
part  of  the  action  is  similar  to  that  above  described. 
The  comjwund  ftpirit  of  ether,  Hoffman's  anodyne,  is  very 
useful  in  controlling  nervous  disturbances,  as  is  also  the 
Hpirit  of  chlorofn^m,  fonnerly  known  as  chloric  ether. 
The  substances  from  which  these  are  derived — sulphuric 
ether  and  chloroform — may,  administered  internally  in 
appropriate  doses,  be  employed  for  the  same  i)urpose, 
although,  of  course,  their  more  proper  classification  is 
among  the  ana?sthetics.  The  brmnidea  of  pt^Uiiwinm,  ain- 
mtminm,  and  mdinm  and  chloral,  though  in  their  most 
prominent  action  depresso-motors.  are  yet,  in  moderate 
doses,  used  as  antispasmodics. 

Finally,  we  have  the  group  which  includes  coffee,  tea, 
mate,  and  guarana.  of  all  which  the  acjtivc  principle  is 
practically  identical  with  caffeine.  Leaving  out  of  ac- 
count the  important  action  of  this  substance  upon  the 
heart  and  circulator}'  system,  and  limiting  our  attention 
entirely  to  functional  nervous  phenomena,  we  find  that 
in  migraine,  which  in  the  family  of  diseases  is  not  distant 
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of  kin  from  hysteria,  some  of  the  most  useful  remedies 
are  caffeine  and  guarana. 

The  newer  analgesics  of  the  coal-tar  series,  such  as 
antipyrin.  phenacetin,  antifebrin,  ammonol,  antikamnia, 
etc.,  are  of  some  service,  though  there  is  reason  to  fear 
that  as  "domestic  remedies  "  they  are  employed  to  an  ex- 
tent which  is  not  devoid  of  danger. 

Charks  F.  WWiington. 

ANTISUDORIFICS ;   ANHYDROTICS.— These  are   a 

group  of  remedies  employed  to  check  excessive  secretion 
From  the  sudoriferous  glands.  It  includes  belladonna 
and  allied  plants,  agaricin.  picrotoxin,  sulphuric  and 
phosphoric  acids,  sulphate  of  copper,  oxide  of  zinc,  and 
many  other  drugs  which  possess  astringent  properties. 
What  may  be  termed  indirect  antisudorifics  are  strych- 
nine, iron,  and  tonics  generally,  Avhich  act  by  improving 
the  tone  of  the  system  and  overcoming  any  debility  which 
is  often  the  predisposing  cause. 

A  too  free  secretion  from  the  skin  is  often  an  accom 
paniment  of  general  debility,  and  is  readily  checked  by 
appropriate  treatment.  That  forni  which  is  of  impor- 
tance to  the  practitioner  is  the  very  profuse  sweating  met 
with  in  phthisis  and  in  all  forms  of  septic  absorption.  In 
these  conditions  the  loss  of  fluid  is  at  times  enormous,  and 
as  there  is  also  pres<^nt  a  large  amount  of  solids,  it  be- 
comes a  very  exhaustive  drain  upon  the  system.  This 
secretion  is  not  an  ordinary  transudation  of  water  in 
the  form  of  serum.  It  is  a  special  st^cretion  controlled 
by  special  nerves,  and  any  depn^ssion  or  paralysis  of  these 
nerves  at  once  lessens  the  secretion.  This  is  well  seen  in 
the  effect  of  poisonous  doses  of  belladonna,  when  the 
vasomotors  are  paralyzed  and  the  flow  of  blood  in  the 
skin  is  increased,  but  notwithstanding  this  the  skin  re 
mains  drv  on  account  of  the  sudoriferous  glands  being 
also  paralyzed. 

The  most  valuable  of  antisudorific  drugs  is  belladonna 
and  its  alkaloid.     One  of  its  earliest  effects  is  to  paralyze 
the  secreting  glands  of  the  skin  and  mucous  membranes, 
and.  aside  from  its  interfering  to  a  slight  extent  with 
the  digestion,  its  action  is  wholly  favorable.     The  local 
application  of  the  liniment  or  ointment  will  pnxluce  the 
same  effect,  and  this  treatment  is  often  adopted  in  sweat- 
ing hands  and  feet.     If  applied  freely,  absorption  lakes 
place,  and  its  constitutional  effects  are  produced.     The 
local  application  to  the  chest  has  been  employed,  with 
benetit,  in  the  "  night  sweat "  of  lung  dis(msc.     The  effect 
of  belladonna  is  now  almost  entirely  secured  by  the  ad 
ministration  of  atr()i)ine  by  the  mouth,  or  preferably  by 
hypodermic  injection.     It  may  be  commenced  in  moder 
ate  doses  of  gr.  ^\q.  but  it  will  generally  be  found  neces 
Siiry  to  inject  gr.  ^^  or  5'^  to  obtain  its  proper  action 
Too  frequently  the  dose  employed  is  insuflieient.     Chil 
dren  recjuire  a  larger  dose.  gr.   -^^^  or  even  larger  quan 
titles  being  given.     The   rapidity  of   its  action   varies: 
sometimes  the  system  resjxHids  almost  inunediately.  at 
other  times  its  effect  is   not   evident    for  three  or  four 
hours.     Usually  the  effect  of  a  full  dose  will  last  for  two 
or  three  days. 

When  necessjiry  to  give  opium,  belladonna  will  ])rove 
a  valuable  combination  to  prevent  the  sweating  which 
often  ari.ses  during  the  use  of  that  drug. 

Hyoscymusand  its  alkaloids  have  also  the  sjime  action. 
Agaricin  has  been  used  with  much  success  in  doses  of 
gr.  ^tf  to  ^.  Picrotoxin  has  also  been  recommended  in 
doses  of  gr.  y^^  to  |;',y.  Zinc  oxide,  gr.  ij.  to  iv.  at  bed 
time,  and  sulphate  of  copper,  gr.  \,  are  very  old  remedies. 
One  of  the  oldest  remeciies.  and.  next  to  belladonna,  one 
that  is  the  most  generally  employed,  is  the  aromatic  sul 
phuric  acid.  This  retjuires  to  he  tri  ven  more  continuously 
until  it  produces  its  astringent  action.  At  first,  ni  x.x. 
three  or  four  times  a  day.  should  be  given  for  two  or 
three  days,  after  which  a  single  dose  at  bedtime  will  con 
tinue  the  effects  of  the  day.  The  dilute  phosphoric  acid 
is  also  of  service  when  administered  in  the  sa?ne  Avay. 
Thes<'  acid  astringents  have  not  the  Siinie  sjiecitic  jictif>n 
as  belladonna,  but  are  probably  exereterl  in  part  by  the 
sweat  glands,  and  during  the  excretion  exerci.se  their  as- 


tringent action.  Sulphate  of  copper  and  oxide  of  zinc 
probably,  in  addition,  exert  some  effect  upon  the  centres 
controllmg  secretion. 

In  septic  diseases  it  has  been  recommended  to  employ 
antiseptic  drugs,  which  by  counteracting  and  removing 
the  poison  allay  the  unfavorable  symptoms,  among  them 
the  profuse  perspirations.  Creosote,  sulphocar^lates. 
and  other  similar  remedies  have  been  employed  for  this 
purpose. 

Bathing  the  surface  of  the  body  with  weak  acid  solu- 
tions assists  in  allaying  perspiration  and  preventing  the 
"* night  sweats,"  for  it  is  known  that  all  acid  solutions 
will  lessen  the  secretion  of  acid -secreting  glands.  Dilute 
sulphuric,  or  acetic  acid,  or  vinegar,  applied  at  bedtime, 
and  in  severe  cases  repeated  a  short  time  before  the  ex- 
pected ** sweat,"  will  allay  the  trouble  and  at  the  same 
time  prove  most  refreshing.  Hot  solutions  are  said  to  be 
more  effective,  and  it  has  been  recommended  to  employ 
cayenne  pepper  in  hot  vinegar  in  rebellious  cases. 

Beatniwnt  Snutll. 

ANTITHERMIN.  —  Phenvl-hvdrazme-levulinic  acid, 
CH,C  CeHsNJI,C,H4C00li.  this  is  prepared  by  actmg 
on  a  solution  of  phenylliydrazine  in  acetic  acid,  with 
levulinic  acid.  The  resulting  crystals  are  colorless,  with- 
out taste,  and  are  practically  insoluble  in  water.  They 
are  slightly  soluble  in  alcohol  and  readily  so  in  ether. 
Their  melting  point  is  108°  C.  (226°  F.)'.  This  drug 
was  introduced  in  1887  by  Nicot  as  a  new  antipyretic, 
and  was  afterw^ard  recommended  by  Drobner  in  the 
high  temperature  of  pulmonary  tuberculosis.  He  gave 
it  in  doses  of  gr.  viiss.  to  x.,  but  on  account  of  occa- 
sional untoward  symptoms,  such  as  pallor,  sweating, 
headache,  and  general  depressitm,  gr.  iij.  is  adyised  as 
the  maximum  safe  beginning  dose.  Antithemiin  has 
been  used  to  a  slight  extent  in  other  cases  of  fever, 
but  has  not  found  favor  with  the  medical  profession. 

W.  A.  BnMtfffo, 

ANTITOXINS;  ANTITOXIC  SERA.— The  word  auti 
toxin  is  at  present  usually  restricted  to  substances  found 
in  the  bkxKl  of  animals  which  neutralize  the  toxins  pn>- 
duced  by  bacterial  or  other  cells.  Other  substaucc»s  exist 
which  are  slightly  antitoxic.  These  are  found  in  old  cul- 
tures, and  Bolton  developed  them  from  toxins  by  means 
of  electricity.  An  antitoxin  is.  to  a  large  degree  at  least, 
specific  in  its  effects  on  poisons:  that  is,  it  acts  only,  or 
at  least  chiefly,  upon  the  toxins  produced  by  one  spi?cies 
of  organisms. 

Thus,  a  given  quantity  of  antitoxic  serum  from  a  lior.<» 
made  inunune  to  diphtheria  will  absolutely  neutralize  a 
number  of  fatal  doses  of  diphtheria  toxin,  so  that  the 
mixture  injected  into  an  animal  will  prove  hannless. 

The  same  antiioxic  .serum  mixed  with  the  toxin  from 
tetanus  bacilli  will  have  no  appreciable  neutralizing 
effect.  In  a  few  instances  .some  have  reported  an  anti- 
toxin to  have  an  effect  on  more  than  one  toxin,  but  even 
here  this  effect  is  always  much  greater  upon  some  one 
than  upon  the  others. 

Anlito.xiiis  are  jire.sent  to  some  extent  in  the  bUxxl  of 
animals  which  have  not  passed  through  an  infectious  dis- 
ease or  been  inj  'cted  with  bacterial  or  other  ceU  poison.*;. 
For  instance,  horses  usually  have  more  or  les.s  of  a  sub- 
stance antitoxic  to  the  diphtheria  toxin.  Thus  it  will 
KMjuire  .")  c.c.  of  the  blood  of  one  hoi^se  to  pn^tt^ct  a 
'JoU  irm.  guinea  i)ig  from  ten  fatal  doses  of  diphtheri  i 
toxiti.  while  in  another  7,^  c.c.  will  suflice.  The  bhxxl  cf 
these  sjune  horses  may  liavo  no  neutralizing  effect  upon 
tetanus  toxin. 

Whether  these  antitoxic  sub.stances  present  in  small 
amounts  in  nortnal  hlood  are  the  same  as  those  present  in 
larger  amount  in  the  blood  of  iuununized  animals,  we  as 
vet  do  not  know.  Neither  in  their  chemical  nor  in  their 
physiological  properties  can  we  detect  any  difference. 

TuK  N  ATiuK  OF  Antitoxi.ns. — Up  to  the  present  time 
we  know  only  that  they  seem  to  have  the  pmperties  of 
globulins.  If  it  were  not  for  the  fact  that  we  have  them 
present  in  normal  bhxxl.  we  might,  in  order  to  account  for 
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their  specific  qualities,  consider  them  as  partly  satisfied 
combinations  of  globulins  and  specific  toxins,  but  as  they 
occur  without  the  presence  of  toxins  this  theory  seems  to 
be  excluded. 

Blood  from  either  normal  or  immunized  animals  con- 
tains a  number  of  globulins,  and  these  all.  when  the 
blood  is  antitoxic,  prove  antitoxic  also.  By  no  known 
method  can  we  separate  the  antitoxin  from  the  globulin, 
so  that  if  antitoxin  be  not  a  globulin  it  is  at  least  a  sub- 
stance very  closely  allied  to  it.  Exactly  how  the  anti- 
toxins are  produced  we  do  not  know\  but  we  believe 
them  to  l)e  cell  products.  Different  antitoxins  may  be 
produced  by  different  cells. 

A  relation  Avhicli  exists  between  the  amount  of  anti- 
toxin in  the  blood  of  an  immunized  animal  and  the  amount 
of  globulins  has  been  noted,  in  the  tests  of  the  different 
horses  imder  the  care  of  the  Department  of  Health,  by 
Atkinson.  He  found  that  the  globulin  increased  and  de- 
creased rougldy  as  the  antitoxin  increasc^d  and  decreased. 

Antitoxins  are  only  fairly  stable  substances.  In  sera 
antitoxins  either  slowly  or  quickly  deteriorate,  largely 
according  to  the  conditions  under  which  they  are  kept, 
but  partly  also  in  proportion  to  the  abundance  of  certain 
blood  ferments.  In  sterile  serum,  kept  cold  and  free 
from  ac(!ess  of  air,  antitoxins  deteriorate  very  slowly,  di- 
minishing from  ten  to  fifty  per  cent,  in  a  year.  Exposed 
to  light,  air,  and  slightly  elevated  temperature,  they 
quickly  become  altered,  and  especially  so  if  exposed  to 
heat  above  oO"*  C.  Ex  prised  to  70°  C.  for  ten  minutes,  a 
large  portion  of  the  antitoxin  in  a  solution  is  destroyed. 

As  the  antitoxins  of  diphtheria  and  tetanus  have  been 
the  most  studied  and  are  by  far  the  most  important  of  the 
known  antitoxins,  they  will  be  considered  in  detail  as 
types  of  the  others. 

Both  of  these  antitoxins  have  the  power  of  neutralizing 
their  corresponding  toxins,  so  that  when  a  certain  amount 
is  injected  into  an  animal  before  or  together  with  the 
toxin  the  poisonous  effect  of  the  toxin  is  removed.  There 
is  still  a  great  difference  of  opinion  as  to  whether  anti- 
toxin acts  by  direct  chemical  neutralization  of  the  toxin 
or  indirectly  on  the  cells.  The  facts  in  favor  of  a  direct 
action  of  antitoxins  upon  their  corresponding  toxins  have 
recently  been  briefly  summarized  by  Cobbett  as  follows. 

1.  Certain  reactions  have  been  observed  to  take  place 
between  these  substances  outside  the  animal  body  (venom, 
ricin,  crotin,  tetanus  toxin,  diphtheria  toxin,  and  their 
corresponding  antitoxins). 

2.  Various  attempts  by  filtration,  chemical  means,  and 
heat  to  separate  the  toxms  and  antitoxins  from  neutral 
mixtui-es  have  been  failures.  Partial  successes  have,  at 
least  in  some  instances,  been  shown  to  depend  upon  the 
fact  that  insufficient  time  for  the  complete  union  of 
toxins  and  antitoxins  was  allowed,  separation  being  no 
longer  possible  if  this  were  gmnted. 

3.  The  accuracy  of  the  titration  of  toxins  and  antitox- 
ins to  within  one  per  cent,  of  error. 

4.  The  fact  that  to  save  an  animal  from  one  thousand 
fatal  doses  of  toxin  requires  little  more  than  a  hundred 
times  as  much  antitoxin  as  is  required  to  fully  protect  for 
ten  fatal  doses,  the  resistance  of  the  animal  itself  account- 
ing for  the  difference. 

5.  The  fact  that  the  potency  of  antitoxin  is  greatly 
increased  if  it  is  allowed  to  remain  for  a  sutticient  time  in 
contact  with  the  toxin  at  a  suitable  temperature. 

On  the  other  hand,  the  conclusions  which  Buchner  and 
Houx  drew  from  their  experiments  have  been  shown  to 
liave  been  based,  partly  at  l<*ast,  on  a  misconception,  for 
they  ignored  the  capacity  of  an  animal  to  deal  with  a  cer- 
tain minimal  quantity  of  poison,  and  con.sequently  made 
no  distinction  between  what  .seemed  to  be  a  physiologi- 
cally neutml  and  a  completely  neutml  mixture. 

The  facts  now  known,  therefore,  indicate  rather 
strongly  that  the  antitoxins  of  tetiinus.  (lii)htheria.  the 
plague,* and  cholera,  of  snake  poison,  of  ricin,  etc..  enter 
into  direct  chemical  combination  with  their  respective 
toxins — a  combination  which  is,  jierhaps,  not  exactly 
comparable  t^^  that  of  an  acid  with  an  alkali;  for,  as  we 
have  seen,  it  is  a  much  slower  one,  but  one  which  possi- 


bly— as  Ehrlich  has  suggested — more  closely  resembles 
the  formation  of  a  double  salt.  Some  facts  seem  to  indi- 
cate that  the  antitoxin  has  a  stronger  aflinity  for  toxin 
than  the  toxin  lias  for  the  cells.  Many  points,  however, 
are  still  far  from  clear  as  to  the  manner  in  which  both 
toxins  and  antitoxins  act. 

The  Persistence  of  Antitoxin  in  the  Blood. — 
About  five  days  after  the  absorption  of  toxin  has  ceased, 
either  after  a  natural  disease  or  after  an  artificial  infection, 
the  production  of  antitoxin  in  the  bodv  stops,  except  that 
which  may  be  normally  produced,  and  the  amount  in  the 
blood  gradually  lessens,  partly  from  its  elimination  by 
the  urine,  milk,  etc.,  and  partly,  perhaps,  by  its  destruc- 
tion in  the  blood. 

According  to  the  amount  of  antitoxin  present  will  be 
the  lenj^th  of  time  required  for  the  elimination  of  the 
antitoxm.  The  blood  of  an  animal  highly  immunized 
may  retain  appreciable  amounts  of  antitoxin  for  from 
three  to  six  months. 

When  animals  are  immunized  with  the  antitoxic  sera 
of  animals  of  other  species,  the  antitoxin  is  more  quickly 
eliminated  than  when  sera  from  the  same  species  are  em- 
ployed. For  this  reason  the  immunizing  effect  of  sera 
in  man  against  diphtheria,  tetanus,  and  the  few  other 
infections  for  which  we  have  antitoxins,  is  of  short  dura- 
tion, less  than  if  antitoxins  had  been  developed  from 
toxins  injected.  Thus,  immunization  of  a  child  with  300 
units  of  antitoxic  horse  serum  insures  immediate  safety, 
but  only  ten  days  of  certain  protection  from  diphtheria. 

The  diphtheria  and  tetanus  antitoxins  are  the  only  two 
used  extensively  in  treatment.  All  the  other  protective 
sera  are  largely  bactericidal  in  their  action  and  owe  what 
little  or  doubtful  value  they  have  to  this  characteristic. 
The  most  important  of  them  will  be  touched  upon  in  the 
article  on  immunity,  under  the  bactericidal  properties  of 
the  blood. 

The  use  of  antitoxins  in  the  prevention  and  treatment 
of  diphtheria  and  tetanus  is  so  important  that  some  de- 
tails as  to  how  to  choose  and  administer  the  sera  may  be 
of  value.  All  antitoxic  sera  must  be  injected  subcutane- 
ously,  or  intravenously,  for  they  are  only  very  slightly 
absorbed  bv  the  stomach  or  intestines.  The  sera  should 
be  clear  anJ  have  no  odor  except  in  cases  in  which  an  an- 
tiseptic has  been  added,  such  as  trikresol  or  carbolic  acid. 
In  the  Department  of  Health  laboratory  in  New  York 
we  add  no  antiseptic  whatever.  Let  us  now  consider  in 
detail  the  diphtheria  antitoxic  serum.  The  dosage  is 
regulated  by  units  of  effect  and  not  by  weight,  for  we 
have  not  as  yet  absolutely  isolated  antitoxin.  A  unit  is 
the  amount  of  antitoxin  which  protects  a  250-^ra.  guinea- 
pig  from  one  hundred  fatal  doses  of  diphtheria  toxin. 

Diphtheria  antitoxic  serum  is  put  up  in  different 
"grades,"  the  lower  grades  having  100  to  800  units  in 
each  cubic  centimetre  of  serum,  the  higher  grades  hav- 
ing 400  to  600  units.  Other  things  being  equal,  the 
higher  grades  are  better  and  more  convenient  than  the 
lower  ones.  In  the  laboratories  of  the  Department  of 
Health  of  New  York  City  we  have  until  recently  striven 
for  a  serum  which  had  the  greatest  possible  amount  of 
antitoxin  in  each  cubic  centimetre.  The  better  wav, 
however,  is  to  get  the  highest  grades  of  serum  which  will 
produce  few  or  no  rashes,  for.  without  regard  to  the 
amount  of  antitoxin  present,  some  senims  produce  dele- 
terious result.s,  while  others  produce  almost  none.  Sam- 
ples of  all  bleedings  should  be  used  first,  if  possible,  in  a 
few  mild  cases  of  diphtheria,  and  then  only  those  .serums 
which  pass  this  test  without  producing  marked  rashes 
should  be  further  used. 

TnE  Amount  OF  Diphtheria  Antitoxin  to  be  Ad- 
ministered AND  THE  Nl  MBER  OF  InMECTIONS  IN  A  SIN- 
GLE Case. — There  is  still  some  difference  of  opinion 
among  competent  observers  as  to  the  answer  to  the.se 
questions.  For  immunization.  tiOO  units  in  infants  and 
500  in  adults  will  .suffice.  In  treatment.  o\ir  practice  is 
the  following:  Cases  sc»en  early,  in  which  the  onset  is 
mild,  1,000  units.  Cast's  seen  early,  in  which  the  onset  is 
severe,  shown  either  by  local  signs,  such  as  swelling,  hy- 
penemia,  or  the  extent  of  the  exudate,  or  bj'  constitu- 
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tional  symptoms,  2,000  to  4,000  units,  acxiording  to  sever- 
ity. Cases  seen  after  tiie  disease  lias  progre.<»ed  so  far 
tliat  its  probable  local  extent  can  be  guessed,  mild  uises, 
1,000  to  2,000  units,  according  to  the  size  of  the  patient; 
moderate  cases,  2,000  to  8.000  units;  severe  ca.ses.  show- 
ing necrotic  membrane,  swollen  glands,  or  laryngeal  sten- 
osis, 3,000  to  4,000  unite. 

The  effecte  to  be  expected  from  the  antitoxin  are,  that 
the  local  disease  should  not  extend,  that  the  swelling  and 
hypenemia  should  lessen  and  the  constitutional  symptoms 
abate.  If  twelve  hours  after  the  injection  these  changes 
have  not  begun  clearly  to  manifest  themselves,  the  injec- 
tion of  antitoxin  should  be  repeated.  If  in  twelve  hours 
more  no  decided  improvement  occurs  (which  rarely  hap- 
pens, excepting  in  cases  already  very  severe  when  tirst  in- 
jected, and  in  some  of  the  laryngeal  cases  complicattnl 
by  bronchial  or  lung  involvement),  still  a  third  dose 
should  be  given ;  some  even  advise  a  fourth.  The  extent 
of  the  disease,  rather  than  the  size  of  the  patient,  guides 
the  dose;  still  size  should  be  considered  somewhat,  and 
I  should  not  advise,  in  a  child  under  one  year,  more  than 
8,000  unite  in  a  single  injection,  and  in  one  under  six 
months  not  over  2,000  units.     If  the  cases  are  severe,  in- 

Jections  should  be  repeated  just  as  in  larger  children, 
n  adults  attacked  with  malignant  diphtheria  the  largest 
doses  mt^ntioned  should  ))e  used  and  fearlessly  repeated. 
With  the  serums  as  now  usihI,  these  large  doses  have  pro- 
duced in  a  small  percentage  very  disagreeable  results, 
namely,  rashes,  fever,  and  in  a  few  joint  inflammation. 

Whether  some  samples  of  serum  may  or  may  not  cause, 
along  with  their  beneficial  efTt'Cts,  really  serious  deleteri- 
ous elTect.s,  is  still  undetermined;  but  we  do  know  that 
many  siiniples  of  serum  produce  practically  not  even  dis- 
agreeable effects.  Thus,  I  have  seen  sixty  cases  trejited. 
with  only  one  rash.  I  have  also  st^en,  with  serum  ob- 
tained from  another  bleeding,  twenty  treated,  with  ten 
rashes.  To  select  good  serum  only  and  throw  away  the 
most  irritating,  is  only  a  matter  of  testing  in  trial  cases. 
At  present  I  see  no  other  way  of  eliminating  from  sera 
the  substanccis  which  produce  rashes  and  other  deleteri- 
ous effects.'  The  precipitate  of  antitoxin  and  globulin 
thrown  down  by  magnesium  suli)hate  is  just  as  liable  to 
produce  rashes  as  the  entire  serum,  and  at  present  Ave 
know  of  no  way  to  separate  antitoxins  from  globulins. 

The  Pkodi'Ctiox  of  Diphtiiekia  Antitoxin  fou 
TiiERAPErTic  PiKPosEs. — As  a  result  of  the  work  of 
years  in  the  laboratories  of  the  Health  Department  of 
New  York  City  the  followin2^  may  be  laid  down  as  a 
practical  method: 

The  strongest  diphtheria  toxin  possible  should  be  ol) 
tained  by  taking  a  very  virulent  culture  and  growing  it 
in  slightly  alkaline  two-percent,  peptone  bouillon.  The 
cultiire,  after  a  week's  growth,  is  to  be  removed,  and,  after 
it  has  been  tested  for  purity  by  mieroseopical  and  culture 
test.s,  is  then  to  be  rendered  sterile  bv  tin*  addition  of  ten 
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per  cent,  of  a  five-percent,  solution  of  carbolic  acid.  On 
the  following  day  the  sterile  culture  is  filtered  through 
ordinary  sterile  filter  pajier  and  stored  in  full  bottles  in 
a  cold  place  until  needed.  Its  strength  is  then  tested 
by  giving  a  series  of  guinea-pigs  carefully  measured 
amounts. 

The  horses  used  should  be  young,  vigorous,  of  fair 
size,  and  absolutelv  healthy.  A  number  of  such  horses 
are  severally  injected  with  an  amount  of  toxin  sullieient 
to  kill  ten  thousjind  guinea-pigs  of  250  gin.  weiirht. 
After  from  three  to  five  days,  so  soon  as  the  fever  reae- 
tion  has  subsided,  a  second  subcutaneous  injection  of  a 
slightly  larger  dose  is  given.  With  the  first  three  injec- 
tions of  toxin  about  lO.OOO  units  of  atititoxin  are  given. 
If  antitoxin  is  not  mixed  with  the  lirst  doses  of  loxiti. 
only  one-tenth  of  the  doses  advised  is  to  be  given.  At 
intervals  of  from  five  to  eight  days  increasing  injections 
of  pure  to.\in  are  made,  until,  at  the  end  of  two  months. 
from  ten  to  twent}*  times  the  original  amount  is  given. 
There  is  absolutely  no  way  of  judirinir  whic  h  horses  will 
produce  the  highest  grades  of  antiioxiti.  I'poti  a  very 
rough  estimate  I  may  say  that  those  horses  which  are  ex- 
tremely seiLsitive  and  those  which  react  hardly  at  all  are 


the  poorest,  but  even  here  there  are  exceptions.  The 
only  way,  therefore,  is  at  the  end  of  six  weeks  or  two 
months  to  bleed  the  horses  and  test  their  serum.  If  only 
high-grade  serum  is  wanted,  all  horses  that  give  less  than 
150  units  per  cubic  centimetre  are  discarded.  If  moderate 
grades  only  are  desired,  all  tliat  yield  100  unite  ma}'  be  re- 
tained. T'he  retained  horses  receive  steadily  increasing 
doses,  the  rapidity  of  the  increase  and  the  inter\-al  of 
time  between  the  doses  (three  days  to  one  week)  depeml- 
ing  somewhat  on  the  reaction  following  the  injection,  an 
elevation  of  temperature  of  more  tlian  3'  F.  being  un- 
desirable. At  the  end  of  three  months  the  antitoxic  serum 
of  all  the  horses  should  contain  over  200  units,  and,  in 
about  ten  per  cent.,  as  much  as  600  units,  in  each  cubic 
centimetre.  Very  few  horses  ever  give  above  1,000  units, 
and  none  so  far  has  given  as  much  as  2,000  units  per 
cubic  centimetre.  The  very  best  horses  continue  to  fur- 
nish blood  containing  a  large  amount  of  antitoxin  for  sev- 
eral months,  and  then,  in  spite  of  increasing  doses  of  toxin, 
the  amount  of  antitoxin  gradually  decreases.  If  every 
nine  months  an  interval  of  three  months*  freedom  from 
inoculations  is  given,  the  best  horses  furnish  high-grade 
serum  for  from  two  to  four  years. 

The  Production  op  Tetanus  Antitoxin. — The  teta- 
nus antitoxin  is  developed  in  the  same  manner  as  the 
diphtheria  antitoxin — by  inoculating  the  tetanus  toxin  in 
increasing  dasi»s  into  horses.  The  toxin  is  produced  in 
bouillon  cidtures  grown  anaGrobiciilly.  After  ten  or  fif- 
teen days  the  culture  fluid  is  filtered* through  porcelain, 
and  the  germ-free  filtrate  is  useii  for  the  inoculations 
The  horses  receive  0.5  c.c.  as  the  initial  dose  of  a  toxin 
of  which  1  c.c.  kills  250.000  gm.  of  guinea-pigs,  and  along 
with  this  a  sufficient  amount  of  antitoxin  to  neutralize 
it.  The  antitoxin  is  added  to  the  first  few  doses.  In 
five  days  this  dose  is  doubled,  and  then  everj'  fiv<»  to 
seven  clays  larger  amounts  are  given.  The  dose  is  in- 
creased as  rapidly  as  the  horses  can  stand  it,  until  they 
support  700  to  800  c.c.  or  more  at  a  single  injection. 
After  some  months  of  this  treatment  the  blood  of  the 
horse  contains  the  antitoxin  insufficient  amount  for  thera- 
peutic use.  When  the  animals*  temperatures  are  normal 
and  they  have  recovered  from  the  dose  of  toxin  last 
given,  they  are  bled  into  sterile  flasks  and  the  serum 
collected. 

Technique  of  Testino  Tetanus  Antitoxic  Serum 
FOK  Value  in  Antitoxin. — Tetanus  antitoxin  is  t4:»sted 
exactly  in  the  siime  manner  as  diphtheria  antitoxin,  ex- 
cept that  the  iniit  of  measure  is  diffen'nt.  A  unit  in  the 
German  standard  is  the  amount  of  antitoxin  needed  to 
neutralize  4.500,000  fatal  doses  of  toxin  for  1  gin.  of 
white  m()us<.'.  In  the  French  method  the  amount  of  anti- 
toxin which  is  refjuired  to  protect  a  mouse  from  a  dose  of 
toxin  sufiicient  to  kill  in  four  days  is  determined,  and  the 
strength  of  the  antitoxin  is  stated  by  determining  the 
amount  of  seru?n  iv(|uired  to  protect  1  gm.  of  animal. 
If  ().(M)1  c.c.  protected  a  10-gm.  mouse,  the  strength  of 
that  serum  would  be  1  to  10.000.  Guinea-pigs  are  fre- 
(juently  used  in  place  of  mice.  Knorr's  met  hod  of  pn*- 
serving  toxin  is  by  precipitating  it  with  saturated  am- 
monium sulphate  and  drying  and  preserving  the  pre- 
cipitate in  .sealed  tubes.  As  reijuireil,  it  is  dissol vwi  in 
ten-percent.  s;ilt  solution,  as  above  stated.  For  small 
testing  stations  the  Ix'st  way  is  to  obtain  some  freshly 
standardized  antitoxin  and  compare  serums  with  Ibis. 

The  1>()sa(;e  of  Tetanus  Antitoxin. — For  inimuni- 
zjition,  one  dose  of  from  5  to  10  c.c.  of  a  serum  of  a  good 
.stn-niith.  such  as  1  to  1(K).()00.(HK),  will  suffice  unU^ss  the 
danger  seems  great,  when  the  injection  is  repeated  at  tlie 
end  of  a  we<k.  For  treatment,  it  is  well  to  begin  with 
from  'M)  to  50  c.c..  and  then,  according  to  the  severity  of 
the  case,  give  from  *J0  to  50  c.c.  every  .six  to  twenty-four 
hours  until  the  symptoms  abate.  In  the  gravest  cases  no 
curative  elTect  will  be  noticed  from  the  use  of  the  serum. 
It  is  sometimes  injected  into  the  lateral  ventricles  or  even 
into  the  bniin  substance.  Both  the  theoretical  reastms  for, 
and  the  actual  results  obtained  from,  this  method  of  treat- 
ment, are  (jpen  to  criticistn.  The  first  dose,  in  severe 
cases,  may  be  given  intravenously.      William  U,  Park. 
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Adms  attd  B«c(«m. 


ANTITUSSIN.— DiHuor  diphpoyl  (C.H.F),.  Tbis  is  a 
white  crystalline  powder  with  a.  pleasant  aromatic  odor 
■ngEestivc  of  dill  seed.  It  is  insohible  in  water  and  solu- 
ble in  alcoliul,  ether,  cliloroform,  aod  &xed  and  volatile 

Originally  introduced  as  an  antiapasmodic  aad  sedative 
Id  whooping-cough,  it  was  i-eported  by  the  early  observ- 
ers tobeof  little  value  in  that  condition.  Reci-ully.  how- 
ever. Max  Hcim  has  published  observations  on  sixteen 
cases  in  which  he  found  speedy  and  surprisingly  complete 
relief  following  its  use.  His  conclusions  were  that  it  les- 
sens the  aculeness  of  the  atlack.  that  it  markedly  loosens 
the  phlegm  and  mucus,  and  tliat  the  duration  of  the  dis- 
ease Is  reduced  from  several  weeks  to  a  few  days,  or  at 
meet  two  weeks.  His  formula  is  difluor  dlphcnyl  5. 
vaseline  10,  adeps  lanffi  bydrosua  8,1,  and  this  he  uses  by 
inunction  over  Iho  neck  or  interscapular  region  after  thor- 
oughly cleansing  the  skin  and  rubbing  it  with  a  rough 
towel.  Antitussin  is  not  ailminisiere<r  internally,  as  it 
deranges  the  stomach.     The  dose  by  inuni;tion  is  from 


an  antiseptic,  and  for  this  purpose  Is  applied  as  a  Ave  to 
twenty  per-cent.  ointment  or  dusting  powder.  Tiiinmi 
uaes  it  in  venereal  ulcctatlons,  after  cauterizing  the  ulcer 
with  carbolic  acid. 

ir.  A.  BatUdi,. 

ANUS  AND  RECTUM.  (SURGICAL.H-Xo  rectal  ex- 
amination in  women  can  be  considered  at  all  complete 
which  does  not  include  bimanual  exploration  of  the 
pelvis,  and  llic  examiner  must  acquire  the  same  skill  in 
this  as  tlie  gynfficologist,  though  he  will  more  frequently 
explore  witli  one  Gnger  iu  the  rectum  than  in  the  vagina. 
It  IS  also  true  tliat  many  obscure  cases  both  in  men  and  in 
women  will  at  once  become  clear  under  anitsthesia.  So 
little  does  diagnosis  depend  upon  any  specula  that  we 
need  not  stop  to  consider  these  instruments. 

This  does  not  apply  lo  the  Kelly  long  tubes  for  high 
rectal  and  sigmoid  exploration.  Tiiose  may  in  wrtam 
cases  be  of  great  value  both  for  diagnosis  an<l  for  treat- 
ment. I  have  modified  his  original  design  so  as  to  make 
the  long  tube  resemble  the  orclinary  valve  speculum  ex- 
cept in  its  lengtli.  The  instruments  are  difficult  to  use 
and  not  devoi<l  of  danger,  but  in  expert  hands  tliey  oc 
casionally  yield  excellent  results. 

Hrhorrhoids. — These  may  be  divided  into  external 
and  internal.  External  hemorrhoids  pn's>-nt  themselves 
In  two  perfectly  distinct  forms,  Tlie  lirst  is  sliown  in 
Fig.  320,  and  is  a  venous  tumor,  produced  by  the  rup- 
ture of  an  external  hemorrlioidal  vein  and  the  i-xtravasa- 
tiOQ  of  its  contents.  Such  a  tumor  forms  suddenly,  is 
exquisitelv  painful,  and  some- 
times looks  and  feels  like  a 
large  black  gnipc:  it  wilt  slow- 
ly subiddc  and  disappear  when 
treated  by  rest  in  bed  and  ap- 
pliejitions  of  powdered  ice  In 
u  rubber  hnndriiclte.  with  the 
internal  administration  of  a 
saline  cathartic.  The  most  ap- 
propriate trealmrat,  however, 
is  a  free  incision  with  a  sniall, 
sharp  -  pointed,  curved  bis- 
toury, the  lumor  being  trans- 
fixed and  incised  In  the  direc- 
tion of  the  nidiuting  folds  of 

""kJSss.riLST'"'  ta«oT.  ."»i'  "."".1  "iM- 

the    pressure    of    which    has 
caused  all  the  suffering — may  l>e  turned  out  of  its  lied. 

The  other  form  of  external  licntorrhoid  is  a  cutaneous 
and  not  a  venous  tumor,  and  is  well  shown  in  Fig.  231. 
This  is  often  spoken  of  as  a  comlyloma,  but  that  name  is 
better  applied  to  anolli<T  condition.  Such  a  tumor  as 
this  is  composed  of  skin  and  connective  tissue.  It  often 
results  directly  from  the  irritation  caused  by  the  tirsl 
Taiiety.  and  is.  in  fact,  the  remains  of  (he  venous  tumor; 


or  it  may  be  caused  by  the  Irritation  of  some  ulcerative 
disease  within  the  rectum.  It  is  not  painful  unless  it 
happens  to  become  acutely  inflamed,  and  is  ^uerally  best 
left  alone.  When  operating  for  more  senoua  trouble, 
with  the  patient  under  ether,  I  occasionally  snip  them  off 
with  a  pair  of  scissors,  but  when  a  patient  applies  for 
relief  from  them  alone,  I  usu- 
ally advise  non  -  interference. 
The  wound  made  by  removing 
them  is  painful  and  they  gen- 
erally do  little  Imrm. 

Internal  hemorrhoids  are 
those  which  arise,  within  the 
sphincter  muscle,  from  the  in- 
ternal hemorrhoidal  vessels. 
They  present  many  variations 
in  structure.  One  perfectly 
distinct    variety  is   known   as 

the  capillar^'.    This  is  in  real-  ^ 

ity  an  erectile  tumor  composed  Fio,2il,-E.t«Ml'<^ton«>ui 
of  the  terminal  branches  of  the  HemorrtiDMs.  (Esmarrrb.) 
arteries  and  veins,  and  of  the 

dilalwl  capillaries  which  unite  them.  This  form  of  tumor 
is  never  of  large  size,  and  never  projects  far  into  tlie  cav- 
ity of  the  rectum.  It  is.  in  fact,  much  like  a  nicvus  of  Ute 
scalp.  It  may  be  situalttl  high  up  ui  the  rectum,  but  ia 
generally  near  the  anus ;  the  surface  is  granular,  and  the 
membrane  covering  the  vessels  is  so  thin  that  it  may  be 
broken  by  each  act  of  defecation,  8uch  a  tumor  never 
appears  outside  the  anus  unless  the  protrusion  is  caused 
by  some  other  affection,  but  it  may  be  seen  liy  carefully 
jiutling  open  the  parts  with  the  Hngets.  and  from  some 
part  01  its  mulberry-like  surface  there  is  apt  to  be  a  jet 
of  arterial  blood,  coming  per  tatlem.  This  is,  above 
all  oihcra,  what  is  most  properly  called  the  "bleeding 
pile." 

Tliis  form  of  hemorrlioid  may  be  cured  by  a  single 
thorough  application  of  fuming  nitric  acid,  and  it  is  the 
only  form  m  which  this  plan  of  treatment  is  likely  to  be 
of  iiermanent  benefit. 

In  the  other  forma  of  hemorrhoids  there  is  a  distinct 
tumor,  sometimes  of  considerable  size,  made  up  of  mu- 
cous membrane  more  or  less  eroded,  of  connective  tissue, 
and  of  blood-vessels.  These  tumors  may  cause  decided 
symptoms  before  they  are  sufficiently  large  to  protrude 
from  the  anus.  One  of  the  flrat  is  an  unsatisBed  fettling 
after  defecation,  as  though  the  rectum  were  not  fully 
emptied ;  and  thU  is  explained  by  the  increase  in  size  of 
the  tumors  cause<l  by  defecation.  This  feeling  passes 
away  after  a  few  moments,  when  thecirculalion  has  again 
become  natural.  Other  symptoms  are  pain,  more  or  leaa 
obscure,  and  referred  to  the  loins  aud  thighs;  difficulty  in 
micturition;  diminished  sexualappeliteand  power;  liera- 
orrliage ;  and  sometimes  a  (letullar  train  of  nervous  symp- 
toms referred  to  the  legs — symptoms  which  will  deceive 
iMith  patient  and  physician  into  the  belief  tliul  an  ataxia  ia 
developing.  After  the  tumors  reach  a  stage  which  causes 
them  to  protrude  beyond  the  sphincter  In  defecation,  tlie 
resulting  symptonis  art-  well  known.  In  ordinary  cases 
the  patient  will  reduce  Ihe  tumors  himself  after  each  pro- 
trusion. They  may,  however,  become  slrangulaled  and 
be  entirely  beyond  the  patient's  power  of  manipulation. 
In  such  a  case,  after  a  period  of  rest,  and  after  the  relief 
which  may  follow  a  spontaneous  escape  of  blood,  Ihe 
hemorrhoids  may  return  of  themselves  or  be  put  back  by 
the  patient. 

If  the  strangulation  be  more  intense,  gnnprene  may  set 
in  and  a  part  of  the  mass  may  slough,  or  ii  porlioii  may 
suppurate.  Under  such  circumslancea  there  will  be  great 
jiain,  and  more  or  less  cmstitutional  dis1urt>ance.  with 
fever.  The  gangrene  is  very  evident.  Imlli  lo  the  e^'e 
and  the  sense  of  smell,  from  the  gni'nisb  or  blackish 
color  and  fetid  odor  of  the  part,  and  is  ratli<-r  u  favomble 
temiinaiion  to  the  irouble,  as  it  genendiv  ri'sults  in  a  rad- 
ical cure. 

TitKATSfKNT.— The  In'ntmcnt  of  internal  hetiiorrhofcla 
is  both  palliative  and  curat  ive,  hu<I  it  isagn'at  advantage 
to  the  surgeon  to  know  what  can  be  done  for  a  tindd  pa- 
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li  duilv  HHtiiral  eviioiMliou  at  the  biiwcls.  Htid  tliia 
wiitioui  Dictlicinc  if  possible.  Tin-  dU-t  slionlil  In-  |>l»!n. 
tlighly  si'usciiiiil  illslii>9.  gravini,  salads,  old  clit-csL'.  otc. 
all  altidiolic  driukii.  und  any  excess  in  lobacro  should  lie 
strirtly  iDtenlicted.  If  nveveaary.  a  lAxuliv<^  may  1m^  additl 
to  the  (luily  diet,  iiud  tins  may  bt-  eitlier  a  kId-is  of  mineral 
water  before  lirmkfasl.  or  tt  dmelim  of  coiiipouiid  licorice 


powder  111  iii(!lit.  Tlie  IocmI  Ireatment  cniisisls  ijiaiuly  in 
till'  use  of  nalriugents  and  oold  wiLtt-r.  A  entd  ijitz  ball) 
every  niorniug  after  stool  is  one  of  the  be«t  of  all  metb- 
<k1s  of  prevent  iag  anil  n-licviiiK  lu'inovrlioidH.  and  i^old.  or 
even  iee  water  ^lould  Ih!  fii'elv  applied  after  utcb  pus- 
Sii^e.  Tile  lieHt  HRtrinfteiit  is  the  subsulpltaic  of  in>n  in 
tlie  form  of  oinlmeut  or  siipiiosltory  (  Z  I.  to  3  i.  for  oint- 
ment, and  Iwo  <ir  llirrc  )rminH  in  a  suppimitorv).  By 
tbew  nieitns,  wlien  followed  with  eare  and  jMitieiice,  tin- 
wonil  raw  may  1m-  prently  improv«l.  Altliou^li  tlii-y  art; 
piveii  simply  as  palliative  meiiHuri-s.  Iliey  will  Hiiinelimi-s 
Ih-  followed  by  siii'li  relief  as  to  eoiivluce  llie  patient  lliat 
111-  Is  radieally  eunil. 

Of  all  tbe  dinen-nl  melbrxla  of  radiealtv  curing'  liemor- 
liioids  1  xliall  di-serilK-  but  Iwo.  TliesV  ar.-  Ilie  oni's 
wbicll  have  Kiv<-ii  tbe  l>os(  n-snits.  and  from  Ilieni  eaeli 
niav  clnHise.  Hv  eilln-r  of  iliein  everv  ease  niav  lie 
cniid. 

IK)  TIk'  tn-ainient  by  the  ligature,  as  practised  by  most 
stirgeotis  at  presi-nt,  eonsisis  in  cutting  thniii);h  tlu-^reat 
cr  1)1171  of  tile  base  of  the  tumor  wjlh  tlie  w-issorH.  and 
tying  a  strong  ligiilnn-  around  tbe  remainder,  ivliieh  is 
s'lippnseil  to  eontain  the  lar);<T  blood -ve»ie Is.  As  fn  all 
ojH-nitlons  on  tbe  n-eliim.  the  bowels  should  1h'  thor- 
oughly clvarct)  by  a  eatliarlip  no  the  jirevions  day  and 
by  an  enema  Just  Ix-fort^  operating.  The  pailent  should 
b(-  etlieri/<fl  ami  plained  in  the  litholomv  potiilion,  and  the 
Hphinetcr  gently  but  forcibly  dilul<<d  tiM  il  los.'s  its  con- 
tractile power.  A  specidiini  may  or  may  not  Im'  useii.  as 
tile  o|K-nitor  prefers.  Each  tumor  is  si-i/ed  wilh  u  long 
t'lotlied  forci'jis.  such  as  is  sliown  in  the  cut  (Fig.  23^1. 
nmi  is  Ibi'n  dniwn  out  of  the  anus.  Holding  Ihi-  foncps 
in  lii^  li-fl  himil.  the  operator  separates  the  tiiin<ir  from 
it",  iitiai'liiiieiils  by  cutting  with  u  strong  pair  of  sii-isms 
in  I  he  line  iifjnnelion  of  llip  skin  and  mucons  membnine 
from  below  iiptvard  until  only  a  inrtliele  ri'inainn.  The 
forei'pNare  tlii-n  Imnsfi-rred  to  an  awislant.  and  a  strong 
silk  lipiliire  tiglnlv  tied  aitiund  wliat  remains  of  lli<> 
tumor,  and  the  bi-inorrtioid  itself  may  then  tsMut  olT  nl 
a  shoil  distiince  from  Ihe  llgatUTe.  In  order  that  as  nnirli 
dead  tissue  as  jioHsible  shall  lie  reninve<l  fnun  Ibi'  rf-<-timi, 
Kaeh  hemorrhoid  is  thus  trcatc<)  In  snctrcsshiu.  and  after 
all  an-  renioviil  and  tbi- ligatures  cut  nlTchiN'.  a  supiHist- 
tory  of  upiiim  and  Is-llailonna  is  intriHluicit  anil  a  T- 
luindage  tightly  applint  over  a  enuipvess  of  liiil  and  a 
napkin. 

Theaftcr-tn-almeiH  is  a  nmMer  of  a  gisul  <le,il  of  im. 
porlaiiee.      Il   is  nnl  w.'ll 
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cunislanees  Ibr-  sulferingeaiisiii  by  ihc  llrsr  passage  i 
often  atrfS'ioiis.  Il  is  not  a  gisHl  plan  to  try  to  inlni 
duir  supiMisi lories  intii  the  [tainfiil  nt'tiini  after  tb 
opemtion.  The  ligatnri'S  will  generallv  come  awav  a 
till-  eml  .if  a  wH'k  or  ten  <bivs.  and  tbe  I'mtieni  slioidil  l> 
ki'[>t  in  lliL*  bill  i>l  iiu  till;  luuuge  for  a  week  lougir  lil 


of  the  slough  has  bad 
time  to  heal.  Nothing  lias  lieen  said  alwut  primarY 
bemorrliage.  It  is  sometimes  considerable,  and  rnueli 
iliat  is  iheoreiical  in  character  has  been  said  about  Ibe 
chief  vascular  supply  of  a  hemorrhoid  being  at  the  upper 
end.  The  incision  mailc  with  IIik  scissors  before  the  lig- 
ature is  applie<l  s<inieliini"8  lilewls  vi-ry  freely,  and  re- 
quires tile  free  uscof  lint  within  the  bowel  after  the  oper- 
ation is  coinplclc<l,  Tlte  removal  of  this  wad.  In  those 
eases  in  which  ii  has  been  found  necessary  to  introduce 
il.  is  an  additional  source  of  pain. 

This  oiieralion.  lb<iugh  generally  very  satisfactory,  is 
open  to  cenaiu  objections.  Tbese  are:  oi-casional  severe 
constitutional  distiirltance  with  iiervuus  excilement.  fre- 
<iui-nt  pulsi-.  lusH.of  sleep.  |iain  sulticient  to  demand  tin! 
use  of  morphine  for  dnys.  amlolistinale  retention  of  urine, 
which  may  render  catlieterisni  necessary  for  a  fortniglit; 
and.  ttnally.  undue  contraction  after  the  opi-ratiim.  wblcb 
will  entail  the  use  of  the  boujrie. 

Ill)  The  oiher  o]ieration.  which  gives  tl»o  best  results,  ia 
done  with  theelainpand  cautery,  and  consists  in  drawing 
down  tbe  tumor,  embracing  its  iNise  tivhtly  in  tlH-  clamp. 
cutting  off  such  an  amount  tlial  a  gtHslsizeil  slump  bIuII 
lie  left,  and  cauterizing  this  thoroughly  wiih  tbe  hot  iron, 
ll  is  important  to  isolate  tbe  minors  well,  so  as  to  com- 
(iress  them  easily  and  completely ;  and,  in  cases  in  which 
Ibo  hemorrhoid  joins  abruptly  ibe  hyiH'rtrophieil  skin,  a 
groove  may  ttrst  lie  made  with  tbe  scissors,  so  tliat  the 
rompressiim  of  Ihe  neck  of  IIk:  tumor  may  be  more 
elTcctual.  After  the  cautery  lias  lieeti  very  thoroughly 
applied,  at  a  lihick  heat,  the  blades  of  the  clamp  sbould 
be  gradually  rek-ase^l  by  the  sen-w.  Sliouhl  any  bleed- 
ing oeeuT  tlie  clamp  must  lie  again  scn-weil  up,  and  tlw 
cautery  apiilied  more  thoroughly.  This  may  be  neces- 
sary (Kveral  tiim-s.  The  advuniagi-s  cUimMl  for  this  op- 
eration over  iliat  with  the  ligature  are:  greater  safety  to 
life,  greater  freedom  from  sulTering.  mon-  rapid  rccor- 
ery.  1i-kn  danger  of  }>yiemla,<if  ulceration,  and  of  embolus. 
Mild  less  coiislitiilioual  ilisiurb^nce  after  Ihe  operation. 
TheojH'ration  is  eijually  applicable  lo  cases  of  prolapsus. 
TriiitiiifHt  hg  .ViiHir  Sinyimt  .Vflliml*. — Many  methods 
have  bi-en  devlseil  by  which  hemorrhoids  may  be  radi- 
cally ciire«l  by  nffice  treatment,  wltboul  general  antes- 
tliesta  or  eoiifluement  to  beil.  Pcrtiaps  t  he  one  lieat  known 
at  the  presi-nt  day  is  that  which  rciiuirea  the  injection  of 
a  solution  of  carbolic  acid  into  the  tumor— an  uncertain 
and  dangerous  pUin.  which  has  Is-en  generally  abandoned 
by  Ihe  ri'gnlar  surgeons  becHU.-ie  of  tbe  impossibility  of 
limiting  its  ctTects.  If  a  |>atient  prefers  this  office  treat- 
ment wiiliout  what  he  or  she  considers  a  surgical  op- 
hoids  may  Is-  gnidiiallv  destroveii  exaet- 
'  as'  the  nose 
d  throat  spe- 
cialists remove 
IMilypi  and  ub- 
sl  met  ions  from 
the  air  imssages. 
The  treatment 
will  require 
time,  but  it  ia 
perfectly  effici- 
ent and  gives 
ereat  salisfac- 
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;-nt  applies  in 

ill  fistula-,  etc. 
t.:.  — 'I'hcTi-  ari'  four  distinct  varieties  of  pro- 
h  iiiiisi  111-  carefully  dislingnislied  from  one 
n-pirds  the  plan  of  tn-ating  them,  for  tlie 
same  opi-ratiou  which  will  cure  one  variety  may  lead  to 
a  fatal  n-siilt  in  anotlier  which  lo  the  eye  closely  resembles 
it,  Tbi-flrHl  consists  of  a  pmtrusionof  the  mucous  mem- 
brane alone,  anil  is  sonii-times  spoken  of  as  [larlial  pm- 
hipse.  because  oulv  a  |)art  i>f  the  coat  of  the  bowel  comee 
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mit  of  the  body.  It  la  shown  in  Tig.  223.  It  is  a  mere 
vTerting  ijf  the  miiroiis  incmhmne  of  the  lowost  portion 
n(  tbe  rectum,  reiidcnil  jKiSsible  by  th<'  laxity  of  the  sub- 
mucous  connectiTe  liBSiic.  It  vt  the  most  coiiiiiion  of  all 
the  forms,  aud  is  moat  fn'giieutly  fouii<l  in  L-hildren  bt'- 
tween  the  years  of  two  aud  four.  It  nlwuys  conies  on 
gnulually,  and  il  may  be  partial  or  compk-te  as  n'giirds 
the  CDlirc  cii'uunifercQCC  uf  tiie  anus.  It  appears  as  a 
•carlet  or  livid  mass  (depending  uix>a  tlie  degree  of  cou- 
tractlon  of  tlie  spUiiicier)  covered  wiili  ilie  ntiiural  setre- 
tioa  of  tlic  bowel,  directly  continuous  with  the  siiiii  on 
onealdeaQd  with  tiie  mucous  mendirane  on  tlie  other,  and 
arranged  in  folds  u'iiieh  radiate  front  the  ceiitnil  aiM/rture 
toward  thu  eirttumference.  It  ia  itt  lintt  s]H>titiii]eouHly 
reducible,  or  at  least  iiuiy  easily  lie  replaced  bv  slight 
preaBure.  and  n'muins  retlueiN)  till  trie  ue.it  defection; 
but  as  tlie  amount  of  pniUi|>Hc<l  membrane  iiicreaKes.  tlie 
dIfBculty  in  ri'durtion  becomes  greater,  and  finally  the 
man  may  be  out  of  the  bnlv  most  of  the  time  from  dis- 
teatltm  a'nd  Iohs  of  power  of  tlie  sphincter.  In  this  con- 
dltionlbe  tumor  Im  liable  to  becomi:  inllamed,  (nieniatoiis, 
aod  irreducible,  and  the  patient  is  in  »  very  unliappy 
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_  «  first  step  in  the  treatment  of  tiiis  form  of  pn>1a|ise 
H  generally  the  nrductlon  of  tbe  m:ist<.  If  (he  jiatieul  he 
in  the  coiiditiim  lust  nnmeii  ail  o[K'rative  interfereuce 
should  be  poAtponedi  nu  attempt  at  niluctinn  iienl  Ik- 
made,  the  patient  should  be  confined  to  his  Ih-41.  cold  ap- 
plications should  l>e  uimnI  freely,  and  tbe  tumor  siiould  Ix' 
smetired  with  an  ulntnH'iit  of  <>i|uat  imifIh  of  the  extraels 
of  opium  and  belladonna.  After  a  we<'k  of  ihix  treat- 
ment tbe  tnmor  wiil  probably  lie  in  n  eoudilion  in  wiiich 
it  DUT  either  he  replaceil  <ir  Im-  n-moved,  and  the  nurgeon 
will  tuen  be  able  to  judge  something  of  tbe  amount  of 
tissue  to  be  n>moved,  wiiieh  is  mrt  possible  when  all  tlie 
parts  are  cedematous.  In  onlinarv  caKeH  the  lumor  mav 
be  reduced  by  gentle  taxis.  If  t1iis  docs  not  Hui-ceeil. 
ether  should  be  Kiven  at  once  and  a  nidieal  opentlion 
prrfonne<l.  In  adults,  when  the  taxis  has  faileil  and  both 
ether  and  opemliou  arc  declined,  there  is  nothing  to  do 
but  keep  tlie  patient  on  his  face  in  l>e<l  witli  a  pillow 
under  the  pelvis,  apply  warm  poullli-cM  with  tlie  oint- 
ment mentionetl.  and  trust  to  liine  to  relieve  the  condi. 
tion. 


and  a  cure  may  sonierimes.  e«]wHally  in  chllilreii,  lie  ob- 
tained by  tliese  means  without  operariiin.  Thi'y  cnuKist 
lirfcfly  in  directing  the  act  of  defivalion  to  be  (MTfornied 
in  tbe  recumbent  posture,  and  in  advii^ng  l!ie  use  of  Lix- 
nlives  to  prevent  straining.  Ilie  avoiilat]<-e  of  any  sourei^ 
of  irritation  -which  will  caiine  fi>i|neiil  jKissages.  ami  Ihe 
nse  of  astringent  waslies  each  time  the  lM)wel  iirotrndcH. 
Tbe  best  astringent  is  eidd  water  or  a  cold  siilull<iu  of 
slum  (  J  i,  to  5  viil.t.  An  astriugc-ut  iiijwtion  may  also 
be  given  every 
Highl  with  ailvan- 
liiue.  the  fluid  iH'ing 
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linear  cauterization  is  much  preferable.  It  coiisisls  in 
making  several  deep  eaiilerizat  ionsin  lines  radiating  from 
the  centre  of  the  prolapse  toward  tlie  circumference. 
I'aqiieiin's  cautery  with  the  line-poinled  bent  tip  is  the 
proper  instrument 
to  employ,  and 
lifter  sevc^fal  such 
cuts  have  been 
made  it  is  a  good 
plan  to  burn 
through  the 
sphincter  on  each 
slile.  to  allow  of 
eon trat^ tion.  This 
operation  must  be 
dr»nc  with  Judg- 
ment, and  the 
amount  of  cniiter- 

respond  nilh  tlie 
amount  of  imi- 
U[isi'.  In  old  and  invetemte  cases  tlie  fault  is  gener- 
ally, however,  in  not  making  the  caiiferizaiioiis  suffl- 
cienlly  extensive.  A  portion  of  the  mucous  membrane  is 
buriH^  off,  but  tlie  cuts  do  not  e^tend  into  tlie  connec- 
tive tissue  around  the  anna,  as  they  slionld. 

Tbe  Bcciind  variety  of  prolapse  is  that  composed  of  all 
Ihe  coats  of  the  leeiiim— muoms,  submucous,  aud  nms- 
eiilar — and  is  sliown  iti  Fig.  224.  Tlic  essential  point  In 
Ilie  consideration  of  this  form  of  tlw  <lis«<aS(-  is  to  remem- 
ber that  the  prolapse  niay  eonlain  peritoneum;  and  It 
follows,  from  tho  anatomy  of  ilie  pans,  that  the  perito- 
neal pouch  wiil  be  larger  in  front  than  iH'hind.  In  the 
pouch  thus  formed  may  Ik-  lot-atiil  coils  of  smalt  intus- 

<ivary.  In  this  form  ol  jirolapse 
there  is  no  groove  or  sulcus,  and 
iis  abseniv  is  therefore  no  proof 
of  the  ulMience  of  peritoneum. 
Its  analoniieul  characters  are 
well  sliowii  in  Fig.  22->.  Tiiis 
variety  of  the  dim'ase  generally 
follows  the  first,  though  it  may 
come  on  suddenly  from  violent 
si  raining.  It  ia  distinguished 
from  the  first  by  its  size,  by 
greater  finnni'sa  and  thickness 
....  toiieh,  pOBsiblv  by  resonance  on 
by  Ihe  gurgling  of  gas  m  a  contained  loop 
of  Rniall  iiileKline.  by  its  conical  sliape.  and  by  tbe  slit- 
likcorlncc  which  is  generally  dmwn  to  one  side  by  theat- 
tachnu-nt  to  the  vagina,  or  by  the  binding  down  of  the 
mesii-n-ctum. 

It  is  evident  that  an  openition  wliieh  might  cure  the 
first  variety  might  easily  end  fatally  in  this  one,  by  rea- 
son of  the  presence  of  )M'ritoucuiii.  atid  that  the  possl- 
Mlily  of  this  com pllration  must  always  lie  home  in  niind. 
Tlic  In'atnient  by  linear  cauterization  is  the  safest,  and 
Ihe  eulssbould  tie  made  into  ihesulistance  of  the  sphincter 
after  the  tumor  has  lieen  re<luce<l,  and  not  into  the  tumor 
ilxelf  SiMuld  this  fiiil.  the  tumor  must  be  aiii)iutale<l 
with  siihseiiuent  circular  enten>rrha[diy  alio 
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bowel  fUiouM    be  thoroiizhlv  diii'd   \iiil 
the  acid  applied  wiili  a  moiiII  siiik  nil  ovr  tlic  tiiurou^ 
membrane.     Tlie  Ixinil  slioiilij  tlnii  Ik'  ri']>lai'cil.  a  |md   ' 
of  lint  should  )h'  tlriiily  a]<|>liMl.   by  iitcatis  of  a  Imiad   I 
strip  of  adhesive  plaster,  over  tlic  iiiiics.  sulliiieiii  ojiiiiiii 
should   1k'  givi'ti   lo  coMlliie   till'  bowi'is.   and  the  child 
should  hi- kept  In  iM-d.     In  a  large  [irogiorTiiai  of  i-HS<'silie 
eure  will  Ik-  complete  after  a  siiigli-ajipliciilinn.  unless  a 
polypus  be  file  exritingrausi- of  the  Iroiitile.     Thisfreal- 
ment  is  not  equally  sueei-wifnl  in  adult-.,  and  in  old  (ht.   | 
sons  deep  and  dangenius  sloughs  iii:iy  n-viilt.  which  may 
lead  to  serious  beniorrhoge.     In  tlu-in  the  Ircatiuent  by   [ 


iphlneler.     The  i>altiiitive  treatiuent  i^ 

for  the  other  variety. 

The  thini  and  fourth  varieties  will   be  <l 
gi'lher,  bKiiiise  they  <lo  not  dilfiT  fnim  ci 

Imtii  the  term  invagination  is  ]iro|H'rly  ii|>|il 
of  the  ensliealhing  of  one  jiart  of  rlie  Ihuvc 
other,  which  is  shown  in  Fig.  :iW.  In  the  i 
the  telescoping  oet-urs  mil r  the  anils,  the  inii'i 
appi-ars  at  tlie  anus,  and  ihe  sulcus  Iwl" 
tnided  portion  and  the  lower  pari  of  (lie  rec 
felt  with  tbefinger  lis  deptli  forms  mii  inilii 
length  of  the  conlaini-.l  |>iir(.  Wlii^n  a  poi 
bowel  slill  fiinher  removed  fn.in  Ilie  tiaiis 
invaginak-d  into  llial  iiiinicdiiidly  Ih'Ioiv.  t 
{mrtion  may  or  may  not  dcst'eiul  sutllciently 


thi'  : 
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anus  to  bn  felt  bj- ivctol  toucli,  oml  the  suIciib  may  not 
be  Bppuront.  This  conHtitutes  Die  foiirrh  variety,  and  la 
geneialiy  known  as  inluasuscpption.  In  the  Irvatment  of 
IntiiBSusception  we  enW-r  at  once  into  the  domain  of  all- 
iloniinal  Hurffery.  and  inin  our  of  its  tnost  ilifflciiit  de- 

ErtiiK'iits.  vir...  that  of  Jotcijlinal  auastoniiMiii.  Thin,  I 
ve  alwuj-s  claimMl.  the  aperialiiit  In  the  rrrtiim  slioiild 
be  ubie  to  do.  but  tho  limits  of  tliiij  article  will  not  permit 
a  study  of  thexe  cases. 

Abhcbni  and  Fihtci.A. — AhM'ttaies  near  the  rei'tum 
RMy  be  dlvldnl  ititu  tlie  ■upcrt]<'iiil.  those  of  ilie  igchio- 
rertal  Uuva,  anil  those  of  the  pelvlH. 

An  ahgeeaa  of  tlie  iH-hia-rertuI  fiosa  Is  iKxinded  by  the 
levator  ani  miiscle  above,  the  skin  below,  tin-  m-tiim  ou 
une  aide,  and  t)u-  adjurc-iit  tiilHTOsily  of  the  tsehiiim  on 
the  other.  An  alnceHHof  tile  i>elvls,  bu  the  other  hand,  is 
lonilcd  in  the  lax  (-uimcelive  tiiuiiie  around  the  upper  poi- 
lion  of  the  rectuiii  iibov(>  tlic  tcvutor  ani.  It  iitay  assume 
vast  proportiiiii-..  I<li  <i<iiiiL-  i:ii'  i.i]l\  with  the  subpi'ritoneal 
oonneclivt  li^n       ■       i  i  i-.si,  and  burrowing  iu 

Bimost  any  liin ■    pilvin, 

Theeauscsi.i  .,..pi,,.,i  ,,:-,■,  w  are  various.  Tmu- 
matism  iHiH.'rlinj<»  iln'  ■ri<'>'t  lji-i|iii-iit.  and  the  Injur)' Is 
Aenenilly  iuleniul  nillii-i'  tlian  cMenuil.  lieiiiK  cuuned  by 
liie  point  of  a  syringe  or  foreign  bixlymilier  tiian  liy 
]cii^ks  or  falls.  Siieh  an  abscess  inu^-  aliKi  be  due  to  tli'e 
injury  inliicteil  by  tlie  fii'tal  hem)  in  [wrturition,  and  in 
Bni:h  a  casi!  it  may  be  a  dilth'uli  iiuiiter  to  distinKuiKh 
till-  disease  from  piirrpcml  intluniiTiatiDn.  It  tiuiv  also  Ik 
H-condary  to  diseawR  of  tiie  urinary  oiganH.  and  it  may 
residt  from  rupture,  ulci-mii'iu.  or  iwrforuiion  of  the  rectal 
'Wall  iu  eoimecllim  with  Htrii'ture.  A|^dn.  itniny  reKiill 
fmni  an  inHaiiimatiiin  of  the  HulmuieouM  tisKue  with  the 

iinoliietioD  of  pusnhirli  lii'st  o[H'n!<  into  Ilu'  tmwel  and 
ornisan  inteniiil  ttslula,  and  Htibsici|uently  extends  out- 
ward and  forms  a  large  iiliwesi.  Finally,  such  al»rii«eR 
niiiy.  so  far  as  their  origin  is  if  iiui'misl.  liave  no  coniii-i-' 
lion  with  the  n-ctiini:  Ihey  may  In-  due  to  disiruiu'of  siinie 
neighborhi):  part,  niirh  as  ap|>i'ndieitis,  or  to  tieenisiN  of 
wime ailjaeeiil  l>oui-;  orju-rliapsiiiiadeiiuateiuusi-can  lie 
found.  Mt  Iluvt  for  lack  of  knowli-ilRi- It  niuy  la'come  neees- 
Kurv  to  set  Ilieni  down  as  iiliopatliitr. 

fn  alH<t-BS  of  the  pi-lvis,  when  not  diu-  (as  it  generally 
will  b«')  til  Hcplie  end  on  II -I  HI  Ih.  the  avinptums  are  often 
ulwciire  itiiil  seldom  eliRraeierislic.  I'hen-  is  more  or  lens 
vaxiie  fiain  In  the  )H'!viB  or  lumlnr  region,  which  is 
neMora  mh-nse  and  is  generally  incretiHed  by  defL-calion. 
Fever  may  be  entirely  alineiil,  but  if  ft  in  jin'scnl  it  is 
more  apt  tti  l»e  contiiiunns  tlian  very  high  in  degrei- .  anil 
chills  are  only  occieiionally  met  with  when  pus  Ls  fonni'd. 
In  luldlliiin  then-  is  nuire  or  ti-ss  seuernl  niahiisc.  Hml  the 
vcHicid  symptoms  (n-tcnthin  and  iueontiuenee  of  urine) 
iiru  apt  to  bo  ituirki-d.  Tlie  diaicnosis  must  rest  phii-tly 
lipnn  till-  result  (it  enn-fiLl  bliiiniiiiul  pr-h  ' 


lire  of  the  diseased  area,  thoroughly  (leaning  outany 

'ity  that  may  have  formed,  bnitking  down  all  biiiUM 

of  sloughing  tissue,  laying  open  all  pockets,  washing  out 

'*"*'■■*  "'■-'*    -"'I  stuttlng  it  with  lint. 

.ion  of  a  Sslula  will  be 

If  the  abscess  be  left 


M 


aof  rh- 


prevented  in  the  majority  of  ei 
tu  Itself,  or  even  partially  opened, 
a  liad  form  of  complete  tlstula  is 
pretty  sure  to  follow.     Tlie  treat- 
ment of  an  abscess  of  the  peh 
men  is  not  so  simple,  the.ilisease 
being  moK  serious  and  the  prog- 
nosis more  grave.     If  possible  the 
abscess  cavity  should  be  openi-d 
with  the  knife  through  the  reel'  "" 
or  by  way  of  the  awlominal  ei 
ity.    In  women  it  should  In-opened 
lliroiigh  the  vagina.     Here  again 
we  enter  upon  the  domain  of  ab-    i 
dominal   surgery,  to  whicli  prop- 
erly belongs  tlic  whole  (lui-stion 
of  the  C(>m|ianitire  value  of  va- 
ginal and  HlKloiniual  eii-liutomv  for 
the  relief  of  pelvic  intlununation. 

pyntiil'i. — .\  Mstula  which  is  not  due  to  perforatkiD  of 
the  leelal  wall  fnmi  within  Is  the  result  of  a  previous 
abscesH,  ami  therefore  llie  consideration  of  one  IcwIb  dl- 
n-ctly  to  that  of  the  other.  Like  the  abscesses  from  which 
they  arise,  such  Ustutie  may  well  l)c  divided  into  super- 
lieial  and  deep;  or  into  thim>-  of  the  anus  which  arc  iiub- 
I'littini-ouH  and  involve  at  most  only  a  few  fibres  »f  tlw 
exti-mal  spliineler,  and  those  of  the  rectum  and  pelvis, 
which  ojH-u  Into  the  bowi-l  at  a  Idghi-r  point  or  ou  tlw 
surfarn  at  a  considerable  distani-i-.  perhaps,  from  tbe 
anus.     Both   the   BUiM'rtlHnl  and   direp  mav  ls>   divided 


plele 
liowHamloN  [he - 
ou  the  skin:  uii'l 
onlv  within  tli<'  t>.. 
list'ulie  diHiT  ^'i.: 
them  the  tiuek  is 
and  tlu- external  oi 


the  skill  bi'<o[.u3  r.'il  smi  (iHl.ni.ilniis,  HxiU'liiiiri^ 
large  part  iif  the  butliK'k,  itic  iMiiii  it  \iry  si'vi 
rectal  exuniluat ion  isiiu|ioMxible,     In  abscess  of  Ih 
Immcns)-  eolli-ctious  of  p»H  may  form  and  burrow 
direetiim.     In  men  tlie  pus  geiu-rally  follows  the 
of  the  bowel,  involvi-s  wteondarily  the  Uchlo-rc>etal  fossa, 
and  inakesitsway  tbrtiugh  theskiuat  souk- <liataiH'e  fmni 
the  anus,  possibly  over  the  trochanter  rir  out  on  the  hut- 
to<'k.      In   women  it  Is  more  apt  to  pursue  a  eoiitmr; 
course,  and  usually  bursts  through  the  reetuin  or  the  va 
giua.      An  aliscess  of   the  isi.-hio-reetiil  fossa   geiieralli 
breaks  both  u|ion   the  lulaiieous  NUrfaee   and  into  lln 
bowel  at  some  distance  froni  the  anus,  while  one  in  tin 
mate  pt-lvis  la  just  iis  likely  to  open  into  the  bladder  o 
the  peritiHienl  cavity  as  into  the  bowel. 

The  great  qiicMtion  in  tn-alingan  alwci'ss  of  the  ischio- 
rectal ftiKsa  is  to  prevent  the  forniatiiai  of  a  tistula.     This   . 
<-an  generally  l>e  dune  if  tlic  pnijier  <-ounM-  Ih-  folkiwiii. 
but  the  tn-atment  must  Ih-  prompt  and  elllcicnt.     It  eoii- 
sists  in  etherizing  the  jmlient  as  sihim  as  IlK-diagniisiK  is   i 
made.  and.  without  wailing  for  lluetuation  or  i>ven  for   ' 
the  fonnatiou  of  pus.  Id  making  a  free  ineisiou  into  the   | 

30-t 


open  IkiIU  intu  the 
I'ltiid.  which  open  only 
.1'  li  have  iin  opening 
I )iep  or  subiiiuHcular 
luiii  and  gravity.  In 
II  ilotilile  or  brnuchlng. 
far  away  from  the  anus. 
The  whole  perim-um  and  even  the  gluteal  region  will 
soiiH-times  Ik-  found  pierr<il  with  ojH'nings.  In  thi-4e  tlie 
internal  oritit-iMhs'snot  in  all  cases  mark  the  superior 
limit  of  the  tistiiUius  track.  This  may  run  up  a  distance 
'rul  Jnelies  alongside  the  bowel. 

*'     ~ 'mlirane,  while 

tlie  internal  ori- 
fice is  only  just 
within  the 
sphhicti-r  (Figs. 
2W  and  230). 

Blind  iatemal 
flstulie.  or  tliose 
wliieh  haro  an 
opening  onlv 
Into  the  bowel, 
have  a  smne- 
what  special 
p  a  t  li  o  1  o  g  y. 
When  sucir  « 
Dsiula  is  cauK-d 
by  an  aliscma.  tt 
•Miir-  '"  g<^nen»lly  one 
I  tbe  of  the  deep  va- 
riety, whIcK  luu 
opeu<.-i)  into  tlw 
n'eluin  high  up 
4-  and  contiuttes  to 

discharge  in  thh 
r.  lie  the  n-sult  of  ulcem- 
isci|iient-e.  A  small  ulcer 
II  |H.'rf[initi-  the iiiuf-oiiN  nieinbraiH:  and  result  in 
'iL  may  Ih-  diii-  to  M-vi-ral  causi-s:  to  rupture 
d  inli-rnid  liemorriioid :  to  the  iutlamniatiun 
iiicunie  just  iilMivelhr  sphincter — an  inflam- 
il  by  the  loilgmcnt  within  it  of  an  irritatiog 
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pMtide;  to  the  application  of  strong  acids  oranyotlior 
tmumatlMn;  or  to  tuberculous  ulceration.  Such  a  condi- 
tion iB  a  very  painful  one.  The  opi'uiug.  which  may  Ix* 
large  enough  to  reveal  a  distini't  loss  of  substance  to  the 
touch,  catches  and  retains  partich's  of  fn>ces,  which  cause 
a  burning  pain  that  may  last  many  hours  after  defc^rat ion. 
As  a  result  of  the  ulcer,  an  abscess  forms  after  a  time, 
and  is  accompanied  by  the  usual  symptoms.  When  this 
is  small,  and  the  indumti<m  not  ext(^nsive,  a  speculum 
examination  may  n^veal  the  ulcer,  but  the  truck  and  the 
abscess  may  escap<^  detection — a  mistake  which  will  n-n- 
der  all  tn,»atmeut  dinnted  towanl  the  cure  of  the  ulcer 
futile.  There  may  Ix*  several  ulcers,  only  one  of  which 
has  a  fistula  conui>ctHi  with  it. 

A  flstula  may  heal  si)oiitaneou.sl\'  or  after  very  slight 
stimukition.  but  such  cas«»s  are  very  rare.  Si'tting  them 
aside,  w(>  arif  bnm^rht  to  the  ({uestion  which  will  often  hv 
askeci  by  the  imtient.  and  which  the  surgeon  may  not 
always  be  able  to  an.^iwer  to  his  own  stitisfac^tion.  viz.. — 
whether  or  not  it  is  always  iM'st.  or  even  safe,  to  attempt 
a  cun».  In  certain  eas****  of  Bright 's  disea.K4>.  cancer,  car- 
diac and  heixitic  a  ffe<*li<»ns.  etc..  all  surgical  interference 
may  be  pUimly  contmiudicatcHl;  but  the  question  is  most 
aptto  arise  in*  conmrt  ion  with  tulKTculosis.  Pei-sonally 
I  always  oiH'ratc  on  tulwn-ulous  fistulie  if  I  believe  the 
disease*  is  not  t<M)  extensive  to  {U'rniit  of  healing.  Nf) 
cautious  practitioner  wcmld  think  of  o]H'rating  on  an  okl 
case  of  disea.se  which  was 
quiescent  and  musing  litth* 
trouble,  in  a  person  sulTeriug 
from  vcrj' advanced  or  rapid- 
ly advancing  lung  trouble. 
Cough,  when  violent  and  fre- 
((uent.  is  a  dH'ided  contra- 
indication, interfering,  as  it 
most  certainly  d<H*s,  with  the 
healing  of  the  wound.  The 
sphincters  should  be  int<'r- 
fereil  with  as  little  as  pi»ssi- 
ble,  fi»r  tlH'y  are  apt  to  Iw 
weak  at  tlu*  U'st :  and  the 
general  lu^lth  of  the  patient  pio.  230. -<^peratlrm  for  Ftotuls 
must  in  no  way  Iw  impanid  with  <i«nret.  (Bernard  and 
bv  the  confinement  necessary,  Hueu*'.) 
ahcr  an  operation,  to  H'cure 

healing  of  the  woun<l.  When  the  fistula  is  of  recent 
origin,  and,  as  is  m(»st  often  the  ca.se.  attended  by  a  good 
deal  of  undermining  of  tin*  skin  and  profus<'  disr'liarge. 
much  may  Ix*  done  for  the  patient's  reli<'f,  and  in  the 
majority  of  cases  a  cure  can  be  established  without  any 
but  go(xl  results  as  n-pinls  the  lung.s. 

The  prevailing  idea  that  in  order  to  cure  a  fistula  it  is 
neccasary  to  divide  the  sphincter  niusele,  is  often  carrietl 
toaharniful  extn'ine.  Shiny  of  them  may  be  eured  by 
much  simpler  m(*ans.  an<l  many  of  them  cannot  be  cured 
«ven  by  this  one.  There  is.  in  faet.  no  rule  wliieli  applies 
to  all  cases.  Many  sinu.ses  in  this  part  of  the  ImhIv  are 
curable  by  the  well-known  means  wiiich  are  used  in  gen- 
«ral  surgery — free  drainage  and  stiniulati(»n.  Injretions 
of  ifMlinc  of  nitmte  of  silver,  the  application  of  nitnite  of 
silver  fus<fl  on  a  pn)be.  or  of  strong  carbolic  acid,  the 
introduction  of  a  fine  sea-tangle  tent,  of  a  drainage  tube 
or  of  a  galvano-cautery  wire,  may  any  of  tlicm  prove  to 
beefTcHJtual  cumtive  agencies,  but  tin  y  are  so  more  <>ften 
in  cases  of  suix>rficial  tistii1:e  which  do  not  conininnicati' 
with  the  lM>wel  than  in  the  der]»cr  ones.  In  complete 
flstuldf.  when  not  t(»odeep.  the  l)est  operation  is  that  of 
incision  with  the  knife.  The  mode  of  procedure  in  this 
operation,  as  well  as  that  of  employ  in  ir  the  gorget  or 
large  wcMsh'n  director  to  cut  upon,  which  i>  often  of 
gn^t  a<l vantage,  is  .siiown  in  Fiir.  'JoO. 

When  no  internal  opening  can  be  fnund.  but  the  mu- 
cous membmnt*  feels  imderniined.  and  the  probe  can  be 
felt  by  the  finger  in  the  re<-tun),  se|»:irated  only  by  a  thin 
'ayer  of  nuieous  inend>nine.  it   is  a  irood  plan  to  t'oiee  an 
ntemal  oix'ning  and  treat   theli^iula  a>«  tliouirli  ii  were 
omplete.     When  there  are  two  ifitenuil  opiniiiL^s.  both 

lould  be  incbuh'd  in  one  inci>ion.     \\  hen.  after  the  in- 


cision, the  dis(>tise<l  integiunent  is  found  to  overlap  tJa 
cut  and  fall  into  it.  it  sh<mld  lx>  cut  away,  and  in  ohi 
tracks  the  healing  may  Ix'  hasteniMl  many  (lays  by  thor- 
oughly scraping  out  the  lanlacecms  wall  with  theliandle 
of  the  scalpel,  or  by  scarifying  it  in  several  plac(*s  so  tliat 
a  In^althy  re|mrative  action  may  lx»  set  u\^.  Where  the 
fistulous  tracks  exist  in  great  numtx*rs — twenty  or  thirty 
in  some  cast's — it  mav  be  advisable  to  do  two  or  thm* 
operations  at  intervals,  rather  than  attempt,  at  a  single 
sitting,  mon*  than  the  patient's  strength  is  able  to  bear. 
In  such  eas<*s  there  will  generally  Ix*  found  two  or  thni* 
tracks  which  are  primary,  the  othera  Ix'ing  merely  off- 
shoots fioin  these,  and  each  main  track  with  its  branches 
miw  bi'  divi(h*<l  in  ime  operatiim. 

Fistula!  of  the  blind  internal  variety  can  only  be  dealt 
with  rationally  bv  incision. 

FissiiiK  AND  Cix  KII.VTION. — The  many  diffen*nt  varie- 
ties of  non-malignant  ideers  which  an*  m<'t  with  at  the 
anus  and  within  tlu^  rectum  may  lx>st  Ix'  I'lassified  in  the 
following  groups:  simple,  dysenteric.  tulx*reuh»us.  vene- 
real, and  nxlent. 

Simple  ulcers  are  always  of  traumatic  origin,  and  the 
most  fn-quent  injury  to  which  the  rectum  is  subject 
is.  {x'rhaj)s,  that  arising  fn>m  the  ])as.sagi*  of  haniened 
fares.  From  this  caust»  alone,  or  partly  also,  in  some 
cases,  by  reastm  of  the  fact  that  they  protrude  fnnn 
th<.'  anal  orifice,  the  hemorrhoidal  tumors  may  lx*come 
ulcerated  for  a  considerable  extent.  Fn>m  this  cause 
also  a  fis.sure  is  often  pr(Nlueed  within  the  gra.s]>  of  the 
.sphincter.  Another  fretiuent  caus4>  of  iniury  is  the  im'S- 
ence  <»f  fon*ign  bixlie.s,  eithi-r  fish  bones,  «late  stones,  etc.. 
which  have  Ikhmi  swallowed :  or  larg«'r  substances  which 
lu  ve  been  intHKluced  jHf  anmu.  An  ulcer  of  the  rec- 
tum is  oft<'n  caused  by  surgical  interferenc<\  such  aso|XT- 
ations  upon  hemorrhoids  or  fistuhe.  or  unsuitable  appli- 
cations to  fissures  or  a  pn>lapse;  and.  in  women,  exten- 
sive ulceration  and  subse(|Uent  stricture  may  be  cause<l 
by  bruising  the  rectum  lN>tween  the  hiiid  <)f  the  f(etus 
and  the  siuTum.  in  {Nirturilion. 

An  injury  <lue  to  s<mie  of  the  causes  alniidy  meution(*d 
may,  in  certain  jX'rsons.  and  when  IcM'ated  at  ih<'  verge  of 
the  anus.  as.sume  thecharai-ters  of  an  atfectiim  which  lias 
Ix'cn  elevated  into  a  se|>arate  class,  and  is  known  as 
fi.Hsure.  or  irritabh»  ulcer.  Tin*  irritable  u1c*t  differs  in 
no  H'spect  from  other  simph'  ulcers  in  the  same  hntdity. 
except  in  the  fact  of  its  irritability.  Then*  is  nothing 
lM*cuiiar  in  the  uh'er  itself.  It  may  Im>  due  to  a  slight 
rent  in  th(>  mucous  membrane  from  hard  fa'ces;  to  a  con- 
g(>nital  narrowness  of  the  anal  orifice  and  a  naturally 
over  powerful  .sphincter;  to  the  irritation  of  a  leucorrhteal 
discharge  in  women:  to  an  her|X'tic  vesicle:  or  to  the 
venereal  son*  which  it  so  strongly  n'S(>nd)les.  the  soft 
chancre.  Any  sore  which  is  fairly  in  the  grasp  uf  the 
external  spliinct<*r  is  apt  to  iM'Come  an  irritable  or  minful 
one:  and  a  ti.s.sure  may  Ih>  [minless  at  one  tune  and  pain- 
ful at  another  in  the  stune  ]N'rs<m:  or  painh>ss  in  one  per- 
son and  painful  in  another.  An  ideer  asscx'iated  with 
contracture,  sjmsm,  irritability,  ptiin.  and  sometimes 
even  with  actual  hyix-rtrophy  of  the  sphincter,  is  what 
is  known  pro|MTly  as  an  irntable  one;  but  a  fissure  may 
be  present  without  eX(*iting  any  of  these  symptoms. 

1  hese  uh'crs  an*  generally  situated  at  the  posteri(»r  com 
mis.sun',  but  thev  mav  be  found  anvwhen>on  the  anal  cir- 
cumfen*nce.  They  an*  generally  single,  but  then*  may  be 
two  or  thn'c.  more  especially  when  they  are  of  venereal 
origin.  They  are  more  (*onnnoii  in  women  than  in  men. 
bccau.se  constipation  is  more  common  in  the  former  and 
because  tin*  skin  is  more  delicate.  Thev  are  conlined  to 
no  age  and  are  by  no  means  relatively  nire  in  infants. 
TIm'V  are  genemlly  oval  in  sha]ic  with  the  lonn  axi*^  vcr 
ticaf.  and  involve  both  skin  and  mucoiis  membrane,  being 
situated  ju.st  at  the  jun<-tion  (»f  the  two.  In  soiue  ca^^es 
they  have  tlH>  appearance  of  a  sini]»le  erosion,  in  others 
that  of  anohl  ulcer  with  irnivish  Iki^^c  and  indurated  edges 
which  has  involved  the  ihicknessof  the  mucous  membninc 
and  has  extended  fairlv  down  to  the  mus<'le  beneath.  In 
the  majority  of  cases  they  are  not  attended  by  suppura 
tion  or  the  discharge  of  pus.  but   they  are  apt  t(»  bleetl  a 
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little  on  alight  provocation.  They  are  often  attended  by 
small  polypi  attached  near  their  upper  end,  or  on  the  op- 
posite side  of  the  bowel,  the  presence  of  which  may  coun- 
teract all  curative  measures  directed  to  the  fissure  alone. 

The  ulceration  which  rt*sults  from  a  surgical  operation 
or  from  a  foreign  body  is  easily  recognized.  Those  which 
result  from  acute  and  chronic  eczema  and  from  pniritus 
are  generally  due  to  the  injury  inflicted  by  the  nails  of 
the  sufferer,  and  present  no  special  characteristics.  An 
eruption  of  herpes  around  the  anus,  similar  to  what  is 
seen  on  the  lips,  may  result,  after  rupture  of  the  primary 
vesicles,  in  numerous  small,  superficial  ulcers  of  a  reddish 
color,  secR'ting  a  little  pus.  1  hese  may  coalesce  at  their 
edges  and  form  a  serpiginous  sore.  They  must  be  care- 
fully distinguished  both  from  mucous  patches  and  from 
soft  chancres. 

From  what  has  been  said  of  the  etiology  of  these  simple 
ulcers,  it  is  plain  that  the}'  must  present  many  variations 
in  appearance;  yet  the  diagnosis  of  each  from  the  other, 
and  of  the  whole  class  from  those  which  are  to  follow, 
will  not  genenilly  be  found  difficult  if  proper  attention 
be  given  to  the  history,  the  appeanmce  of  the  lesion,  and 
its  coui-se.  The  disease  is  generally  of  a  healthy  type, 
and  tends  to  self -limitation  and  spontaneous  cure,  rather 
than  to  increase.  The  ulcerative  action  is  generally 
superficial,  and  tends  to  spread  on  the  surface  mther  than 
in  depth.  The  ulcer  itself  is  generally  surrounded  bv 
the  signs  of  reparative  action,  and  with  proper  care  will 
undergo  cicatrization,  the  result  of  which,  when  the 
ulcer  has  a  large  area,  will  be  a  strictun?  of  the  rectum. 

In  dysenteric  ulceration  the  diseased  portion  of  the 
lx)wel  becomes  infiltrated  with  fibrinous  exudation,  and, 
as  a  result  of  the  pressure  which  this  exercises,  it  under- 
goes necrosis  and  sloughs.  There  results  a  loss  of  sub- 
stance, and  if  this  is  superficial,  the  nuicous  membrane 
may  regain  its  former  state:  but  if  it  is  deep,  the  usual 
cicatrix  is  produced,  and  this,  when  of  sutticient  extent, 
will  cause  stricture.  The  .stricture  arising  from  this  form 
of  ulceration  is  sometimes  verv  extensive. 

The  characters  by  which  tuberculous  ulceration  may  be 
i*ecognized  are  the  following:  a  pale  red  surface,  covered 
with  a  small  quantity  of  serum  but  devoid  of  healthy 
granulations  and  having  a  varnished  appearance:  the 
absence  of  surrounding  inflammation:  a  tendency  to 
spread  in  depth  rather  than  on  the  surface;  the  absi»nce 
of  any  marked  pain ;  the  regular  outline  ending  abruptly 
in  healthv  skin:  the  chronicitv  of  the  disease:  and  the 
utter  failure  of  all  treatment  to  arrest  its  course.  The 
diagnosis  may  be  confirmed  by  the  microscope.  A  tu- 
berc\ilous  ulcer  starting  in  the  rectum  may  end  in  j>er- 
foration  and  fistula — a  fistula  with  large  internal  open- 
ing.— and,  as  a  matter  of  coui-se,  the  usual  operation  in 
such  a  case  would  be  followed  only  by  disiippointment. 
Such  )in  \ilcer  has  also  been  known  to  caus<*  sudden  death 
from  hemorrhage.  The  treatment  should  either  be  sim- 
ply ])alliative.  or  else  should  aim  at  the  com])lete  removal 
of  the  tubercuUnis  deposit,  either  witli  I  Ik*  cautery  or 
with  the  knife. 

Under  the  title  of  fsthiomine  (lupus  exedens  of  the  ano- 
vulvar  region)  a  number  of  phagedenic  ulcerations,  com- 
plicated with  more  or  less  hyiiertrophy  of  the  nature  of 
elephantiasis,  have  been  descrilxHl.  and  thus  nuicli  con 
fusion  has  been  caused.  The  term  should  be  <lrop]u'(l 
from  our  nomenclature  as  having  no  detinite  me;ining. 
The  ulceration  whicli  is  subse(|Uently  attendrd  by  so 
much  hypertrophy  connnonly  starts  from  the  extmial 
organs  of  generation  in  the  female,  and  invad<s  tin-  anus. 
rectum,  and  vagina  secondarily.  It  is  almost  never  seen 
in  men.  Its  favorite  starting  point  istlie  perineum,  and  it 
may  be  superficial  or  perforating,  and  may  produce  great 
loss  of  tis.sue.  turning  the  rectum  and  vagina  into  one 
cavity.  In  the  late  stage  (►ther  ulcers  ;ire  apt  to  appear 
higher  up,  causing  diarrhcea  ami  sometimes  peritonitis: 
but  whether  these  are  simply  follicular,  or  an*  due  to 
further  deposits  of  lup\is.  has  not  been  (htcrnnned.  The 
ulcer  is  irregular  in  outline,  with  a  graniilar  base  of  a 
violet-red  color,  and  there  is  a  slight  siinious  discliargc 
The  edges  are  but  little  elevated,  and  are  not  undermined. 


and  there  is  more  or  less  hypertrophy  of  the  surroundinf 
tissue,  and  this,  in  some  cases,  is  exceedingly  well  marked. 
The  ulcer  may  cicatrize  in  part,  the  cicatrix  being  thin 
and  white,  and  at  the  same  time  the  ulcerative  process 
will  be  found  to  extend  in  the  opposite  direction.  At  a 
little  distance  from  tlic  ulcer  there  is  often  a  pathogno- 
monic appearance  of  slightly  reddish,  hard  nodules  of 
tuberculous  lupus,  separated  from  the  primary  sore  by 
lu^lthy  skin.  With  this  amount  of  disease  tlie  constitu- 
tional disturl)ancc  is  often  not  sufficient  to  confine  the  pa- 
tient to  the  house. 

The  diagnosis  is  not  generally  difficult,  although  the  dis- 
ease may  be  confounded  with  cancer,  or  with  phagedenic 
chancroid,  or  with  elephantiasis  accompanied  by  second- 
ary ulceration.  It  is  best  distinguished  from  cancer  by  the 
cicatricial  bands  which  it  leaves  behind  in  its  ineffectual 
attempts  at  healing,  and  from  chancroid  by  the  sur- 
rounding tubercles,  which  in  lupus  develop  in  the  thick- 
ness of  the  derma  and  ulcerate  secondarily,  while  the 
ulcers  which  surround  a  chancroid  arc  ulcerous  from  the 
first,  being  due  to  secondary  inoculation.  The  duration 
of  the  dise4ise  is  indefinite,  and  it  seldom  leads  to  fatal 
results.  It  is  best  treated  by  destructive  cauterization 
and  raclnge. 

There  are  several  varieties  of  ulceration  of  the  rectum 
and  anus  of  venereal  origin.  Without  attempting  to 
decide  upon  the  specific  character  of  the  inflammation 
which  may  follow  the  contact  of  the  gonorrhceal  dis- 
charge, I  may  properly  call  attention  to  the  severity  of 
that  inflanmiation  and  to  the  fact  that  it  may  cause  ul- 
ceration and  probably  sul>sequent  stricture.  During  the 
height  of  the  disease  the  rectum  is  hot,  red,  swollen,  and 
granular,  and  there  is  an  abundant  purulent  discharge 
i.ssuing  in  clots.  The  irritation  of  this  may  cause  erosions 
and  fissur€»s  which  may  reach  a  considerable  size,  or  a 
previously  existing  fissure  may  become  inoculated  in  this 
way  and  may  increase  in  extent. 

One  of  the  most  frequent  of  all  the  superficial  ulcera- 
tions at  the  anus  is  the  chancroid.  It  is  much  more  com- 
mon in  females  than  in  males,  constituting  one  in  nine  of 
all  cases  of  chancroids  in  the  former,  and  one  in  four 
hundred  and  forty-five  in  the  latter.  To  account  for 
this  greater  relative  frequency  it  is  only  necessary  to  re- 
member the  frequency  of  aceidenttil  contact  of  the  male 
organ  in  eoiti(m,  and  the  facility  of  autoinr^culation  due 
to  the  proximity  of  the  vulva.  These  ulcers  are  seen 
either  on  the  skin  around  the  anal  orifice  or  just  within 
the  canal,  and  show  a  decided  t^'udency  not  to  pass  be- 
yond the  internal  sj)hineter.  They  may  be  single  or  mul- 
tiple, and  may  be  situated  at  any  point  in  the  anal  cir- 
cumference, or  may  completely  surround  it.  When  sev- 
eral such  \ileers  have  coalesced  the  suffering  nmy  be 
I  severe.  The  sores  have  the  Siune  characters  as  those  which 
they  present  in  other  parts  of  the  bcnly,  and  the  class  of 
women  upon  whom  they  are  foimd  is  an  aid  to  diagnosis. 
If  any  suspicion  of  the  n'al  character  of  thest*  sores  exists. 
the  test  of  auto  inoculation  may  be  tried.  Ulcers  of  this 
variety  tend  to  spontaneous  cure  if  the  parts  are  kept 
clean.  In  some  eases,  however,  judieio\is  cauterization 
may  be  found  necessary.  No  matter  how  completely 
the  ulcers  may  have  involved  the  anus  or  the  skin  aroimd 
it.  they  seldom  leave  any  trace  after  healing.  On  the 
other  iiand.  the  cure  may  be  delayed  for  months,  and  the 
sore  may  assume  a  chronic  type  due  either  to  the  co<*xis- 
teiiceof  someotlierdiseaseof  the  rectum,  or  to  a  syphilitic 
or  scrofulous  taint  in  the  j)atient. 

That  a  chancroid  may  extend  into  the  rectum,  cause* 
great  destruction,  cicalri/e.  and  leave  a  stricture,  sc^mus  to 
be  beyond  d«»ubr.  That  chancroid  is.  however,  the  niost 
connnon  cause  (if  those  grave  stric-tures  which  are  so  often 
met  with  in  women  who  have  had  syphilis,  and  which  are 
generally  known  as  ".*iyj)liilitie,"  is  by  no  means  proved 
and  is  no  longer  generally  accepted.  That  many  of  them 
are  not  due  t(»  tliis  cause  is  rendered  certain  by  the  fact 
that  they  are  often  found  in  women  beyond  the*suspici<m 
of  chancroid,  and  tlu-y  are  often  developed  late  in  the 
course  of  truesyj)liilis.  an*  not  ])receded  bvany  ulceratiot 
near  the  anus,  where  chancroids  are  usually  focateil,  and 
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do  have  their  starting  point  in  an  ulceration  well  above 
the  internal  sphincter. 

True  chancre  at  the  anus  is  not  very  uncommon. 
P*robably  many  more  of  them  exist  than  are  ever  diag- 
nosticated, because  they  cause  so  little  local  trouble. 
True  chancre  within  the  rectum  is  so  rare  as  to  be  almost 
unknown,  and  the  difficulties  surrounding  its  diagnosis 
are  very  great.  The  appearances  which  it  presents  would 
scarcely  be  conclusive,  and  the  absence  of  any  other  pri 
mary  sore  would  need  to  be  absolutely  proved — something 
which  in  women  would  be  a  very  difficult  thing  to  do. 
Typical  cases  have,  however,  been  reported  (Hartley). 

One  of  the  secondary  manifestations  of  syphilis  is  to 
be  looked  for  at  the  anus  and  rectum,  viz.,  the  mucous 
patch,  not  an  infrequent  sign  in  the  former  locality,  and 
one  liable  to  take  on  ulceration  from  local  irritation. 
Generally,  however,  these  mucous  patches  are  devoid  of 
symptoms  and  disappear  without  treatment,  or  w^ith  sim- 
ple attention  to  cleanliness  and  the  use  of  an  astringent 
wash. 

Well-marked  cases  of  tertiary  syphilitic  ulceration  in 
the  rectum,  such  as  are  seen  in  the  mouth  and  throat,  are 
seldom  mentioned:  and  yet  that  they  may  e.xist  and  may 
cause  extensive  destruction  is  probable  from  analogy. 
Clinically  there  is  an  entire  absence  of  authentic  and  well- 
reported  cases. 

Rodent  ulcer  is  a  rare  disease  at  the  anus,  but  it  has 
been  occasionally  seen.  It  is  found  by  preference  just  at 
the  verge  and  extending  into  the  canal  from  this  point. 
It  has  the  same  characters  as  when  seen  on  the  face. 

Not  only  is  ulceration  the  most  common  cause  of 
stricture,  but  the  latter  is  generally  a  cause  of  the  former 
b^'  its  obstructive  action,  and  by  rt^ason  of  the  changes 
which  it  causes  in  the  nutrition  of  the  parts.  At  first 
there  are  dilatation  of  the  rectal  pouch  and  hypertrophy  of 
its  walls  above  the  seat  of  the  disease,  due  to  the  effort 
to  overcome  the  obstruction.  In  this  way  the  coats  may 
become  of  double  their  natural  thickness.  Next,  an 
ulcerative  action  is  set  up  in  the  mucous  membrane,  which 
begins  as  a  simple  congestion,  and  advances  to  complete 
destruction  of  the  tissue  over,  perhaps,  the  whole  circum- 
ference of  the  bowel,  and  for  several  inches  above  the 
stricture.  As  a  result,  the  muscular  layer  may  be  entirely 
denuded,  and  even  perforated,  at  a  considemble  distance 
above  the  seat  of  the  disease.  Finally,  the  gangrene  w^hich 
sometimes  follows  the  continued  fevers  and  is  particularly 
liable  to  affect  the  female  genitals,  and  the  more  severe 
forms  of  abscess  may,  by  their  extensive  sloughing,  end 
in  the  production  of  large  ulcerated  surfaces. 

The  symptoms  of  ulceration  are  quite  characteristic. 
In  simple  fissure  the  chief  one  is  the  peculiar  pain,  which 
may  be  constant,  but  is  always  increased  by  defecation. 
The  latter  act  itself  may  not  be  particularly  painful,  but 
afterward,  sometimes  almo.st  immediately,  sometimes 
after  a  short  interval,  the  characteristic  suffering  begins, 
and  may  last  in  mild  cases  an  hour  or  two,  or  in  severe 
ones  nearly  all  of  the  twenty-four  hours.  The  pain  is  de- 
scribed as  dull,  gnawing,  and  aching,  rather  than  lancinat- 
ing, and  will  often  extend  into  the  loins  and  thighs. 
Bleeding  at  stool  is  also  a  common  symptom,  and  the 
extent  of  the  fissure  is  no  indication  of  the  amount  of 
suffering  it  may  cause.  The  elemc»nt  upon  which  tlu*  pain 
directly  depends  i&  probably  the  exposure  of  nerve  fila- 
ments. Ulceration  within  the  rectum  is  also  attended  by 
a  train  of  symptoms  sufficiently  characteristic  to  render  its 
existence  extremely  probable  when  these  occur.  They  are 
morning  diarrhcea  of  a  peculiar  kind,  the  desire  for  a 
passage  coming  on  as  soon  as  the  patient  awakes,  and  the 
stools  being  at  first  mucous,  and  finally  containing  fteces, 
mixed,  perhaps,  with  blood.  After  a  couple  of  hours  these 
stools  cease  for  the  day,  and  nothing  more  is  felt  except 
occasional  pain  and  a  constant  uneasiness  in  the  part.  As 
the  disease  increases,  the  diarrha'a  will  return  in  the 
evening,  the  discliarge  of  bIo<Kl  and  mucus  will  increase  in 
quantity,  and  the  pain  will  become  constant  and  very  ex- 
hausting. It  is  scarcely  necessary  to  cull  atteution  to  the 
extreme  gravity  of  this  condition,  or  to  the  certainty  with 
which,  if  untreated,  and  sometimes  in  spite  of  the  best 


of  treatment,  it  will  end  either  fatally  or  in  stricture.  The 
picture  is,  unfortunately,  only  too  familiar,  and  a  case 
of  ulceration  within  the  rectum  is  perhaps  one  which 
calls  for  as  much  skill  in  treatment  and  yields  as  poor 
results  as  anything  in  the  range  of  surgery. 

The  diagnosis  of  the  presence  of  ulceration  is  not  diffi- 
cult if  sufficient  pains  are  taken  to  a.scertain  the  truth. 
No  ulcer  within  four  inches  of  the  anus  is  beyond  the 
reach  of  actual  touch  and  vision,  and  none  need  therefore 
escape  detection.  The  rule  is  simple.  If  the  sore  cannot 
be  felt  by  digital  examination,  ether  should  be  given,  the 
anus  dilated,  and  a  thorough  speculum  examination  made 
of  every  part.  In  everv  case  the  history  must  be  taken 
into  consideration  as  well  as  the  appearance  of  the  sore. 

The  treatment  of  fissure  should  in  the  first  place  be 
preventive.  In  those  persons  in  whom  the  skin  is  unusu- 
ally sensitive  and  liable  to  crack,  there  is  nothing  better 
tlian  daily  ablutions  with  cold  water  and  the  avoidance 
of  anything  which  may  tend  to  irritate  the  anus— such, 
for  example,  as  the  use  of  printed  or  rough  paper  after 
defecation.  A  fissure  may  often  be  cured  by  applications 
of  weak  solutions  of  nitrate  of  silver,  Goulard's  liniment 
on  a  pledget  of  lint,  an  ointment  of  oxide  of  mercury  (  3  ss. 
to  I  i.),  or  the  introduction  of  a  well-oiled  bougie.  I 
seldom  find  a  fissure  which  cannot  be  cured  by  this  line  of 
treatment  and  without  the  necessity  of  stretching  the 
sphincter ;  but  with  these  local  measures  must  be  combined 
the  greatest  possible  amount  of  rest  and  the  daily  adminis- 
tration of  a  mild  laxative  to  secure  an  easy  passage.  If 
the  pain  be  severe,  it  is  a  good  plan  to  have  the  evacuation 
late  at  night  just  before  retiring,  and  then  to  use  an  oint- 
ment of  bella<lonna  freely.  Instead  of  stretching  the 
sphinctx^r,  which  involves  the  previous  administration  of 
ether,  many  cases  may  be  cured  by  drawing  a  sharp  knife 
over  the  base  of  the  ulcer,  and  cutting  sufficiently  deep  to 
divide  those  fibres  of  the  sphincter  which  are  exposed. 
If  a  polypus  be  present  it  must  be  removed,  else  no  line 
of  treatment  will  be  of  any  avail. 

The  treatment  of  ulceration  within  the  rectum  is  a 
much  more  difficult  matter,  but  the  principles  involved 
are  the  same.  In  both  we  give  the  ulcer  rest  and  try  to 
avssist  nature  in  her  own  methods  by  warding  off  any  irri- 
tation which  may  interfere  with  the  work  of  repair.  The 
general  treatment  consists  of  ab.solute  rest  in  l)ed  and  the 
taking  of  fluid  diet.  Cod- liver  oil  may  also  Ik^  given, 
when  well  borne,  as  a  laxative  and  tonic.  The  local  treat- 
ment consists  in  various  applications.  Suppositories  serve 
a  goo<i  purpose  and  may  contain  any  drug  desin-d — tannin, 
iodoform,  bismuth,  opium,  belladonna,  etc.  The  practice 
of  introilucing  local  remedies  in  this  form  has  many  ad- 
vantages over  that  of  applying  them  by  means  of  a  specu- 
lum, for  the  mere  introduction  of  a  speculum  two  or  three 
times  a  week  is  apt  to  do  more  harm  than  the  remedies 
will  do  good.  Certain  good  results  may  be  gained  by  ap- 
plications made  in  the  form  of  enemata,  especially  when 
the  di.sease  is  high  up.  Three  pints  of  water  may  be 
thrown  into  the  sigmoid  flexure  through  a  long  rectal  tube, 
and  part^  imiy  be  reached  in  this  way  which  cannot  be  so  by 
any  other  method.  The  drug  from  which  the  best  results 
may  be  expect<*d  is  nitrate  of  silver  in  the  strength  of 
from  twenty  to  forty  grains  to  three  pints  of  water.  The 
application  of  pure  nitric  or  carbolic  acid  to  an  ulcer 
within  the  rectum  is  often  followed  by  inimcdiate  repara- 
tive action.  It  is  especially  indicated  in  syphilitic  disease 
which  has  failed  to  respond  to  constitutional  treatment. 

Stricture. — Stricture  of  the  rectum  may  be  congenital 
or  acquired.  The  congenital  will  be  referred  to  under 
the  head  of  Malformations.  Acquired  .strictures  may  be 
divided  into:  (1)  those  due  to  pressure  from  outside  the 
bowel;  (2)  spasmodic ;  (8)  inflammatory  :  (4)  cancerous. 

A  tumor  of  any  kind  in  the  pelvis  will  not  infrequently 
so  press  upon  the  rectum  as  to  obstruct  its  calibre.  A 
pelvic  inflammation  in  women  may  be  accompanied  by 
an  amount  of  exudation  which  shall  almost  completely 
occlude  the  rectum.  Medical  literature  is  full  of  such 
cases,  and  here  it  is  onlv  necessary  to  refer  to  them. 

Much  has  been  written  in  the  past  upon  the  question 
of  spasmodic  stricture,  but  the  condition  is  l(K)ked  upon 
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by  the  best  authorities  with  great  doubt.  Spasmodic 
contraction  or  stricture  of  the  external  sphincter  muscle 
is  not  an  unusual  condition,  but  spasmodic  contraction  of 
the  canal  above  that  point  has  always  been  a  matter  of 
belief  and  of  assertion  rather  than  of  demonstration.  It 
is  perhaps  too  much  to  say  that  spasmodic  stricture  never 
exists;  but  a  well-marked  contraction  within  reach  of  the 
linger,  which  can  be  plainly  detected  by  an  ordinary 
digital  examination,  and  wliich  disappears  under  anaes- 
thesia, is  rarely  seen. 

Amoni^  the  inflammatory  strictures  may  l)e  classed  the 
dysenteric  and  the  traumatic.  Dysenteric  ulceration  has 
already  been  spoken  of,  and  strictures  due  to  this  cause 
are  often  very  extensive  and  not  infrequently  multiple. 
Proctitis,  whether  acute  or  chronic,  when  sufticiently  se- 
vere and  attended  by  sufficient  changes  in  the  coats  of 
the  bowel,  causes  stricture  and  in  the  in<fst  frequent  eau/ne 
of  the  condition,  and  a  simple  traumatism  may  lead  to  this 
I'esult,  either  by  c^iusing  ulceration  and  cicatrization  or 
by  exciting  a  chronic  inflammation  in  the  submucous  con- 
nective tissue.  Among  the^e  traumatisms  may  be  enu- 
merated, surgical  operations,  foreign  bodies,  kicks,  and 
falls,  and  the  injury  produced  by  the  head  of  the  fa»tus 
at  birth. 

A  stricture  of  the  rectum  of  venereal  origin  is  rather  a 
matter  of  sunnise  and  supposed  analogy  with  what  is 
observed  in  other  parts  of  the  body  than  of  actual 
demonstration.  The  venereal  ulcerations  which,  by  sub- 
sequent cicatrization,  are  supposed  to  be  ca])able  of  pro- 
ducing stricture  have  already  been  referred  to.  They 
are  the  chancroid  and  the  later  syphilitic  ulcers.  As 
for  the  old  time  Honored  **  syphilitic  stricture  of  the  rec- 
tum," modern  pathology  teaches  that  it  is  a  simple 
chronic  hyi)ertrophic  proctitis  entirely  independent  of 
syphilis  and  due  to  any  one  of  the  various  causes  which 
may  excite  a  simple  intiammation  in  the  wall  of  the  bowel. 
The  process  usually  begins  in  the  submucosa,  the  ulcera- 
tion and  hypertrophy  being  the  natural  sequences. 

The  first  step  toward  t^stablishing  the  diagnosis  of 
stricture  of  the  rectum  is  to  make  an  examination  with 
the  finger,  and,  as  the  great  majority  of  strictures  are 
confined  to  the  lower  part  of  the  rectum,  this  is  in  itself 
generally  sufficient.  It  is  the  best,  safest,  and  least  painful 
of  all  the  means  of  diagnosis  when  properly  executed, 
and  yet  it  may  be  the  immediate  cause  of  death  when 
roughly  practist^d.  Where  the  seat  of  the  disc»ase  is 
within  reach  of  the  finger,  all  can  be  learned  in  this 
^yay,  as  a  rule,  that  can  be  learned  in  any  other,  and 
nothing  is  to  be  gained  by  a  painful  speculum  examination 
or  bv  the  use  of  a  bougie. 

AVhen  a  stricture  is  situated  high  up  in  the  rectum  or 
in  the  sigmoid  fiexure.  the  confidence  in  diagnosis  which 
comes  from  actual  contact  of  the  linger  with  the  disease, 
is  entirely  lost  when  any  other  method  of  examining  is 
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The  search  for  a  stricture  in  this  locality  must 

always  l)e  made  with  the  greatest  gentleness,  and  the  re- 
sult will  often  be  negative.  The  attempt  to  decide  the 
(piestion  by  the  use  of  bougies  is  altogether  unsiitisfac- 
tory,  and  by  no  means  free  from  danger. 

In  certain  eases  information  may  be  gained  by  the  use 
of  a  long,  cylindrical  speculum,  while  the  j)atient  bends 
over  a  chair  and  stmins  to  bring  the  j>arts  into  view  ;  and 
it  is  worth  remembering  that  a  full  inch  may  be  gained 
in  a  digital  examination  l)y  having  the  patient  stand  erect 
and  strain  down  ujxm  the  tinger.  Fortunately,  however, 
we  are  not  limited  to  these  means  alone  for  a  diagnosis. 
Most  strictun^s  in  this  pait  of  the  bowel  are  cancerous. 
their  presence  can  be  pretty  accurately  suiinised  from 
the  general  symptoms,  and  after  a  time  they  can  be  felt 
through  the  abdominal  wall  by  careful  ])alpation.  If  the 
diagnosis  cannot  be  made  in  tiiis  way,  and  the  symptoms 
justify  it,  there  is  but  one  means  left.  viz..  to*  make  a 
bimanual  pelvic  examination,  the  patient  being  under 
the  influence  of  an  amesthetic.  1  know  of  no  other  way 
than  this  by  which  a  stricture  of  the  sigiuoid  fiexure 
which  cannot  be  felt  by  external  manipulation  can  be 
certainly  recognized.  , 

The  treatment  of  stricture  of  the  rect\nn  is  both  con- 


stitutional and  local.  The  first  question  to  be  answered 
is  as  to  the  advisability  of  antisyphilitic  treatment,  and 
this  may  generally  be  answered  in  the  ne^tive.  The 
practitioner  who  considers  the  great  majont^'  of  strict- 
un;s  as  syphilitic,  and  indiscriminately  uses  mercury  and 
iodide  of  potassium,  will  be  mistaken  about  as  often  as  he 
who  l(K)ks  upon  most  of  his  cases  as  being  caocerous, 
and,  therefore,  incurable. 

There  are  various  means  by  which  the  comfort  of  these 
patients  may  be  increased  without  recourse  to  operative 
treatment.  The  most  effectual  of  them  will  be  found  to 
be  a  careful  regulation  of  the  diet  and  rest  in  the  hori- 
zontal attitude.  The  diet  should  be  mostly  fluid,  and 
preferably  milk.  The  bowels  should  move  daily  without 
straining.  Should  any  medication  be  necessary  to  effect 
this,  the  mineral  watere,  Rochelle  or  Glauber's  salts,  or 
the  compound  licorice  powder,  will  be  amply  sufflcient 
The  general  strength  must  be  carefully  supported,  and  in 
most  cases  in  which  it  is  well  borne,  cod-liver  oil  will  serve 
a  good  purpose.  When  obstruction  actually  exists,  much 
may  be  done  in  the  way  of  general  treatment  before  re- 
sorting to  operation.  Food  should  be  almost  absolutely 
suspended:  opium  should  be  given  in  lar^e  doses  to 
allay  peristalsis;  and  large  poultices  covenng  the  ab- 
domen will  give  great  relief  to  suffering. 

The  various  means  of  local  treatment  may  be  included 
under  the  four  general  heads  of   dilatation,  division, 
colostomy,  and  extirpation.     Dilatation  may  be  either 
gradual  or  sudden,  partial  or  complete.      The  use  of 
bougies  for  gradual  dilatation  is  an  example  of  good 
practice  originating  in  false  ideas.     The  bougie  is  in- 
tended by  its  presence  merely  to  excite  absorption  of 
organizable  matter,  and  if  the  pressure  be  too  great,  too 
long-continued,  or  too  frequently  applied,  it  will  cause 
more  than  sufiilcient  irritation  for  this  purpose,  and  will 
induce  Ag^dn  the  very  condition  it  is  intended  to  over- 
come.    The  rules  which  should  guide  the  surgeon  in  this 
plan  of  treatment  are  now  well  understood  and  generally 
admitted.     The  dilatation  sliould  be  intermittent  and  not 
constant.     Attempts  at  constant  dilatation  by  means  of 
a  bougie  of  any  sort  which  shall  remain  permanently  in 
place,  generally  result  either  in  failure  or  in  actual  disaster. 
The  dilatation  should  never  be  forced.     A  bougie  should 
be  chosen  which  will  readily  pass  the  stricture  without 
stretching  it,  and  if  there  be  any  doubt  in  the  operator's 
mind  about  the  proper  size  of  the  instrument  to  be  used, 
one  should  be  selected  which  is  too  small  rather  than  too 
large.     The  instrument  should  never  be  passed  oftener 
than  cm  every  alternate  day,  and  twice  a  week  may  be 
better  still.     Little  is  gained  by  allowing  it  to  remain  for 
any  length  of  time  within  the  gmsp  of  the  stricture.     In 
cases  as.sociated  with  much  ulceration,  dilatation  by  bou- 
gies is  very  apt  to  make  mattei*s  worse  instead  of  better; 
and,  if  they  are  used  at  all.  they  should  be  introduced 
with  the  greatest  gentleness.     As  to  the  kind  of  bougie 
to  be  us4'(l,  the  softer  and  more  flexible  the  better.     When 
the  stricture  is  within  reach  of  the  finger  I  invariably  use 
my  finger  instead  of  a  bougie.      The  patient  may  be 
greatly  relieved  by  this  method  of  dilatation.     It  rnust, 
however,  always  be  continued  indefinitely,  for  it  doi^s  not 
cuH'  the  disease.     A  rectum  which  has  once  been  the  seat 
of  an  old  stricture  can  never  be  made  as  it  was  Ix'fore  the 
disease  by  this  or  any  other  treatment.     But  though  the 
measure  may  not  be  cumtive.  it  is  perhaps  as  valuable  a 
palliative  as  is  at  the  command  of  the  surgeon,  and  by  it 
in  suital)le  cases  v,  patient  may  he  kept  in  comfort  for 
a  ]>erio(l  of  years.     It  is  applicai>le  to  all  benign  strictures, 
which  are  within  reach  from  the  anus;  but  when  the  dis- 
ease is  high  up  the  procedure  is  not  entirely  free  from 
danger. 

The  unsatisfactory  results  of  dilatation,  and  the  natural 
objection  on  the  part  of  Ix^th  patient  and  surgeon  to  the 
operation  of  colostomy,  have  given  rise  to  another  method 
of  treatment  which  within  a  few  years  has  assumed,  de- 
servedly, considenible  ]>roininence.  This  is  the  operation 
of  proctotomy,  or  coin])lete  division  of  the  stricture  by  a 
single  deep  incision.  The  operation  may  consist  either 
in  dividing  the  stricture  alone,  or  the  stricture  and  all 
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n  is  shown  in  Pig.  23t. 
i  turned  to  the  right  like  a  trap  door 
tmd  replaced  after  the  operation.     It  certainly  diminishes 


the  defonnitj-  of  ilie  pelvis  caused  by  tin-  op<'raiion, 
but  I  Iiave  always  thoUjEfht  it  also  Increased  the 
risk  liy  rendering  drninsgi-  les«  perfect. 

The  preliminnry  incisimis.  wliicli  are  shown  in  the 
aeconipanyin((  lUuKtraiiou,  should  be  completed  In 
a  very  short  rime.  Until  after  tile  end  of  the  sacrum 
ban  been  removed  no  ntienrion  neeil  be  given  to 
henidrrhage,  except  »uch  as  an  assistant  can  give 
bj[  making  pressnre  with  sponfies.  The  bleedinK 
will  bo  mostly  venonn  aud  not  very  severe:  most  of 
it  will  be  found  to  liftve  ceased  by  the  time  the  bone 
has  been  removed. 

Shorild  there  be  a  steady,  persistent  loss  of  blood 
from  Jrutl  under  the  Htiinip  of  rlie  snenini.  it  will  be 
from  the  sircrnl  pleMrs  of  veins  and  it  may  Ih-  very 
annoying.  It  may  be  cuntrolleil  by  the  pressure  of 
an  awtislaiit'n  tin^r.  or  by  a  long"  pair  of  forceps 
siiglitly  iiirve<1.  or  bv  n  llgiitun-  |msse<l  under  it 
with  a  needle;  but  tyliij;  in  the  itairat  way  without 
a  needle  is  o^en  inijiossihle.  Attention  is  ealled  to 
this  little  (Militt  lM<caus(<  it  is  ciften  a  tnntlilexome 
one.  AVheii  lire  rectuit)  has  iHi-n  reniovirti  the  bleed- 
in);  will  Kenerallr  lie  found  to  haveeeaKitl  ftpuntane- 
ously.  but  miieli  tinir'nrulniaiiy  ouiK-esof  bl<Hx1  niay 
be  loot  In  unsueeessriil  efforls'lo  liKatirre  thesi'  vcs 
ttels,  wlieit  tile  pressrtreof  an  assistanr's  linger  would 

TIk!  pelvis  is  now  fn><-1y  opene<1  ttiul  the  operation 
may  proeeiKl. 

First,  tlie  rectnni  should  lie  isolated  on  eai'li  side 
by  the  flnger.     No  ei;  ' 

will,  to  a  certain  i:\ 
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Any  forcible  111  tempt  to< . 

at  tliis  Mage  of  the  o|H-nilion  is  alteuih'd  by  gniit 
risk  of  mptiireaiHl  coiisiiiui-nl  soiliii>r  of  tlie  wouml, 
aiHlall  thatslimildbeattenipliilisgcnlleisiilaliiin  on 
eucli  side  bv  seimniiinf;  it  from  it-*  Iihiw  utiueh- 
ments  with  the  tlnjier.  and  disci ivcviuic  by  toiieli  the 
extent  of  tiie  disease  to  U-  ri'moved.  which  ciiu  gen- 
endly  l>c  easily  done  by  imljiutui;!:  the  IuIh'  as  it  lies 
in  the  wound. 

Tile  next  step   in   the  priK'iiluri'  slmuld   be  the 
delibi'rate  openli^  of  ttu-  perilimi'id  cavity  a&  ni^r 
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as  posBible  to  the  bottom  of  the  recto  vesical  or  recto- 
vaginal fold.  This  is  not  always  quickly  accomplished. 
OS  the  peritoneum  is  often  covered  by  a  considerable 
layer  of  connective  tissue,  snd  Ibis  may  be  nicked  eeveni 
times  at  various  points  before  an  entrance  to  the  fiw 
peritoneal  cavity  is  effected. 

As  the  operator  stands,  unless  he  is  ambidextrous,  tlie 
most  favorable  point  for  ojieniDg  into  tlie  cavity  will  be 
to  the  right  of  tlie  gut,  high  up  in  the  incision,  as  the  gut 
is  held  over  to  the  left  side  by  an  assistant.  Care  must 
be  taken  not  to  cut  into  tlie  gut  itself  instead  of  into  the 


index  finger  may  be  passed  into  the  cavity,  booked  uirier 
the^ut  from  riglit  to  left,  and  forced  out  of  the  peritoneum 
again  on  the  left  side  of  the  gut  and  into  the  wounil. 
In  this  way  the  upper  rectum  surrounded  by  its  peritii- 
Deal  layer,  with  its  torn  margin  which  went  to  make  the 
fuffbaof,  comes  into  the  woundand  the  gut  isfreed  fmm 
one  of  its  strongest  suspensory  ligaments. 

The  rectum  is  now  held  from  coming  down  onlv  by 
the  meso-rectum,  whieh  binds  it  to  the  hollow  of  the 
aacnim.  and.  while  gentle  traction  is  made  upon  it  with 
the  iiulex  finger  under  it.  as  I  liavc  described,  this  last 
obstacle  to  its  free  descent  may  l>e  cut  away ;  but  this, 
like  every  other  step  in  the  operation,  shoiild  be  done 
with  precision  and  without  violence. 

It  must  be  borne  in  mind  that  the  nutrition  of  the 
upper  end  of  the  rectum  after  the  removal  of  the  distasnl 
part  will  depend  entirely  upon  vessels  belonging  to  the 
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'I-  suliiring  of  thy  ends  of 
'  :ii  till  a  later  period,  ami 

itieial  anus,  as  shown  In 
:  ■^■■[iK-nt  plastic  oiK-ration 
■:  ili'ViM-d  ami  applied  for 
■■■wn  in  (be  cuts  (Figs.  238 

iiir  (-nd  by  a  colostomy  In 
ikI  n  subseiiuent  closure  of 
i;il  wound  has  hraled. 
— I'rdt-r  this  bead  may  tie 
ouiiylonialaaud  the  rorer 
.■iiinmata,  Obronula,  lipo- 
I  I  y«a. 

-  :<  iH-nign  tumor  composed 
•  iiii-uls  of  the  rcetal  wall ; 
.'(•■ouB  membrane  or  of  the 
Till-  former  Is  gc-ncrally 
!i'l  Ibe  latter  as  hanl  or 
'■'>  Fig  338,  and  Is  oft<-n 
liildbood:  tbe  latter  is 
polypus  of  adults, 
dislinctioiis  are  of 

!■<  of  the  soft  ruriety 

I  III-  dze  of  a  pigeons 

"   to  the   toiirii,  nwy 

under  tbe  flnger  nlili 

iii.ir.  and  luis  a  clutKgy 

r  nurfaee.    A  mienv 

iiiidlon  shows  it  lo  )h< 

liiiiK.  fine,  hifuniiled 

■iiirwilh  cylimlrieiil 

'nieglaiidiiliiroriid 

'■■l.vpus  (Fl^-.  *«»)  i* 

Mxi-of  a  Hiimll  plum. 

■I  pciir.  mid  vel  lUiij' 

■li|f*li   ii.li.r:     soiiir' 
'Hi'ii    rii.'iitiiiini:ili'rl. 
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may  know  tliat  lie  lias  us  surely  saved  the  life  of  BUch  s 
patient  as  if  be  liud  removed  a  cancer,  but  the  patient  mav 
not  appreciate  it,  and  inuy  be  tempted  to  compare  lifa 
lust  state  with  his  former,  even  tlioiieh  lie  may  Ik  cured 
of  hisdiseaseaod  have  gained  grenlly  m  flesh  anil  strength. 
Therefore  it  is  always  netUT  In  bring  the  upper  end  down 
to  the  site  of  the  natural  anus  n  hen  il  can  be  done  n  illi 
out  loo  much  danger  of  iil(>uf,hmg 

This  point  having  bLindeeiil'il  mn!  Un  pM  haling  been 
Hitedto  the  position  it  is  to  om  up    Hit  i  ikt  of  thi  pen 


FIu.SH.    Bn'tuai  tfu-r  Exdsloiu 

toneum  may  be  alleniii-d  to.  This  la  much  the  Bameaa 
in  an  ordinary  laparodmiy— hot  douclies  with  saiine  solu- 
tion, or  sponging  lill  all  fluids  are  removed  from  the  duep 
portions  of  the  wound. 

Should  the  operator  prefer  tc)  eloBe  the  optiiiiiig  into  the 

peritoneum  by  a  separate  catgut  suture,  Ihia-  should  next 

be  done.     1 1 

,    ditti 


r  of  the 
IhIwi'L     1  do 
nut.     how- 
ever, consider  this  sepBrate  suture  to  be  nccessiiry. 

The  end  of  Ihe  cut  should  next  lie  Hillehifl  lo'lhe  skin 
at  Ihe  point  decided  upon,  and  all  parts  of  the  wound 
sliould  be  drawn  together  aacarefiillv  iw  jinssiblebv  dpi'|) 
and  fluperflcial  sutiiri-s.  The  cavity  left  by  reniov.il  of 
the  rectum  is  too  large,  however,  fr)r  perfect  apposition 
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awl  a  draio  of  aseptic  gauze  should  be  passed  down  t(  .  _ 

deeper  pans.     Free  oozing  will  always  take  place  from 

the  bed  from  whkb  the  anal  portion  of  the  gut  has  been 

removed .     and 

tins  can  best  be 

stopped  by  a  few 

deijp  sulures  in 

Ihe  linal  rlosurc 

of   llie   wound. 

In  fact  it  often 

slop])ed   in   any 

Usually    a 

slurp  rise  of 
1 1  m  ptTBl  u  ri^— 4o 
l(r>  or  103,5^  P. 
hi  looked 


for  ( 


1  fa- 


II.  Sai.— TniM  lor  Sarrsl 


removal  of  the  di 


vorelik  casos,  at 

Ihe  end  of   the 

second  day,  but 

in  Ihnse  that  are 

lo  do  well  Ibis 

will  subside  in  & 

da\  or  twospon 

taneouslj    and  the   patient  will  make  an  uninternipt«<l 

good  recovery.     A  successful  case  may  be  Bltllng  up  at 

the  end  of  two  weeks,  and  several  of  ray  own  have  te- 

lumed  ti>  their  homes  at  the  end  of  Ihree. 
The  most  careful  end-to-end  suiuring  of  the  gut  after 

1  „i  .1.,  j: Bbould  always  be  pmclised. 

If  the  anus  Da* 
also  been  extir- 
pated, then  It 
very  careful  sut- 
uring of  the  end 
of  the  eut  to  Ui« 
skin   should  be 

Sractised.  The 
[urpby  butlna 
Is.  generally 
speaking,  not 
adapted  to  these 
cases  for  the  rea- 
son that  its  Buc 
ccssful  use  de- 
pi'uds   in    great 


securing  perito- 
nejtl  approxinia- 
tion,  and  there  is 
usually  no  peri- 
toneum on  the 
distal  end  of  the 
gut  after  extir- 
pation of   the 

When  the  aut  ■ 

g  fiiils  the  viLiit  wound  will  he  found  after  two  or 
V  iliiys  lo  lie  full  of  fetiil  gas.  pus.  and  fi-cal  matter, 
if  tlic  jinlient  is  fortunate  enough  lo-rerovcr  it  is 
L  u  ficiil  lictLilii  in  addition  to  the  anus  provided  by 

I  r',iK<'<  in  which  H  feCHl  fistula  ha.s  resulted  at  some 
il  in  ihi'  lini-  of  incision,  seeundary  plastic  operationa 
ol'lrii  siiict'ssful.  As  a  rule  the  gut  itself  must  be 
ccli-il  iiul  1111(1  elo.'ii.'d  with  l,ciiiljerl's  suture,  and  then 


Imwel  wilhout  rlosiiig  Ihe  opening  in  the  bowel  itself  is 
seldom  successful. 

Ill  ovoiiliiig  fecal  fistula  tnist  must  be  placed  entirely 
in  a  caii'ful  Hiiturinp  of  llie  cut  ends,  and  the  more  care- 
fully this  suiuring  is  done,  and  the  more  perfect  tbeanti- 
wplic  preeiiuliiins,  Ihi;  brller  chance  there  is  of  uoion 
without  a  large  fecal  abscess  and  subseijuent  fistula. 
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In  HinputatioQ  lliu  upper  euA  sboiild  be  brought  as 
dear  tUe  flite  ol  the  natUTiil  anus  as  posdble^  and  if  tlic 
sphiucter  Ims  been  left,  tliR  inside  of  tlie  anus  should  be 
viviSed  in  order  to  give  sonic  chance  for  union.  Fl'ChI 
listula  may,  it  is  true.  rcEult  in  any  ease,  but  Ibe  main 
object  of  tbc  opcTator  should  be  to  avoid  this  reault,  and 
liie  Diore  iliougbt  he  devotes  to  it.  and  the  more  perfect 
his  BntisepsLs,  the  less  likely  it  is  to  occur. 

f^ineteric  Atliva  J\fter  Ej^lirpatiuii . — Hony  attempts 
have  been  made  to  Bccure  this  very  dusinible  result,  but 
most  of  them  have  proved  ineffectuiLi.  As  a  rule  there 
will  l>e  no  sphinclenc  action  after  an  amputation,  and  all 
hopes  of  aphincteric  pcuveraflcr  deBlmctioii  of  the  musde 
upon  which  slone  it  depends  may  as  well  \x  abandoned 
first  Bs  last.  The  twisting  of  the  end  of  tlie  gut  before 
suturing  it  to  tbe  skin  may  do  something,  and  so  may  an 
opening  in  the  substance  ot  theglutu^us  niaxiiniis  muscle 
to  nhich  the  end  of  tlic  gut  is  sutured,  but  it  ia  best  not 
to  hope  for  much  from  thi.'Bo expedients.  The  main  thing 
to  Ik'  hoped  for  is  the  avoidance  of  any  contain inatioo  of 
Ihe  wound  with  fecal  matter,  and  1  can  only  say  with 
regard  to  my  own  practice  that  I  now  generally  expect  a 
patient  to  recover  from  Iheopcmtionof  extirpation  of  the 
irectum.  and  that  by  careful  attention  to  all  the  details  of 
antisepsis  and  careful  suturing  of  theend  of  the  gut  I 


of  death  after  my  own  opemli 

Many  complications  may  arise  during  an  o|)eration  for 
f^xtirpation  ot  the  rectum.  One  of  the  raosl  awkward  I 
have  ever  personally  encountered  was  to  find  a  rectum 
Bbsoluteiy  devoid  of  mcsenlery  and  bound  immovably 
to  the  hollow  of  the  sacrum.  All  aiteniplsio  get  it  loose 
and  bring  it  down  resulted  merely  in  stripping  up  one  of 
the  longitudinal  bands  of  muscular  fibres,  and  in  The  end 
I  lield  in  my  hand  six  inclies  of  stripped  and  iujured  gut 
'vrfalch  was  entirely  without  any  source  of  nutrition.  As 
I  was  about  to  abandon  tbe  operation  and  turn  the  pa 
tient  over  for  a  left  inguinal  colostomy,  it  occurred  to 
tne  to  make  use  of  a  loop  of  large  gut — piubably  the  upper 
freely  movable  part  of  tbe  sigmoid — ^which  during  a  great 
part  of  the  time  had  been  hanging  freely  in  tlie  nelif  and 
occasinnallvgettlugin  the  way.  This  wasdruirn  inlollie 
incision  ana  stitched  to  the  edgesin  much  the  same  manner 
us  would  be  done  in  ordinary  colostomy.  It  was  then 
opened  and  the  sectioD  between  this  opening  and  Ihe  end 
inigated.  Finally,  the  useless  end  of  the  gut  was  also 
niilched  to  the  incision  in  the  expectation  that  it  would 
Hlough  and  come  away,  as  it  did.  The  man  made  a  rapid 
and  uneventful  recovery. 

Another  complication,  though  not  a  frequent  one,  may 
be  found  in  the  consolidation  of  all  the  [Perirectal  tissue 
liv  intlummatory  changes,  in  cases  ot  old.  non-malignant 
ulceration  and  stricture.  Under  these  eircumstanccs  the 
isolation  of  Ihe  rectum  may  be  a  matter  of  the  greatest 
(lifBcuity.  and  beyond  the  powers  of  Ihe  inexperienced 
operator. 

Buch  in  brief  is  the  operation  for  extirpation  of  the 
rancenius  or  strictured  and  ulcerated  rectum.  The  most 
casual  reader  will  at  onee  be  struck  by  tbe  fact  that  it  ia 
nn  oiK;rHtion  of  absolute  precision,  very  diflen-nt  in 
character  from  the  old  one  through  the  perineum,  in 
nbich  a  more  or  less  blind  plunge  was  made  into  the 

Klvis  for  a  piece  of  (he  rectum,  and  in  which  Ihe  loss  of 
jod  depended  almost  entirely  on  the  speed  wilh  which 
the  operator  did  his  work. 

The  ojieration  descriixKi  may  bt^  done  l\vanexi>erienced 
ninn  in  about  forty-five  minnles,  and  the  resulting  mor- 
tality nil!  ilcpend  much  mure  on  lieeplng  fecul  mutter 
and  other  intestinal  contents  out  of  the  woimd.  both  dur 
!ng  the  operation  and  during  the  first  days  of  healing, 
tlun  upon  the  amount  of  shock. 

My  own  first  statistics  showed  the  full  death  rate  ot 
thirty  per  cent.,  but  by  attention  to  the  details  given 
above  this  has  gradually  been  reduced  until,  at  Ibis  time 
of  writing,  I  have  hod  no  death  in  the  last  seventeen  cases. 

A  wound  into  the  vagina,  though  always  to  be  avoided 
wbeu  poMlble,  may  often  be  neceaaary  in  oi-dtr  fully  to 


remove  the  disease.  Such  a  fistula  may  be  closed  during 
the  operation.  A  wound  of  the  urethra  lu  (he  male. 
when  slight,  fs  to  be  treated  us  though  the  patient  iiod 
submitled  to  an  external  urethrotomy,  viz.,  by  the  fre- 
quent passage  of  the  sound  to  prevent  contraction. 

When  a  large  piece  has  been  taken  from  the  urethral 
wall,  a  permanent  recto- urethral  fistula  is  the  necessary 
result,  and  tbe  danger  of  fatal 
infiammatory  action  is  greatly 
increased  from  llie  pvi-wnei.'  of 
the  urine  in  the  reciul  wnuiid. 
Wounds  of  the  periloneum  may 
or  may  not  be  sutured  wilh  cat- 
gut, as  the  ojieralor  prefers.  As 
for  tbe  cases  reported  by  Nuss- 
baum  and  others,  in  which  the 
whole  neck  of  the  bladder,  tlic 


removed,  and  tbe  patients  have 
lived  for  years  in  comfort,  they 
are  merely  curiosities  of  litera- 

In    certain    cases    in    which. 
from   Ihe  extent  of  rectum  re 

moved,  it  is  impossible  to  draw  tbe  ends  together,  or 
in  whicli,  from  the  tightness  of  tlie  stricture,  it  has  been 
found  impossible  to  empty  tbcbowel  above  of  ficces.  or  in 
which  the  wound  has  become  soiled  wilh  the  same  duriDg 
operation,  Kiaske  postpones  the  suturing  of  the  ends  of 
the  gut  at  tbe  posterior  segment  till  a  later  period,  and 
forma  a  provisional  sacral  artificial  anus,  as  shown  in 
Figs.  334.  239.  For  this  a  subsequent  plastic  operation 
is  necessary,  Hochcnegg  has  devised  and  applied  for 
use  in  these  cases  tbe  truss  shown  in  the  cuts  (Figs.  230 
and  m). 

Sciiede  accomplishes  the  same  end  by  a  colostomy  In 
tbe  groin  after  the  n-section,  and  a  subsequent  closure  of 
the  artificial  anus  wlien  the  sacral  wound  has  healed. 

NoN-M.u.ioSANT  Gkowtiis. — Under  this  liead  may  lie 
included  polypi,  vegetations,  condylomata  and  the  rarer 
examples  of  benign  fungus,  eummata,  fibromata,  lipo- 
mata,  and  the  various  forms  of  cysts. 

A  polypus  may  be  defined  asa  benign  tumor  composed 
of  one  or  more  of  the  normal  elements  of  the  reclal  wall ; 
an  hypertrophy  eiilier  of  tlie  mucous  membrane  or  of  the 
submucous  connective  tissue.  Tbe  former  is  generally 
spoken  of  as  soft  or  villous,  and  Ibc  latter  as  hard  or 
fibrous.  The  former  is  shown  in  Pig  SSa,  and  is  often 
spoken  of  as  Ilie  polypus  of  cbiltUiood;  the  latter  is 
"kuown  as  llie  polypus  of  adults, 
though  these  distinctions  ore  of 
little  practical  value. 

A  polypus  of  the  soft  variety 
may  reach  tbc  size  of  a  pigeon  s 
egg,  is  soft  to  the  touch,  may 
break  down  under  the  finger  with 
rough  handling,  and  has  a  shaggy 
or  cauliflower  surface.  A  micro- 
scopic examination  shows  it  to  be 


"piiheliimi.  The  glandtrlar  or  ad- 
enomatous polypus  (Fig.  23S)  is 
generally  Ihe  sixeof  a  small  plimi. 
Poirpia-  tEHDirch.j  mrely  that  of  a  pear,  and  yet  nia.v 
reach  a  weight  of  tour  pounds. 
It  is  vascular,  and  therefore  of  reddisli  eolor:  some 
times  smooth  on  the  surface,  but  often  imimniillated, 
like  a  strawberry;  attached  by  a  piiiii-U-.  generally  to 
the  poslerioT  wall  at  a  point  within  ri'iieh  of  Ilie  linger: 
and  may  be  found  anywheic  between  the  ileo-ctccal 
valve  and  the  anas.  It  is  due  to  an  liyiiertmnhy  of 
either  the  follicles  of  LielK-rknlm  or  the  clusetl  folli- 
cles. There  is  anotlier  variety  of  polypus  which  is 
formed  by  an  hyperlrophv  of  Uith  the  villi  and  Ihe  fol- 
licles of  Lieberknhn.  aiiif  is  known  under  the  various 
names  of  villous  polypus,  villous  tumor,  granular  pa  pit- 
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loma,  and  "  peculiar  bleeding  tumor. "  These  tumors  are 
very  rare,  have  the  feel  of  a  large  warty  polypus,  with 
cauliflower  surface,  are  of  red  color,  bleed  easily  when 
touched,  and  are  of  relatively  slow  growth.  They  ad 
here  to  the  rectum  by  a  pedicle,  sometimes  composed 
chiefly  of  mucous  membrane,  and  at  other  times  large, 
short,  and  fleshy.  The  pedicle  may  be  absent  and  the 
growth  will  vary  in  stnicture  acconling  to  the  pmpor 
tions  of  its  diflFerent  elements.  It  may  reach  the  size  of 
an  orange,  is  found  only  in  adults,  and  the  symptoms  are 
the  same  as  those  caused  by  other  polypi. 

The  hard  or  fibrous  polypus  (sarcomatous  polypus), 
which  is  composed  primarily  of  the  elements  of  the  sub- 
mucous connective  tissue,  is  much  rarer  than  the  soft 
variety,  and  is  most  commonly  found  in  adults,  in  whom 
it  may  be  single  or  multiple.  It  is  composed  chiefly  of 
fibrous  tissue,  and  resembles  the  uterine  fibroid ;  but  it 
may  contain  both  muscular  and  glandular  elements. 
These  polypi  vary  greatly  in  the  degree  of  hardness  to 
the  touch,  according  to  their  composition  and  turgescence. 
They  may  cn»ak  under  the  knife  on  section  and  look  very 
much  like  hypertrophied  and  cedematous  skin;  or  they 
may  resemble  the  better  known  nasal  polyi>us  in  compo- 
sition. When  they  are  seen  in  the  rectum  l)efore  removal 
the  surface  is  genemlly  red  from  vascularity ;  but  after 
removal  they  are  pale  and  generally  smooth,  tiiough  some- 
times uneven  and  irregular  in  surface  and  covered  with 
hypertrophied  papilUe.  The  nuicous  membmne  is  gener- 
ally easily  stripped  off.  unless  there  has  been  local  inflam- 
matory action,  in  which  case  it  may  be  firmly  attached  and 
have  lost  its  natural  appearance.  The  vascular  supply  is 
abundant,  both  in  the  substance  and  on  the  surface  of  the 
tumor.  The  p<fdicle  is  generally  slight,  and  is  formed 
mechanically  by  the  traction  of  the  growth.  The  tumor 
is  benign  in  character,  and  when  once  removed  dot^s  not 
generally  return,  although  cases  of  recurrence  at  or  near 
the  same  point  are  not  unknown. 

A  rectal  polypus  may  exist  many  years  and  give  no 
signs  of  its  presence.  The  two  chief  symptoms  which  it 
is  apt  to  excite  are  hemon-hage  and  discharge.  The 
former  may  he  of  <laily  occurrence,  or  may  be  present 
only  at  long  intervals,  and  it  may  vary  in  amount  from 
a  few  drops  to  a  ((uautity  which  shall  cause  gnive  dis 
turbance  and  alarm.  AVhen  the  nuicous  membrane  cov 
ering  the  tumor  has  once  become  ulcerated,  the  bleed- 
ing will  be  freriuent  and  the  discharge  more  or  less  fetid. 
When  the  tumor  is  so  high  and  the  pedicle  so  short  as  to 
be  beyond  the  grasp  of  the  sphincter,  there  will  be  littli? 
or  no  pain;  but  after  prolapse  once  begins  to  occur,  the 
suffering  at  each  act  of  d(?fecati<)n  may  be  extreme.  The 
spliincter  may  Ix'come  dilated  and  relaxed,  or  if  it  remain 
strong  it  may  work  a  spontaneous  cure  by  strangulating 
the  pedicle.  The  discharge  is  sometimes;  profuse  and 
constant,  escaping  not  only  at  the  times  of  defecation,  but 
at  frequent  intervals  between,  and  being  of  an  exceed 
ingly  fetid  character.  This  l»y  its  irritation  may  set  U]) 
si'condarv  trouliles — conirestion  of  the  nuicous  membrane, 
erosions  around  the  anus,  vegetations,  dirtrrhcea.  and 
tenesmus;  and  joined  with  the  loss  of  blood  the  condition 
may  be  mistaken  for  extensive  ulcemtion  or  malignant 
disease. 

The  treatment  is  genemlly  siin])le.  When  the  jM'dieh* 
is  long  and  slender  the  tumor  may  as  a  rule  be  Siifely 
twisted  off.  but  it  is  better  to  apply  a  ligature.  There 
are  two  dangers  to  be  considered;  the  tirst  is  that  the 
pedicle  may  contain  large  vessels,  and  tin-  other  is  that  it 
may  contain  peritoneum.  The  extirj)ati()n  of  a  polypus 
which  came  down  fnmi  the  sigmoid  flexure  and  dragged 
the  peritoneum  with  it  has  been  followed  by  death. 
Should  there  be  a  large,  fleshy  pedieh*  it  must  be  .«;eeurely 
ligatuied. 

The  anus  and  adjacent  skin  are  often  the  seat  of  vege 
tations  of  a  warty  or  papillomatous  nature,  due  to  a 
simple  hypertrophy  of  the  papillary  layer  of  the  skin. 
They  arecomposed  of  the  connective  tissue,  the  e])ithelial 
covering,  and  the  blood  vessels,  whieh  in  their  natunil 
proportions  and  quantities  make  up  the  papiihe  of  the 
denna.      These  little  tumors  resend)le  ordinary  warts. 


When  one  of  them  is  isolatcKl  it  is  dry,  but  when  seveial 
of  them  arc  united  they  become  macerated  in  the  secre- 
tion of  the  part;   this  secretion  undergoing  decomposi- 
tion in  the  spaces  between  them,  and  then  giving  rise 
to  inflammatory  phenomena.     The  tumor  then  beoomes 
moist  and  fetici.  and  all  the  adjacent  parts  become  ir- 
ritated.    According  to  the  number  and  size  of  the  warts, 
the  condition  of  the  patient,  the  abundance  of  the  seen* 
tions,  and  the  irritation  to  which  they  are  originally 
due,  these  vegetations  take  on  various  shapes,  and  hence 
have  been  described  as  cock's  combs,   cauliflower  ex 
crescences,  etc.,  but  the  fundamental  structure  of  all  of 
them  is  the  same.     They  were  formerly  considered  as 
proof  positive  of  syphilis,  and  even  of  soidomy,  and  were 
sotreat^nl;  but  they  have  nothing  to  do  wi\h  syphilis, 
and  they  owe  their  growth,  in  the  first  place,  to  a  special 
predisposition  to  the  formation  of  warts  in  the  indi 
vidual,  and,  in  the  second  place,  to  the  presence  of  some 
irritating  cause  acting  on  this  particular  part.     Thus  the 
discharge  from  any  disease  of  the  rectum  or  genitals  may 
cause  them  to  grow,  and  they  may  appear  in  persons 
apparently  perfectly  healthy  and  cleanly.      Pregnancy 
lias  an  undoubted  influence  on  their  production,  and  they 
may  disapj>ear  spontaneously  after  deliver^'.     They  may 
app(^r  at  any  a^^e  from  infancy  to  adult  life,  though 
generally  belonging  to  the  latter.     They  may  var)'  in 
size  and  quantity,  from  a  single  enlargeil  papilla  to  a 
ma.ss  weighing  a  pound.      When  they  grow  from  one 
side  of  the  intergluteal  fold,  and  are'  large  enough  to 
press  with  their  moistened  surfaw  upon  the  correspond- 
ing point  on  the  opposite  side,  a  second  patch  may  be 
developed  at  the  point  of  contact.     Their  development 
may  be  slow  or  nii)id,  and  when  they  reach  a  large  size 
the  patient  is  troubled  by  the  feeling  of  a  foreign  body, 
by  a  saniousand  foul  discliarge.  and  by  fresh  erosions  and 
superficial  ulcers  in  adjacent  parts.     Great  pain  in  defeca- 
tion may  be  caused  by  a  small  wart  just  at  the  verge  of  the 
anus,  and  such  a  little  tumor  may  cause  all  the  symptoms 
characteristic  of  fissure.     These  warts  may  also  spring 
entirely  from  the  mucous  membrane  above  the  sphincter. 
There  is  little  danger  of  nu.staking  a  mass  of  such  warts 
for  a  malignant  growth,  though  they  have  been  known 
to  assume  a  send  malignant  cliaractef,  and  to  return  fn? 
(piently  aft4*r  removal.     The  most  common  error  is  to 
consider  them  as  syphilitic  condylomata,  and  indeed  they 
may  not  always  \\e  easily  flistinguishable  from  the  ralscil 
mucous  patch  or  flat  condyloma  which  is  a  manifestation 
of  true  syphilis.     The  two  may  exist  simultaneously,  the 
former  eaiised  by  the  irritation  of  the  latter. 

The  surest,  nio.st  rapid,  and  in  evcrj'  way  ma<4t  satis 
factory  niethcnl  of  curing  these  warts  is  simply  to  cut 
them  off  with  the  knife  or  scis.sors.     The  ligature  is  not 
always  applicable,  and  cauterization-  is  apt  to  do  more 
than  is  neeessjiry.     The  growths  may,  however,  Ix*  in 
dueed  to  dry  up  and  shrivel  away  by  applications  of 
j)ow(lered  alum  or  tannin,  and  by  washing  with  astriu 
gent  lotions,  sueh  as  Labarraque's  solution. 

The  term  condyloma  has  been  applie<i  to  so  many  dif- 
ferent growths  around  the  anus  that  it  has  lost  all  detiniie- 
ness.  The  variety  of  syphilitic  mucous  pateh  situated 
upon  the  skin  near  the  anus,  and  known  as  condyloma 
lata,  or  vegetating  condyloma,  first  manifests  itself  as  a 
red  spot,  and  by  a  slight  effusion  beneath  the  epidermis, 
which  is  soon  rubbed  olf  by  friction,  exposing  a  niw  sur- 
face* irenendly  covered  by  a  grayish  pellicle.  This  sur- 
face is  subsequently  elevated  by  an  upward  growth,  and 
by  branching  of  the  papiihe,  with  formation  of  connec 
tive  tissue  and  dilatation  of  the  blmnl- vessels.  Where 
this  process  has  reached  a  considemble  extent,  a  cauli- 
flower appeamnce  is  the  result,  and  what  was  at  first  a 
simple  nnierius  patch  may  become  a  large,  peflunculatetl. 
warty  growth  surrounded  by  other  vegetations  which 
have  s])run<r  up  arr)un(l  the  original  lesion,  and  which 
are  due  to  the  irritation  of  its  presence. 

The  more  general  meaning  of  the  wonl  condyloma  is, 
however,  a  non  syphilitic  tumor  composed  of  an  hyper- 
trophy of  the  skin  around  the  anus,  attaclRMl  by  a  broad 
base,    pinkish  in  color,   soft,  fleshy,  glistening,   moist. 
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aqueous  solution  of  sulpho-ichthyolic  acid  and  the  aro- 
matic, oily  sulpho-compound  contained  in  ichthyol.  Dark 
brown  in  color,  it  contains  16.5  per  cent,  of  sulphur  and 
4.5  percent,  of  ammonium.  It  is  decompostni  by  acids  and 
strong  alkalies,  and  possesses  the  peculiar  property  of  ren- 
dering such  substances  as  phenol,  guaiacol,  cresbl,  cam- 
phor, etc.,  freely  soluble  in  water.  These  solutions  are 
called  "anytols  and  promise  to  be  valuable  additions  to 
our  antiseptic  materia  medica.  Koelzer  used  a  7.5-per- 
cent, aqueous  solution  of  metacn\sol  anytol  (metacresol, 
forty  per  cent.)  in  erysipelas.  By  painting  it  on  fre- 
quently over  an  area  extending  somewhat  beyond  the 
inflammation  he  obtained  a  good  result  in  every  case. 
These  anytols,  especially  those  of  phenol  and  cresol,  may 
be  used  in  five  to  ten  percent,  dilution  for  disinfection 
of  the  hands  or  for  vaginal  or  intra  uterine  douches. 
Tliey  then  have  much  the  same  effect  as  creolin. 

Anytin  itself  is  capable  of  setting  up  an  active  derma- 
titis, but  diluted  to  ten  per  cent,  it  is  very  useful  in 
chronic  eczema,  sunburn,  and  ivy  poisoning.  Like  ich- 
thyol, it  will  probably  be  usf?d  internally  as  an  intestinal 
or  respiratory  antiseptic.  It  is  stated  to  be  directly 
antagonistic  to  the  diphtheria  bacillus. 

W  A.  Btiittedo. 

AORTA  (Latin). — Greek,  aoprii,  from  aelpttv,  to  lift,  to 
carry;  French,  aorie,  grosse artere \  German,  Aorta,  (jrosne 
Schl4jgader. 

Synonyms. — Arteria  magna  (Harvey):  hapmal  axis 
(Owen).  Originally,  in  the  plural,  aortie  (aoprai),  the 
bronchial  tubes  (Hippocmtcs). 

Definition. — The  main  trunk  (single  in  mammals  and 
birds,  double  in  cephtilopods  and  most  reptiles,  triple  in 
the  crustaceans)  of  the  systemic  arterial  svstein,*  bv  means 
of  which  the  oxygenized  blood  is  carried  to  all  parts  of 
the  body. 

EMBUYOLOCiY. — Accordiug  to  Gibson.  **the  single  me- 
dian tube,"  which  is  seen  at  one  stage  in  the  development 
of  the  vascular  apparatus,  begins  to  pulsate  before  the  ap 
pearance  of  either  muscular  or  nervous  elements.  "The 
heart  movements  must  be  due  to  some  as  yet  unknown 
indwelling  property  of  the  embryonic  heart  tissue."  In 
the  development  of  the  embryo  there  are  two  primitive 
aorta;.  These  unite  early,  and  to  them  four  lateral  pairs 
are  successively  added,  and  all  develop  into  the  artery 
seen  at  birth — the  aorta  and  its  bnuiches. 

An.vto.mv. — The  aorta,  although  the  main  arterial 
trunk,  is  at  its  eoninicnecnicnt  generally  a  little  smaller 
than  the  pulmonary  artery,  but  in  the  aged  it  is  usually 
slightly  larger  than  that  vessel.  Its  position,  like  that  (if 
other  arteries,  is  protected  in  proportion  to  its  importance. 
It  takes  its  origin  from  the  upper  part  of  the  left  ventricle, 
extending  upward  and  to  the  left  for  a  short  distance; 
then  curving  over  th(^  root  of  the  left  lung,  it  deseends  in 
front  of  the  spinal  column,  passing  througli  the  aortic 
opening,  hiatiin  aortic nst,  which  is  in  the  middle  line  be 
hind  the  diaphragm,  and  which  also  transmits  the  vena 
azygos  major,  the  thoniei(?  duet,  and  occasionally  the  left 
sympathetic  nerve.  The  vessel  descends  to  tlw  left  side 
of  the  fourth  lumbar  vertehia,  where  it  terminates,  divid 
ing  into  the  right  and  left  common  iliac  arteries.  In  its 
course  it  gmdually  decrea.ses  in  size  from  2H  to  IT  mm., 
giving  oft  at  different  points  bnuiehes  of  varying  calibre. 
Quain  divides  this  artery  into  the  asr,  ndfhg  aorta,  the  part 
within  the  pericardium;  the  arch,  that  ])art  extending 
backward  from  the  pericardial  limit  to  the  spine  at  the 
lower  margin  of  the  fourth  dorsil  vertebra;  X\\v(hsrtht1 
ing  thoracic  aorta,  from  this  point  to  the  diaphragm,  and 
the  abdomimiJ  aorta,  the  part  below  the  diaphragm.  This 
method  of  division  is  founded  on  the  fact  that  the  tirst 
part  is  intrapericardial  and  h.-is  its  origin  f r  )m  the  fet:d 
aortic  bulb;  while  the  third  part  of  that  section,  whieh 
was  formerly  known  as  the  arr/t,  does  not  ditTer  in  rela 
tion.  direction,  or  origin  from  the  rest  of  tin*  descending 
portion.  The  older  anatomists  tre;it<-d  the  arch  a^  consist 
ing  of  three  parts — the  ascending,  transverse,  and  descend 
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ing,  and  comprising  that  part  of  the  artery  found  between 
its  ventricular  origin  and  the  lower  border  of  the  fifth 
dorsal  vertebra.  This  latter  di  vision  seems  far  less  logical 
than  the  former  according  to  the  reasons  just  given.  The 
first  parts  of  both  the  aorta  and  the  pulmonarj'  artery  are 
reganied  embryologically  as  parts  of  the  heart. 

Ascending  Aorta. — The  ascending  aorta  springs  from 
the  upper  and  fore  part  of  the  left  ventricle  on  a  level 
with  the  lower  border  of  the  third  costal  cartilage  behind 
the  left  half  of  the  sternum.  It  passes  upward,  forward, 
and  to  the  right  in  a  line  with  the  heart's  axis  till  it  readies 
the  upper  bonier  of  the  sternum,  at  which  point  its  direc- 
tion changes  and  the  arch  begins.  The  ascending  aorta 
measures  about  two  inches  or  two  inches  and  a  quarter 
in  length,  and  it  curves  upward,  backward,  and  to  the  left. 
Just  above  its  origin  this  part  of  the  aorta  shows  exter 
nally  three  small  dilatations  of  about  the  same  size,  known 
as  the  8inuH€S  of  the  aorta  or  minuses  of  VaUtalta.  One  of 
these  sinuses  is  anterior,  the  other  two  posterior.  The 
anterior  and  left  posterior  give  origin  to  the  two  coronarj' 
arteries  of  the  heart.  Opposite  to  these  tliree  sinuses  are 
the  semilunar  val  ves.  A  cross  section  of  the  vessel  at  this 
point  is  rather  triangular  in  form,  while  below  the  valves 
it  is  circular.  At  the  commencement  of  the  arch  and 
along  the  right  side  of  the  ascending  aorta  there  is  gen 
erally  found  another  bulging,  the  great  tiniuofthe  aorta. 
Now  and  then  this  sinus  is  not  present.  It  is  seen  more 
distinctly  in  the  age<l.  The  fibrous  pericardium  embraces 
the  whole  length  of  the  ascending  aorta,  while  a  tube  of 
.serous  membmne  extends  up  from  the  cardiac  surface  to 
invest  this  vessel  together  with  the  pulmonar}'  artery,  ex- 
cept where  they  are  in  contact  with  each  other. 

Belatinnm. — At  its  commencement  the  ascending  aorta 
is  covered  anteriorly  by  the  pulmonary  artery  and  the 
right  auricular  appendix.  Higher  up,  the  directions  of 
these  vessels  diverge,  the  aorta  passing  forward  and  to 
the  right  and  the  pulmonary  artery  backwanl  and  to  the 
left.  At  this  point  the  aorta  closely  approaches  the  ster 
num,  being  separated  from  it,  however,  by  the  jwricar 
dium,  the  right  pleura,  the  narrow  part  of  the  anterior 
mediastinum,  the  anterior  edge  of  the  right  lung,  besides 
a  little  fat  and  areolar  tissue,  as  well  as  the  n^mains  of 
the  thymus  gland.  Posteriorly  are  the  left  cardiac  auricle 
and  the  right  pulmonary  artery.  At  its  right  are  the 
right  auricle  and  the  superior  vena  cava.  On  the  left  is 
the  main  pulmonary  artery. 

Branches. — The  ascending  aorta  has  two  branches  only, 
the  right  and  left  coronary  arteries.  These  ves.sels.  refa- 
tively  small,  spring  genemlly  from  that  part  of  the  vessel 
which  is  just  above;  the  free  margin  of  the  .st'iuilunar 
valves,  in  the  upper  part  of  the  two  sinuses  of  Valsiilva, 
and  they  supply  the  heart.  The  right  coronary  aiter\'  is 
about  the  si/.e  of  a  crow's  quill,  while  the  left  is  some 
what  larger. 

VarUtUa. — The  ascending  aorta  and  pulmonary-  arter}* 
may  be  transposed,  i.e.,  the  former  may  arise  fnun  the 
rigiit  ventricle  and  the  pulmonary  artery  from  the  left. 
There  may  be  a  communication  between  these  two  arteries 
by  abnormal  openings.  One  may  be  wholly  or  partly  ob 
litemted.  while  the  other  serves  as  a  passiigeway  for  the 
blood  of  both  by  means  of  communications  b(»tween  them. 
There  is  now  and  then  seen  one  simple  tube  connected 
with  a  simple  heart  like  that  in  tishes.  Sometimes  the 
coronary  vessels  arise  by  a  cc^nunon  trunk,  or  at  times 
from  the  siime  sinus  of  Valsjilva.  As  many  as  f<uir  arte 
ries  have  been  observed,  in  which  case  the  suj)plementary 
vessels  are  smaller  than  normal  and  play  the  part  of 
branches  of  the  main  coronary  trunk,  near  which  they 
take  their  origin.  An  extm  conwiary  has  even  had  its 
origin  in  the  j)ulmonary  artery.  When  one  of  the  arteries 
is  unusually  small,  the  other  is  correspondingly  large  and 
su])])lies  a  greater  area,  especially  at  the  back  of  the  heart. 

Akcu  (►f  tiik  Aouta — The  arch  or  transverse  aorta 
beirins  at  the  upper  margin  of  the  second  right  costal 
cartilage  at  the  right  border  of  the  sternum  and  arches 
around  the  trachea,  in  its  course  pas.sing  upward,  Iwick- 
ward.  and  to  the  left  of  the  body  of  the  fourth  dorsal 
vertebra.    At  this  point  it  passes  downwai*d,  and  at  the 
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fnrerior  inargiin  of  this  TcrtPbra  the  thoracic  aorta  bcKios, 
The  arch  at  its  Hupcriiir  bonier  is  j^ucmlly  uliout  an Incii 
below  the  upper  margin  of  thi.'  stciDuin  in  the  mcUiau 

Itelatioii*. — Tlic  artli  of  tiie  uorta  h  situated  in  the  nu-^ 
perior  Died  last  in  uni.  ami  it  is  covered   in  frout  l)y  Ibe' 


Fin-  gift— Anterior  T1(>w  of  the  firpat  Vtmels  of  the  Henrt. 
Hls'i  "Handitlu  diT  Aoalimile  4iii  UrnirNiMi.")    1.  Hnl  i 
■ubrliTlan  celn :   3.  Kiiliclaijaa  arlcr?;  4.  Inli-rnBl  Jiwuliirvi 
ilstit  brinrh  of  tiulnioiurT  BDiry:   li.  cenii  axyifm;    T.  It 
tftjmldveln:  «,left  Innominatevplii:  H.lnuhPn:  ll),«rrh'i[ 


■Tlerr;  ^  hJIpulmniiaiT  veins;  21,  lettluDK. 

pleura  and  lungs,  and  tlie  falty  n-ninnnt  <if  llie  thyiniia 
gland.  On  tlieli-ft  it  iscrosweil  by  llie  left  piicunidt^iiHtric 
and  phrenic  and  llie  superiur  cartliuc  brtiiielLcs  of  tlie  Itft 


sympatlictlciK-rvenndliv  the  left  aupt'riorintercoBtal  vein, 
while  the  left  tw urn' nt  "laryngeal  U'tiila  iipwani  l)eneHlh 
it.     I'i)sIi,>rior1y  mid  to  the  right,  lie  tlie  trachea,  thu  dei'[t 
cardiac  plexus,  the  k-ft  recur- 
rent laryngeal,  the  a'sopba- 
gus,  the  thoracic  duct,  atid 
the  body  of  the  fourth  dorsal 
vcrlebra.     The  niiterior  jmrt 
of  tiie  upper  miiri^iii  ot  the 
arch   is  in  contact  with  tlie 
left     itmoinitiulc    vein,     and 
gives  origin  to  the  large  ar- 


lett  c 


tid.  and  left  subclavian — 
which  supply  the  licad  aud 
upper  limbs.  The  lionli-r  is 
just  above  the  left  bronchus 
and  the  bifurcation  of  the 
pulmoniirv  artery,  and  it  is 
jniniil  with  the  left  branch 
of  that  vessel  by  a  libruua 
cord,  represcuting  the  re- 
mains of  tiic  ductus  arteri- 
osus, which  is  ctinnected 
with  the  aorta  Just  hevond 
the  origin  of  the  left  Bu'lHla- 
vian.  Iti'twcen  the  iirch  and 
the  bifun'Ulina  of  lliu  pul- 
tiHinary  artery  are  Tound  tJic 
suiKTticlal  cardiac  plexusand 
a  few  large  bmnchiiil  lyin- 
ptialicglands.  Toitsinrcrior, 
anterior  surface  tlie  llhrous 
pi-ricardiiim  U  nttaished. 
After  giving  olT  its  hranchcn, 
the  arch  Is  ruiln<-e4l  in  size  to 
s<in>ce\lcnt(23inm.).  There 
is  often  wen  at  that  point 
where  theduclusarlcriosusis 
attiiclieil.  a  constricted  jwrt, 
which  is  called  the  imrlie 
iMiu'in.  Thu  i^thniua  la  far 
tnorc  iitarked  in  the  r<i-tus 
(rum  ilie  expansinn  caused 
by  the  ii|iening  of  tlic  ductus 
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Hrii'irken. — The  aortic  arch 
lias  (liH'e  limnclies  springing 
from  ila  upjier  surtacc — the 
innominate  or  bniebiO' 
cephalic  artery,  the  left  com- 
[ii<>[i  carotid,  an<l  the  left 
sulicluvian.  The  left  carotid 
and  the  innoniinntc  artiTies 
lire  gi'ncmlly  ni'arer  together 
tbiin  the  left  carotid  and  the 
left  subclavian.  Thitte  ves- 
sels supply  the  bend,  neck, 
aud   part 
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..f  itie  aortic  ai'b  mid 
the  great  v<'ins  and  the  i 
ili'i}.  This  abnormality 
may  emlipice  till  the  vis 
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case  the  three  branches  have  an  arrangement  the  reverse 
of  the  usual  one. 

Variations  in  the  number  and  position  of  the  branches 
of  the  arch  are  frequent.  There  may  be  only  one  trunk, 
or  there  may  be  from  one  to  six  inclusive. 

Descending  Thohacic  Aout.v. — At  the  termination 
of  the  arch,  at  the  lower  border  of  the  fourth  dorsal  ver- 
tebra, the  descending  aorta  begins  and  continues  down 
along  the  spine  to  the  fourth  lumbar  vertebra,  where  it 
divides  into  the  two  common  iliac  arteries.  Its  direction 
is  not  vertical,  for  as  it  rests  against  the  spine  it  neces- 
sjirily  follows  the  spinal  curves,  being  concave  forwanl 
in  the  dorsal  region  and  convex  forwaixl  in  the  lumbar. 
As  its  commencement  is  to  the  left  of  the  spine  and  its 
termination  nearly  in  the  median  line,  its  general  direc- 
tion throughout  its  whole  length  is  inward,  this  being 
more  marked  in  its  upper  part.  The  lower  limit  of  the 
thoracic  aorta  is  the  fivitun  aorticun  at  the  level  of  the 
diaphragm.  This  part  of  the  aorta  is  from  seven  to  eight 
inches  long  and  is  contained  in  the  back  part  of  the  pos- 
terior mediastinum,  where  it  rests  against  the  spine.  Its 
branches  are  small,  and  consequently  its  size  is  little  di 
minished  (from  28  to  21  mm.). 

Branches. — The  branches  of  the  descending  thoracic 
aorta,  though  numerous,  are  small.  They  are  the  peri- 
cardial, bronchial,  tesophageal,  posterior  me<iiastinal,  and 
intercostal. 

VaHeties. — Now  and  then  an  obliteration  of  the  aorta 
at  the  point  of  junction  of  the  arch  and  thoracic  aorta  is  ob  ■ 
served,  just  below  the  connection  between  the  ductus  ar- 
teriosus and  the  arch,  known  as  coarctation  of  the  thonicic 
aorta.  This  condition  results  in  the  establishment  of  the 
interesting  collateral  circulation  which  takes  place  Not 
infrequentlv  variations  in  the  number  and  position  of  the 
branches  of  this  section  of  the  aorta  are  ob.served. 

Abik).minai.  Aokta. — This  name  is  given  to  the  vessel 
between  the  diaphragm  and  its  bifurcation  into  the  two 
common  iliac  arteries.  In  relation  to  the  spinal  colunm 
it  begins  about  the  lower  margin  of  the  last  dorsal  verte- 
bra and  ends  at  a  point  about  the  middle  of  the  fourth 
lumbar  vertebra,  most  genemlly  slightly  to  the  left,  some- 
times almost  exactly  in  the  median  Ime.  at  other  times 
slightly  to  the  right.  This  point  almost  eorrespf>nds  to  the 
level  of  a  line  drawn  betwiMii  the  two  iliac  cn'sts  or  to  a 
point  just  Ix'low  and  to  the  left  of  tin*  umbilicus.  In  length 
it  isabout  five  inches.  As  its  bnmchesare  both  numerous 
and  large,  its  size  rai)i(lly  diminishes.  As  mentioned  be- 
fore, its  eiirv<'  as  it  rests  against  the  vertebne  has  its  con- 
vexity forward,  being  most  prominent  at  the  third  lumbar 
vertel>ra.  slightly  al)ove  au(l  to  the  left  of  the  umbilicus. 

liilittinns. — Anterior  to  tiie  alxloininal  aorta  are  the 
lesser  niiKiituin  and  stomach,  the  solar  plexus,  splenic 
vein,  pancreas,  left  renal  vein,  tmnsverse  duiKlenum. 
mesentery,  aortic  plexus.  j>eritoneum,  lymphatic  ves.sels 
and  glands,  and  <leiise  areolar  tissue;  ]H)Sterior  toitare  the 
bodies  of  the  vertebra*  and  the  left  hunbar  veins,  the 
thoracic  duct,  and  the  rece])tacidum  chvli.  On  the  riirht 
are  the  inferior  vena  cava,  right  cms  of  the  dia|)hragm, 
vena  azygos  major,  thoracic  duct,  and  right  seiniliniar 
ganglion.  On  tin*  left  are  the  sympathetic  nerve  and  the 
left  semilunar  iranglion. 

Bnmrhrs. — These  may  be  classified  under  two  heads: 
(1)  Vi.sceml — cu'liac  axis  (gastric,  hepatic,  splenic),  supe- 
rior mesenteric,  inferior  nu'senteric.  suprarenal,  renal,  arnl 
spermatic  or  ovarian.  (2)  Parirtal — i)hrenic,  lumbar. 
and  sacm  media.  The  branches  of  the  aorta  mostly  pass 
oiT  at  right  angles. 

Vnrit'fies. — Instances  are  known  in  which  the  aorta  is 
divided  by  a  S(*])tum  for  eitlnr  a  |>art  or  the  whole  of  its 
course,  so  that  two  closely  united  tubes  are  the  result. 
Sometimes  this  condition  has  a  ])athological  foundation,  at 
other  times  it  is  due  to  an  embryoloirical  defect  in  the 
fu.sion  of  the  double  fetal  aorta.  The  vessel  has  been 
known,  as  in  certain  <|Uadru])eds,  to  divirle  up  into  an  as 
cendinganda  descending  bnmch.  the  former  subdividing 
into  three  trunks  to  supply  the  head  and  upj)er  extremi 
ties.  The  aorta  may  vary  in  position  and  extent.  Its 
lower  limit  may  vary  to  the  depth  of  a  hunbar  vertebra. 


so  that  its  bifurcation  may  take  place  at  the  third,  or  even 
higher,  at  the  ti  f th.  Its  deviation  from  its  normal  poeitioo 
with  reference  to  the  vertebral  column  is  genemlly  due 
t  o  pathological  changes  rather  than  to  congenital  causes. 
Quain  speaks  of  two  cases  of  a  large  pulmonar>'  branch 
springing  from  the  aorta  very  near  the  coeliac  axis, 
which,  after  having  passed  upwani  through  the  oesopha- 
geal foramen  in  the  diaphragm,  separated  into  two 
branches  and  entered  the  lungs  near  their  bases.  Balfour, 
in  writing  of  the  simulation  of  aneurism  by  malposition 
of  the  aorta  due  to  rickets,  says:  **In  rickety  chests  the 
aorta  may  be  so  deflected,  without  any  marked  dilatation, 
as  to  make  its  pulsation  visible  either  to  the  right  or  left 
of  the  sternum,  and  so  to  simulate  an  aneurism.  It  is  of 
even  greater  con.s<*(iuence  to  have  proof  that  in  certain 
comparatively  rare  ca.ses  a  similar  abnormal  pulsation 
may  be  due  to  a  trifling  divergence  from  the  normal 
course  of  the  vessel  itself,  apart  from  any  marked  change 
in  the  bony  skeleton.  But  we  must  never  forget  thuat 
aortic  aneurism  may  coexist  with  malformation  of  the 
thorax  with  or  without  scoliosis,  and  whatever  may  be 
the  condition  of  the  skeleton,  any  abnormal  pulsation 
nmst  be  carefully  considered  from  every  point  of  view 
before  we  are  able  to  give  any  definite  opinion  as  to  what 
it  really  is."  Virchow  has  pointed  out  the  relation  of  the 
reduction  in  size  of  the  aorta  to  chlorosis,  and  he  named 
the  condition  aorta-  chlorotica.  Congenital  stenosis  of 
tlu;  aorta  is  seldom  seen.  Rosenbach  has  noted  this  con- 
dition found  together  with  hypertrophy  of  the  heart.  It 
may  cause  sudden  death,  and  when  it  is  present,  other- 
wise unimportant  affections  may  assume  a  grave  aspect, 
from  sudden  untowarti  cardiac  symptoms.  In  congenital 
stenosis  of  the  aortic  system,  a  striking  characteristic  is 
the  continuous  subnormal  temperature  present  in  infec- 
tious diseases  which  normally  show  a  high  temperature. 
In  women  this  condition  is  generally  a.ssociatwl  with  in 
fantile  uterus  and  other  signs  of  arrested  development. 

Stuictuke. — The  aorta  is  very  strong  and  elastic  and  is 
enclosed,  like  most  other  arteries,  in  a  sheath,  which  has 
more  connective  than  yellow  elastic  tissue,  so  that,  when 
cut,  the  ves.sel  shrinks  whhin  the  sheath.  It  is  composed 
of  three  coats — (1)  tunica  intima;  (2)  tunica  media;  (3) 
tunica  adventitia.  The  internal  coat,  smooth  and  offering 
but  little,  if  any,  resistance  to  the  tkxxi,  consists  of  three 
layers:  {a)  Epithelial  layer  or  arterial  endothelium. 
This  is  made  up  chiefly  of  irregular,  flat,  polygonal  cells 
with  round  or  oval  nuclei  with  nucleoli,  {b)  8ul)epithe- 
lial  laver,  which  is  well  marked  and  consists  of  numerous 
anastomosing  cells  resting  in  a  delicately  flbrillated 
groundwork  of  connective*  tissue.  There  are,  besides,  elas- 
tic tibn'S  which  are  in  connection  Aviih  the  next  layer,  (r) 
Elastic  layer,  which  forms  the  principal  part  of  this  inner 
coat.  Sometimes  this  network  a.s.sumes  characteristics 
which  have  caused  it  to  be  designated  as  the  "  perforateii  " 
or  "  fenestnited  "  membrane  of  Henle.  At  times  it  is  rep- 
resent<'(l  1)V  a  loniritudinal  network  of  fibres.  The  mid- 
die  coat  is  muscular,  consisting  of  bundles  of  plain  muscle 
tibres.  whi<h  are  disposed  circularly  around  the  ves- 
sel, although  not  forming  a  complete  ring.  These  fibres 
contract  and  relax,  thus  changing  the  calibre  of  the  ves- 
sel. Elastic  tibres  are  also  found  avcU  d(?velopfHi  in  this 
tunic,  and  there  is  also  considerable  connective  tissue. 
This  coat  is  thicker  than  the  corresj)onding  coat  in  other 
arteries.  It  has  also  relativelv  more  elastic  tissue  and  less 
muscular  tissue  than  is  found  in  other  arteries.  The  ex 
ternal  coat  consists  of  white  connective  tis.sue  and  elastic 
fibres.  The  connective-tissue;  bundles  run  chiefly  diag- 
onally around  the  \'essel  and  connect  it  with  its  sheath. 
This  is  the  strongest  and  densi>st  coat. 

W. SSI  la  mid  ScrriK. — Both  small  arteries  and  veins  ram- 
ifv  in  the  external  coat   of  the  aorta  and  are  called  ta^ta 

ft. 

nfSf/rf/N.  They  serve  as  nutrient  ve.s,s<>ls.  Kanvier  states 
that  in  health  in  the  human  subject  they  never  penetrate 
to  the  middle  cf>at.  The  iiuiercoat  is  thought  to  be  nour- 
ished l)y  tlie  blood  circulating  through  it.  Although  the 
aorta  is  supi)lied  by  nerves,  it  is  insensible  when  in  a 
healthy  i'ondition.  These  nerves  are  chiefly  non-medul- 
lated.     The  finer  branches  are  distributed  chiefly  to  the 
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Thus  it  will  be  seen  that  aphasia  may  be  the  result  of 
conditions  by  which  the  patient  is  unable  to  part  with 
the  expressive  equivalent  of  an  idea  which  has  been  prop- 
erly formed.  The  failure  is  not  confined  to  words,  but 
includes  all  modes  of  expression.  Or  it  may  be  caused 
by  any  conditions  that  interfere  with  the  reception  of  im- 
pulses or  stimuli  that  enter  into  the  genesis  of  ideas  used 
m  the  construction  of  internal  or  external  language.  As 
movement  in  some  form  is  n^quisite  for  the  manifestation 
of  all  expressions,  defect  of  this  i.s  the  condition  to  which 
the  term  motor  aphasia  or  aphasia  of  emission  is  ap- 
plied. 

In  the  second  form  of  aphasia  the  sufferer  is  unable  to 
adapt  receptive  communictitions  and  make  them  fit  the 
idea  represented  by  the  verbal  symbol,  auditory  or  vis- 
ual;— that  is.  he  has  lost  the  faculty  of  adapting  the 
complement  of  the  word  to  his  own  idea;  it  matters  not 
whether  these  words  be  spoken  or  written,  or  communi- 
cated by  some  equivalent,  such  as  music  and  pantomime. 
In  a  general  way,  this  is  aphasia  of  reception,  or  sensory 
aphasia. 

Motor  aphasia,  or  aphasia  of  emission,  which  was  de- 
scribed by  Broca  as  aphemia,  and  by  many  writers  after 
him  as  ataxic  aphasia,  may  be  divided  into  as  many 
forms  as  there  are  habitual  avenues  of  externalizing 
thoughts.  Ideas  are  usually  exteriorized  by  spoken 
words,  by  written  words,  by  symbols,  and  by  pantomime. 
Thus  we  have  aphasia  of  articulation,  logaphasia;  apha- 
sia of  writing,  agraphia  or  logagraphia;  asymbolia,  and 
asemia.  Aphasia  of  reception,  or  sensory  aphasia,  is  also 
made  up  of  a  number  of  constituents,  the  two  great  di- 
visions being  auditory  aphasia,  or  word  deafness,  and  vis- 
ual aphasia,  or  word  blindness.  Each  form  of  aphasia 
admits  in  turn  of  further  subdivision. 

Aphasia  may  be  classified  as  follows: 

1.  7'rue  Aphasia. — Aphasia  of  apperception.  Due  to 
lesion  of  any  constituent  of  the  speech  region,  the  zone  of 
language.  It  might  be  subdivided  into  [a)  visual  apha- 
sia, due  to  lesion  of  the  visual  areas  and  centres:  {h) 
auditory  aphasia,  due  to  lesion  of  the  auditory  areas  and 
centre;  {c)  articulatory  kina^sthetic  aphasia,  due  to  lesion 
of  the  centre  in  which  are  stored  memories  of  the  move- 
ments neces.sjiry  to  externalize  the  word  by  speech. 

2.  Sensrtnf  Aphania. — Due  to  lesion  of  the  central  and 
peripheral  sensory  pathways  leading  to  the  zone  of  lan- 
guage. 

3.  Motor  Aphasia . — Due  to  lesion  of  the  motor  path- 
ways, over  which  the  motor  inipulsc\s  travel  in  pa.ssingto 
the  peripheral  speech  nniseulature. 

4.  Contfioiind  Aphasia. — Any  combination  of  two  or 
more  of  tliese. 

5.  Asst^ciatire  or  Transcortical  Aphasia. 
The  lesion  niav  be: 

(1)  In  the  habitual  pathway  tm versed  by  impulses  go 
ing  from  the  auditory  to  the  visual  area  (the  patient  can 
hear  a  name,  but  cannot  write  it  from  hearing;  cannot 
write  it  from  dictation,  he  has  paragmphia). 

(2)  It  may  be  in  the  habitual  j>athway  of  impulses  go- 
ing from  the  visual  area  to  the  auditory  area  (tlie  patient 
can  see  an  object,  but  he  cannot  call  up  its  name,  because 
this  requires  the  mediation  of  the  auditory  area). 

(3)  A  lesion  that  interrupts  the  habitual  pathway  that 
impulses  take  when  going  from  the  auditory  area  to  the 
seat  of  phonetic  memories  in  Brora's  convolution  (tho 
patient  can  hear,  can  intcrjiret  from  hearing,  but  cannot 
talk  correctly:  paniphaj-ia). 

(4)  The  lesion  may  interrupt  the  i)athway  taken  by  im- 
pulses going  from  tin*  visual  area  to  the  auditory  area 
(the  patient  is  dyslexic,  ]>anigmphie.  and  sliirhtly  para- 
phasic). 

For  purposes  of  convenienee  I  shall  adopt  the  fullowing 
classification  as  a  working  one,  and  I  desire  to  say  at  the 
outset  that  the  word  motor  aphasia  is  never  used  synony- 
mously in  my  own  mind  with  the  word  ataxic  aphasiji; 
moreover,  that  the  word  motor  is  reserxcd  fora]>|^lication 
to  that  fonn  of  aphasia  which  is  anatomically  cliaracter 
ized  bv  lesion  of  Broca's  coiivolution,  solelv  because  such 
usaire  has  been  consecrated  bv  time.     The  iniaires  stored 


up  in  this  centre  are  genetically  sensory,  the  result  of 
motion. 

1.  Lesion  of  the  kinflntbettc-artlculatcMT  centre. 
Broca's  area  (and  probably  of  the  aasoclative  Obret 
oonnecting  them  witb  the  cortical  motor  arcMs  in  tbe 
Rolandic  region),  causing  articulatory  amnesia. 
Motor  Z.  Lesion  of  motor  fibres  wbicii  convey  speech  iin- 

apbasia.       ]  pulses:   subcortical  motor  aptiasia.     Pure  motor 
aphasia  of  Dejerine. 

3.  Lesion  of  any  part  of  the  peripheral  neuromus- 
cular apparatus  serving  articulate  expression :  dys- 
phasia, lallatioD,  alallia. 

1.  Lesion  of  the  receptive  cells  constituting  tbe 
auditory  centre  causing  abolition  of  function,  word 
deafness  and  its  entailment. 

2.  Lesion  of  the  subcortical  sensory  tract:  sub- 
cortical auditory  aphasia ;  pure  auditory  aphasia  of 
Dejerine. 

1.  Lesion  of  the  receptive  cells  of  tbe  hijrber  visual 
centre  causing  word  amnesia,  graphic  and  \1sui:l 
word  blindness,  and  its  entailment. 

2.  Lesion  of  the  subcortical  tract  and  the  primarr 
visual  centre  which  entails  loss  of  the  recognition  c^ 
things,  words,  and  obJe(*ts :  that  is,  loss  of  tneir  slfr- 
niflcance,  object  amnesia  or  apraxia,  or  true  neuml 
blindness. 

Lesion  of  the  entire  zone  of  language:  disturbed 
function  of  visional,  auditory,  klnaestbetic-articula- 
tory  centres. 
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History. — The  real  history  of  aphasia  dates  from  1861. 
In  that  year  Broca  presented  an  epoch-making  communi 
cation  to  the  Paris  Anatomical  Society,  which  seemed  to 
prove  that  the  morbid  anat<imy  of  aphasia  was  a  lesion 
of  the  posterior  part  of  the  third  convolution. 

Broca's  communication  opened  a  new  era  in  the  under- 
standing of  speech.  It  was  not,  however,  more  epochal 
than  that  which  marks  the  direction  of  Wernicke's  master 
mind  toward  a  solution  of  the  problems  of  aphasia  in  tbe 
early  years  of  the  seventh  decade  of  this  century. 

Speech  disturbances  had  been  recognized  clinically  and 
studied  even  so  far  back  as  the  time  of  ancient  Grecian 
writers,  Avho  used  the  term  anandia  to  signify  loss  of 
speech ;  but  the  first  records  of  serious  at  temptsto  study 
the  faculty  of  speech  from  the  standpoint  of  its  pathology 
were  made  by  Bouillaud  in  France  in  1825,  by  Jackson 
in  this  country  in  1829,  by  Da.K  in  1836,  and  by  Ix)rdat 
in  1843.  Many  years  before,  the  brilliant,  misguided  Gall 
had  located  the  faculty  of  speech  in  the  supra-orbital  con- 
volutions. Early  in  the  century  Lordat  seemed  to  have 
an  astonishingly  accumtc  conception  of  apliasic  speech 
disturbances  as  they  are  understood  to-day.  The  Git 
mans  made  several  early  contributions  to  the  study  of 
aphasia,  among  them  being  those  of  Bcrgemann  in  1*847, 
Hasbach  in  IH.Vi.  and  Nasse  in  1853.  In  our  own  country 
the  observations  of  Jackson  must  be  mentioned,  and  also 
tho.se  of  Rush.  Hun,  Bigelow,  and  others.  The  most  im 
portant  early  Amencan  contribution  made  to  the  subject 
of  aphasia  was  that  of  Seguin  in  1867. 

In  England  the  labors  of  Russell,  Gairdner,  Bastian. 
Broadbent.  Ogle,  and  Bateman  contributed  largely  to  our 
pres<'nt  knowledge ;  in  fact,  the  names  of  these  physicians 
are  landmarks  in  the  hi.story  of  aphasia. 

In  Germariy,  the  work  of  AVernicke,  Grashey,  Licht 
heim,  and  Freud  did  much  to  extend  the  conception  ()f 
the  term  aj^hasia  and  to  give  mtional  explanations  of 
some  of  its  subdivisions.  AVernicke  particularly,  in  1874. 
furnished  a  basis  for  the  conception  of  sensory  aphasia, 
lie  showed  clearly  that  lesion  of  the  first  temporal  gy- 
rus i»r(Hlueed  a  symptom-complex,  constituting  what  he 
called  sensory  aphasia. 

Aside  from  Broca  and  AVernicke.  the  three  names  that 
stand  out  above  those  of  all  the  others  who  early  increasi^d 
our  kiiowh-due  of  ai^hasia  are  Trousseau  in  Francv. 
Hughlings  Jaekson  in  England,  and  Ku.ssmaul  in  Ger 
many,  the  latter  having  written  in  1877  what  is  to-day 
the  soundest  and  fullest  treatise  on  the  subject  of  apliasia 
in  anv  languairc 

In  issi.  Exner  maintained  that  there  is  a  separate  area 
of  the  l)rain  in  which  are  stored  the  motor  memories  of 
writing,  destruction  of  which  area  causes  agraphia.  This 
centre  he  placed  at  the  base  of  tlie  left  second  frontal 
eonvohition.  The  majority  of  modern  investigators  and_ 
writers  on  the  subject  of  aphasia  are  opposed  to  the  exist- 
ence of  such  a  centre. 
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they  reach  the  lingual  and  fusiform  lobules  bordering  the 
calcarine  fissure,  we  shall  appreciate  that  the  angular 
gyrus  is  the  most  direct,  the  most  adjacent,  and  the  most 
efective  place  in  which  the  visual  imagt^  could  Ix*  stored. 
In  fact,  its  relationship  to  the  primary  visual  centre  and 
to  the  fibres  that  convey  visual  impulses,  the  radiations 
of  Gratiolet,  is  analogous  to  the  environmental  relation- 
ship iH'tween  the  centre  for  articulatory  memories  and 
the  Rolandic  cortex  that  externalizes  speech.  The  third 
centre,  the  auditory  centre,  the  most  important  of  all 
speech  centres,  the  one  by  whose  functioning  speech  is 
<leveloped,  the  one  that  conditions  speech  more  than  do 
both  tlie  others  combined,  the  one  in  which  words  are 
l)rimarily  revived  in  the  vast  majority  of  peoples,  the 
one  that  is  h*ast  tolerant  of  disorder  without  manifesting 
itself  by  imperfections  of  speech,  is  situated  between 
these  two  centres  in  the  zone  of  language,  and  occupies 
the  first  temporal  convolution.  an<l  particularly  that  por- 
tion of  the  cortex  which  surrounds  the  t cm poro  parietal 
sulcus.  It  occupies  such  a  po.sition  in  relation  to  the  dis- 
tribution of  the  auditory  nerves  and  the  mechanism  of 
hearing  that  experimentalists  as  well  as  clinicians  have 
been  led  to  look  upon  it  as  a  general  auditory  area.  The 
centre  for  the  storage  of  auditory  memories  is  not  placed 
anywhere  in  the  general  auditory  area;  it  is  placed  in  the 
posterior  part  of  the  first  temporal  immetliately  adjacent 
to  the  gyrus  in  which  are  stored  visual  memories.  Thus 
it  will  be  Si'cu  that  the  auditorv  and  visual  memories 
which  are  contributory  to  the  develoi)ment  of  speech  and 
education  in  general  are  not  widely  separated;  they  are, 
on  the  contrary,  immediately  adjacent.  On  the  other 
hand,  they  are  not  adjacent  to  the  centre  in  which  are 
stored  the  memories  of  articulation,  and  to  which  the 
products  of  the  activity  of  the  former  two  are  sent  before 
they  go  to  the  Rolandic  anm  cortex  to  be  executed.  Fur- 
thermore, the  l(K*ation  of  the  visual  and  auditory  centres 
on  the  one  hand,  and  of  the  centre  for  articulatory  mem- 
ories on  the  other,  would  seem  to  me  to  have  a  very  defi- 
nite suggest iveness  in  relation  to  the  frontal  IoIk'S.  which 
physiologists,  psy(rhologi.sts.  and  pathologists  believe  to 
1h»  the  most  essential  parts  of  the  brain  for  the  production 
of  the  higher  mental  proces.ses — judgment,  will,  inhibi- 
tion, and  emotions — and  whose  integrity  must  be  main- 
tained if  the  individual  is  to  develop  or  persi.st  in  habits 
of  attention,  concentmtion  of  thought,  balance  of  feeling, 
sound  judgment,  and  moral  conduct. 

MoTOH  Aphasia. — (1)  Cortical  motor  aphasia;  articu 
latory  kimestlietic  aphasia.    {'2)  Subcoriieal  motor apha.sia. 

Disturbance  of  speech  is  manifested  predominantly  in 
its  reception  and  emission,  and  as  tli<'  reception  of  speech 
is  dependent  essentially  on  sensation,  and  only  in  aeon 
tribiitorv  wav  on  motion  (movements  of  eves.  ears,  ex- 
treniities — kina'Stlietic  sensition),    the   defect    in   sj>eech 
that  results  from  interference  in  the  recei)tion  and  inter 
pretation  of  speech   is  called  s<'nsory  aphasia.     Ori  the 
other  hand,  communication  of  thouicht   by  sjx'cch.  and. 
in  fact,  connnunication  of  thought  in  any  form,  is  nieili 
attnl  through  movement.     For  the  s|)oken  word  it  is  by 
the  coordination  of  the  respiratory  movements,  the  move 
ments  of  the  v<K*al  cords,  the  palate,  tongue,  and  lips;  in 
writing,   by  the  movements  of  the   mobile   part    of  the 
bmly  holding  the  pen  and  acting  under  the  conscious  or 
subcons(,'ious  direction  of  the  visual  centre;  in  the  case<)f 
pantomime,  by  movements  of  the  muscles  of  the  face  and 
of  the  extrennties.     A   lesion  that  disal>lcs  or  militates 
against  externalization  of  sfu'cch  is  termed,  in  a  gener- 
al way,  and    principally  for   convenience"    sike.   motor 
aphasia. 

There  an*  two  divisions  of  motor  ai)hasia.  cortical  an<l 
subcortical.  Clinicallv,  if  thev  are  studies!  A\ith  irreat 
care,  they  can  be  different iate<l.  althouirh  it  must  be  suM 
that  the  features  which  allow  us  to  distiuL'^uish  the  one 
from  th(»  other  are  not  (piite  .so  absolute  and  convincinir 
as  one  might  be  led  to  infer  from  nadinir  works  on  the 
subject.  liichtheim  suggested  a  test  lor  subcortical  mo 
tor  aphasia  to  prove  that  i)atients  preserve  the  memo 
rial  notion  of  the  word;  that  is.  that  they  have  in  their 
nnnds  the  name  of  the  object  which  they  are  incapable 


of  emitting.  This  test  is  not  infrequently  mentioned  in 
literature  as  the  Lichtheim  t<«t.  but  it  was  first  suggested 
and  utilized  by  Proust  in  1872.  To  test  this  deficiency 
of  internal  language,  Proust  and  Lichtheim  showed  that 
it  Kufliced  to  ask  the  patient  who  had  heard  some  poly- 
syllabic word,  or  had  seen  and  recognized  the  object  in- 
dicated by  that  word,  to  press  the  interlocutor's  hand  as 
many  tinu^  as  the  word  has  syllables;  and,  if  not  by 
pressure  of  the  hand,  to  indicate  by  some  movement  the 
number  of  syllables ;  then  to  indicate  by  similar  pressings 
the  number  of  letters  in  the  word  and  the  number  of  let- 
ters in  the  syllables. 

The  lesion  that  causes  motor  aphasia  is  in  Die  great 
majority  of  cases  a  vascular  one,  and  as  the  same  blood- 
ves.s(^l,  the  left  ndddle  cerebral,  is  the  principal  me 
dium  of  arterial  supply  for  the  remainder  of  the  speech 
area,  it  is  only  in  exceptional  instances  that  destructioo 
of  Broc*a*s  convolution  is  not  accompanie<l  by  some  ana- 
tomical perversion  of  other  parts  of  the  zone  of  language, 
although  these  are  usually  transitory.  There  is  mvari- 
ably  some  perversion  of  function  of  the  other  speech  cen- 
tres, because  perfect  speech  demands  the  harmonious  co- 
opt?ration  of  all  the  speech  centres,  and  one  cannot  be 
disordcHMl  without  entailing  derangement  of  all. 

Cortical  Motor  Aphania  (Articidatory  Kinspsthetic 
Aphasia). — By  cortical  motor  aphasia  I  mean  a  disturb- 
ance of  si>eech  due  to  loss  of  the  sensory  images  of  articu- 
laticm  associated  with  loss  of  the  sensory  memories  of  co- 
ordinate movements  entering  into  vocal  expression ;  the 
latter  is  not  essential,  but  it  is  an  accompaniment  in 
nearly  every  instance.  Cortical  motor  aphasia  is  charac- 
terized particularly  by  a  loss  of  spontaneous  and  repeated 
speech,  and  by  the  preservation  of  the  capacity  to  com- 
prehend spoken  speech.  The  p>eripheral  speech  mechan- 
ism— the  tongue,  lips,  palate,  and  vocal  conls — is  in  con- 
dition to  functionate.  The  only  justification  for  the  use 
of  the  word  motor  in  this  form  of  apha.sia  is  that  the  im- 
ages of  articulation  aR»  called  into  being  by  movement 
and  are  externalized  by  movement.  Therefore,  in  true 
cortical  motor  aphasia  there  exists  the  same  inability  to 
call  into  being  the  sensory  memories  of  articulation,  and 
thus  to  make  them  a  part  of  internal  speech,  as  there 
is  to  externalize  them  in  the  shape  of  articulate  words. 
>rany  of  the  cases  of  aphasia  in  the  literature  which  are 
considen'd  to  belong  in  this  category'  are  not  of  this  va- 
riety at  all,  but  are  examples  of  pure  motor  aphasia  (of 
Dejerine),  or  subcortical  aphasia;  that  is,  disturbance  of 
speech  dej)endent  upon  interruption  of  the  projection 
tracts  which  convey  the  articulatory  impulses  from  the 
cortical  area  of  the  peripheral  speech  mechanism  to  the 
periphend  speech  api)amtus. 

Associated  with  this  loss  of  spontaneous  'speech,  due 
to  the  destruction  of  the  sensory  images  of  articulation 
stored  up  in  the  f(M)t  of  the  thinl  frontal  convolution, 
there  is  a  loss  of  all  forms  of  speech  utterance  for  which 
an  evocation  of  articulatory  kinte.sthetic  memories  is 
recjuired  Therefore  there  arc  inability  to  repeat  words 
and  inability  to  read  aloud,  but  the  patient  comprehends 
spoki'ii  Avords.  oftentimes  somewhat  imperfectly  There 
Ls  inability  to  express  thoughts  in  writing,  liecause  in 
writing  the  motor  word  representations  are  always  re- 
vived by  the  impulse  Avhich  travels  from  the  percipient 
centre  (whi(  h  is  either  in  the  visual  area  of  the  brain  in 
s])ontan<*ous  writing,  or  the  auditory  speech  area  in  writ 
ing  from  di(Mation)  through  tin*  articulatory  kina»sthetic 
centre  to  that  part  of  the  Rolandic  region  which  guldens 
the  mobile  i>art  of  the  body  holding  the  pen.  On  account 
of  the  ontogenetic  intimacy  existing  between  the  nfcep 
tiv(>  speech  centres  and  the  ennssive,  di.sturlmncc  of  the 
eniissive  speech  centre  almost  invariably  protiuces  some 
disturbance  which  is  manifest  through  the  fonner  This 
is  shown  in  cortical  motor  aphasia  by  dilficulty  in  calling 
up  |)romptly  an«l  with  readiness  auditory  word  images 
to  which  articuhitory  kiniesthetic  images  are  subservient. 
and  iti  some  de,irre<'  by  a  disturbance  of  internal  n'ading. 
In  the  great  majority  of  people  it  is  probable  that  niid 
iuLT  to  one's  self  is  accomplished  by  evoking  the  imagt*s 
of  articulation,  and  that  as  a  matter  of  education,  of  ex- 


412 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


Apliaula* 
Aphaula* 


pediency.  a  short  cut  is  established  between  the  area  in 
which  visual  images  arcf  stonnl  and  the  association  tracts 
constituting  the  anatomical  basis  of  comprehension. 

In  cortical  motor  aphasia  there  is  sometimes  very  com 
plete  amimia.     This  is  to  Ik.*  explained  by  the  fact  that 
studied  pantomime  is  assof*iated  uonnally  with  the  arousal 
of  the  imagt»s  of  articulation. 

If  destruction  of  Bnx'a's  area  is  total,  or  nearly  so,  the 
capacity  for  articulate  sp<^ech  will  l)e  correspondingly 
complete:  while  if  the  convolution  of  Broca  be  only  par- 
tially destroyed,  and  particularly  if  the  lesion  be  a  vas- 
cular one,  such  as  plugging  of  the  branch  of  the  middle 
cerebral  artery  that  supplies  Broca's  convolution,  with 
subsequent  exudation,  a  reparative  process  may  set  in. 
Then  the  degree  of  the  completen<»ss  of  the  aphasia  lM?ars 
some  relation — though  just  how  much  cannot  Ix*  said — to 
the  amount  of  n»posst^ssion  of  articulatory  images. 

The  capacity  for  articulate  expression  which  a  few 
(compared  with  the  entire  numl)er)  motor  a})hasics  re- 
tain is  for  a  few  words  whose  uttenince  partakes  more  of 
the  nature  of  a  retlex  act  or  of  an  emotional  po.ssession 
than  it  does  of  a  process  of  intellection. 

Another  very  striking  variety  of  articulate  speech 
which  patients  with  motor  aphasia  show  is  that  to  which 
the  term  tailing  or  lallation  is  ap})lied. 

Altliough  in  cortical  motor  aphasia  the  power  to  make 
voluntary  expression  is  usually  entirely  gone,  the  loss 
may  be  partial.  When  partial,  th<»  power  of  expression 
is  limited,  as  a  rule,  to  one  or  more  mono-svllabic  words. 
Occasionally  patients  who  are  atllicted  with  complete 
motor  aphasia  are  able  to  utter  .some  words  of  the  nature 
of  an  oath,  which  Si»em  to  escajK^  from  them  in  a  rapid, 
uncontndlable  way,  or  to  ejaculati*  words  expressive  of 
the  feelings.  Such  expressions  are  not  the  product  of 
cognition,  but  of  the  emotions,  and  partake  of  the  nature 
of  retiex  action.  Other  patients  repeat  contiiuially  some 
expressive  or  meaningless  word  or  words.  Such  recur- 
ring utterances  an^  distinctive  features  of  cortical  motor 
aphasia,  and  not  of  the  subcortical  variety. 

Cortical  motor  aphasia  is  sometimes  manifest  merely 
by  a  loss  of  substantives;  anmesia  of  tin*  names  of  the 
tilings  or  objet-ts  of  which  i\w.  patient  tries  to  speak. 

A  i>atient  with  cortical  motor  aphasia  is  unable  to  ex- 
press his  thoughts  in  writing.  I  lis  incapacity  to  write  is 
Eroportionate  to  the  amount  of  denin^rement  of  internal 
inguagi*.  and  it  Iwars a  definite  n'lation  to  the  amount  of 
latent  or  actual  visual  anme.'^ia  of  words  which  every  pa- 
tient with  cortical  motor  aphasia  has.  In  most  cases  the 
ca|>acity  to  write  is  limited  to  writing  the  name  and  a 
few  other  wonls,  such  as  the  age,  the  address,  and  the 
name  of  the  wife  or  the  parents,  that  have  be<'n  doiH*  so 
habitually,  automatically,  and  fre(juently  that  they  f<»rm 
a  part  of  the  patient's  habitual  acts,  and  are  done  almost 
rcflexly.  However,  every  nnHlality  of  writing  is  not  in- 
terfennl  with;  though  writing  voluntarily  and  writing 
from  dictati(m  are  practically  impossible,  yet  the  patient 
is  able  to  write  from  copy.  Motor  aphasia  is  almost  in- 
variably aasociatxnl,  at  least  in  the  beginning,  with  right- 
side  hemiplegia,  due  to  extension  of  the  lesion  on  wliich 
the  aphasia  is  depench'nt  to  the?  psycho-motor  /one,  and 
this  hemiplegia  prevents  the  patient  from  writing  with 
the  right  hand. 

^ntfcorticid  Motor  ApJuittin — The  term  subcortical  motor 
aphasia  is  uw*d  to  indicate  a  partial  or  complete  inability 
to  externalize*  speech  which  has  Ihmii  properly  formed  in 
the  speech  centres  con.stituting  tlu'  zone  of  language. 
The  lesion  is  one  that  cjius<'s  a  break  in  tlio^*  spi'ccli  car 
rjingneunmsextcmding  from  the  portion  of  the  Kolandie 
cortex  to  which  is  allocated  the  nprcscntation  of  the 
different  parts  of  the  periphr'nd  speech  !n<'chanisin  to 
the  cells  constituting  the  peripheral  netiron.s  of  the  s^mie 
mechanism.  Some  recent  writers,  sueh  as  Ziehen,  use 
the  term  ** fascicular  anarthria"  to  in<licat«*  the  siiine 
condition. 

The  symptoms  of  subcortical  motor  a])hasia  are  practi 
cally  the  same  as  tho.s<'  att<'iuling  destruction  of  Broca's 
area,  with  two   striking  an<l    all  inipr»rtant   exceptions. 
The  first  of  these  is  that  the  patient  retains  the  capacity 


t4)  write,  which  is  lost  in  cortical  motor  aphasia  propor- 
tionately to  the  completeness  of  the  a})hasia:  and.  sec 
ondly.  the  patient  responds  to  theI*roust  Lichtheiui  test; 
thus  proving  that  he  retains  the  ability  to  call  up  spcm 
tan<*<msly  the  sound  of  tin;  wonl.  the  visual  image  of  the 
word,  and  the  articulatory  memory  of  the  wortl. 

When  the  lesion  that  caus<*s  std)cortical  motor  aphasia 
is  situated  at  a  level  as  low  as  the  internal  capsule,  then 
a  diagnosis  can  often  be  made  positively,  not  alone  from 
the  employment  of  the  Proust-Lichtheim  test,  but  from 
study  of  the  difficulty  of  articulation.  Such  a  patient  has 
all  the  ccmiponents  of  internal  language  absolutely  intact, 
inclusive  of  the  artictdatorykina^sihetic  images  of  wortls. 
He  hears,  see.s,  writes,  mimics,  and  in  other  ways  gives 
evidence  of  intellectual  integrity.  He  is  incaj)able  only 
of  causing  the  ccM)rdinate  movements  which  subserve 
articulate  sikh'cIi.  He  may  not  be  totally*  devoid  of  i)ower 
of  arti(tulation;  his  incapacity  mav  vary  from  simple 
slurring  and  eli.sion  of  certain  syllables  and  wonls. 
through  dysarthria,  dysrhythmia,  up  to  complete  anar- 
thria and  arhythmia.  and  thus  ccmiplete  sp<'eclde.s.sne.ss. 

In  the  conventional  use  of  the  tenn.  this  condition  is 
aphasia;  but  it  is  not  true  aphasia,  for  true  aphasia  (h* 
curs  only  with  lesion  of  the  an'a  of  language.  Yet  it 
simulates  true  aphasia  so  closely  that  a  dilTerential  diag 
nosis  can  be  made  <mly  after  very  can?ftd  study.  The 
nearer  the  lesion  to  the  cortex.  th<'  more  difficult  will 
this  difffTentiation  be  for  such  cases.  All  the  projection 
fibres  coming  from  the  executive  articulatory  area  an< 
more  likely  to  b<^  involved,  and  with  it  then*  may  be 
some  functional  perversion  (pos.sil)ly  transitory)  of  the 
zone  of  language. 

The  dilTen'ntiati(m  of  cortical  and  subcortical  a])hasia 
Simietimes  beconn*s  of  gn-at  importance  fiom  a  metlico- 
legal  point  of  view.      For  uistance.  a  patient  who  has 
the  symptimi  complex  of  motor  aphasia  due  to  a  stib 
cc^rtical  lesion  may  be  just  as  c()mpetent  to  make  a  will 
and  dispos<*  of  his  po.s.s('ssions  as  a  man  wht>  has  hemian 
;esthe.siji  due  to  a  central  lesion;  but  a  man  who  has  cor 
tical  motor  aphasia,  and  thus  a  derangement  of  his  internal 
language,  entailing  some  deviation  from  normal  in  cvm* 
compcment  t»f  spe-ech,  be  it  in  hearing,  in  s<'eing.  or  in 
expres.sing  hhnself  (including  writing),  may  be  quite  in 
caj)acitated  from  such  disposition,  according  to  the  inter 
pretation  of  the  law. 

Cortical  motor  and  subcortical  motor  aphasia  are  both 
alm<»st  invariably  as,sociate(l  with  right  hemiplegia,  and 
are  depen(h'nt  upon  the  same  lesion.  In  the  <*ortical  fonn 
hemiplegia  is  apt  to  be  less  complete,  and  the  spasticitv 
of  the  paralyze<l  parts  gn*at.  Moreover,  it  usually  fol 
lows  immediately  after  the  stroke,  although  it  may  occur 
with  epilepsy,  tumors,  abscesses.  f(M-i  of  inflammation, 
or  other  conditions  which  slowly  destn>y  Broca's  an-a. 

Sknsohy  Aimi.vsia. — As  motor  aphasia  is  used  to  desig 
nate  thos<*  disturbances  of  speech  exi)n*s.sion  in  which  the 
chief  difficulty  is  in  making  speech,  sensory  aphasia  is 
api>lied  to  those  crises  in  which  imperfect  ions  of  language, 
disability  or  inability   to  sju'ak.  are  due  to  interference 
with  the  reception  speech  fonns:  that  is.  to  lesion  of  the 
perceptive  areas  of  the  brain  and  the  inunediate  incoming 
and  commissural  pathways  of  such  areas.     The  percej^ 
tive  centres  by  whose  functioning  speech  is  fuitogeneti 
cally  dev<'lo])ed  are  the  auditory  and  the  visual,  and  sen 
sory   ai)hasia   is   thus  ])ractically   auditory   an<l    visual 
aphasia,  and  as  such  I  shall  describe  it. 

S<*nsory  aphasia  may  be  dflined  as  loss  of  tin-  under 
standing  of  words.  i\\\v  to  interf<*ren((*  with  tin*  formation 
of  associations  necessju'V  for  completi*  perception.  Xiax 
tomically  speaking,  cortical  sensory  aphasia  might  he 
defiiK'd  as  aphasia  <lue  to  Ic-ion  of  tlic  posterior  part  <»t 
tli<'  area  of  languag<'.  and  cortical  motoi-  aphasia  as  dm* 
to  lesion  of  the  anterior  end  of  tiiis  zone  Tlie  subcortical 
forms  of  each  variety  occur  ^^  hen  ther«'  is  lesion  of  tlx* 
pathways  which  carry  impressions  into  and  away  from 
the  zone  of  laniruaire. 

Sensory  aphasia  possesses  certain  iienerjil  features 
which  are  in  many  ways  materially  dilTcrent  from  the 
general  features  of  mot(»r  aphasia,  and  they  arecxplamed 
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bv  the  location  ami  relatiousliips  of  the  tlifferent  centres. 
Motor  aphasia  is  almost  invariably  asscnriated  with  hcini 
plegia.  while  sensory  aphasia  is  rarely  accompanied  by 
liemiplegia  unless  the  lesion  is  a  most  extensive  and  se- 
vere one.  In  the  case  of  motor  aphasia  this  is  easily  ex- 
l>Iained  by  the  proximity  of  the  convolution  of  Broca  to 
the  motor  centres  in  the'Rolandic  region  and  to  the  motor 
pi-ojection  tract.  On  the  other  hand,  if  the  lesion  be  con- 
fined to  the  i>osterior  part  of  the  zone  of  language,  the 
cortical  motor  area  and  the  projection  tract  constituted 
by  its  central  axones  may  be  entirely  si)ared.  Compaivd 
with  motor  aphasia,  sensory  aphasia  is  relatively  more 
often  associated  with  lesions  that  are  not  primarily  vas- 
cular in  origin.  In  other  words,  it  is  more  likely  to  occur 
with  encephalitis,  with  tumors,  with  injury,  and  with 
certain  degenerative  diseases  of  the  bniin ;  and  thus  its 
evolution  is  often  verv  different  from  that  of  motor 
aphasia.  Whereas  the  former  is  almost  always  abrupt, 
and  subsequent  to  an  apoplectic  stroke  which  usually 
entails  more  or  less  prolongc»d  loss  of  con.sciousness,  8(.*n- 
sory  apliasia  not  infrequently  unfolds  it.self  slowly,  and 
even  when  due  to  a  vascular  lesion  it  oftener  develops 
progressively  or  in  repeated  accessions  than  does  motor 
apliasia. 

Another  very  striking  feature  of  sensory  aphasia  is 
tliat  in  the  beginning  it  is  the  aj^luusia  of  compamtive 
speechfulness,  while  motor  ai)hasia  in  the  beginning  is 
usually  absolute  speechlessness.  Sensory  aphasia  is 
characterized  by  logorrluea.  motor  aphasia  by  alogia. 
Then  the  career  of  sensory  aphasia  is  most  instructive. 
The  unfortunate  patient  starts  in  with  his  senseless  lo- 
(juacity,  and  week  after  w(»ek,  s<»metimes  day  by  day.  one 
notes  the  shrinkage  of  his  useless  vocabulary,  through 
the  stages  of  lalliug.  and  of  echoing,  down  to  absolute 
muti.sm  as  complete  as  that  pnKluced  by  total  destruction 
of  the  articulatory  kinesthetic  area. 

Patients  with  .sensory  aphasia  are  rarely  reduc(^d  to 
a  condition  of  mutism  by  such  lesion  alone,  l^ecause 
destruction  of  the  auditorv  centre  is  rarely  complete. 
When  the  lesion  of  the  auditory  centre  is  slight,  the  most 
striking  abnormality  in  voluntary  speech  is  the  inability 
U)  use  words  with  their  proper  si gniticat ion.  although  the 
words  that  are  u.m*d  are  articulated  with  as  much  clear- 
ness and  distincinessas  in  the  normal  state.  The  patient 
may  utter  words  that  are  entirely  the  opposite  of  those 
which  he  intended  to  us(». 

The  defect  of  speech  known  as  **  jargonaphasia ''  cK-curs 
oftentimes  with  sensory  aphasia.  This  may  be  con.sid- 
ered  a  degree  of  paniphasia.  although  the  latter  is  prop- 
erly ai>plied  to  a  condition  in  which  words  are  used  in 
an  incorrect  sense.  Jargonaphasia  eonsists  of  the  pro 
duction  of  a  jumble  of  words  all  forged  into  one.  tlu'syl 
lables  of  which  may  be  articulated,  but  the  words  have 
no  similaritv  to  words  as  usuallv  sr>(»ken. 

Not  secondary  in  importance  to  the  information  that 
may  be  obtained  of  .scnsorv  apliasia  from  a  sludv  of  articu- 
late  speech,  is  that  which  is  to  be  had  from  an  examina- 
tion of  the  spontaneous,  dictated,  and  copied  writing. 
Patients  with  pronounc<'d  sen.sory  aphasia  are  not  usually 
hemiplegic.  so  that  tests  for  def<'Cts  of  writing  can  be 
undertaken  without  trouble  if  the  patient  be  made  to 
comprehend  what  is  wanted  Defects  in  writing  are  most 
striking  when  vi.sual  ai)liasia  is  the  prominent  feature  of 
the  apha.sia.  although  they  occur  in  every  case  of  sensory 
aphasia.  The  degree  to  which  spontaneous  writing  may 
be  preserved  or  lost  in  si'nsory  aphasia  varies  witli  the 
patient,  and  with  the  seat  and  the  intensity  of  the  lesion. 
Oftentimes  therc^  is  preserved,  even  in  cases  of  genuine 
visual  aphasia,  the  ability  to  write  a  few  words  sponta- 
neously If  the  patient  has  destruction  of  the  angular 
gyrus,  there  will  be  practically  total  agniphia.  If  the 
lesion  is  principally  a  destruction  of  the  auditory  area, 
there  will  be  absolute  inabilitv  to  write  from  dictation : 
and  even  though  writing  .spontaneously  may  be  preserved 
to  a  very  limited  extent,  the  words  or  sentences  produced 
will  be  markedly  disordered  in  their  arrangement. 

The  p(»wer  to  write  after  copy  is  preserved  in  every 
case  of  genuine  sensory  aphasia,  but  the  patient  copies 


in  a  way  that  at  once  puts  the  stamp  of  his  infirmity 
upon  his  work.  He  copies  letters  the  way  a  beginner 
does  a  drawing,  and  makes  an  exact  reproduction  of  what 
is  before  him. 

In  auditor!/  aphasia  there  is  inability  to  understand 
spoken  words.  This  is  dependent  apparently  upon  the 
total  loss  of  auditory  verbal  mcmor}'  images.  It  is  one 
of  the  uncommonest  forms  of  aphasia,  and  it  rarely  occurs 
independently,  bein^  frequently  associated  with  some  de- 
gree of  visual  aphasia  or  motor  aphasia. 

Tlie  seat  of  the  lesion  which  causes  auditory  aphasia  is 
the  cortex  of  the  middle  and  posterior  portions  of  the  first 
temporal  convolution,  extending  over  into  the  sccriod 
temporal  and  upward  into  the  supramarginal  convolu- 
tion, where  it  impinges  upon  the  cortical  area  for  visual 
verbal  images. 

The  symptoms  of  auditor}-  aphasia  are  subjective  and 
objective.  If  the  aphasia  is  limited  to  simple  word  deaf- 
ness, the  patient  hears  the  voice  in  which  words  are  spo- 
ken, but  the  words  convey  no  idea  to  him.  and  he  has  no 
more  comprehension  what  they  mean  tlian  if  they  were 
spoken  in  a  tongue  which  he  never  before  had  heard. 
He,  however,  recognizes  the  significance  of  other  sounds, 
unless  it  be  that  the  memory  pictures  for  such  sounds 
are  al.so  lost.  Naturally  there  are  different  degrees  of 
word  deafness,  depending  upon  the  extent  of  the  lesion 
or  the  destruction  of  the  auditory  area.  In  some  cases 
the  extent  is  so  great  that  the  sound  of  the  voicH?  which 
speaks  them  is  simply  i)erceived  as  a  sound,  and  such 

fiatients  do  not  recognize  the  sound  of  their  own  name, 
u  other  instances  they  recognize  the  sounds  of  their  own 
names,  and  possibly  tlie  names  of  other  members  of  their 
family,  their  places  of  residence,  business,  etc. 

In  the  milder  forms  of  auditory  aphasia  it  is  often  nec- 
essary, in  order  to  estimate  correctly  the  degree  of  word 
deafness,  to  test  the  patient  carefulfy  and  repeatedly. 

The  concomitant  accompaniments  of  word  deafness 
are  inability  to  write  from  dictation,  defective  compre- 
hension of  what  is  read,  imperfect  writing,  paragraphia, 
etc.  The  tirst  needs  no  explanation.  The  power  of  in- 
ternal reading  is  disorflered,  because  the  prunarily  excited 
visual  word  centre,  in  transmitting  the  impulses  to  the 
auditory  area,  finds  the  latter  disoniered,  and  there  is  in 
consequence  defective  revival  of  corresponding  word 
memories  and  lack  of  comprehension  of  what  is  read. 
The  paragraphia  is  an  expression  of  the  disorder  of  inter- 
nal language,  which  is  always  present  in  true  auditor}' 
aphasia. 

A  patient  with  word  deafness,  having  a  lesion  that 
cuts  him  olT  from  the  significance  of  all  that  is  said  to 
him,  is  pmctically  rendeu'd  deaf.  He  is  quiet  and  obser- 
vant ;  his  glance  betrays  suspicion  or  ft^r.  and  his  de- 
meanor is  often  one  of  trouble  and  unrest.  This  change 
of  demeanor  and  manner,  the  inability  to  repeat  from 
dictation,  and  theprofcmnd  diminution,  even  to  complete 
ab.seiice,  of  spontaneous  speech,  have  often  led  physicians 
and  laymen  alike  to  look  upon  these  unfortunate  [latients 
as  insiuie. 

Word  deatuess  nirely,  if  ever,  exists  alone.  It  is  often 
as.sociated  with  cortical  motor  aphasia,  and  frequently, 
on  account  of  the  proximity  of  the  auditory  area  to  the 
visual  an'a.  with  .some  degnre  of  word  blindness. 

There  must  nece.ssjirily  be  as  many  forms  of  auditor}' 
aphasia  as  there  are  distinctive  symbolic  .sounds.  Spoken 
speech  is  the  most  hiirhly  symbolic,  the  next  most  differ 
entiated  to  music.  To  tlie  form  of  apha.sia  in  which  there 
is  deafness  for  musical  notes  the  designation  tone  deaf- 
ness (musical  deafness)  is  given.  Musical  deafness  is 
almost  always  as.sociate(l  with  word  deafness,  but  there 
have  been  a  few  cas<\s  reconled  in  which  it  occurred 
apart  from  the  latter. 

The  clinical  forms  of  amusia  are  strikingly  analogous 
to  the  clinical  forms  of  aphasia,  and  they  generally  ac- 
company the  latter,  although  the  different  varieties  of 
amusia  have  some  clinical  independence. 

Vixmil  Ajihtiftiii  ;  V('i'}}ii1  Blimhiesfi :  Wot'd  Bfindne^v. — 
This  is  a  form  of  ai)hasia  in  which  there  is  a  h)ss  of  the 
signilicance  (^f  written  or  printed  words,  although  the 
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words  themselves  can  be  seen  with  customary  distinct- 
ness.  In  the  form  of  aphasia  described  as  verl)al  blind- 
n<«8s  the  patient  can  see  tlie  word  perfectly,  but  he  gatliers 
no  meaning  from  it.  The  periplieral  visual  appamtus  is 
intact.  A  printed  page  of  a  language  previously  entirely 
familiar  to  the  patient  sutfering  from  tliis  form  of  aphasia 
conveys  no  more  meaning  to  him  than  cUk'S  a  page  of 
Greek  or  Hebrew  to  the  illitemte.  or  a  page  of  Chinese 
symbols  to  him  who  reads  only  English,  although  he  sees 
with  the  greatest  distinctne.ssthe  hitters  printed  or  writ- 
ten, and  he  may  even  be  able  to  tell  the  handwriting  of 
one  person  from  that  of  another.  As  in  word  deafness, 
in  the  liteml  interpretation  of  the  term,  the  defect  is  not 
word  blindness,  but  loss  of  the  significance  of  graphic 
words.  Wonls  s<*en  do  not  arouse  a  corresponding  con- 
tent of  consciousness. 

Word  blindness  may  be  classified  according  to  the  de- 
gree of  its  completeness  and  according  to  the  kind  of  con- 
crete written  or  printed  symbols  whicli  wea.ssociate  with 
ideas,  such  as  alg(*braic  .symbols,  musical  notes.  ge<miet- 
rical  figures,  hieroglyphs,  etc.,  that  the  patient  is  unable 
to  recognize.  When  the  luumxlitied  term  word  blind- 
ness is  used,  it  is  undei*stood  that  other  fonns  of  printed 
and  written  symbols  than  letters  and  words  are  seen 
and  interpreted,  and  that  they  call  forth  corresponding 
ideas. 

The  visual  area  is  in  the  posterior  end  of  the  bmin.  It 
is  made  up  of  two  more  or  less  distinct  centres:  a  visual 
perceptive  centre  and  a  centre  in  which  is  stored  the 
visual  memory  of  words  and  other  symbols.  The  fonner 
is  situated  on  the  mesial  surface  of  the  occipital  lobes  in 
the  envinmmental  area  of  thecalcarine  fissure;  the  latter 
(usually  known  as  the  visual  centre)  is  in  the  posterior 
portion  of  the  inferior  parietal  lobule,  the  angular  gyrus, 
and  the  adjacent  margin  of  the  supmmarginal  convolu- 
tion which  curves  over  the  posterior  e-xtn-mity  of  the 
fissure  of  Sylvius.  Destruction  of  this  centre  produces  a 
form  of  sensory  aphasia  in  which  there  is  inability  to  put 
interpretation  on  words  seen  and  consecpient  inability  to 
read — the  condition  known  as  word  blindness,  alexia,  but 
it  cau.ses  no  loss  of  visual  acuteness.  The  primary  visual 
area  and  the  higher  visual  centre  are  frequently  diseased 
simultaneously,  but  the  symptoms  produced  by  each  can 
l>e  diffeR»ntiated.  In  these  cas<'S  it  is  to  be  understood 
that  there  is  no  lesion  of  the  periphend  visual  appamtus, 
although  the  condition  known  as  homonymous  hemian- 
opsia oftentimes  exists. 

Word  blindne.ss  in  its  simplest  form  entails  alexia,  in- 
ability to  rt»ad,  or  inability  to  get  any  information  from 
written  or  printed  symbols.  Naturally  there  are  various 
degrees  of  inten.sity  of  word  blindness.  The  patient  may 
l)e  unable  to  read  words,  and  yet  retain  the  faculty  of 
recognizing  letters;  or.  on  the  other  hand,  this  may  also 
Iwilost,  constituting  literal  as  well  as  v<Tbal  blindness;  or 
he  may  be  able  to  recognize  letters  and  unable  to  join 
them  into  syllables  (asyllabia). 

In  many  cases  of  visual  apha-sia.  or  word  blindnes.s.  the 
patient,  although  absolutely  unable  to  recognize;  any- 
thing elst»,  still  tells  his  own  name  when  he  sees  it  writ- 
ten. Hut  unless  he  has  b<*en  accustomed  to  see  it  in 
print,  he  will  not  recognize  it.  In  such  cases  it  is  under 
stood  that  the  angular  gyrus  isnot  ct)mpletely  destroyed. 
Oftentimes  the  patient  will  preserve  a  recognition  of  a 
number  of  other  Avords.  particularly  of  names  with  which 
he  has  been  for  a  long  time  fanu'liar.  Occasionally  ca.-^es 
are  met  with  in  which  the  verhal  blindness  is  so  verv 
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slight  that  it  retjuires  careful  and  persistent  examination 
to  reveal  it. 

If  the  angular  gyrus  is  completely  destroyed,  the  fac 
ully  of  writing  is  lost  with  it.  In  those  cases  in  which 
voluntary  writing  is  prescTvcd,  the  hsion  involves  the 
primary'  vi.sual  centre,  and.  as  this  lesion  is  .so  often  asso- 
ciated with  right  homonymous  hemianopsia,  the  i)atient 
Ix'gins  to  write  at  the  extreme  left  si<le  of  the  sheet  and 
stops  in  the  middle  of  the  page.  These  patients.  Ix-ing 
unable  to  read  what  thev  liave  written,  are  totallv  un- 
con.scious  of  any  en*ors  of  spelling  or  phraseology  that 
they  may  make,  although  they  may  i>ut  the  words  on 


paper  in  as  orderly  a  fashion  as  they  were  able  to  do  be- 
fore the  development  of  the  aphasia. 

If  the  auditory  (rentre  is  uninjured,  the  patient  is  able 
to  comprehend  what  is  read  to  him.  and  if  nis  own  hand- 
writing is  read  he  may  be  able  to  detect  errors  of  se- 
(luence.  of  diction,  and  of  spelling,  but  he  is  unable  to 
take  a  pen  and  correct  them. 

Patients  with  word  blindne.ss  are  sometimes  able  to 
read  written  or  printed  words  and  sentences  by  tracing 
the  word  with  the  end  of  the  index  finger  or  with  a  pen- 
cil. Such  patients,  by  utilizing  kina*sthetic  stinudi,  ex- 
cite previous  kina'sthetic  memories,  which  in  turn  react 
upon  or  act  conjointly  with  auditory  and  articulatory 
memories  to  revive  the  mental  concept  of  the  word. 

The  patient  may  not  be  blind  to  all  forms  of  notation, 
graphic  and  symbolic  representation.  Thus  there  may 
be  sensory  amusia,  sensory  asymbolia,  sensory  aminua, 
etc. 

There  are  two  or  three  sulxli visions  of  visual  aphasia, 
to  which  I  shall  refer.  The  first  is  the  form  in  which 
there  is  loss  of  the  perception  of  the  word,  not  only  of 
the  visual  impressions  corresponding  to  the  word,  but  a 
loss  of  the  value  of  the  symbol  in  arousing  the  idea  of 
which  it  is  the  written  representation.  This  form  of  sen- 
sory visjial  aphasia  is  entitled  to  the  name  *'  loss  of  word 
visualization."  verbal  amnesia,  or  psychic  blindness  of 
words.  Unlike  word  blindness,  the  patient  interprets 
letters  as  letters  and  words  as  words,  and  he  can  read 
them  and  ct)py  them,  but  they  convey  no  meaning  to 
him  after  he  has  read  theiu.  When  they  are  pronounced 
before  him  he  hears  an<l  interprets  them  very  readily, 
but  Ik;  has  no  idea  that  they  are  the  same  words  that  he 
has  been  reading  or  copving  imless  he  is  so  informed. 

The  lesion  which  produces  such  a  ccmdition  is  one  that 
interferes  with  the  pathway  that  conveys  the  sensation 
from  the  printed  word  or  object  to  the  idea,  or  to  where 
the  idea  is  formed. 

A  second  subdivision  is  that  in  which  the  patient,  on 
looking  at  an  object  which  he  has  previously  seen  and 
used,  is  unable  to  call  up  its  name,  although  ht*  is  in  con- 
dition to  utter  the  name  if  he  could  call  it  up.  This  is  the 
condition  to  which  the  name  "optic  aphasia"  has  been 
given  by  Freund.  The  striking  symptom  is  the  inability 
to  name  things.  The  lesion  interrupts  the  pathways  that 
unite  the  .s(-at  of  cortical  visual  representation  and  the 
seat  of  cortical  auditorv  memorie.**. 

In  addition  to  the  kind  of  visual  aphasia  in  which  there 
is  loss  of  memory  for  written  and  printed  letters,  and  to 
which  the  name  "  verbal  amnesia  "  or  **  psychic  blindness 
of  words  "  has  been  given,  there  is  a  fonn  of  less  common 
but  more  striking  occurrence,  known  as  psychic  blindness 
or  mind  blindness,  the  *'Seeh'nblindheit"  of  the  Germans, 
"Cecite  psychicjue"  of  the  French,  a  condition  not  infre- 
(juently  a.ssociated  with  the  ordinary  form  of  word  blind- 
ness and  letter  blindness.  In  this  condition  the  patient 
not  only  does  not  recognize  the  significance  of  letters, 
but  he  loses  the  power  to  differentiate  between  familiar 
objects  or  persons  and  to  distinguish  the  u.<*<*  of  things. 

The  condition  known  asapraxia — the  inability  to  com- 
prehend the  usage  of  ordinary  objects  and  things  to 
which  one  has  been  accustomed — is  analogous  to  this. 
The  nature  of  the  apraxia  is  probably  an  abolition  of  the 
vi.sual  memories  of  objects,  which  memories  have  been 
stored  up  in  the  higher  visual  area,  a  condition  analogous 
to  that  of  word  blindness.  The  patient  who  has  this 
condition  may  see  the  object;  that  is.  he  .sees  it  objec- 
tivelv.  but  he  does  not  see  it  suhiectivelv. 

The  subcortical  forms  of  sensory  aphasia,  pure  sensory 
aphasia  (^f  Dejerine.  are  analog(»us  to  the  subcortical 
forms  of  motor  aphasia.  The  lesion  of  suix-ortical  .s(»n- 
sory  aphasia  is  one  that  interferes  with  the  pas.siigc  of  the 
spoken  and  writt«*n  woid  to  the  idea  of  tlie  word  or  to 
when*  the  idea  is  formed,  it  being  understood  that  the 
structures  by  whose  functioning  the  idea  of  the  word 
is  formed  are  intact. 

The  real  components  of  .sensory  a|)hasia  are  visual 
aphasia  and  auditory  aphasia,  and  it  follows  that  the 
visual  cortical  area  and  the  auditory  cortical  area  are  the 
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parts  by  virtue  of  whose  activii y  one  gets  a  visual  and 
auditory  idea  of  words.  Therefon*.  there  may  Imj  a  sub- 
cortical iDterruptioii  of  the  visual  and  auditory  pathways 
wiiich  causes  a  subcortical  visual  aphasia  and  a  subcor- 
tical auditory  apliasia. 

In  subcortical  visual  aphasia  connection  with  the  pri- 
mary visual  centres  is  severed,  and  cons<*quently  the 
higher  visual  centre,  although  retentive  of  its  anatomical 
integrity,  is  pervertwl  in  its  physiological  ability.  The 
connection  of  the  visual  centre  with  tlie  other  8i>eech 
centres  is  not  disturbed,  except  in  so  far  as  tlie  latter  are 
not  properly  and  customarily  influencetl  on  ac(X)unt  of 
the  fact  that  the  visual  centre  itself  d(K»8  not  n'C<*ive  cus- 
tomary stimuli.  This  accounts  for  the  occasional  occur- 
rence of  shortcomings  of  spee<*h  (slight  paraphasia,  such 
as  note<l  by  Bramwell).  which  might  otherwise  seem 
paradoxical. 

The  symptoms  of  subcortical  visual  aphasia  vary  some 
what  with  the  seat  of  the  lesion,  i.e.,  with  its  proximity 
to  the  left  angular  gyrus.  Generally  speaking,  they  are 
verbal  blindness,  always  associatnl  with  right  lateral 
homonymous  hemianopsia,  as  the  lesion  is  either  of  the 
primary  visual  area,  in  the  cortex  of  the  occipital  lol)e 
bonlenng  on  the  calcarine  Assure,  or  of  the  optic  radia- 
tions connecting  the  occipital  lobes  with  the  left  angular 
gyrus,  the  higher  visual  centre. 

Spontaneous  siHtech,  except  (K'CAsionally  the  slight  para- 
phrasiii  already  rtfferred  to.  and  capacity  to  reiH*at  are 
intact.  The  patient  is  able  to  write  voluntarily  and  from 
dictation,  but  he  cjinuot  read  what  has  Ikm*ii  written  anv 
more  than  he  can  n*ad  what  some  one  r-lse  has  written, 
except  in  those  instances  in  which  the  sensi*  (-an  1m?  gath 
ere<i  from  tracing  each  letter  with  X\\v  finger  tip.  The 
patient  understands  readily  what  is  said  to  him  and  can 
reply  intellijjently  and  correctly. 

Subcortical  visual  aphasia  may  or  may  not  lie  accoin 
panied  by  a  degrc»e  of  optic  a})hasia  manifest<Hl  by  inabil- 
ity to  name  objects.     Whether  or  not  these  patients  have 
any  difficulty   in  spelling  nei^ls  further  investigation. 
In  all  probability  they  do  not,  .save  in  ran*  instances. 

Sul)Cortical  word  deafness,  or  pure  word  d(»afness  of 
Dejerine,  is  chanuterized  esjK'cially  by  inability  to  under- 
stand spoken  words,  and.  natumlly,  by  inability  to  write 
from  dictation.  It  is  of  much  less  fn*(pient  oc(-um*nce 
than  sulx^ortical  visual  aphasia.  Th<»  ifeatun^  that  dis- 
tinguishes it  from  cortical  auditory  aphasia  is  the  fa<-t 
that  spontaiK'ous  speech  is  pres<'rve<l,  there  is  no  amnesia 
verbalis.  the  patient  is  able  to  read  aloud,  to  write  volun- 
tarily, to  copy,  and  to  read  und(?rstandingly  what  \w.  and 
others  have  written.  As  in  every  other  form  of  subcor- 
tical aphasia,  every  constituent  of  internal  language  is 
intact.  It  is  rarely  if  ever  ii.*<s<K.*iate<l  with  panUysis  t)f 
the  extnjmities. 

Occasionally  ca.ses  of  ai>ha.sia  are  encountrnnl  in  which 
there  is  a  disturbance  of  all  forms  of  intelle<'tual  expres- 
sion, involving  disturbance  in  the  n*ct»ption  of  stimuli 
which  condition  mental  states  preimratory  to  spi*ech,  and 
disturl>ance  in  the  emission  of  such  mental  states.  To 
siKrh  cases  the  name  total  apliasia  is  given  Ix'causi*  it  in- 
cludes the  phenomena  of  both  motor  and  s<>nsory  aphasia. 

DiAONosis. — The  first  step  in  attempting  the  diagnosis 
of  aphasia  is  a  simple  method  of  (>liclting  and  associatinir 
the  different  symptomatic  constituents.  It  should  1h' 
kept  in  mind  that  the  s|M»ech  faculty  consists  of  two 
parts,  the  receptive  and  the  <*niissive.  and  that  either  of 
th<»8e  two  parts  may  manifest  the  pn'dominance  of  the 
apliasic  symptoms,  but  that  in  true  aphasia,  that  is. 
aphasia  dependent  upon  lesion  of  the  spein-h  ci*ntn's. 
neither  can  be  the  sole  medium  of  manifestation  of 
the  8p(»ech  defects.  It  should  further  be  reinemlxTed 
that  emissive  spwch  is  manifi^st  by  articulation,  by  writ- 
ing, by  pantomime,  and  that  int<'grity  of  the  receptivt? 
side  ol  languagt*  is  commen.surate  with  the  interpretation 
of  visual  and  auditory  stimuli. 

The  attitude,  the  demeanor,  the  conduct  of  the  patii'ut 
nmy  be  of  the  gn*atest  .<*ervice  in  orienting  the  j)hvsieian, 
fn>m  the  very  iM'ginning  of  the  exanunation.  ^he  de- 
meanor and  expression  of  cue  with  auditory  aphasia  are 


frequently  those  of  a  person  who  has  lost  all  interest  in 
his  surroundings,  and  his  attitude'  is  that  of  a  lieaf  per- 
son who  is  sligiitly  demented.  The  same  is  true,  though 
to  a  lesser  degree,  of  the  ])atient  wMth  visual  apliasia. 
Moreover,  patients  who  liave  this  form  of  aphasia  are 
often  garrulous,  and  on  the  slightest  provocation,  or 
without  provocation,  emit  a  string  of  articulate  or  gili- 
lx*rish  .sounds  that  convey  no  meaning  to  those  aliout 
them.  This  is  esiKK'ially  true  of  caws  of  not  very  pro- 
tracted duration.  Patients  with  cortical  motor  apbaaia 
and  with  subcortical  motor  apha.sia,  on  the  other  hand. 
present  a  very  different  aspect.  They  are  often  abso- 
lutely silent  but  watchful,  and  the  intensity  with  which 
they  hold  every  move  of  the  pers<ms  surrcamding  them 
is  often  striking.  This  intensity  of  observaticm  is  partic- 
ularly to  be  marked  in  cases  of  subcortitral  motor  aphasia 
in  which  the  patient  is  absolutely  speechless  yet  capable 
of  the  fullest  understanding  of' all  tliat  g(x*s  on  about 
him  and  within  his  hearing  and  vision. 

A  numlxT  of  scrhemes  have  been  devised  to  facilitate 
the  examination  of  aphasic  patient.s,  but  I  have  found 
the  following  simph;  plan  mo.st  siTviceable  After  so- 
curing  a  general  history  of  the  patient's  life  and  of  his 
pn'vious  illness  from  some  meinlier  of  the  family,  and  in 
this  way  getting  information  of  the  character  of  the  dia 
eas(>  of  wliich  the  aphasia  is  a  symptom,  the  patient *a 
ability  to  express  ideas,  to  n*ceiveand  interpn^  informa- 
tion, should  be  inquinnl  into.  The  mental  processes, 
apart  frcmi  the  manifestation  of  mentiil  states  and  the 
mental  capacity  for  the  reception  of  sensory  stimuli, 
should  then  Im'  examined.  Although  a  number  of  these 
may  l>e  determined  simultaneously,  it  is  Ix^st  to  take  each 
one  si'i^arately. 

In  ap})roaching  a  patient  with  aphasia  it  is  natural 
that  the  endeavor  should  be  made  to  elicit  infi»niiatioD  by 
s})eaking  to  him.  It  iK'Comes  necessjiry,  therefore,  to 
determine  if  the  patient  takes  note  of  what  is  said  to 
him  orally,  and,  secondly,  if  he  understands  what  is  said. 
In  other  wonls,  does  spoken  speech  awaken  in  his  audi- 
tory centre  corresponding  memories?  This  can  be  done 
ordinarily  by  asking  .some  simple  question,  as.  "How 
long  have  you  been  sick?  "  or  by  addressing  to  him  some 
simple  command,  such  as,  **Give  me  your  hand."  Care 
must  be  taken  not  to  employ  t(K)  conventional  questions 
r)r  commands,  such  a.s.  **  What  is  your  name?"  "Put  out 
the  tongue,"  etc.  The  patient  may  have  lost  the  audi- 
tory apperceptive  faculty  and  still,  oftentimes,  make 
n'as<mable  reply  to  .such  questions,  merely  fn>m  associa- 
tion and  habit.  Natumlly  the  patient  should  get  no 
information  of  what  is  being  asked  through  any  other 
avenues  than  those  of  hearing.  Such  patients  arc  quick 
to  grasj).  particularly  if  they  have  been  aphasic  for  some 
time,  the  signiticjince  of  even  slight  emotional  expression 
or  pantomime  on  the  part  of  tlie  interlocutor.  If  the 
patient  does  not  rei)ly  to  such  questions  or  commands, 
there  may  be  trouble  with  the  rc»ceptive  or  with  tlic 
emis.sive  sin-ech  faculties.  If  he  is  word-de»if — that  is. 
if  the  troul)le  is  on<'  that  prevents  the  sound  of  the  word 
from  reaching  the  a'litre  in  which  the  memories  of  pre- 
vious word  sounds  an*  stored  up — the  patient  will  not 
endeavor  to  respond  bv  word  or  act.  though  in  some  in- 
stances he  dcM'S  s<^.  ]S or  will  the  fact*  show  the  slight- 
est response  or  indication  of  compn*hension.  If  he  does 
H'Spond,  the  diagnostic  f<*ature  is  that  his  answer,  even 
though  it  1k'  made  up  of  articulate  wonls.  has  no  perti- 
n<*ney  or  In-ariiig  on  the  (piestion.  If  the  patient  is  not 
wonl-deaf.  he  will  mak<'  some  movement,  be  it  of  the 
head.  hand,  or  features,  to  indicate  that  though  he  un- 
del-stands  he  cannot  reply.  (Generally  this  gesture  is 
very  significant.  It  consists  of  a  despairing  expression 
of  tlu*  cojintenance  and  a  touching  of  the  lips  or  the 
thr<>at  with  the  tinirers.  Oftentimes  the  (piestion  can  be 
deeided  very  quickly,  if  there  n-mains  some  doubt  even 
yet.  by  asking  some  absurd  or  ludicn>us  question  and 
noticing  how  the  patient  receives  it.  If.  in  reply  to  the 
(pU'siioM.  "  Are  you  one  huiidn'd  years  okl  ?  "  he  solemnly 
sjiys.  '*  Yes,"  or  if  he  does  not  sir  the  ludicrousness  of  a 
Request  to  turn  a  somersault  when  he  is  obviously  para- 
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Ivzctl,  it  18  mfhor  i;<»nvincinj^  proof  that  such  spet'chcs 
do  not  awaken  the  proper  rt'SponHcs  in  his  mind;  and  if 
then.*  Iw  no  (iomcntia.  it  is  suggestive  evidence  that  tlie 
patient  is  wonl  deaf,  and  the  examination  shouhl  then 
proceed  twui  that  standpoint.  Although  other  of  the 
spw'ch  centn*8  may  l»e  siinuhaneously  disorganized,  the 
svniptoms  attriliutable  to  the  first  one  will  dominate 
the  chara(rter  of  the  speech  defect.  If  the  (>.\amination 
so  far  wems  to  suggest  the  existence  of  word  deafness 
as  the  leading  feature  of  the  sensr)ry  aphasia,  it  should 
then  he  detennine<l  to  what  degree  of  completeness  this 
exists,  and  the  extent  and  kind  of  disturbance  that  it 
causes  in  the  cxternalization  of  language.  The  amount 
of  diminution  of  the  patient's  vocabulary,  the  degree  of 
inappropriate  usage  of  words,  the  imperfections  of  se 

3 uence  and  rhythm,  should  all  be  noted.  The  patient 
lould  be  tested  for  his  power  of  recognition  of  simple 
wonis,  short  sentences,  and  long  sentences.  As  he  may 
react  to  conventional  question.s,  su<-h  as,  **Put  out  the 
tongue,"  etc.,  uncommon  requests,  sucli  as,  ** Touch  the 
nose  with  the  tip  of  the  index  linger,"  or  "Stand  (m 
the  chair,"  should  be  made.  The  ability  of  the  patient 
to  interpret  sounds  should  then  be  noted.  Do  sounds 
evoke  pn^vious  memori<'s  of  similar  sounds,  and  do  they 
incite  the  auditory  centn?  to  revive  the  name  of  the  ob- 
ject from  which  such  sr>unds  proceed?  When  a  Iwll  is 
sounded,  or  a  watch  is  held  l)ehind  the  ear  and  apart 
from  the  stimulation  of  any  perceptual  avenue  other 
than  hearing,  can  the  patit-nt  sjiy.  "  15ell  "  or  '*  Wuteli "? 
Finally,  the  existenceof  anv  disturbance  of  boncMiraOrial 
conductivity  should  1k»  demonstrated  or  excluded. 

If  word  <leafness  can  be  excluded,  and  the  ])atient  still 
makes  no  R»ply. — that  is,  if  he  remains  completelv  speec'h- 
less, — the   examination  should   be  made  to  ((«*termine 
whether  or  not  iutenial  language  is  defective,  for  it  must 
be  readily  seen  that  the  (luestion   lias  then  narrowed 
itself  to  a  determination  of  whether  or  nc)t  the  aphasia 
is  cortical  motor  (kimesthetic  word  imag**)  aphasia,  or. 
whether  it  is  subcortical  motor  aphasia,     in  other  words, 
is  the  inability  to  speak  due  to  a  lesion  of  the.storehous<» 
of  kina*sthetic  memories  of  articulated  words.  BnK'a's 
srea,  or  is  it  due  to  a  lesion  of  the  neurons  that  conduct 
"€ne  motor  won!  impulses  from  tlu?  Holandic  an-a  to  tin.' 
jMirts  that  externalize  the  wonl?    The  ess4'ntial  thing 
then  is  to  determine  if  the  patient  is  in  full  i>()ssession  of 
internal  language      If  internal  langmigc  in  any  of  its 
<2omponent8  is  disordered,  then  the  patient  has  true  cor- 
t  ical  motor  aphasia.     If.  on  the  other  hand,  there  is  no 
^ucli    disturbance,  the  lesion  is  elsewhere  than  in  the 
^one  of  language.     In  some  patients  the  dilTerentialion 
'^will  be  an  easy  one.     On  the  other  han«l,  Iiowever,  the 
"t^ask  is  oftentimes  an  extremely  dillicult  one.     It  is  par- 
"t^'icularly  so  In-cjiuse  the  test  to  determine  if  the  legiti- 
vxuitc  idea  of  words  can  be  evoked  in  the  internal  lan- 
^^age  (the  test  of  Pnmstand  of  Liclitheiml  is  not  one  of 
"^xniversal  appliaition.  Ix'cause  in  the  first  place  many 
T>ati(fnts  have  not  sufficient  scholarship  to  know   any- 
tliing  of  syllables  or  word  construction.     In  the  s<'cond 
place.  theVe  is  very  often  as.»«)<-iated  with  aphasia,  and  a 
c^'mcomitant  of  the  dis<«a.se  giving  ri^e  to  the  latter,  a 
degn.'e  of  deficiency  in    the  as^ueiative   faculties  that 
amounts  to  a  slight  degree  of  dementia.     In  su<"li  pa- 
tients it  is  often  extremely  dini<ult  t<»  make  them  un«ler- 
stand  ju.st  what  is  meant  by  telling  them  1o  j>ress  the 
pli.Vsieian's  han<l  as  many  tinus  as  there  are  syllable^  in 
ttif-  U'onl  Constantinople,  or  sonu*  e<iually  resnnaiit  an<l 
P*^'v.syllal)ic  wonl.     Nor  is  the  substitute  sugiTcsted  by 
I^<*J<Tine,  of  asking  the  patient  to  make  voluntary  ex- 
P*»^ltfiry  elTi»rts  as  many  times  as  there  are  syllables  or 
fettors  in  a  word  more  applicabh-.     Hut  even  wIhii  w«' 
^'^Hiit  get  the  patient  to  respond  to  these  tests.  th«Te  is 
*  Kctj^-rjil  jifUKjjjpju.j.,.  nl„,ut  the  patient  with  subcortical 

.*^J«»r  apha.sia  that  one  cannot  be  loiii^  in  without  n'cog 

JJ^^'^R  that  the  patient  is  in  full  p<wsession  of  his  intel- 

~^*^  *iiid  internal  speech.     The  only  shortcoming  of  the 

J*^'<"»rtical  motor  aphasia  is  inability  to  arti«'ulat<'.     lie 

^^^**r8lands  evervthing  that  is  siiid  i(»hinj:  Ik- interprets 

*'^*Orniation  received  through  the  visual  sphere;  he  is 
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capable  of  expressing  his  thoughts  fully,  easily,  and 
corn»ctly  by  writing  and  by  i)antomin)e,  or,  at  least,  he 
would  Ik;  if  it  were  not  that  the  right  half  of  the  Inxly 
is  usually  paralyzed,  and  he  is  obliged  to  portray  mental 
states  by  the  pantomime  activity  of  the  left,  the  less 
dextrous  half  of  the  l)ody. 

Physicians  oftentimes 'find  some  difiicultv  in  pn)perly 
as.si^ning  ca.ses  of  cortical  motor  (articulator}'  kime.s- 
thetic)  ai)hasia.  becaus*'  the  patient  is  still  able  to  articu- 
late s(mie  wonls.  If  it  l)e  kept  in  mind  that  the  patient 
with  corticral  motor  aphasia  (articulatory  kiua*sthetic) 
need  not  be  absolutely  deprived  of  the  power  to  articu- 
late words;  that  he  frequently  retains  the  ability  to  say 
one  or  sevenil  wonls,  which  lie  uses  at  all  times  and  un- 
der all  coialitions.  and  that  frefpiently  these  words  take 
the  form  of  recurring  utterances:  that  there  is  always 
agraphia,  which  may  Ih^  very  evident  or  which  mav  Im? 
difficult  to  bring  out  iK'cau.se  the  patient  ph*ads  jiarafvsis 
of  the  right  hand  as  an  excuse  for  not  making  an  (?llr(»rt 
to  write;  that  the  agniphia  is  usually  proj>ortionate  to 
theaidiasia;  that  it  is  manifest  in  voluntary  writing  and 
in  writing  from  dictaticm,  but  not  in  writing  fnmi  copy, 
and  that  the  patient  in  coj)ying  copies  print  in  scrii)t 
and  script  in  s<'ript.  showing  that  the  (.'oi)ying  is  not  a 
mechanical  but  an  intellectual  act;  and  that  there  is  de- 
fective internal  speech,  as  shown  by  the  test  of  Proust 
and  IJchtheim.  then  the  diagnosis  of  articulatory  kina^s- 
thetic  aphasia  will  not  Ik*  a  difficult  matter. 

After  voluntary  speech  has  been  satisfactorily  exam- 
ined. t<*sts  sh(mld  be  made  to  determine  the  patient's 
capa<'ity  to  repeat.  There  is  inability  to  repeat  in  both 
motor  and  si'usory  aphasia,  and  if  word  deafness  has 
been  excluded  there  will  Iw  no  difliculty  in  (h'tennining 
this  inability,  which  is  co<'xistent  with  loss  of  voluntary 
.spee<-h  in  articulatory  kina'sthetic  aphasia 

Particular  attention  should  be  giv<*n,  in  every  case  of 
apha.sia  in  which  the  symptoms  j)oint  to  destructi(m  of 
Broca's  area,  U)  the  faculty  of  writing. 

After  having  tested  the  patient's  cajmcity  to  perceive 
and  interpret  words  thrcmgh  the  auditory  apparatus,  he 
should  be  examined  with  a  view  of  determining  if  there 
is  any  di.sjiliility  of  accjuiring  and  interpreting  informa- 
tion through  the  visual  apparatus.  To  do  this  recjuin^s 
pati«'n<'e  and  circumspection.  In  the  first  i»laee  it  should 
be  established  that  the  ])atient  has  no  trouble  with  the 
peripheml  appanitus.  This  can  be  clone  by  an  ophthal- 
nu)s<'opic  examination.  Tests  shouhl  be  made  to  deter- 
mine* the  existence  of  la>mianopsia.  This  is  nf»t  an  eas}' 
matter  to  do  if  the  jmtient  is  aphemic  or  if  he  has  word 
d<*afness:  in  fa<-t,  it  is  extremely  difficult  to  do  satisfac- 
ttmly.  With  a  patient  who  can  umlerstand  what  is  said 
to  him  and  who  can  indicate  when  he  perceives  the  en- 
trjin<e  of  an  obj<'ct  into  the  visual  field,  who  can  tell 
when  the  indicator  of  a  j>erimeter  passt*s  beyond  the 
ninge  of  vision,  testing  for  hemianopsia  is  a  very  simple 
matter.  If  the  jmtient  is  word  eh*af.  an<l  if  he  has  visual 
blindness,  which,  of  course,  he  is  apt  to  have  if  he  has 
hf*niiano])sia,  one  finds  himself  unable  to  convey  to  the 
patient  by  written  or  spoken  word  that  which  one  wishes 
him  to  do  or  to  obs<'rve.  In  such  cases  one  must  con 
tent  hims<'lf  with  the  information  that  is  to  be  d«*rived 
from  foH'iblv  and  su<Ulenlv  thrusting  some  object  into 
tin*  visual  fields,  fnnu  the  right  SKh*  (for  right-handed 
patients  invariably  have  right  latt'nil  h(jinon\  mons 
lienu'anop.sia  when  th(*y  have  any\  and  taking  note 
whether  or  not  tin*  patient  blinks,  as  he  should  do  if  the 
object  be  pen'cived.  If  he  does  not.  it  is  rather  certain 
that  li<*  has  hemianopsia.  Kacli  jye  shouM  be  c\ainin«'d 
s<*panitely  and  the  findings  noted  on  a  chart. 

In  testing  the  pati<'iit  to  deterniii\«'  the  intCLTity  of  the 
visual  mechanism  one  may  begin  by  showii\Lr  him  famil- 
iar olnects.  If  he  does  not  recoirui/.i' them  <»r  show  by 
act  or  deed  that  he  comprehends  tin  ir  uses  or  j)urp«)ses, 
if  he  looks  up(»n  them  as  does  niw  who  sees  them  for  the 
first  time,  then  he  has  object  ajjhasia  and  the  lesion  is  of 
the  (wcipital  cortex.  Su<h  an  individual  may  obtain  in- 
formation throuirh  the  medium  of  other  sp«'cial  senses, 
such  as  the  tactih*.  gustatory,  etc     that  will  enabh*  him 
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to  recognize  the  object,  the  person,  or  the  thing.  If  he 
is  shown  familiar  objects  and  he  recognizes  tliem,  knows 
wliat  they  are  for,  but  cannot  name  them,  then  lie  ma}' 
have  either  an  interruption  in  the  pathway  leading  to 
the  higher  visual  centre  in  the  angular  gyrus,  or  there 
may  be  lesion  of  the  angular  gyrus  itself  If  it  be  the 
former,  internal  language  will  be  preserved  and  sponta- 
neous speech  may  be  intact,  although  there  is  usuall^v 
some  paraphrasia  and  possibly  jargonapliasia,  and  this 
preservaticm  is  shown  most  conclusively  by  the  retention 
of  ability  to  write.  He  may  write  easily  and  moderately 
well,  not  only  voluntarily  but  from  dictation;  but  the 
patient  is  unable  to  read  what  he  writes.  If  the  apliasia 
Ik?  of  the  latter  character  and  complete,  the  patient  will 
in*  absolutely  agraphic.  This  agniphia  is  to  be  consid- 
ered a  part  of  the  disorder  of  internal  language :  there  is 
inability  to  arouse*  the  visual  image  of  the  wonl.  In  such 
H  case;,  an  arousal  must  pn^cede  the  transmission  to  the 
part  of  the  Rolandic  cortex  that  innervates  the  member 
holding  the  pen;  there  is  complete  agraphia. 

The  physi(!ian  then  proceeds  to  examine  whether  the 
patient  has  word  blindness:  that  is,  whether  the  patient 
can  read  (1)  print,  (2)  script,  (3)  figures  and  other  forms 
of  notation. 

In  ca.ses  of  complete  aphasia  the  examination  is  verv 
difficult,  and  to  one  not  accustomed  to  such  a  task  it 
seems  very  unsatisfacrtory,  as  he  is  apparently  unable  to 
communicate  with  the  patient  or  to  receive  any  infor- 
mation from  him. 

Eti()lo<}y. — Etiologically,  aphasia  mav  be  classified 
into  organic  and  dynamic*  The  principal  organic  forms 
are  due  to  rupture  of  the  blood-vessels  and  occlusion 
of  tlH'ir  calibres,  whether  from  embolus  or  from  throm- 
bus, and  the  consecutive  changes  dependent  thereon. 
Tli(^  lesions  of  the  blood-vessels  may,  however,  be  due 
to  infianunatorv  (Mmditions  of  the  ve8.stfls,  but  even  then 
it  is  not  at  all  improbable  that  the  pathogenesis  of 
the  lesion  is  the  direct  result  of  a  si'ptic  or  infectious 
process  that  cauw^s  infectious  emboli  and  thrombi.  The 
traumatic  conditions  that  may  pro<luce  aphasia  are  bul- 
let and  .stAb  wounds,  depressed  fractures  of  the  skull, 
and  injuries  pro<lucing  meningeal  hemorrhage. 

Und<;r  the  dynamic  fonns  may  be  included  those  in 
which  no  organic  lesion  is  responsible  for  the  develop- 
ment of  aphasia  syin])toms.  The  term  dynamic  is  usi'd 
merely  as  a  convenience  in  preference  to  the  (conven- 
tional **  functional."  The  dynanii<!  variety  includes 
aphasia  o('curring  with  neuroses  and  p-syehoses  which 
arc  not  yet  proven  to  be  dependent  upon  some  recogniz- 
a!»le  bniin  lesion,  of  which  epilepsy,  neurasthenia,  and 
hysteria  may  be  taken  as  examples.  It  also  embraces 
iiiost  of  the  eases  of  aphasia  oi'curring  with  toxaemia, 
Mieh  as  unemia,  dial)etes.  and  gout :  although  a))hasia  in 
sonu:  of  these*  ea.ses,  especially  aphasia  occurring  with 
unemia,  is  often  dependent  upon  organic  vascular  lesion 
of  the  cerebral  blood-vessels.  Aphasia  caused  by  the 
vegetable  poisons,  stmtonin.  IHladonna.  tobacco,  et<*..is 
almost  invariably  of  the  dynamic  form.  Tiie  aphasia 
that  sometimes  occurs  in  individuals  who  have  been 
poisoned  ])y  h»a(l,  copper,  etc.,  may  be  of  the  dynamic 
varietv.  (»r  it  may  l>e  a  focal  manifestation  of  the  en- 
cephalopathy which  these  ])oisons  (M'casionally  cauw. 
The  <lynamic  aphasias  also  include  the  aphasi'c  speech 
disturbances  cK-eurring  with  neumlgic  attecticms  of  a 
migrainous  order,  tliosi.?  oecurring  with  forms  of  insanity 
that  have  no  known  aiiatomieal  basis,  and  finally,  the 
c(mipamtively  insignificant  number  which  are  attributed 
t(»  frijrht,  anger,  so-called  refii'X  caus<'».  such  as  intestinal 
worms,  and  the  transitory  aphasias  from  lo.ss  of  blood. 

Ordinary  etiologieal  factors,  such  as  aije.  se\,  occupa- 
tion, etc..  have  no  bearing  on  the  causjition  of  aphasia, 
hrcaus*.'  it  is  itself  a  symptom,  and  it  results  only  when 
the  dis4>as4'S  of  which  it  is  a  symptom  <K*(Mir  or  arl*  jirone 
to  <K'<ur:  but  as  aphasia  is  so  often  associated  with  <'ere- 
bral  apo]»iexy.  and  as  rerebml  ai>oph*xy  occurs  usually 
in  late  maturity  and  advancetl  age,  it  follows  that  apha 
sia  is  s<*<'n  ofteniT  in  people  Ix'vond  iiftv  years  of  age. 
Nevertheless,  it  would  be  misleading  to  leave  this  state- 


ment unmodified,  for  the  reason  that,  three  diseases 
which  not  infrequently  have  aphasia  as  a  svniptom, 
namely,  unemia.  acute  hemorrhagic  encephafitis,  and 
tuberculous  meningitis,  are  i>articularly  liable  to  occur 
in  the  3'oung.  Moreover,  aphasia  sometimes  develops 
in  the  wake  of  the  infectious  diseases,  typhoid,  diphthe- 
ria, and  pertussis,  and,  as  these  occur  more  frequently  in 
youth  than  at  any  other  time,  it  follows  that  the  aplia- 
sias  of  this  variet\'  will  be  seen  oftenest  at  such  time  of 
life. 

Treatment. — The  medicinal  treatment  depends  en- 
tirely upon  the  nature  of  the  lesion  that  causes  the  apha- 
sic  symptom  complex.  If  the  lesion  be  a  focus  of  en- 
cephalomalacia,  then  all  that  can  be  expected  is  to  assist 
nature  to  prevent  further  destruction  of  tissue,  and  par- 
ticularly to  assist  in  preventing  a  repetition  of  the  im- 
mediate exciting  cause  of  the  softening.  On  the  other 
hand,  if  the  lesion  be  a  gummatous  meningitis,  or  an 
isolated  gummatous  formation  in  the  zone  of  language 
or  in  the  sul>corti(;al  speech  tracts,  and  these  can  be  diag- 
nosticated as  such,  medicinal  treatment  is  of  the  greatest 
value.  The  difllculty  in  casi*s  of  this  kind  is  oftenest 
with  the  etiological  diagnosis.  Usually  the  patient  is 
not  in  condition  to  vouchsafe  any  information  concern- 
ing himself,  and  as  his  family  arc.  as  a  rule,  ignorant 
of  such  matters,  the  physician  is  conqKOled  often,  if  he 
has  not  been  familiar  with  the  patient's  history,  to  make 
a  diagnosis  of  previtms  svphilitic  infecti<m  on  less  satis- 
factory data  than  are  ordinarily  considered  essential. 

It  would  be  a  work  of  supererogation  to  repeat  In  de- 
tail the  causal  treatment  applicable  to  the  different  forms 
of  apliasia.  The  treatment  for  apliasia  in  one  patient 
may  be  just  as  different  from  the  tR*atment  applicable 
to  the  n<'Xt  one,  as  the  causi'S  are  different.  For  in- 
stance, the  treatment  in  the  beginning  of  an  urssmic 
attack  is  venesc>ction  if  the  patient  has  not  an  organic 
fonn  of  renal  disease*;  yet  this  kind  of  tr<»atment  would 
bo  fatal  to  a  patient  whose  aphasia  was  dejiendent  upon 
aut(K*hthonous  thn>inbosis. 

Whenaphasic  symptoms  develop  slowly  without  fever 
and  with  symptoms  of  incri*asing  intracmnial  irritation 
and  pres.su*re.  th(?n  tumor  and  abscess  must  l»e  thought 
of.  In  making  the  diagnosis  and  the  differ(*ntiating 
diagnosis  one  must  be  guided  by  the  general  rules  ap- 
plicable to  the  solution  of  theses  problems.  When  there 
an*  grounds  for  the  belief  that  the  lesicm  is  of  a  luetic 
nature,  then  the  administmtiim  of  mercury  and  iodide 
of  iK)tassium  cannot  be  carried  out  with  too  great 
proni])tness  and  attention. 

The  treatment  of  aplmsia  de]>endent  u)>on  organic  dis- 
ease, such  as  tumor,  absc(*ss.  ))urulent  meningitis,  and 
f<H*al  diseasi*  of  any  nature,  does  not  <liffer  fn)m  the 
treatmentof  these  conditions  when  aplmsia  is  not  present. 
When  tlwMr  presence  is  atten<led  by  sym])toms  which 
se4*m  to  indicate  that  they  are  amenable  to  surgical 
treatment,  their  removal  should  not  lie  <lelayed.  In 
fact,  the  aphasia  is  oftentimes  the  localizing  symptom 
that  makes  diagnosis  positive  and  operation  pos.sible. 

Taking  it  all  in  all,  the  question  of  the  medicinal 
treatment  of  aphasia  never  comes  up  for  consideration 
The  (piestion  that  does  pn-scnt  its<.'lf  is.  How  shall  we  tn^at 
the  condition  of  which  aphasia  is  the  symptom?  To 
answer  that  question  sat isfaetorily  n*quirt'*s  an  intimate 
knowledge  of  the  thempeusis  of  all  the  «liseasi*s,  func- 
tional and  organic,  that  have  been  enumerated  in  the  sec- 
lion  (m  etiology,  with  which  aphasia  may  be  associated. 
Treatment  mav  consist  of  such  a  simj>le  matter  as  the  in- 
tenlietion  of  aleohol  in  a<'aseof  toxic  dyslexia,  or  it  may 
require  the  coinhined  skill  of  the  ]>hysiciau  and  surgeon 
to  diairnosticate  and  remove  an  abs<*ess  r>r  tumor.  The 
treatment  of  the  dynamic  a])hasias  is  a  different  matter 
from  tlu>  treatment  of  the  oriranic  a]>liasias.  In  the  for- 
mer all  that  is  neeessjiry  is  to  remove  the  cause  and  the 
synq)toni  will  disappear,  while  in  the  latter  the  cause 
may  be  n'mov«Ml  an<l  the  pathological  condition  which  it 
lias  excited  still  continues  and  with  it  the  aphasia.  De- 
spite this  many  of  the  dynamic  or '*  functional  **  aphasias 
yield  to  appropriate  medication  for  the  conditions  upon 
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which  they  are  dependent,  combined  with  fitting  treat- 
ment addressed  to  the  mental,  moral,  and  physical  sides 
of  the  individual. 

The  pedagogical  treatment  of  aphasia  is  a  matter  of 
recent  development.  It  has  been  the  legitimate  result 
of  an  inquiry  into  the  physiological  and  psychological 
antecedents  of  articulate  speech  and  of  clinical  observa- 
tions that  when  a  young  pei*son  becomes  apliasic.  even 
though  the  lesion  be  a  very  severe  and  extensive  one,  the 
faculty  of  speech  may  still  be  restored  to  him.  Moreover, 
almost  from  the  very  beginning  of  the  history  of  aphasia 
it  has  been  recognized  that  even  when  the  so-called 
**  speech  centre,"  meaning  Broca's area,  has  been  complete- 
ly destroyed,  the  patient  may  occasionally  regain  some 
<-apacity*to  speak  single  words  or  a  number  of  words. 
Various  hypotheses  have  been  formulated  to  explain  these 
occurrences,  the  most  widely  accepted  apparently  being 
tliat  of  J.  Ilughlings  Jackson,  who  8Uggest<,*d  twenty 
years  ago  that  the  ** uneducated  centre"  of  the  opposite 
side  is  in  a  way  related  to  conventional,  emotional,  and 
other  forms  of  what  he  terms  **  degraded  "  speech,  in  con- 
tradistinction to  intellectual  speech.  This  is  the  theory 
accepted  by  many  writers  to-day.  Recently  Wyllie  has 
framed  a  theory  along  somewhat  the  same  lines,  on  the 
"Overflow  of  education  into  the  opposite  hemisphere;" 
the  hemisphere  that  contains  the  zone  of  language 
takes  up  all  that  it  can  in  the  way  of  education,  and 
tliat  which  it  is  not  equal  to  taking  up  flows  over  into 
tbe  other  hemisphere.  The  entire  subject  of  the  repos- 
session of  the  speech  faculty  in  patients  in  whom  it 
has  been  lost  must  needs  be  looked  at  to-day  from  an- 
other standpoint  than  it  w^as  a  few  years  ago,  when  the 
forms  of  subcortical  aphasia  had  not  been  satisfactorily 
differentiated.  It  seems  to  me  that  in  the  light  of  our 
present  knowledge  of  aphasia  it  must  be  granted  that 
not  only  do  the  corresponding  areas  of  tlie  opposite 
hemisphere  sometimes,  under  the  stress  of  education,  un- 
dertake, in  a  very  incomplete  way.  the  speech  function 
of  the  destroyed  area  of  the  hemisphere  phylogeneti- 
eally  and  ontogenetically  prepared  to  carry  on  the  speech 
faculty,  but  that  the  immediate  environmental  areas  of 
the  speech  centres  of  the  left  hemisphere  may  take 
up  the  function  in  part.  In  the  process  of  functional 
compensation  the  portion  of  the  speech  centre  that  is 
not  destroyed  becomes  connected  with  the  other  speech 
centres  in  previously  unaccustomed  ways,  not  by  the 
development  of  new  commissural  fibres,  but  through 
their  acquisition  of  functional  activity.  Secondly,  the 
opposite  hemisphere,  the  one  that  has  the  zone  of  lan- 
guage ontogenetically  developed,  is  not  an  uneducated 
hemisphere  at  all,  but  it  is,  in  one  .senw.  just  as  much 
fnlucated  as  the  hemisphere  in  which  the  zone  of  lan- 
guage is  situated. 

It  must  needs  be  admitted   that  there  is  a   general 
auditor)' area,  a  general  visual  area,  and  a  ir<'nenil  kintes- 
thetic  area  in  the  right  heniisphen*  as  well  as  in  the  left 
hemisphere,  and  that  in-coming  .stimuli  make  on  it  anini- 
pres.si(m  similar  to  that  which  they  <lo  on  the  so-called 
*•  eduoited  "  hemisphere.     These  iniprrssioiis  are  bilateral 
in  reception  but  unilateral  in  int<'rpn'tation.     This  unity 
•«>f  interpretation  is  determined  by  coniinissural  tihn-s  of 
the  corpus  callosum.     Now  the  same  factoiN  that  deter- 
tnine  right-liandednessdeterniirie  also  that  the  left  hemi- 
•^phere  shall  Im'  the  executive  speech  side,  but  theelemen- 
Tary  work  is  done  on  both  sides.     It  seems  to  nie  that  .so 
f  arevery  one  who  is  willing  to  accept  the  suirirestionsof 
*  experimental  physiology  nuist  go.     How  many  are  will- 
^  iii;tr>  admit  that  the  execution  of  sp<M'eh  is  an  automatic 
*4ct  an<i  requires  no  conscious  j)reparati«»ii.  if  process  of 
5^ natomical  completion  is  not  coiisi(h  red  "preparation," 
^ ?^ another  matt^T.     Those  who  believe  that   tlie  execu- 
tion of  speech  is  an  automatic  act.  tiiid  it  easier  to  ex- 
T~*lain  how  an  approach  to  automatism,    or  an  untinished 
**iitomatism.  can  ImmissuukmI  by  the  op|)osite  iieiuisphere. 
"^vhich  is  educated  b\it  which  is  not  intended  to  be  auto 
'^^itie,  and  especially  in  young  children  in  whom  the  habit 
•*f  uutomatic  activity  has  not  become  lixed  by  continued 
Pi^tice.     A  number  of  the  cases  that  have  been  reported 


to  show  the  assumption  of  speech  function  by  the  opposite 
hemisphere  have  been  conclusively  shown  to  be  depend- 
ent upon  a  subcortical  lesion  and  not  upon  destruction 
of  a  speech  centre,  and  the  partial  or  complete  recovery 
of  speech  was  commensurate  with  a  disappearance  of 
the  conditions  tliat  liad  determined  the  partial  interrup- 
tion oT  the  conducting  fibres.  In  these  cases  recovery 
of  speech  has  gone  on  jMtn  pasmt  with  disappearance  of 
other  symptoms,  such  as  hemiplegia,  for  instance.  In 
other  cases  in  which  the  lesion  has  been  of  the  speech 
centres,  the  partial  repossession  of  speech  has  been  due 
to  the  fact  that  the  entire  speech  centre,  which  in  the 
beginning  of  an  aphasic  attack  was  completely  over- 
thrown, has  in  a  slight  mea.sure  righted  itself  after  the 
exudative  and  occlusive  conditions  have  subsided.  Then 
the  patient  finds  himself  in  possession,  to  a  very  insig- 
nificant degree,  of  his  previous  speech  endowment.  In 
other  cases  there  can  be  no  question  that  the  educated 
aieas  of  the  other  hemisphere  develop  some  executive 
capacity.  This  is  determined  artificially,  i.e.,  by  educa- 
tion, and  not  ontogenetically  as  it  is  normally,  except  to 
the  very  slightest  degree. 

In  brief,  then,  the  education  of  an  aphasic  patient 
should  consist  in  endeavoring  to  cause  the  centre  or 
centres  in  the  leftside  of  the  brain  that  are  not  destroyed 
by  the  lesion  which  causes  the  aphasia  to  take  the  initia- 
tive in  the  primary  recall  of  words  and  complete  the 
** circuit"  neces.sary  for  intenial  language  and  speech  by 
forcing  the  educated  opposite  side  to  supply  a  centre 
similar  to  that  which  has  been  destroyed;  or,  if  the 
damaged  centre  is  not  entirely  destroyed,  by  re-educat- 
ing the  cells  that  remain,  as.sisting  them  as  it  were  in  the 
acquisition  of  a  function  which  thev  were  intended  to 
perform  in  unison  with  other  cells.  For  example,  if  the 
articulatory  kimesthetic  centre  is  destroyed,  the  primary 
revival  of  the  word  that  should  be  spoken  is  through 
the  auditory  centre,  and  this  calls  up  in  temporal  coinci- 
dence or  succession  the  visual  and  the  articulatory.  The 
articulatory  centre  Ix^ing  destroyed,  the  speech  impulse 
of  the  formed  word  cannot  be  completed,  and  tlie  kines- 
thetic articulatory  centre  of  the  opposite  side  is  acted 
upon  through  commissural  fibres  in  just  the  same  way 
as  the  articulatory  centre  of  the  left  side  was,  through 
intercentral  fibres,  in  the  beginning.  The  process  of 
education  is  v(*ry  slow  and  must  be  given  artificial  aid  in 
the  way  of  showing  the  patient  how  to  arrange  the 
organsof  articulation  for  the  production  of  simple  vowel 
and  consonant  soumls,  a  performance  which  he  should 
be  daily  encouraged  to  do.  After  he  has  acquired  the 
capacity  to  produce  these  sounds  and  has  regained  some 
control  of  the  peripheral  speech  mechanism,  he  is  to  be 
tutoH'din  thesjime  way  in  the  production  and  articulation 
of  monosyllables  and  their  combinaticm  in  words.  This 
j)rocessis  a  laborious  one  and  requires  great  perseverance 
on  tiie  part  of  the  physician.  Whenever  po.s.sible  the 
task  should  be  entnisted  to  a  teacher.  Naturally  the 
greatest  progress  will  be  ma(h*  with  cases  of  subcortical 
motor  aphasia,  because!  these  patients  take  a  mon*  intel- 
liijent  interest  in  tlu;  matter  and  because  thev  can  aid 
tlKMUselves  by  reading  and  writing.  Most  of  the  p\ib- 
lislied  casi»s  of  marked  functional  compensjition  have 
been  cases  of  subcortical  motor  aphasia,  in  which  ability 
to  read  has  Ixm'ii  pres<Tved. 

AVhen  the  auditorv  centre  is  dis<'as<^d.  th^n  tin'  object 
of  teaching  is  either  to  get  a  primary  revi^al  of  the  idea 
of  words  in  the  visual  or  the  aiticulaiory  <rntre,  and 
then  to  throw  into  the  circuit  the  component  jiarts  of  tiie 
auditory  that  are  not  disorganized,  or  to  fnxor  the  de- 
velo|)ment  of  the  auditory  word  cenire  in  the  opj)osit(» 
hemisphere,  TIk*  patient  must  be  t;niirht  t.)  concentrate 
his  attention  on  vowel  souiwU  and  then  on  words  of  one 
syllable,  spelt  letter  by  h'tter.  while  he  tiirs  to  rej)eat 
them  by  the  oral  method.  Tiii>  is  a  \«  r\  much  more 
difiicult  matter.  becaus«'  in  thr  va^t  majority  of  peoples 
the  primary  revival  takes  jilace  in  the  auditory  centn;, 
and  when  this  is  destroyed  the  |»atient  is  left  strandr'd, 
from  a  speech  standpoint.  The  plan  of  education  is  in 
reality  that  which  is  usetl  for  deaf  mutes  who  are  taught 
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to  think  by  the  revival  of  the  word  impulse  by  the  visual 
centres,  the  revivification  of  visual  symbols  being 
prompted  by  hand  or  lip  movements. 

Patients  with  the  auditory  form  of  sensory  aphasia 
should  be  patiently  taught  to  repeat  words,  the  meaning 
of  which  is  conveyed  to  them  through  other  senses,  the 
visual,  tactual,  and  olfactory.  It  is  apparent  that  most 
progress  will  be  made  with  patients  whose  general  in- 
telligence is  least  disturbed.  In  subcortical  word  deaf- 
ness the  amelioration  is  always  greater  than  in  sen- 
sory aphasia  due  to  destruction  of  the  supertemporal 
gyrus. 

The  treatment  of  sensory  aphasia  conditioned  by  de- 
struction of  the  visual  centre  is  most  unsatisfactorv. 
and  very  little  can  be  done  to  ameliorate  the  condition  of 
such  patients  even  though  all  modes  of  education  be 
assiduously  employed.  An  effort  should  be  made  to 
teach  the  patient  the  recognition  of  forgotten  symbols 
in  connection  with  the  arousal  of  other  memories  of  them, 
the  auditory  and  the  articulatory.  In  short,  the  peda- 
gogical treatment  of  aphasia  embraces  the  methods  of 
the  kindergarten  and  the  methods  of  instruction  for  those 
defective  in  one  or  more  of  the  special  senses.  Even 
with  their  aid  but  little  can  be  done,  except  in  the  sub- 
cortical varieties.  Joseph  Collins. 

APHRODISIACS. — Aphrodisiacs  are  agents  whose  em- 
ployment is  supposed  to  increase  sexual  desire  or  ability. 
A  division  miglit  be  made  by  classing  together  those 
causing  increased  desire  or  ability  temporarily,  as  do  small 
amounts  of  alcohol  or  other  stimulant,  and  thost?  doing 
so  permanently:  or  a  division  miglit  l)e  made  of  those  in- 
creasing desire  as  opposc^l  to  those  increasing  ability  to 
perfonn  the  scwual  act.  In  no  condition  must  the  maxim 
'*  remove  the  cause  tirst"  be  more  considered,  and  we 
are  dependent  upon  general  measures  after  the  cause? 
has  been  removed  rather  than  upon  the  employment  of 
drugs. 

Loss  of  sexual  power  nmv  have  origin  in  various 
ways  and  is  frequently  divided  into  otyanic,  psi/chical, 
nervous  or  irritable,  and  parali/tic.  Organic  impot('nc<'  is 
dependent  upon  structaral  change,  either  congcuiial  or 
acquired,  such  as  anomalies,  malformations,  new  growths, 
etc.,  for  which  relief  must  be  .sought  by  surgical  or  other 
special  treatment. 

For  nercous  or  irritable  impotence,  which  is  due  gen- 
erally to  weaknessof  the  irenital  organs  and  almonnal  ex- 
citement of  tlie  reflex  centres  causing  premature  ejacula- 
tions, or  due  to  irritations  caused  by  some  morbid  condition 
of  the  urine  or  by  the  presence*  of  strictures,  resouiee  must 
be  had  to  measures  such  as  the  i)assjii:e  of  a  cold  sound 
and  other  local  treatment,  which  will  relieve  the  causative 
factor.  In  parah/tir  impotenee,  which  is  usually  caused 
by  structund  changes  in  the  nervous  m<'chanisni  of  the; 
sexual  organs  or  by  disease  of  the  central  nervous  system, 
syphilis,  gmve  arueinia,  systemic  poisoning  from  lead, 
tobacco,  etc.,  the  prognosis  is  unfavorabh*.  and  we  can 
hope  todo  little  beyond  arresting  the  course  of  thedisease 
which  is  causing  the  troui)le  and.  possibly,  by  building 
up  the  patient,  we  may  restore  to  him  some  degree  of  sex 
iial  power.  Psyrhiml  joss  of  sexual  power  offers  ])rol)al)ly 
the  best  opportunities  for  tin;  use  of  aphrodisiacs.  Most 
cases  are  due  to  nervousness,  overwrought  desire,  indif- 
ference, grief,  fright,  and  mental  preocc  upation. 

If  the  case  has  its  origin  in  nervousness  caused  by  fear 
of  the  consecjuences  of  early  abuse,  the  confidence  of  the 
patient  must  be  obtained  and  monil  suasion  he  used.     lie 
must  be  told  to  abstain  from  all  sexual  intercotirse  for 
ten  daysor  two  weeks  and  may  he  given  a  placebo  which 
it  is  well  to  tell  him  will  endow  hini  with  sexual  .strenLrth. 
attention  of  course  iK'ing  paid  to  his  general  well-lM-ing. 
Thos<»  cases  depending  upon  overwrought   desire,    fre 
quently  seen  in  newly  married  men  after  long  engage 
ments  or  sexual  abstinence,  archest   treated  by  the  trni 
porarif  use  of  the  bromides,  together  with   sugirestion. 
For  these  an<l  for  the  remaining  class  of  cases  indications 
will  be  found  for  prescribing  such  gen<'ral  mea.sures  as 
hydrotherapy  with  massage,  a  diet  consisting  of  highly 


seasoned  food,  red  meats,  and  a  moderate  amount  of  alco- 
holic stimulants,  and  freedom  from  exhausting  mental  or 
physical  work.  Tonics  may  also  be  employed  and  the 
reputed  aphroilisiac  drugs,  such  as  strychnine,  in  doses 
approximately  of  gr.  ^  three  times  daily,  and  phospho- 
rus, gr.  Y  Jg  three  times  uaily.  Ergot  is  said  to  be  of  value 
in  those  cases  of  impotence  which  depend  uix>n  lack  of 
erectile  power,  and  among  other  drugs  damiana,  caffeine, 
and  cantharis  have  some  repute.  The  use  of  the  last  can- 
not be  txx)  strongly  condemned,  for  if  it  aids  sexual  de- 
sire at  all,  which  is  doubtful  at  best,  it  does  so  by  causing 
irritation  of  the  genitourinary  passages  and  not  by  irri- 
tating or  stimulating  the  nervous  system.  Other  agents 
used  are  alternate  applications  of  hot  and  cold  water 
locally,  electricity  applied  to  the  urethra  or  to  the  rec- 
tum, and  the  passage  of  a  sound  either  reinforced  by 
electric  stimulation  or  by  cold.  But  to  repeat,  impotencje 
rarely  if  ever  requires  the  use  of  aphrodisiac  drugs,  and 
success  must  come  from  moral  force,  general  hy^enic 
measures,  and  the  removal  of  the  cause. 

Charles  Adams  Holder. 

APHTHi€.    See  Mouth,  Diseases  cf. 

APLASIA.    See  Agenesia. 

APNCEA.    See  Respiration. 

APOCODEINE— C,  JI.bNOt,  is  a  reddish,  amorphous 
powder,  almost  insoluble  in  water,  soluble  in  alcohol, 
ether,  and  chloroform.  The  hydrochlorate  of  apocodeine 
is  a  grayish  amorphous  pow^der,  very  soluble  in  wattT. 
It  is  obtained  by  heating  hydrochlorate  of  codeine  for 
fifteen  minutes  with  a  concentrated  solution  of  chloride 
of  zinc,  at  a  temixirature  of  170°  or  180"  C.  On  cooling, 
a  yellowish-brown  mass  separates  from  the  liquid.  This 
is  drawn  in  thin,  silk-like  threads,  and  is  almost  pure 
hydrochlorate  of  apocodeine.  The  preparation  is  easy, 
and  there  is  yielded  a  much  greater  product  than  the 
morphine  salt:  it  is  also  much  more  stable.  The  base 
may  be  obtainefl  by  precipitating  it  from  a  solution  by 
the  addition  of  carbonate  of  sodium  and  extracting  with 
ether. 

The  reactions  prfxluced  by  reagents  upon  apomorphine 
and  apocodeine  are  almost  identical,  with  the  exception 
that  the  blood  red  coloration  prodiiced  by  nitric  acid  is 
much  more  permanent  with  the  latter. 

This  drug  has  been  intrcnluced  as  an  expectorant  and 
emetic.  The  dose  is  from  gr.  -^^  to  gr.  i.  It  is  reconi- 
mend<'d  in  the  treatment  of  chronic  bronchitis,  croup. 
whooping  cough,  etc.  A  one-  or  two-percent.  S(^)lution 
may  be  prepared,  and  from  five  to  ten  minims  adminis- 
tered. It  acts  mpidly,  and  the  elTect  is  prolongeii.  It 
may  also  be  used  hypodermically.         Bemnnont  Small. 

APOCYNACE^.  — (The  Oleander  or  Strophanthus 
family.)  A  great  family  of  one  hundred  and  tliiny 
genera  and  more  than  one  thousand  species,  very  abun- 
dant in  the  tropics  of  both  hemispheres,  a  few  extending 
into  the  temperate  zones.  The  plants  are  almost  all  trt*es 
or  erect  or  climbing  shrubs,  with  milky  juice,  and  are 
highly  ornamental  and  freciuently  cultivateil  for  deco- 
rative purposes.  The  juices  of  Landolphia,  Hancomia, 
and  some  others  arc  utilized  in  the  production  of  rubber. 
Valuable  timbers  are  yielded  by  sevend  species.  The 
most  noteworthy  characteristic  of  the  family  is  its  poison- 
ous nature,  few  other  families  being  able  to  compare  with 
it  in  this  respect.  Many  of  th(»  species  have  lx»en  utiliztMl 
as  arrow  poisons,  and  a  nundxTof  these  have  been  intn^- 
duced  into  the  materia  medica.  The  active  constituents 
are  nicest ly  glucosidal,  commonly  alkaloidal. 

The  action  is  chiefly  upon  the  heart,  stimulant  in  small 
(loses,  ultimately  paralyzant,  and  thus  frequently  power- 
fully diuretic.  Often,  also,  they  are  irritant  enietico- 
eathartics.  Their  a(;tion  is  so  powerfid  that  even  minute 
ditT(;rences  between  them  are  of  importance,  and  new 
remedies  introduced  from  this  family  are  always  worthy 
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of  careful  attention.  The  important  medicinal  genera 
are  strophanthus,  aspidospcrma,  apocynum,  and  al- 
stonia. 

Tlie  poisonous  principles  are  widely  distributed  through 
the  plant  bodies.  //.  U.  Rutby. 

APOCYNUM.— Canadian  Hemp.  "The  root  of  Apo 
cu/ium  cannabinum  L.  (Fam.  Apocynacece).^  U.  S.  P. 
L  p  to  a  comparatively  recent  period  the  genus  Apocy num 
was  supposed  to  contain,  in  the  Eastern  United  States, 
but  two  species,  A.  cannabinum  L.  and  A.  andt'oscemi- 
folium  L.  As  the  latter  was  known  to  have  but  a  weak 
physiological  action,  it  was  supposed  to  be  necessary  to  ex- 
clude only  this  well-known  spiecies  from  the  drug  in  order 
to  insure  its  full  properties.  It  is  now  known  that  the 
several  supposed  varieties  of  A,  cannabinum  are  perfectly 
distinct  species.  A.  cannabinum,  therefore,  as  it  has  been 
understood  and  collected,  is  in  reality  several  (probably 
four,  at  least)  distinct  species,  the  tnie  A.  cannabinum  be- 
ing apparently  rather  scarce.  That  some  one  or  more  of 
these  species  is  a  powerful  and  important  medicine  is  in- 
dubitable, in  view  of  the  evidence  presented ;  but  in  view 
of  the  numerous  recorded  failures,  it  is  equally  certain 
that  not  all  of  them  are  so.  We  are  at  present  quite 
ignorant  as  to  which  is  the  active  species,  all  statements 
of  manufacturers,  as  well  as  the  Pharmacopoeia,  to  the 
contrary  notwithstanding.  The  entire  comparative  study 
of  these  species  is  still  before  us.  Under  these  circum- 
stances any  specific  phaimacological  account  of  the  drug 
is  out  of  the  question. 

The  plants  are  erect,  perennial  herbs,  growing  by  pref- 
erence along  railroads  and  roadsides.  They  propagate 
by  long,  horizontal  underground  structures,  which  appear 
to  combine  the  characters  of  both  root  and  stem.  The 
latter  is  the  part  used.  The  aerial  portion  may  be 
smooth  or  pubescent,  and  is  usually  purple  or  purplish. 
The  leaves  are  opposite,  oblong,  or  oval-ovate,  thickish, 
mucrouate.  The  stem  is  branched  above  and  bears  very 
small  white  or  greenish -white  flowers  in  close  cymes. 
The  fruit  is  a  pair  of  long  slender  follicles,  filled  with 
small  plumose  seeds.  The  entire  plant  exudes  an  abund- 
ant milky  juice. 

The  drug  occurs  in  long,  rather  straight  pieces,  of 
about  the  thickness  of  a  lead  pencil  and  sparingly 
branched.  It  is  of  a  brown  color,  having  an  orange 
shade  if  not  old  and  stale.  The  bark  exhibits  few 
coarse  wrinkles,  finer  nerves  and  coarse  circular  fissures. 
It  is  very  thick,  and  pinkish-white  internally.  The 
wood  is  yellowish,  very  soft  and  brittle,  its  pores  are  large 
enough  to  be  visible  to  the  naked  eye.  It  contains  resin, 
tannin,  starch,  an  amaroid,  and  the  peculiar  crystalline 
body  apocy nin,  soluble  in  alcohol  and  poisonous,  and 
the  glucoside  apocynein,  soluble  in  water  and  of  feeble 
action.  The  aiK)cynin  is  a  nauseating  expectorant,  and 
emetico-cathartic  m  over-doses,  like  the  drug,  but  none 
of  the  constituents  yet  examined  has  an  action  exactly 
parallel  with  that  of  the  drug.  It  is  quite  likely  that 
they  diflfer  in  the  diflferent  species.  Apocynum  is  a  car- 
diac stimulant  and  a  diuretic,  as  well  as  a  nauseating  ex- 
pectorant. The  most  important  use  of  the  driig  is  in 
causing  the  removal  of  dropsical  effu.sions.  A  fluid  ex- 
tract is  ofliicial,  the  dose  of  which  is  0.3  to  2.0  c.o.  (tij,  v. 
to  XXX.).  //.  //.  Jiuttby. 

APOMORPHINE. — Apomorphine  isan  alkaloid  derived 
from  morphine  by  abstracting  from  the  latter  a  molecule 
of  water.  This  is  done  by  heating  it  in  sealed  tubes  with 
zinc  chloride  or  hydrochloric  acid.  It  may  also  be  de- 
rived from  codeine.  It  is  commonly  used  in  the  form  of 
the  hydrochlorate,  which  is  ofticial.  The  Pharmacopoeia 
thus  describes  it:  "Minute,  grayish-white  shining,  acicu- 
lar  crj'stals,  without  odor,  having  a  faintly  bitter  taste, 
and  acquiring  a  greenish  tint  upon  exposure  to  light  and 
air.  Soluble  at  15''  C.  (59°  F.)  in  about  45  parts  of 
water  and  about  45  parts  of  alcohol ;  very  little  soluble 
in  ether  or  chloroform.  When  heated  to  near  100^  C. 
(212**  F.),  the  salt  is  decomposed,  rapidly  if  in  solution, 
slowly  when  dry." 


The  properties  of  apomorphine  are  totally  distinct 
from  those  of  morphine.  It  is  primarily  an  emetic,  act- 
ing altogether  centrally,  and  with  great  promptness  and 
power.  It  is  secondarily  an  expectorant,  increasing  and 
greatly  thinning  the  bronchial  mucus.  In  poisoning, 
there  is  intoxication  or  delirium  and  paralysis  of  the 
motor  nerves,  with  failure  of  respiration  and  especially 
of  the  heart. 

In  use,  apomorphine  is  probably  our  most  prompt  and 
energetic  emetic,  its  special  value  being  the  promptness 
and  certainty  with  which  vomiting  can  be  induced  by 
hypodermic  iniection  when,  for  any  reason,  the  stomach 
cannot  be  actea  upon  to  produce  it.  As  an  expectorant, 
it  is  perhaps  our  most  useful  agent  for  relieving  a  "  dry  " 
cough.  If  given  early,  it  will  do  much  to  avert  bron- 
chitis, and  it  is  also  especially  useful  in  the  hacking  cough 
of  tuberculosis.  The  emetic  dose  for  an  adult  is  gm. 
0.006  to  0.01  (gr.  t\j  to  J);  as  an  expectorant,  gm.  0.0015 
to  0.0025  (gr.  :^  to  jf^).  B.  U.  Bu^. 

APOPLEXY.    See  Brain  Ih'aeases :  Hemorrhage. 

APPENDICITIS.— The  term  appendicitis  is  one  that 
has  come  into  general  use  of  late  years  only,  and,  while 
occasional  articles  in  the  past  have  called  attention  to 
and  well  described  that  disease  which  now  goes  under 
the  name  of  appendicitis,  the  general  recognition  and 
proper  treatment  of  the  same  may  be  said  to  date  from 
the  well-known  article  by  Fitz.  It  is  true  that  inflam- 
mation of  the  csBcum,  pentyphlitls,  and  paratyphlitis  are 
terms  which  express  accurately  the  pathological  condi- 
tion in  rare  cases,  yet  inflammation  in  the  right  iliac 
fossa  is  known  to  be  dependent  upon  some  dise^ed  con- 
dition of  the  appendix  save  in  very  exceptional  instances. 
Hence  the  term  "  appendicitis  "  has  displaced  all  others, 
to  indicate  inflammatory  troubles,  either  acute  or  chronic, 
situated  in  the  right  iliac  fossa. 

The  anatomy  of  the  appendix  is  extremely  varied. 
The  organ  is  the  remains  of  a  portion  of  bowel  which, 
during  foetal  life,  had  much  tlie  same  diameter  as  the  rest 
of  the  caecum,  but  at  birth  it  presents  an  appearance 
which  is  accurately  described  by  its  name,  worm-like  ap- 
pendage. It  is  attached  by  one  extremity  to  the  lower 
end  of  the  caecum  into  which  its  lumen  opens,  and  a  fold 
of  mucous  membrane,  the  valve  of  Gerlach,  more  or  less 
covers  the  opening  between  the  two  portions  of  bowel. 
The  attachment  of  the  appendix  to  the  caecum  will  be 
found  at  the  lower  end  of  the  caecum,  where  the  muscu- 
lar bauds  so  characteristic  of  the  large  intestine  come  to- 
gether. Hence  by  following  a  muscular  band  of  the  colon 
and  tracmg  it  downward,  one  can  reach  the  root  of  the 
appendix.  The  diameter  of  the  appendix  varies  greatly. 
I  have  seen  it  an  eighth. of  an  inch  in  diameter;  I  have 
seen  it  dilated  until  its  diameter  was  not  less  than  one  inch 
and  a  quarter.  Perhaps  a  quarter  of  an  inch  would  \ye  not 
far  from  the  usual  size.  The  length  varies  as  much  as 
does  the  diameter.  An  appendix  is  mentioned  in  Dennis' 
'*  System  of  Surgery  "  as  IxMng  nine  and  a  half  inches  in 
length.  I  have  seen  it  exist  simi>ly  as  a  bunch  of  fibrous 
tissue  not  a  quarter  of  an  inch  long,  and  between  these 
two  extremes  the  ordinary  length  will  be  found.  The 
position  of  the  appendix  in  relation  to  the  caecum  will 
vary  not  less  than  do  its  length  and  diameter;  and  this 
is  to  be  expected,  since  it  is  attached  to  the  bowel  by  one 
extremity  only,  the  other  being  mon?  or  less  free.  It 
may  lie  to  the  outer  side  of  the  ctecuni  and  be  turned  up- 
ward, or  behind  the  caecum  and  be;  turned  upwanl;  it 
may  also  be  so  long  as  to  hang  over  the  brim  of  the 
pelvis  and  become  an  intrapel  vie  organ.  1 1  is  surrounded 
partially  by  peritoneum.  In  rare  cases  it  will  hv.  foinid 
lying  entirely  in  the  meso-caecum.  coviMed  little  or  not 
at  all  by  peritoneum.  It  has,  un(h*r  other  comlitions,  a 
meso-appendix  containing  blood-vessels  and  lymphatics, 
as  have  the  colon  and  other  portions  of  the  intestinal  canal. 
The  meso-appendix  is  rarely  as  long  as  is  the  appendix, 
to  the  tip  of  which  it  extends:  hence  this  portion  of  the 
bowel  is  bent,  sometimes  acutely  flexed,  and  thus  it  may 
become  a  cause  of  trouble  owing  to  obstruction  of  the 
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lumen.     It  is  probably  very  exceptional  to  find  an  ap 
pendix  which  is  straight. 

It  is  usual  to  consider  that  the  appendix  is  histologi 
cally  similar  to  the  small  intestine,  namely,  that  it  has 
circular  and  longitudinal  muscular  layers  overlaid  by 
peritoneum  and  lined  internally  by  mucous  membrane. 
The  lymphatics  from  the  appendix  empty  into  the  glands 
in  the  meso-appendix.  The  appendix  is  supplied  by  a 
rather  large  blood-vessel  which  extends  to  the  tip  of  the 
organ,  and  does  not  at  its  termination  anastomose  with 
another  vessel.  Obliteration  of  this  vessel  at  the  c^ecal 
end  will  therefore  interfere  with  the  blood  supply  of  the 
whole  appendix. 

The  healthy  appendix  feels  to  the  touch  as  does  the 
small  intestine.  When  it  is  the  seat  of  chronic  inflam- 
mation, the  appendix  becomes  firm  to  the  touch  and  may 
be  here  and  there  pouched,  or  the  lumen  partially  oc- 
cluded, or,  in  exceptional  cases,  entirely  closed. 

The  appendix  contains  normally  mucus.  Sometimes 
a  little  fecal  matter,  generally  called  •* concretions,**  may 
be  found  in  it,  and  exceptionally  a  foreign  body. 

The  physiology  of  the  appendix  is  unknown.  In  cer- 
tain of  the  lower  animals  it  is  a  large  organ  and  imdoubt- 
edly  assists  in  digestion.  There  is  no  reason  to  suppose 
that  this  condition  of  affairs  exists  in  the  human  being. 
After  the  organ  has  been  removed,  or  after  its  lumen  has 
been  obliterated,  the  human  economy  does  not  sc^em  to 
suffer  because  of  either  of  these  conditions.  In  the  fe- 
male a  fold  of  peritoneum  extends  from  the  right  ovary 
to  the  appendix,  and  is  invoked  as  a  reason  why  iutlam- 
mation  of  the  right  iliac  fossa  in  the  female  may  involve 
both  organs. 

The  bacteriology  of  the  appendix  will  not  differ  from 
that  of  the  ca?cuni,  with  which  it  is  in  free  communica- 
tion ;  a  perforation  from  the  cavity  of  the  appendix  into 
the  peritoneal  cavity  can  be  considered  as  a  perforation 
of  the  ca?cum,  the  colon  bacillus  being  the  organism  on 
which  the  greatest  stress  is  laid  as  a  cause  of  the  result- 
ing inflammation  and  sepsis,  though  many  organisms 
are  found. 

Appendicitis  may  occur  at  any  time  of  life  from  youth 
to  old  age,  but  between  the  ages  of  ten  and  thirty  the 
majority  of  cases  are  met  with.  Of  the  two  sexes  the 
male  seems  to  be  more  often  alTected.  In  the  female  in- 
flammati(m  of  the  right  tube  may  be  mistaken  for  appen- 
dicitis. 

It  is  usual  to  separate  api)en(licitis  into  certain  classes, 
the  better  to  appreciate  \hv  pathological  conditions  j)r('S- 
ent  and  the  tmiu  of  symptoms  which  one  may  be  called 
upon  to  investigate;  and  while  there  is  no  hard-and-fast 
line  between  the  difTercnt  groups, — the  divisiim  being 
purely  arbitrary, — clinically  such  a  classification  will  be 
found  very  helpful.  Thus  appendiceal  colic,  catarrhal 
appendicitis,  suppurative.  i)crforative,  and  gangrenous 
appendicitis  are  recognized  as  individual  (liseas<.*s  of  the 
appendix. 

Chronic  Appendicitis. 

In  the  chronic  form  of  inflammation  the  appendix  has 
elastic,  thickened,  white  walls  and  contracted  lumen. 
To  the  touch  the  organ  feels  firm  and  stiff  and  iwnrv  or 
less  straight.  An  acute  flexure  exists  rarely,  for  such  a 
condition  predisposes  to  an  acute  attack  and  to  periap- 
pendicular inflammation.  The  whole  ai)pendi\  aj)pears 
to  be  infiltrated  with  an  exudate  that  usually  <loes  not  in- 
vade the  peritoneal  coat,  which  retains  its  oriirinjil  shiny 
appearance;  occa.sionally  the  apiKudix  is  adherent  to 
adjacent  organs  by  firm  exudate,  the  evidence  of  one  or 
more  acute  attacks.  The  nHso-apj)cn(lix  may  hv  thick- 
ened and  firm,  only  in  exceptional  cases  retainini:  its 
normal  appearance.'  AVhether  the  app<*iHlix  lie  entirely 
in  connective  tissue  behind  the  ca'c mn.  (^r  be  a  peritoneal 
organ,  its  walls  present  when  chnwiically  infianicd  the 
s;une  general  appearance.  Attacks  which  aeconipany 
th(!  condition  of  the  appendix  here  stated  \  ary  in  intensity 
and  fnMiuencv.  They  mav  i)ersist  for  vears.  occurrinir 
at  irregular  intervals,  or  they  may  occur  at  more  or  less 


fre<iuent  intervals,  within  a  short  time.  Between  the 
attacks  the  symptoms  may  disappear  altogether,  or  there 
may  be  a  sense  of  discomfort  in  the  right  iliac  fossa,  with 
recurring  exacerbations.  The  terms  relapsing  and  recur- 
rent appendicitis  are  analogous  to  the  terms  remittent 
and  intermittent  malarial  fever.  The  attack  may  be  so 
slight  as  to  be  worthy  of  the  name  only  of  appendicular 
colic.  Usually  the  term  appendicular  is  omitted,  bv  the 
patient  at  all  events,  and  the  term  colic  only  useJ.  It 
IS  very  probable  that  a  lar^e  number  of  cases  of  ordinar>' 
colic,  called  attacks  of  indigestion,  are  due  to  an  appen- 
dicular sclerosis. 

The  symptoms  which  have  been  referred  to  as  present 
in  attacks  of  appendicitis  will  be  noted,  but  to  a  minor 
degree,  in  the  fonn  of  appenditis  which  is  now  under 
consideration.  It  is  to  be  remembered  also  that  attacks 
of  chronic  appendicitis  may  become  perforative  and 
therefore  acute;  this  is  the  danger  to  be  feared.  With 
our  present  knowledge  it  is  not  possible  to  say  when  the 
next  attack  of  appendicitis  may  occur  and  "whether  it 
may  be  of  a  serious  character  or  not.  Physical  explora- 
tion of  the  right  iliac  fossa  between  the  attacks  may  en- 
able the  examiner  to  localize  the  thickened  and  hardened 
appendix.  Pressure  upon  it  will  cause  discomfort,  if  not 
pain,  and  especially  is  this  the  case  rust  prior  to  an  at- 
tack and  for  some  time  afterward.  The  duration  of  an 
attack  will  vary ;  fever,  constipation,  etc.,  bearing  a  clase 
relationship  to  the  extent  of  disease  present.  After  a 
few  days,  or  perhaps  even  earlier,  the  symptoms  diminish 
and  the  patient  returns  to  his  usual  condition,  only  to  l»e 
the  subject  of  another  attack  later.  There  is  always  the 
chance  that  an  attack  of  chronic  appendicitis  may  lie- 
come  perforative,  with  results  such  as  liave  already' been 
stated. 

Etiology. — No  satisfactory  cause  of  inflammation  of 
the  appendix  is  known.  Traumatism,  constipation, 
irregular  development  of  the  appendix,  right  tulial  in 
flammation  in  women,  indigestible  substances  taken  int«» 
the  stomach  at  meals,  a  superabundance  of  glandular 
tissue  in  the  appendix,  bending  of  the  appendix  whereby 
the  lumen  is  mechanically  obstructed,  and  many  other 
reasons,  are  all  put  forward  as  the  cause,  probably  witli 
equal  truth.  Even  the  grippe,  with  which  we  Ameri 
cans  have  been  favored  of  late  years,  is  suggestwi  as  a 
cause,  althcmgh  up  to  this  time  the  organism  peculiar  to 
the  grippe  has  not  been  discovered  in  causal  relation  with 
appendicitis,  and  epidemic  influenza  in  the  i>a.st  doc»s  not 
seem  to  have  given  rise  to  appendicitis.  The  firm,  stiff. 
elastic  appendix,  the  subject  of  what  we  call  chronic  ap- 
pendicitis, resi'mbles  scarcely  any  other  pathological  con- 
dition met  with  in  the  alimentary  canal,  and  it  does  n<»t 
seem  to  be  so  extraordinary  a  supposition  that  appendi- 
citis, with  its  various  termination.s,  may  not  Ik?  the  |)at]io- 
logical  exi)ression  of  a  constitutional  condition  not  vet 
recognized  and  named.  Perforation  of  the  appendix  u'ld 
the  resulting  peritonitis  produce  a  change  in  the  aspi»<t 
of  affaii's  not  more  marked  than  that  which  occurs  after 
a  perforation  of  the  small  intestine  by  a  typhoid  ulcer. 

The  complications  met  with  in  i4i)pendicitis  have  to  il«> 
with  the  extension  of  the  inflammati(m  from  the  original 
seat  of  the  disease  to  other  parts  of  the  body,  not  only 
through  the  lymphatic  system,  but  also  through  the 
venous  system.  Among  them  may  be  mentiom*ti  thnuu- 
bosis  of  the  iliac  vein,  abscess  in  the  liver  (developed  bv 
way  of  the  ]M)rtal  circulation),  etc. 

Ff>nir/)i  Bn<1uH. — From  time  to  time  inflammation  of 
the  ajipendix  has  been  attributed  to  foreign  bcxlies  im- 
pacted in  the  lumen  of  the  tube — prune  stones,  date 
stones,  grajie  seeds,  etc.  Examination  shows  that  such 
so-called  foreign  Ixm lies  are  usually  ma.sses  of  fa'ces  mon* 
or  less  hard;  and  while  foreign  bodies  are  (X^'asionallv 
met  with  thev  are  encountered  verv  rarely.  Pn)V»abry 
the  ordinary  pin  is  the  foreign  IkkIv  most  fn.'quenily 
found.  Not  infre(juently  a  fecal  concretion  is  hcl'd 
firmly  in  the  appendix,  ])artly  by  the  swelling  of  the 
surroundiniT  mucous  membrane  and  partly  by  the  con- 
tniction  of  the  circular  musc'ular  fibres.  Lender  this 
pressure   the   concretion   may   gradually  force   its  wav 
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through  the  wall  of  the  appendix.     As  to  the  cause  of 
the  impaction,   nothing   is  known,   nor   do  we  know 
whether  it  is  a  common  thing  for  fences  to  enter  the  ap 
pendix  and  then  pass  out  of  it  again. 

P.\THOLOGY. — Intlammation  of  the  different  coats  of 
the  bowel  proceeds  from  within  outward,  the  mucous 
coat  being  first  affected,  then  the  muscular,  and  finally 
the  peritoneal.  The  ulceration  involves  a  larger  area  of 
the  mucous  than  of  the  muscular  coat,  and  in  turn  a 
larger  area  of  the  muscular  than  of  the  peritoneal  coat. 
The  form  of  ulceration  does  not  seem  to  differ  from  that 
which  is  met  with  in  similar  tissues  elsewhere.  As  j'et 
nothing  specific  has  been  discovered.  Ulceration  may 
occur  anywhere  within  the  interior  of  the  bowel,  on  the 
side  of  the  meso-ccecum  or  opposite  to  it,  or  at  the  ex 
tremity  of  the  appendix.  It  is  notable  that  as  the  ulcera- 
tion deepens  and  involves  the  peritoneal  coat,  pain  is  ex- 
perienced. When  the  peritoneal  coat  becomes  involved, 
lymph  is  effused  on  the  free  surface  of  the  serous  mem- 
brane, and  adjacent  coils  of  intestine  become  adherent  to 
the  appendix,  thus  preventing  in  many  cases  extravasa- 
tion into  the  peritoneal  sac.  If  perforation  occurs  sud- 
denly, the  adhesions  between  the  appendix  and  the  ad- 
jacent coils  of  intestine  may  not  be  strong  enough  to 
prevent  this  extravasation;  but  if  perforation  occurs 
more  slowly,  these  adhesions  will  probably  be  sufficiently 
strong  to  wall  in  firmly  the  extravasated  material  and 
the  rapidly  forming  pus.  A  subsequent  giving  way  of 
such  an  abscess  into  the  general  peritoneal  sac  is  followed 
by  a  furious  septic  inflammation,  which  is  general  and 
almost  necessarily  fatal. 

If  the  seat  of  ulceration  and  subsequent  perforation 
occurs  in  a  part  of  the  appendix  not  coverecf  by  perito- 
neum— for  instance  where  the  appendix  is  turned  behind 
the  caecum  in  the  connective  tissue — the  perforation  will 
simply  give  rise  to  a  circumscribed  abscess,  into  the 
formation  of  which  peritonitis  does  not  enter.  Such  an 
abscess  will  be  in  the  meso-csecum,  and  the  tendency  to 
perforation  will  be  toward  the  loin  rather  than  toward 
the  peritoneal  cavity.  The  periappendicular  lesions  will 
vary  greatly  in  the  two  cases,  the  one  giving  rise  to 
peritonitis,  circumscribed  or  general,  the  other  to  a  cellu- 
litis, circumscribed  always  and  general  never.  The 
situation  is  far  less  grave  if  the  peritoneum  is  not  in- 
volved, and  the  symptoms  are  less  severe. 

Pus  having  formed  about  the  appendix  and  being 
walled  in  bv  the  adhesions  between  this  organ  and  the 
adjacent  coils  of  intestine,  does  not  remain  quiet.  It  in- 
creases in  amount  and  makes  its  way  in  the  direction  of 
the  least  resistance,  sometimes  in  one  direction,  some- 
times in  another.  The  advance  to  the  surface  may  be 
very  slow :  down  the  thigh,  through  the  lumbar  region, 
into  the  intestine,  large  or  small,  are  the  routes  along 
which  it  may  advance.  When  an  abscess  forms  and  ex- 
ists for  any  time,  the  appendix  will  often  be  found  float- 
ing in  the  pus,  perhaps  in  its  entirety  or  disintegrated. 
After  the  appendix  has  sloughed  off  faeces  rarely  are  dis- 
charged— fecal -smelling  matter  yes,  but  faeces  as  such 
very  rarely.  The  opening  of  the  bowel  usually  closes 
without  help  on  the  part  of  the  surgeon.  It  is  difficult, 
from  an  examination  before  the  operation,  to  sttite  ac- 
curately where  the  appendix  may  be  situated.  I  have 
seen  it  attached  to  tlie  liver,  which  formed  one  of  the 
boundaries  of  the  abscess.  I  have  seen  it  also  in  the 
scrotum,  simulating  stmngulated  hernia;  in  the  left  iliac 
fossa;  and  in  the  pelvis  behind  the  rectum. 

Left-sided  appendicitis  is  not  so  very  unusual  and  may 
occur  from  a  transposition  of  visccm,  from  a  long  ap- 
pendix, or  from  an  extremely  movable  cjccum,  which 
carries  the  appendix  with  it.  The  form  of  peritonitis 
which  follows  upon  the  perforation  of  the  appendix  will 
vary  largely  with  the  rapidity  of  the  ulremtive  process. 
Sloughing  of  the  appendix  and  gangrene  are  more  apt  to 
occur  when  the  s(»at  of  ulceration  is  near  the  cecum,  and 
possibly  this  outcome  of  the  disease  may  be  traceable  to 
the  obliteration  of  the  nutrient  artery  of  the  api>endix  at 
the  seat  of  the  ulceration.  Tlieoretically,  at  least,  such 
a  blocking  of  the  nutrient  artCTy  near  the  ca'cum  woidd 


leave  the  appendix  without  vascular  supply.  This  ex- 
planation, however,  will  not  suffice  for  those  cases  in 
which  the  lumen  of  the  artery'  is  found  not  to  be  ob- 
structed, and  consequently  one*  is  forced  to  suppose  that 
micro-organisms  have  to  do  with  the  production  of  the 
gangrene. 

Symptoms  and  Diagnosis.— If  the  inflammation  in 
volves  the  peritoneal  coat  and  if  it  is  accompanied  by  the 
formation  of  pus,  the  examination  of  the  bloo<l  will  show 
a  leucocytosis  more  or  less  marked.  In  two  of  my  re- 
cent cases,  in  both  of  which  circumscribed  suppuration 
within  the  peritoneal  cavity  existed,  I  found  in  one  case  a 
leucocytosis  of  15,000  and  m  the  other  case  one  of  18,000. 

So  far  as  the  differential  diagnosis  is  concerned,  it  will 
be  necessary  to  distinguish  between  the  disease  imder 
consideration  and  renal  or  ureteral  disease,  inflammation 
of  the  gall  bladder,  typhoid  perforation  of  the  intestine, 
right  salpingitis,  abscess  of  the  liver,  tuberculous  in- 
flammation of  the  caecum  or  mesentery,  and  intestinal 
strangidation.  In  a  case  recently  under  my  care,  which 
came  to  the  hospital  forty -eight  hours  after  the  com 
mencement  of  symptoms,  abdominal  section  showed  that 
a  Meckel's  diverticulum  had  passed  through  a  hole  in 
the  mesentery  of  the  ileum,  was  strangulated,  and  gave 
rise  to  symptoms  which  justified  the  expectation  of  find- 
ing an  mflamed  appendix.  While,  then,  in  a  majority 
of  cases  inflammation  of  the  appendix,  or  of  the  ini- 
mediate  neighborhood,  can  be  diagnosticated,  in  other 
cases  abdominal  section  is  necessary  in  onier  that  ac 
curacy  of  diagnosis  may  be  arrived  at. 

Constipation. — Constipation  is  an  unfavorable  sign  and 
can  be  taken  to  mean  that  some  part  of  the  intestinal 
wall  is  inflamed  and  consequently  is  not  able  to  carry  on 
its  function  properly, — namely,  the  transmission  of  faeces 
within  the  lumen  of  the  tube.  Such  constipation  may 
give  way  under  the  use  of  purgatives  or  enemata.  but 
persists  when  inflammation  is  advancing.  In  septic 
peritonitis,  when  it  is  general,  the  constipation  is  abso 
lute.  So  long  as  it  is  not  present  and  the  bowels  act  in 
response  to  the  administration  of  purgatives,  just  so  long 
may  a  favorable  prognosis  be  given.  Diarrhoea,  in  my 
opinion,  is  a  vastly  more  favorable  symptom  than  is  con 
stipation ;  indeed,  diarrhcea  does  not  occur  as  a  symptom 
of  appendicitis. 

MuscuUir  Teimon. — The  absence  of  motion  which  is 
noticed  in  the  lower  portion  of  the  abdominal  wall  be 
comes  more  and  more  marked  as  the  disease  progresses, 
and  this  without  the  sufferer's  knowledge.  If  the  ap- 
pendix is  in  the  ordinary  situation,  the  right  rectus  and 
the  right  oblique  muscles  will  be  somewhat  more  tense 
than  are  the  corresponding  muscles  on  the  other  side 
(left)  of  the  body ;  this  being  probably  more  marked  in 
the  case  of  the  rectus  than  in  that  of  the  oblique  muscles. 
Flexion  of  the  right  thigh  has  been  referred  to  below, 
under  the  head  of  attitude.  This  position  of  the  limb 
suggests  that  the  appendix  is  .situated  behind  the  caecum 
ratlier  than  in  front  of  it,  and  it  may  be  so  marked  as 
entirely  to  incapacitate  the  patient  from  extending  the 
limb.  Muscular  tension  on  the  front  of  the  belly  disap- 
pears when  a  paresis  of  the  intestinal  wall  from  general 
sepsis  takes  place.  This  is  not  seen  early  in  an  attack. 
The  belly  wall  then  balloons  out  and  justifies  an  unfavor 
able  prognosis.  The  abdominal  walls  may  be  extremely 
tense,  flat,  and  board- like.  This  condition,  which  is  ndt 
met  with  in  simple  acute  appendicitis,  is  a  verv  unfavor 
able  symptom,  and  indicates  the  existence  of  an  acute 
peritonitis  due  to  the  giving  way  of  the  wall  of  th(*  in- 
testine and  the  extravasation  of  bowel  contents.  It  is 
accompanied  by  high  rectal  temperature. 

Brmihinri. — The  breathing  is  usually  accelerated.  an<l 
l)ecomes  more  so  as  inflammation  advances.  If  the  peri- 
toneal coat  of  the  appendix  is  involved,  the  patient's 
breathing  will  be  largely  lliomcic.  Hespimtory  move- 
ments of  22  to  24  per  niiniite  may  be  expected  when  an 
acute  inflammation  is  present,  and  the  abdominal  wall 
over  the  inflamed  area  will  be  (piiet  if  not  motionless, 
the  breathing  being  therefore  somewhat  short.  When 
much  jwritoneal  membrane  is  inflamed,  the  belly  wall 
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below  the  navel  will  Ik*  (luite  still,  and  this  lack  of  mo- 
tion  can  be  considered  a  symptom  of  gravity.      Hie 
cough  is  not  present  in  the  early  stage  of  inflammation, 
and   when  seen  later  it  must  be  regarded  as  a  grave 
symptom. 

Auscultation. — Auscidtation  enables  one  to  recognize 
that  movements  of  the  l)owels  are  taking  place,  the 
gurgling  of  gas  and  other  sounds  being  easily  perceptible. 
Absolute  silence  over  the  belly,  on  ausculttition,  is  an 
imfavorable  symptom;  it  suggests  intestinal  paresis,  and 
justifies  a  most  grave  prognosis. 

Attitude  of  the  Patient. —The  patient  will  take  the  atti- 
tude which  puts  the  inflamed  portion  of  the  b(Kly  at 
rest;  hence  the  recumlwnt  position,  the  flexed  right 
thigh,  the  removal  of  all  compressing  bands  or  sub- 
stances which  weigh  upon  the  belly,  and  the  absolute 
quiet  which  he  maintains.  The  flexion  of  the  thigh 
shortens  the  psoas  and  iliacus  muscles  which  are  adjacent 
to  the  inflamed  area;  and,  to  effect  a  still  further  short- 
ening, the  knee  may  be  grasped  and  the  thigh  pulled 
toward  the  body.  The  facial  expression  varies  greatly; 
the  general  expression  is  one  of  anxiety  and  uncertainty, 
and  this  expression  becomes  more  and  more  pronounced 
as  the  disease  advances.  In  septic  peritonitis  the  Hip- 
pocratic  countenance  occurs.  A  flushed  face,  dry  lips, 
etc.,  accompany  fever,  but  the  typhoid  expression  is  not 
characteristic  of  an  acute  attack  of  appendicitis. 

The  Inti'lliffence. — The  intelligence  of  the  patient  is  not 
affected;  it  is  often  very  acute,  and  persists,  notwith 
standing  the  many  changes  in  the  disease,  until  shortly 
before  death.  Even  when  general  sepsis  is  present,  the 
acuteness  of  mind  and  intelligence  may  persist.  Dark 
circles  around  the  eyes  and  an  apparent  recession  of  tlie 
eyes  into  the  orbits 'may  Ix;  taken  U)  indicate  tliat  peri 
toneal  inflammation  is  serious  and  advancing. 

Pain. — Pain  commences  suddenly ;  it  may  amount  only 
to  discomfort  or  it  may  be  acute,  even  to  the  extent  of 
incapacitating  the  patient  from  moving  or  seeking  help 
in  any  way.  While  the  pain  may  ha  severe  the  acme  is 
not  reached  for  a  certain  time.  At  first  the  pain  is  re 
ferred  to  the  epigastric  or  umbilical  region,  but  later  it 
seems  to  shift,  and  the  patient  will  refer  it  to  the  region 
of  the  api>endix.  Rarely  is  this  noticed  until  some  hours 
after  the  commencement  of  suffering,  unless  perforation 
takes  place;  but.  sooner  or  later,  pain  in  the  region  of 
the  appendix  is  to  be  expecUMl.  It  is  perhaps  noteworthy 
that  while  dry  warmth,  as  a  b(jttle  of  hot  water  or  hot 
flannel,  may  relieve  pain,  the  patient  will  never  make 
pressure  over  tlie  tender  region ;  indeed,  pressure  increases 
suffering,  acireumstanee  wliicli  distinguislies  this  disea.*^' 
fr(#m  the  colic  of  indigestion.  Pain  may  be  felt  in  the 
lumbar  reirion,  and  tliis  is  es])e(ially  noticeable  wlien 
the  appendix  is  beiiind  tlie  ereeuni.  The  writer  has 
noticed  in  chronic  apixMidieiiis,  wlien  discomfort  was  re 
ferred  to  the  epigastric  region,  that  sui)port  by  a  band- 
age applied  to  the  right  iliac  fossii  has  sutlieed  to  remove 
the  epigastric  pain.  If  the  ai)pen(lix  is  long  and  the  in- 
flamed end  is  in  relation  with  the  urinarv  bladder  or 
ureter,  pain  in  nn'cturition  and  pain  referred  to  the 
meatus  are  complained  of,  the  latter  being  possibly 
acute.  The  desire  to  pass  water  fretjuently  is  then  voux- 
plained  of.  When  the  appendix  is  on  the  left  side,  or  is 
80  long  as  to  extend  to  the  left  side,  and  beeonics  there 
inflamed,  pain,  as  would  be  expected,  is  referred  to  that 
region.  McBurney  has  calliMl  attention  to  the  faet  that 
pressure  pain  is  most  marked  in  many  ea^^es  at  a  ])oint 
situated  two  inches  to  the  inner  side  of  the  anterior 
superior  spinous  process  on  the  right  side,  alonira  stnnght 
line  drawn  from  that  process  to  the  navel.  At  or  about 
this  place  is  usually  situated  the  root  ot"  the  Mp])en<lix. 
If  the  inflamed  organ  lies  anterior  to  the  e.eeuni.  the  pain 
is  more  acute  on  pressure;  but  if  it  i<  Inhind  the  e.eeinn. 
deep  pressure  may  be  necessjiry  to  (licit  an  e\pressii»n 
of  pain,  unless  the  j^eritoneal  coat  is  already  involved. 
When  the  end  of  the  inflamed  appendix  hanirs  over  the 
brim  of  the  pelvi.s,  deep  rectal  examination  may  irive 
pain.  It  g(x*s  without  saying  that  when  the  peritoneal 
coat  of  the  appendix  is  implicated  in  an  intlanunaUjry 


process,  absolute  rest  is  comfortable  tothe  patient,  lience 
whatever  nuiscular  effort  will  in  any  way  relieve  the 
movement  of  the  alxlominal  muscles  is  unconsciously 
made  use  of  by  the  patient.  Thus,  for  example,  while 
the  lower  alxlominal  wall,  especially  on  the  right  side, 
will  be  quite  still,  it  will  be  observed  that  the  patient 
does  his  breathing  by  means  of  the  thoracic  muscl^  As 
more  and  more  peritoneal  membrane  becomes  involved  in 
the  inflammatory  process,  so  the  pain  becomes  more  and 
more  extended,  diffuse,  and  acute.  Hence  a  fair  knowl- 
edge of  the  amount  of  peritoneum  involved  can  be  ob- 
tained from  the  patient's  expression  of  pain  when  press- 
ure is  made  over  different  parts  of  the  aMomen.  Pbin 
in  the  ri^ht  iliac  fossa,  in  the  epigastric  region,  under 
the  left  nbs,  in  the  rectum,  may  indicate  that  a  general 
peritonitis  is  present.  Pain  in  the  right  flank  suggests 
the  presence  of  the  appendix  behind  the  caecum,  or  of 
matter  tending  to  point  in  that  direction.  Should  pain 
in  the  right  iliac  fossa  in  front  be  wanting,  the  opinion 
just  expi-essed  would  be  rendered  wellnigh  certain.  A 
sudden  disappearance  of  all  pain,  when  tc&en  in  connec- 
tion with  the  advance  of  the  symptoms  and  with  the 
great  weakness,  makes  the  prognosis  very  grave. 

Vomiting. — Vomiting  is  often  met  with  during  the 
onset  of  an  attack  and  may  be  taken  to  indicate  severity. 
The  niaterial  vomited  will  be  that  which  the  stomach 
contains;  afterward,  it  will  consist  of  mucus,  perhaps 
bile-stained;  but  the  so-called  stercoraceous  vomiting  of 
strangulated  hernia  is  not  seen.  Vomiting  may  be  ex- 
cited by  taking  substances  into  the  stomach — water,  food, 
etc.,  but  it  rarely  persists  beyond  the  onset  of  the  attack. 
When  general  septic  peritonitis  exists,  vomiting  resembles 
regurgitation,  and  the  material  regur^tated  will  look 
like  finely  choppwl  spinach,  so  green  will  it  be 

Pulse. — The  pulse  rapidly  rises  and  the  rapidity  bears 
a  close  relation  with  the  amount  of  inflammation  present. 
In  cases  in  which  the  attack  is  very  sudden  and  the  peri 
toneal  coat  is  rapidly  involved,  the  pulse  increases  with 
amazing  rapidity.  A  rapid,  full  pulse  suggests  an  ad 
vancing  and  perforative  inflammation,  especially  if  the 
rapidity  continues.  Perforation  Ls  characterized  by  a 
very  rapid,  feeble  pulse.  The  pulse  is  a  better  index  than 
the  temperature,  unless  this  latter  is  taken  by  both  rectum 
and  mouth  and  the  two  are  compared.  When  death  is 
impending  and  in  rapidly  advancing  cases,  the  pulse  will 
disappear  fn)m  the  wrist  some  time  before  dissolution. 

The  pulse  seems  to  bear  a  close  relation  with  septic 
absorption 

Fever  — The  amount  of  fever  apparent  when  the  tem- 
perature is  taken  with  a  thermometer  in  the  oniinary 
way,  is  deceptive.  By  the  mouth  or  the  axilla  the  tem- 
perature may  be  normal  or  subnormal.  It  is  not  at  all 
unusual,  especially  when  i)erforation  of  the  bowel  has 
taken  i)lace.  for  the  surface  temperature  to  be  subnormal 
and  the  skin  clammy  and  ])ale.  In  acute  appendicitis  the 
only  bodily  temperature  tliat  is  worth  considering  is  tliat 
which  is  taken  by  the  rectum;  and  by  this  I  do  not  mean 
the  temperature  which  is  taken  just  within  the  anus,  but 
tlu!  temperature  which  is  taken  four  or  five  inchcjs  above 
the  anus,  at  or  about  the  point  where  the  peritoneum  is 
reflected  on  to  the  rectum.  The  temperature  by  the 
mouth  should  be  taken  and  com  paired  with  the  tenipera- 
ture  by  the  rectum.  A  difference  of  several  degrees  in 
di(  ates  peritonitis. 

AVhen  the  temperature  of  the  mouth  and  that  of  the 
rectum  are  nearly  the  stime,  general  peritonitis  can  be  ex- 
cluded. The  temperature  of  the  rectum  then  can  he  taken 
as  a  fair  index  of  the  gravity  of  the  patient's  condition. 
It  is  usual  to  consider  that  tlie  pulse  is  a  better  index  of 
the  patient's  condition  than  the  temperature,  but  when 
the  temperature  is  taken  by  the  rectum  and  comparecl 
with  the  tem]K'rature  by  the  inouth,  valuable  informa- 
tion is  gaine(l  by  the  physician.  A  rectal  temperature 
of  102. .")  or  KKj  F.  strongly  suggests  circumscribeii  sup- 
p\imtion  about  the  apjiendix.  It  will  Ix^  one  or  two  de- 
grees hiirher  than  by  the  mouth.  A  general  perittMiitis 
not  walled  olT  by  adhesions  will  usually  give  a  rectal 
temperature  of  1U4    F.  or  higher. 
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A  subnormal  temperature  by  moutli  or  axilla,  espe- 
cially if  the  skin  is  i)ale  and  pulse  rapid,  suggests  a  de- 
t(*nnination  of  blood  to  the  peritoneal  cavity  and  always 
necessitates  that  the  temperature  be  taken  by  rectum. 
An  advancing  temi>erature  always  suggests  an  advancing 
inflammation,  but  the  absence  thereof  tloes  not  mean  that 
the  inflammation  is  at  rest.  A  chill  rarel}'  occurs  unless 
tlie  peritoneum  isinvolvetl  and  suppuration  is  imminent. 
The  chill  may  be  of  such  a  minor  degree  as  to  attract  no 
decided  notice  on  the  patient's  part.  The  patient  will 
sometimes  complain  of  a  little  chilliness  in  the  back,  or 
ask  that  an  adjacent  window  be  closed,  but  a  severe  chill 
is  exceptional.  Chills  at  short  intervals  can  be  taken  as 
a  symptom  of  constitutional  sepsis,  rather  than  of  local 
inflammation. 

Subsidence  of  the  temperature,  when  associated  with 
slowness  and  strength  of  the  pulse,  is  a  good  sign  and 
indicates  a  favorable  change  in  the  patient's  condition. 
It  will  be  noticed  during  an  attack  of  colic,  and  it  sug- 
gests the  removal  of  the  cause  that  gives  rise  to  the  colic. 
When  catarrhal  inflammation  of  the  appendix  exists, 
there  will  be  a  free  discharge  of  mucus  into  the  caecum ; 
and  when  suppuration  exists  within  the  appendix,  the 
disappearance  of  pain  will  indiciite  that  the  contents  of 
the  appendix  are  bein^  emptied  into  the  caecum  and  that 
consequently  the  tension  has  diminished. 

Perforative  Appendicitis. 

Symptoms. — The  symptoms  wiiich  characterize  per- 
foration with  extravasation  into  the  general  peritoneal 
cavity  are  marked.  There  occurs  generally  a  sense  as  of 
something  giving  way  followed  by  excruciating  pain  and 
pronounced  collapse.  The  patient  experiences  a  sense  of 
profound  illness  or  even  of  impending  dissolution :  he  is 
restless  and  his  voice  is  feeble  and  sighing.  The  surface 
becomes  cold  and  clammy,  the  pulse  very  frequent  and 
feeble,  the  skin  pale  and  covered  with  sweat,  the  mus- 
cular system  relaxed.  The  temperature  at  this  time  is 
subnormal  upon  the  surface  and  in  the  mouth;  in  the 
rectum  it  is  several  degrees  higher.  If  the  extravasation 
is  small  and  can  be  circumscribed,  adjacent  coils  of  in- 
testine adhere  together,  and  symptoms  of  an  abscess 
within  the  peritoneal  cavity  appear.  If  the  inflamma- 
tion is  general  and  not  circumscribed,  then  in  addition 
to  peritonitis  the  symptoms  of  general  septic  absorption 
become  plain.  The  rectal  temperature  goes  to  104''  or 
105"  or  lOB**  F.,  the  pulse  rises  gradually  until  it  can  no 
longer  be  counted,  the  abdomen  either  becomes  board - 
like  from  the  rigidity  of  the  muscles  or  else  balloons  out 
(intestinal  paresis).  Auscultation  shows  no  movement  in 
the  bowels.  Tumefaction,  fonnerly  apparent  in  the  right 
iliac  fossa,  disappears.  A  finger  pres.sed  on  the  skin 
leaves  a  white  mark  which  disappears  slowly,  and  the 
eyes  are  surrounded  by  dark  rings  and  seem  to  recede  in 
their  sockets.  Constipation  is  absolute,  urination  infre- 
quent; the  patient  is  thirsty  and  craves  crushed  ice:  the 
tongue  becomes  dry:  advancing  restlessness  is  very  ap- 
parent; intelligence  is  usually  and  unfortunately  acute. 
Gradually  the  extremities  become  chiily  and  then  cold, 
the  pulse  disappears  from  the  periphery  to  the  centre, 
and  death  closes  the  scene. 

Prognosis. — When  the  fever  is  not  high  and  does  not 
advance  rapidly,  when  the  pulse  is  full  and  not  very 
fast,  when  the  bowels  are  moved  by  mild  purgatives, 
when  the  abdominal  walls  are  not  hard  or  rigid  during 
respiration,  when  tenderness  in  the  right  iliac  fossa  is  but 
slight,  when  vomiting  has  occurred  perhai^s  once  or  twice 
only,  when  the  patient  sleeps  without  narcotics  and  ex- 
periences little  general  discomfort,  and  when  the  expres- 
sion of  the  face  does  not  indicate  peritoncnil  inflammation, 
it  may  safely  be  said  that  an  opiTation  need  not  be  un- 
dertaKen  immediately,  and  that  medical  means  may  be 
employed.  When  the  pulse  grows  more  rapid  and  the 
temperature  rises  steadily,  when  pain  and  discomfort 
increase,  when  rigidity  of  the  alxlominal  wall  is  present 
and  is  becoming  more  marked,  wlien  pain  in  the  right 
iliac  fossa  is  more  apparent  than  some  hours  previously, 


when  the  bowels  arc  constipated,  it  is  to  be  recognized 
that  the  disease  is  advancing  With  a  rapid  pulse, 
flushed  face,  high  rectal  temperature  (that  in  the  mouth 
being  moderate),  pain  decided  in  the  right  iliac  fossa  and 
much  increased  on  pressure,  firmness  of  the  abdominal 
walls  and  immobility  of  the  parts  in  the  right  iliac  fossa 
during  respiration,  and  a  leucocytosis  present,  it  may  be 
said  with  some  decision  that  suppuration  is  present  out- 
side of  the  appendix.  A  very  rapid,  feeble  pulse,  a  tem 
perature  of  103. 5""  to  105**  F.  in  the  rectum,  elevated  only 
a  degree  or  two.  perliaps  subnormal,  in  the  mouth,  a  pale 
skin,  finger  pressure  on  the  skin  making  a  white  dis 
coloration  which  slowly  disappears  as  the  blood  returns 
in  the  capillaries,  board  like  abdomen  or  a  ballooned  out 
alxiomen,  urine  in  scanty  amount,  with  or  without  a 
hardness  in  the  right  iliac  fossa,  and  tenderness  on  press 
ure  over  the  whole  abdomen,  justify  a  diagnosis  of  a 
general  peritonitis  and  a  very  unfavorable  pn)gnosis.  If, 
added  to  the  above  symptoms,  the  pulse  cannot  be  counted 
at  the  wrist,  the  extremities  are  cold,  and  there  is  lividity 
about  the  mouth,  ears,  and  over  depending  portions  of 
the  trunk,  dissolution  may  be  held  to  be  not  very  far 
distant 

Treatment. — The  treatment  of  appendicitis  is  to  be 
considered  in  relation  to  the  pathological  condition  pres 
ent.  It  may  be  accepted  that  an  inflamed  appendix  is 
not  in  its  proper  place  when  situated  in  the  human  body, 
and  the  sooner  it  is  taken  away  the  better,  in  order  that 
the  patient  may  have  no  more  acute  attacks  and  that  the 
attack  then  present  shall  be  cut  short.  So  much  for  the 
general  statement.  But,  unfortunately,  this  treatment, 
while  it  is  good  in  general,  will,  in  a  certain  number  of 
cases,  undoubtedly  cause  the  death  of  the  patient. 

Medical  Treatment. — In  view  of  the  evidences  of  pre 
vious  inflammation  about  the  appendix  found  post 
mortem,  it  is  plain  that  many  cases  of  appendicitis  re- 
cover not  only  without  operation  but  without  treatment ; 
and  it  goes  without  saying  that  surgical  treatment  is 
unnecessary  in  many  instances,  medical  treatment  suffic- 
ing to  produce  a  cure — or,  at  all  events,  if  not  a  cure, 
an  amelioration  of  the  inflammatory  conditions  existing, 
so  that  an  operation  between  attacks  is  possible. 

The  medical  treatment  for  appendicitis  can  be  briefly 
summed  up  as  follows:  absolute  rest  in  the  recumbent 
position,  abstinence  from  food,  dry  cold  in  the  form  of  a 
rubber  bag  or  bladder  filled  with  ice  kept  over  the  right 
iliac  region,  and  free  purgation.  The  use  of  opium  has 
not  been  beneficial  in  my  hands,  and  I  abstain  from  using 
it  until  the  pathological  condition  of  affairs  in  and  about 
the  appendix  is  plain.  Where  doubt  exists  opiates  are 
contraindicated.  I  have  not  been  able  to  see  that  free 
purging  has  ever  done  any  harm  or  that  it  has  induced  a 
giving  way  of  the  appendix  wall  which  otherwise  might 
not  have  been  expected;  hence  rest  to  the  body  and  free 
purging  are  mainly  to  he  relied  on.  Intense  and  agoniz- 
ing pain  in  the  region  of  the  appendix  should  lead  to 
operation  rather  than  to  the  administration  of  opium. 
An  additional  reason  for  withholding  opium  is  tliat  by 
deadening  the  sensibility,  the  important  symi)tom.  pain, 
is  rendered  uncertain;  and  it  is  a  very  important  svmp 
torn,  often  enabling  the  surgeon  to  recognize  the  condi- 
tion of  affaira  present.  Opium  also  constipates  Pain 
and  inflammation  occurring  in  the  right  iliac  fossa 
accompanied  bv  constipation  justify  a  much  graver 
prognosis  than  does  the  .same  amount  of  inflammation,  if 
purging  can  be  induced  easily.  AVhen  it  is  nece.^^sjirv  to 
induce  sleep,  chloral  in  large  doses,  by  tiie  rectum  if  there 
is  vomiting,  can  be  given.  Some  of  the  coal-tar  deriva 
tivesalso  may  Imj  used;  but  it  is  not  wist»  to  obtuud  .sensi 
bilitv  and  to  produce  constipation  by  drugs  until  the 
condition  of  affairs  is  quite  evident .  I  f  opiates  are  given 
before  an  operation,  the  l)owels  will  remain  constipated 
after  the  oiwration.  and  so  there  is  brought  about  a  con 
dition  of  affairs  unfavorable  for  recovery. 

Surgical  Treatment. — In  acute  ajipendicitis,  when  the 
disease  is  limited  to  the  appendix  it.*^elf.  the  periappen- 
dicular tissue  being  but  little  involved  and  the  appendix 
not  yet  perforated,  if  it  is  pt»ssible  for  the  surgeon  to 
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recognize  this  condition  of  affairs  as  present,  it  is  un- 
questionably proper  at  once  to  remove  the  appendix. 
With  modern  methods  the  danger  attending  abdominal 
section  and  the  removal  of  the  inflamed  appendix — the 
inflammation,  however,  not  having  extended  to  the  peri- 
toneal coat — is  small,  and  incomparably  less  than  when 
the  appendix  is  allowed  to  remain.  Furthermore,  it  is 
proper  to  do  the  operation  immediately.  Unfortunately, 
it  does  not  often  happen  that  the  surgeon  sees  the  case 
at  this  stage  of  the  disease,  because  the  patient  may  have 
been  treated  bv  a  physician  until  this  time  has  passed,  or 
because  the  disease  has  passed  beyond  this  stage  before 
the  patient  has  called  attention  to  the  trouble.  Not  in- 
frequently the  patient's  attention  is  seriously  attracted 
for  the  firet  time  to  his  or  her  condition  only  when  the 
peritoneum  becomes  involved,  i.e.,  when  the  pain  be- 
comes severe  and  the  fever  marked. 

The  following  case  is  an  example:  A  girl,  aged  nine, 
while  at  dinner  with  a  friend,  was  taken  with  an  acute 
pain  in  the  abdomen.  She  left  the  table  complaining, 
and  went  home.  She  vomited  during  the  evening,  and 
went  to  bed,  suffering  much  pain.  I  saw^  her  the  follow- 
ing morning.  Tliere  was  then  acute  pain  in  the  right 
iliac  fossa,  extending  somewliat  across  the  middle  line  of 
the  body.  Temperature  by  the  rectum  was  103.5"  F., 
pulse  118,  face  flushed,  thirst  was  complained  of.  I  at 
once  opened  the  abdomen,  finding  a  ruptured  appendix 
and  a  piece  of  fecal  matter  in  the  peritoneal  cavity. 
Decidedly  less  than  a  dav  had  elapsed  since  the  first 
symptom  of  discomfort  or  Illness  had  been  complained  of 
by  the  child.  It  is  probable  that  in  this  case  the  occur- 
rence of  a  perforation  gave  rise  to  the  first  symptoms 
recognized  by  the  child  and  that  ulceration  of  the  mucous 
membrane  of  the  appendix  and  of  the  muscular  coat  had 
been  going  on  for  some  time  without  the  patient's  dis- 
comfort or  knowledge.  The  child,  up  to  the  time  of  its 
attack  at  the  dinner  table,  had  been  in  active,  vigorous 
health,  to  all  appearances,  and  had  been  enjoying  all 
the  sports  of  chilclhood.  Inasmuch  as  perforation,  when 
it  takes  place  during  the  first  two  or  three  days,  is  not  so 
apt  to  be  walled  in  by  adhesive  peritonitis  as  when  per- 
foration takes  place  at  a  later  period,  it  is  wise  to  remove 
the  appendix  and  cut  short  the  disease  during  these  first 
two  or  three  days — i.e..  providing  the  disease  is  advanc- 
ing— lest  general  peritoneal  inflammation  supervene. 
In  the  acute  cases  this  is  the  most  favorable  time  for 
operation.  Later,  when  pus  forms  about  the  appendix, 
there  is  then  to  be  considered,  not  onlv  the  disease  of 
the  appendix,  but  also  in  addition  an  abscess  which  is 
walled  in  bv  the  adhesions  of  coils  of  intestine,  for  the 
abscess  is  very  geuemlly  intraperitoneal.  In  exceptional 
cases,  in  which  the  appendix  lies  behind  the  ca'cum  in 
connective  tissue,  the  ab.^^cess  is  found  to  be  extraperi- 
toneal. Although  it  occupies  a  position  behind  the 
serous  membrane,  the  tendencv  there,  as  has  been  al- 
ready  pointed  out,  is  for  the  pus  to  move  toward  the  loin. 

The  treatment  of  appendicitis  associated  with  periap- 
pendiculai  intraperitoneal  abscess  is  a  subject  of  great 
moment  and  one  in  which  it  is  not  possible  to  lay  down 
definite  rules  of  practice,  more  particularly  in  regard  to 
the  precise  time  when  the  pus  is  to  be  evacuated.  The 
danger  is,  that  the  general  periton<*al  cavity  may  Ix'conie 
infected,  and  that  a  general  sej)tic  peritonitis,  with  all 
its  grave  results,  will  follow.  The  appendix  itself, 
which  is  the  cause  of  the  trouble,  is  ])erforate(l.  or.  at  all 
events,  if  not  actually  ])erfr)rated,  it  is  unquestionably  in 
that  condition  of  intlanunation  which  permits  the  pass- 
age through  its  walls  of  the  oriranisms  within  its  lumen. 
Under  such  conditions  it  h  dear  that  the  appendi.x  itself 
should  be  removed.  The  abscess.  wUh  the  tissues  im- 
mediately surrounding  if,  should  also  be  removed,  and 
the  peritoneal  cavity  should  be  nnden-d  thoroULrhly 
clean.  But  just  here  we  encounter  a  serious  dirticulty. 
The  manipulations  neces.siiry  to  accomplisji  the  (hsired 
purpose  nu\y  cause  a  rupture  to  take  place  in  the  soft- 
ened tissues  and  thus  mav  lead  to  a  irencral  infection  of 
th(»  peritoneal  cavity.  \V'hen  pus  exists  in  this  cavity  it 
is  imperative  that  etfective  drainage  shoidd  be  provided. 


This  may  be  provided  either  by  strips  of  gauze  or  by- 
some  form  of  tubes.  My  personal  preference  is,  in  the 
majority  of  cases,  for  gauze;  I  use  tubes  very  rarely 
and  onl^  in  conjunction  with  rauze,  or  when  gauze  has 
shown  Itself  to  be  a  failure.  It  may  be  extremely  diflS- 
cult,  when  an  abscess  is  present,  to  find  the  appNendix, 
so  buried  will  it  be  in  the  wall  of  the  abscess.  Is  it  right 
to  search  for  and  remove  a  diseased  appendix,  no  matter 
what  difficulty  the  operator  may  expenence  in  searching 
for  it,  or  to  what  extent  he  may  open  and  infect  a  clean 
peritoneal  cavity  ?  Probably  the  best  rule  for  the  sur- 
geon is  to  open  freely  the  abdomen,  evacuate  the  periap- 
pendicular abscess,  search  for  the  appendix  carefully, 
and  remove  it  unless  such  search  and  removal  shall  actu- 
ally threaten  to  infect  the  hitherto  uninfected  peritoneal 
cavity.  After  evacuation  of  the  pus,  fill  lightly  the 
abscess  cavity  with  gauze,  which  should  be  in  strips  and 
should  project  beyond  the  skin  of  the  abdomen,  thus 
serving  as  a  drain. 

Sometimes  it  w^ill  be  found  that  the  appendix  has  al- 
ready sloughed  off  from  the  caecum,  and  is  lying  free  in 
the  abscess  cavity,  or  it  may  be  washed  out  with  the  pus 
during  the  first  few  days  following  tlie  operation.  At 
times  a  little  fecal  matter  appeara  in  the  discharge,  and 
yet,  notwithstanding  this,  the  perforation  may  close 
without  the  necessity  of  suturing  or  applying  a  ligature. 
I  do  not  think  it  wise  to  wash  out  with  water  the  cavity 
of  an  intraperitoneal  abscess  at  the  time  when  it  is  first 
opened.  Immediately  after  such  opening  the  pus  is  to 
be  evacuated  and  gauze  is  to  be  packed  lightly  in  the 
abscess  cavity,  but  no  irrigation  is  to  be  made  use  of. 
This  couree  is  advocated  because  irrigation,  even  when 
effected  by  means  of  a  gentle  stream,  may  separate  ad- 
hesions and  so  transport  pus  to  the  previously  healthy 
general  peritoneal  sac.  After  a  few  days  the  adhesions 
will  have  become  stronger  and  then  gi*neral  irrigation 
may  be  not  only  permissible  but  necessary,  in  order  to 
cleanse  the  cavity.  Irrigation  under  strong  pressure  is 
never  expedient.  When  general  septic  peritonitis  exists, 
no  harm  can  follow  the  separation  of  adhesions,  if  such 
a  step  is  found  to  be  necessary  in  s(>arching  for  the  ap- 
pendix or  for  outlying  collections  of  pus.  The  general 
peritoneum  everywhere  is  to  be  Avii>ed  with  gauze  until 
all  pus  and  lymjih  shall  have  been  removed,  and  gauze 
strands,  many  in  number  and  of  large  size,  should  be 
packed  among  the  intestines  so  as  to  drain  from  every 
direction.  I  am  not  enthusiastic  in  regard  to  the  prac- 
tice of  emjdoving  large  quantities — gallons— of  water 
in  wa.shiug  out  tlie  general  peritoneal  cavity,  as  is  ad- 
vocated by  some  excellent  surgeons.  The  results  which 
I  have  obtained  without  such  copious  irrigation  will 
compare  favorably,  I  believe,  with  those*  obtaincnl  bv 
the  advocates  of  this  procedure.  The  danger  here,  as  it 
seems  to  me,  lies  in  the  p()s.sibility  of  infectious  material 
being  carried  by  the  water  to  parts  previously  free  from 
infection. 

By  way  of  preparation  for  the  operation  the  entire  ab- 
domen should  be  shaved  and  cleansed,  and  the  cleansing 
process  should  extend  on  the  right  side  as  far  a.s  the 
spine,  for  theic  is  always  a  possibility  that  drainage 
through  the  flank  may  be  required. 

McBurney  has  called  attention  to  the  advantages 
olTered  by  an  incision  in  the  line  of  the  fibres  of  the  ex- 
ternal obli(pie  muscle,  an  inch  or  two  internal  to  the  an- 
terior suj)erior  spinous  process  of  the  ilium,  and  lone 
enoujrh  to  enable  one  to  gain  access  to  the  btdly.  The 
mifldle  point  of  this  incision  should  fall  upon  a  line 
drawn  from  the  navel  to  the  anterior  superior  spinous 
])rocess.  The  incision  having  been  made,  the  external  ob- 
li(iue  tendon  should  be  split  in  the  line  of  its  fibrt»s  and 
its  muscular  libres  should  be  separated  in  the  siime  wav. 
When  the  edi^es  of  this  incision  are  well  retracted,  there 
comes  into  view  the  internal  obli(|ue  and  then  the  tmns- 
vcrsiilis.  with  fibres  runninir  at  right  angles  to  the  skin 
and  external  oblique  incisi(m.  These  internal  oblique 
and  tnuisversiilis  tibres  are  to  be  separate<l  by  scissors 
or  knife,  but  not  cut  acro.ss.  By  retracting  these  two 
nuiscle  layers  in  oi)posite  ilirections  access  is  given  to 
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the  peritoneal  cavity,  and  in  many  cases  it  is  possible 
through  this  incision  to  operate  satisfactorily.  No  fibre 
of  muscle  has  been  divided,  and  after  the  operation  the 
integrity  of  the  belly  wall  is  restored.  When  suppura- 
tion has  taken  place  outside  of  the  appendix,  and  more 
room  is  needed,  this  incision  can  be  prolonged  to  give 
sufficient  room :  first,  by  separating  the  external  oblique 
fibres  over  a  longer  distance,  the  skin  incision  of  course 
corresponding;  and,  secondly,  by  extending  the  (deep) 
transverse  incision  so  as  to  divide  the  anterior  and  pos- 
terior sheaths  of  the  rectus.  The  epigastric  vessels  are 
easily  seen  and  are  to  be  tied  with  two  ligatures  and  then 
divided.  The  muscle  itself  is  not  to  be  divided,  but  is  to 
be  drawn  toward  the  median  line  by  retmctors.  By  ex 
tending  McBumey's  incision,  therefore,  the  surgeon  will 
obtain  ample  room  for  further  operative  work,  except 
perhaps  in  cases  of  exceptionally  large  inflammatory 
areas  around  the  appendix.  The  fascia  under  the  trans- 
versalis  and  the  peritoneum  are  to  be  opened  to  an  ex- 
tent justified  by  the  necessities  of  the  case.  Should  there 
exist  a  periappendicular  abscess  in  front  of  the  caecum, 
the  connective  tissue  outside  of  the  peritoneum  under 
the  transversalis  will  be  oedematous,  and  if  the  inflam- 
mation be  great,  (Edematous  connective  tissue  will  be 
noticed  as  soon  as  the  tendon  of  the  external  oblique 
muscle  is  divided.  When  the  inflammation  is  confined 
to  the  appendix,  one  or  two  fingers  put  through  the  peri- 
toneal incision  will  enable  the  operator  to  hook  up  the 
appendix,  which  can  be  drawn  into  the  wound  and  re- 
moved. There  is  no  necessity  for  making  a  very  small 
incision.  If  the  excellent  advice  of  McBumey  in  regard 
to  separating,  rather  than  cutting  across,  muscular  fibre 
has  been  followed,  the  integrity  of  the  abdominal  wall  is 
assured  after  operation. 

I  find  the  removal  of  the  appendix  is  best  done  as  fol- 
lows: After  it  has  been  drawn  into  the  wound,  the  peri- 
toneal cavity  is  to  be  walled  off  by  gauze  and  the  meso- 
appendix  tied  off,  if  voluminous,  in  segments;  if  not 
voluminous,  by  a  single  silk  ligature.  The  peritoneal 
and  muscular  coats  of  the  appendix  are  next  to  be  cut 
circularly  at  a  distance  of  al>out  one-fourth  of  an  inch 
from  the  caecum,  but  the  incision  is  not  to  be  extended 
through  the  mucous  membrane.  The  muscular  and 
peritoneal  tissues  are  then  pushed  Imck,  away  from  the 
mucous  membrane,  until  the  caecum  is  reached.  An  as- 
sistant should  now  grasp  this  denuded  cylindrical  tube 
of  mucous  membrane  by  means  of  two  slender  artery 
forceps,  while  the  surgeon  makes  the  dividing  incision 
between  the  forceps.  The  free  appendix  is  then  to  be 
removed,  and  the  proximal  end.  close  to  the  caecum,  well 
touched  with  pure  carbolic  acid.  The  operator  may  tie 
the  appendix  stump,  if  he  feels  inclined,  but  patients 
seem  to  do  as  well  without  such  tying  as  with  it.  The 
stump  of  the  appendix  is  to  be  turned  into  the  caecum, 
and  the  peritoneal  surfaces  of  the  appendix  cuff  are  to 
be  brought  together  by  means  of  a  Lembert  suture, 
thereby  invaginating  the  stump.  If  there  is  any  doubt 
as  to  what  is  the  condition  of  affairs,  the  operator  may 
pass  a  probe  into  the  caecum  after  removal  of  the  artery 
forceps  from  the  mucous  membrane  of  the  appendix,  but 
this,  it  seems  to  me,  is  needless.  The  wall  of  the  caecum 
having  been  united  over  the  invaginated  api)endix  stump, 
the  same  Lembert  suture  is  to  be  employed  in  closing  in 
the  stump  of  the  meso-appendix.  Nothing  but  perito- 
neum is  then  visible.  The  operator  may  apply  addi- 
tional sutures  to  the  peritoneal  surface,  if  he  feels  so  in- 
clined. As  a  rule  it  is  my  custom  to  do  this.  The 
wound  is  cleaned  and  wiped  with  gauze,  and  the  gut  is 
pushed  back  into  tli'.'  abdominal  cavity.  The  peritoneum 
is  then  sutured  with  fine  silk,  and  the  two  layers  of  mus- 
cle are  united  separately  with  silver  wire  or  other  ma- 
terial, as  the  operator  prefers.  Finally,  the  skin  edges 
are  brought  together.     Silkworm  gut  or  silver  is  my 

E reference  here.  When  a  periappendicular  abscess  ex- 
its, and  I  find  it  necessjiry  to  dmin  the  cavity.  I  bring 
the  ends  of  the  gauze  to  the  surface  for  drainage,  and  I 
close  the  edges  of  the  wound  lightly  with  layers  of  re- 
movable sutures;  for  when  drainage  is  employed,  my 


buried  sutures  are  apt  to  l)ecome  infected  and  to  give 
trouble,  as  drainage  precludes  absolute  cleanliness.  If 
the  appendix  is  swollen  and  stiff  and  cannot  be  invagi- 
nated, it  is  a  good  plan  to  tie  a  string  around  the  base, 
to  cutoff  that  part  of  the  appendix  which  is  distal  to  the 
string,  and  then  to  leave  the  string  to  come  away  with 
the  gauze  packing  with  which  the  abscess  cavity  is  light- 
ly filled.    . 

It  is  very  comfortable  for  the  operator  to  know  that 
the  appendix  has  been  removed  and  that  that  source 
of  trouble  is  eliminated  from  consideration.  Whenever, 
therefore,  it  is  possible  to  do  so,  the  appendix  is  to  he 
taken  away.  But  it  cannot  be  done  in  a  certain  number 
of  cases  without  serious  danger  to  the  patient ;  hence  in 
such  cases  it  must  be  left.  Sometimes  no  trouble  is  ever 
experienced  from  an  appendix  which  has  not  been  seen ; 
but  in  other  cases  it  may  be  necessary  to  do  a  second 
operation  for  the  removal  of  the  appendix.  An  operation 
is  incomplete  witliout  the  removal  of  the  appendix,  but 
the  incompleteness  of  the  operation  is  less  dangerous 
than  is  the  search  for  the  appendix  and  the  consequent 
tearing  up  of  adhesions,  with  possible  general  infection. 

A  second  operation  is  undertaken  when  the  inflamma- 
tory area  is  in  a  quiescent  state.  Secondary  operations 
and  those  undertaken  for  chronic  appendicitis  are  very 
successful.  When  general  septic  peritonitis  is  present, 
free  opening  of  the  belly  is  necessary,  for  the  preserva- 
tion of  life  takes  precedence  of  every  other  consideration. 
Hence  the  opening  into  the  belly  will  be  effected  by  an 
incision  sufficiently  long  to  enable  the  operator  to  reach 
all  the  seat  of  disease.  Pus  and  faeces  are  to  be  evacu- 
ated; the  whole  peritoneal  cavity  is  to  be  carefully 
cleaned,  dry  gauze  or  gauze  wnmg  out  in  hot  salt  solu- 
tion being  used  for  the  purpose;  any  lymph  that  may 
be  present  should  be  removed  when  possible;  and  it  may 
be  thought  best  (although  I  have  not  done  it)  to  wash 
out  the  peritoneal  cavity.  Hot  salt  solution  of  course 
will  be  employed  for  this  purpose.  I  think  I  have  had 
as  good  results  by  using  dry  gauze,  or  gauze  wrung  out, 
as  stated  already,  in  hot  salt  solution.  The  places  where 
pus  must  be  sr)iight  for  and  removed  are  the  following: 
the  outer  side  of  the  ascending  colon,  below  the  liver, 
the  pelvic  cavity,  the  side  of  5ie  rectum,  and  between 
the  folds  of  the  small  intestine.  If  necessary,  the  intes- 
tines are  to  be  taken  from  the  belly  cavity,  .wiped  and 
cleaned  outside,  but  much  shock  follows  such  eviscera- 
tion. The  pelvis  is  the  region  which  specially  requires 
to  be  examined  and  cleaned.  After  the  peritoneum  has 
been  cleaned,  I  think  the  recovery  of  the  patient  is  aided 
by  laying  large  strands  of  gauze  in  every  direction  in 
the  abdomen,  as  has  been  already  referred  to.  Tlie 
edges  of  the  incision  are  to  be  left  wide  open.  There  is 
scarcely  a  limit  to  the  number  of  strands  of  gauze  which 
a  general  peritoneal  infection  may  call  for.  It  may  be 
wise  in  some  cases,  in  order  to  provide  more  direct  drain- 
age, to  make  an  opening  at  the  back  of  the  belly  through 
the  lumbar  region. 

In  general  septic  peritonitis  the  bowels  usually  refuse 
to  act,  and,  when  this  is  the  case,  it  may  be  well,  as  was 
first  suggested  by  Dr.  McCosh,  of  New  York,  to  inject 
into  the  upper  part  of  the  small  intestine,  before  the  ab- 
domen is  closed,  a  couple  of  ounces  of  Rochelle  salts  dis- 
solved in  water.  In  order  to  accomplish  this  it  will  Ik* 
necessary  first  to  pass  a  small  cannula  through  the  intes- 
tinal wall.  Then,  after  all  the  solution  has  been  injected, 
the  hole  made  by  the  cannula  can  be  closed  by  a  single 
Ix*nibert's  suture. 

Operatwnfor  Chronic  Appendicitis. — The  best  time  for 
operating,  in  a  case  of  recurrent  attacks  of  appendicitis, 
is  during  the  interval  between  two  attacks,  say  two  or 
three  weeks  after  the  subsidence  of  tlu*  first  of  these  two, 
provided  it  has  not  l)een  an  attack  of  unusual  severity. 
In  the  latter  case  the  operation  should  Ix*  deferred  for  a 
somewhat  longer  period.  The  rciison  why  an  operation 
should  not  be  done  sooner  is  that  sufficient  time  must  be 
allowed  to  elapse  in  order  that  any  iKTiapi)endicular 
lymph  may  be  absorlR'd.  that  any  i>us  tliat  may  have 
collected  within  the  appendix  may  have  time  to  escape 
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inlo  thi;  ciecum,  an{l  fiually 
tnation  may  sutmidc  coni|)letely  btforc  ilii'  aUli 
opened,  fit  is  inten?stiDg  to  ootc  tliut  when  inllaniniation 
bas  been  excessive,  an  nperaCiou  iiniiertakeii  a  iiiniiber  ot 
weeks  aftt^rward  will  flud  Ihe  adhesuiiig  tliiti  and  weak. 
It  may  be  expedient  to  wait  evt'ii  l»np.T,  but  such  a 
waiting  sliould  bo  pennitled  only  wheii  tlie  jMlieot  Is 
directly  under  tlic  eye  of  ^lK^  surp-oii.  wJio  nin  inttrveue 
at  any  moment,  should  another  attack  oniir. 

As  the  siirtis  of  llip  opcniliiin  have  already  been  dc- 
BCritted,  it  will  not  Ik'  necessary  to  go  uvi-r  this  ground  a 
secoud  time.  I  will  simply  add  that  in  these  elironic 
cosex.  especially  if  the  inllammutory  altaeks  liiive  been  of 
a  somewliat  severe  cliamrter,  it  is  often  a  difficult  matter 
to  find  tlie  appendix,  or,  if  we  do  liud  it.  to  recognize  at 
what  point  its  free  end  lies.  In  such  eases,  tlic  shortest 
way  is  probably  to  divide  tliR  appendix  acrosj,  lieiween 
two  pairs  of  artery  forceps,  and  llien  to  work  each  en<l 
free  from  adhesions.  In  this  way  tlierewill  Ik  no  special 
difficulty  in  reaching  the  point  where  the  appendix 
springs  from  the  ciecum.  Whenev<T  this  can  be  done 
we  should  cover  raw  surfaces  over  with  iwriidneum. 
L.  Mfljitif  Tiffany. 

APYONIM.— This  is  a  yellow,  crystalline  powder,  in- 
troduced as  a  substitute  for  auroniiue  (yellow  pv<iktauiu) 
in  ophtJialmic  practice.  It  is  slightly  soluble  in  water, 
freely  so  in  alcohol,  and  it  is  used  in  oue-per-cenl.  af|ue- 
oils  solution  as  an  anltsi'piie  and  stimulant  in  conjunc- 
tival disease,  and  In  purulent  keratitis. 

W  A.  Ri'lfdo. 

AQUIFOLIACEf  or  ILICINE«.-<The  liex  or  Holly 
family.)  A  faniilv  of  three  genera  and  some  two  hun* 
dred  species,  chierfy  of  North  and  9()uth  America.  It  is 
chiefly  notable  for  the  presence  of  an  appreciable  amount 
of  caffeine  in  the  leaves  of  at  least  two  species,  on  ac- 
count of  which  they  have  been  used  as  lievera^es  (sec 
Mali  And  C'lusnitf).  Other  species  have  been  used  as  bitter 
tonics  and  alteratives  (see  Alder,  lUnrk.  and  IMIi/). 

ji.  u.  ii'/^n. 

ARACE^  or  AROIOE^.— (The  Arum  family.)  Alar^e 
family,  of  more  than  one  hundred  genera,  growing  mostly 
in  the  tropica  of  butli  hemispheres.  Many  species,  as 
the  cultivated  ciiUii,  are  highly  ornaraenla'l.  Calntimn 
produM-s  an  important  starch -yielding  corm,  monitUrn. 
an  e<)ihle  fruit.  Many  of  the  tnipind  species  are  known 
as  poisons,  but  their 'constlluentH  and  actions  are  little 
known.  It  is  n'liuirkiible  that  a  few  niirlhern  species  in 
the  gencm  i'i>'ifti//imii.  iiroeii*.  uri'iii,  and  uriiirmit.  dioiild 
n-preseni  about  all  the  medicinal  com  ri but  inns  of  the 
fomitv,  and  more  iiclivc  agents  uiav  Ih;  e.\pected  to  be 
made  known  in  it  in  futnri'.  '       II.  II.  JinAj/. 

ARACHNIDA.*— In  the  br.iiicU  or  phvlum  Arlhropoda, 
characterised  liy  bilateral  syiiinii-irv,  I'ly  nielunicrie seg- 
mentation of  a  del iToiii minus  type,  mid  by  the  iHiswssion 
of  Jointed  a ppeiida ;."■«,  typiciilly  a  sinirie  jwdr  for  each 
mclanieri.-  of  the  lioily.  niay  be  'distinguished  live  gn-at 
groups;  Ihe  Crustaei'a.  including  cnilis,  1ohster»,  water 
lleas.  etc.;  the  Onychophiiru.  including  liiit  a  single 
genus,  l'cri|iBtuH;  the  Mvriu|HM)a.  ineliiding  niillipeds. 
cenllpeds.  etc. :  the  lusecin.  including  the  true  insects: 
and  the  Araclinida  or  Ami'luioideu.  The  hillcr  nmv  tw 
<letlned  as  air-breathing  arthrojHMis.  chami-ieri/ed'  liv 
tiie  fusion  of  head  anil  thorax  iiilo  n  Hiii:;li-  n-gion.  rlie 
cephalothorax.  which  is  wilhout  iititciinie,  lull  liciirs  tw.i 
pairs  of  anpendag<'H  more  or  less  cKisiOv  cotiniitcd  wiili 
Ihe  mouth,  and  four  pairs  of  wiilkiiiir  li  :rs.  Tlu-  itb 
d<inien.  which  may  or  nuiy  not  \n-  sc^gtiujiiid.  i<  iisuallv 
distinct  from  the  cephalolhomx.  tlmuirli  in  Ihe  niiir^s  i'l 
is  fused  with  it. 

The  class  Araclinida  is  sulidi 


ities 


o  fron 


irdiT 


rpions.  the  Pseud OBCorpionida  o 
ida  or  "Daddy 
>,  the  Acarida  o: 


Scorpionida  oi 
book-scorpion 
the  Araneida  n 
tlie  Lingua  tulida. 

The  true  scorpions  have  the  power  to  inflict  a  painful 
wound  by  the  sting  located  at  the  tip  of  the  abdomen 
In  the  case  of  large  tropica)  species  the  effect  of  Ihe 
sting  may  even  cause  the  death  of  small  children,  but 
only  in  tlie  most  exceptional  cases  does  it  seriously  afferl 
an  adult.  There  is  injected  at  the  time  a  quantity  of 
poison  from  a  gland  in  the  last  joint  of  the  abdomen: 
its  action  Is  in  general  to  irritate  nerve  centres  while  at 
the  same  lime  producing  paralysis  of  motor  nerves.  The 
sting  of  the  smaller  species  found  in  the  United  Slates  is 
Iiarmless.  giving  rise  lo  a  slleht  irritation,  which  lasts  at 
most  seven  or  eight  days.  Mr.  Herbert  H.  Smith,  the 
well-known  collector  in 'South  and  Central  America  and 
the  West  Indies,  after  enumerating  symptoms  and  re- 
sults in  a  number  of  carefully  observed  instances,  says: 
"Probably  death  might  result  in  some  cases,  as  (if  re- 
ports are  true)  it  does,  rarely,  from  bee  stings,  .  .  .  Mv 
wife  was  stung  by  a  small  one ;  the  wound  was  exceed. 
ingly  painful.  By  the  advice  of  a  servant,  she  held  the 
finger  for  an  hour  in  hot  sweet  oil.  mixed  with  an  equal 
measun>of  hiudanum.  There  was  no  swelling  and  three 
hours  after  all  pain  had  left  her." 

Among  the  spiders  also  there  are  those  that  are  able  to 
pierce  t£e  human  skin  by  the  action  of  the  jaws  or 
cheliceriB  which  also  contain  the  orifices  of  a  pair  of 
poison  glands.  The  effect  of  a  spider's  bite  on  an  adult 
has,  however,  been  much  exaggerated;  of  itself  the 
bite  produces  at  most  a  slight  dermal  swelling  whitdi 
soon  disappears.  The  large  hairy  thentphosidl,  popu- 
larly known  as  tarantulas,  are  not  to 
be  called  dangerous.  Their  bite  is 
painful,  but  the  inflammation,  thnugli 
often  violent,  subsides  rapidly.  On 
the  other  hand,  several  cases  on  record 
of  death  from  spider's  bile  have  been 
traced  to  a  small  spider  {Latrodeetu* 
luaelanii)  which  is  related  to  suppos- 
edly poisonous  species  in  other  coun- 
tries of  the  world,  and  it  is  not  un- 
likely that  the  spiders  of  this  genus 
secrete  a  more  powerful  fluid  than 
others.  The  condition  of  the  patient, 
his  ausceptihiliiy  to  poison,  and  other 
impertiint  facts  ere  not  on  record  in 
these   cikses,  and  it  may  happen   that 

the  chance  intrnduclior    ' " 

matter  thn    ^ 
to  the  more  serious  u 
fotal    results  noted, 
spiders  In   this  country   of  which   It 
may  posiiivcly  be  aHirined  that  thcv 
ari'  ventmious,  though  certain   Soiitli 
American  Kin-<-ies  enjov  an  evil  repu- 
tation   which    is    iindoubtwily    well 
founded. 

Onler  LiSotATri.in.i.— The  highly 
inudilletl  foniLs  includi^I  in  this  gTou|) 
have  a  c«'rtain  KU]H'rticlal  resemblance 
to  lapcworms.  from  which,  however. 
Ihev  differ  nidicHllv  In  smicturc. 
Their  closest  tiflinities  an'  doutilli'SB  to 
be  t'ciiinil  iiiiiong  the  nnichnids  of 
whiHi  tlicvjire  here  considered  as  an 
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iff  from  the  xv: 

is  subdivided   by  an- 

in    niiiiilKT  and    distinctness. 
cr  end  Ihe  mouth  is  located  on  t 
li  pnividni  on  either  side  with  t- 
ciiiitfdni-d    in    slieaths  or    pocku 
Mt  ihi-  riiuuth  parts  of  otlu-rarachnii 
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tlte  egg  emergei  a  bexapod  larva  wlilch  Doetamorphoaea 
into  an  octopod  uymph,  and  flnBllv  by  the  development 
of  the  sexual  orgaua  becomei  adult.  This  metamor- 
pUoeis  is  accompanied  bj  a  variable  number  of  moults, 
and  in  the  Sarcoptidffi  by  MBtolvBiB  and  complete  regen- 
eration of  the  animal  at  each  ecuyais. 

The  following  table,  taken  from  Railllet,  will  be  ron- 
venlent  iu  recognizing  the  various  sub  orders  and  families : 


lit 


AMIsmatB. 


r  Two  pain  ot  lata. 

P^pl  unannei]. 
J  NandlblesMjlironn. ' 
]  Toia  i»l™  of  ]e«L     , 

PSlpl  UDdlUlH. 


Vbpof»Ua. 


rPilpl  free,  uiuimed.  I 


TTdolieaopMilDg  In  the 
body. alraptiled  la  the    ?~?""?™' 
tZi...,—.-.-  (ntacl). 

I    or  Mirllfonii. 


Hallouldie. 
book!,  J  nvabwaKr: 

HyinetaMnt. 


TrombldlidK. 


atrjplilM. 

tbuut  eplmeiei. 


Leg* 


Pmlpllr 


Jkmodieida  (Ihe  Follicle  Mites). — Small,  elongated 
mites:  anterior  region  uudivided,  in  adult  with  rostrum 
and  four  pairs  of  Hliort  legs;  the  posterior  transversely 
striated,  wltliout  appendages.  Traclieie,  Btigmata,  and 
«yeg  wanting.  No  marked  sexual  dimorphism.  Ovipar- 
OHS.  Larva  without  legs  or  with  thrt-r  pairs  of  tubercles, 
nymph  with  four  pairs  of  rudinienUry  legs,  FaTasites 
n\  Imlr  follicles  and  sebaceous  glands  of  mammalia. 
Only  a  ^ngle  ^nus  witli  several  species. 

DtiamletfiMieuU/riim  (O.  Simon). =/)./(rf/.  var.  ho>nini$ 
auct. ;  SUalotooa  faU.  E,  Wilson.  Roxtrum  sliort,  an- 
terior reHon  of  body  approximately  one-third  of  total 
length.  Egg  eordiform.  Male  0.8  mm.  long,  0.4  mm. 
broad:  femaTe  0.88  mm.  by  0.049  mm. 

This  form,  wliich  presents  a  cliaraci eristic  appearance 
(Fig.  24ft).  is  a  common  parasite  of  tlie  sebaceous  Klandti 
of  the   human   skin.     It  is  easily  di^- 
ZH^  covered  in  Ihu  sebnni  from  the  glands 

il'Mf  of  the  nose.  lips,  and  fondiead;  also 

/f  :'*:'^k  in    tbe    ceruniinous    and    Meibomian 

*^   '^-s^^         glands,  and  from  the  alidominal  aiul 
«i^'n'^'<»         pubic    regions.      Normally   the   mik'S 
•/      r'^         rest  in   the  gland,  head  Inward  (Fig. 
*t(  ,)'  _'|»        247),  and  but  a  few  are  present  in  each 
^rf""^!   "^         glnud;  occasiiinul  increase  in  numbers 
is  said  to  t;ivc  rise  toKtoppageof  the 
duct  and  from  live  to  tweiitv  muy  )mi 
fiiiind  in  a  comedo  ping.     I'he  state- 
menis  of  some  authors,  areonling  to 
which  tliest:    [Hmisites  occur  in   two- 
thirds  of   llie    persons  cxamine<l,  nri' 
held  bv  other  mvesiigators  to  \yv  far 
beyontl  the  usual  penimtngc  of  infec- 
tion.   Precise  dula  are  lacking.    Ilenlc. 
who  discovered  this  si>c<'ies  in  1H41. 
obtained  Itviug  specimens  of  the  mile 
Fiu.  31H.— Deuuxipi   from  a  cadaver  six  diiys  after  tiealh. 
r»nlB.     ventrsl    In  spite  of   tin-  fact  tliiit  Ihis  spc-cits 
iSd'c/™""^  la  difficult  to  dislinpuish  fn>m  relaiiii 
lui  dUmeier*.    forms  of  lite  dog,  mt,  and  other  do- 
(After  M^tniD.)       niustic  animals,  wiih  a  single  doubt  ful 
exceptitm.  no  case  of  infi'Ctiim  initis- 
milled  in  either  dln^nlon  Is  on  reeoni.  and  nil  clforts  tn 
accomplish  tliiscxiH'rimi'nIallv  have  failed. 

Alllioiifrh  /'.  """'•  gives  risi'  in  llie  dog  H.  a  seriou-s 
dernuil   disease  (Fig.   ^17)  which   is  rather  ditllcull  U> 
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handle,  no  similar  dilHculty  Is  reported  for  man  witb  D. 
fuUimiior^m,  even  in  the  case  of  those  individuals  habitu- 
ally regardlessof  personal  cleanliness;  and  an  etiological 
relation  between 
these  mites  and 
acne,  as  maintaia- 
ed  by  various  ob- 

been  satisfactori- 
ly demonstrated. 
Sareoptida. — 
Small,  pale  miles, 
with  soft  body, 
not  elonf^ted, 
separated  into 
two    regions    by 


groove.  Mandi- 
bles chelate,  man- 
illary  palpi  Btyli- 
form.  Four  pairs 
o  t  a  V  e  -  jointed 
legs  with   epi- 


sponding  to  the 
regions  of  the 
body,  terminal 
joints  (tarsi)  with 

a  siick(-r.  or  bodi. 
or  with  long 
bristle.  Traclie» 
wanting.  Sexual 
dimorphism  gen- 
eral. Melamor- 
.  pilosis  with  tiexa- 
pod  larva  and  two 
nymphs,  often 
complicated  by 
the  appearance 
of  a  hypopial 
uj-mph. 

Of  the  si-ven 
sub-familiirs  only 
the  Sarcoptiuii'  or 
itch  tnitea,  and 
Tyroglyph- 


cheei 


portancc  here. 

Saratptiiur  (the  no  !4T  — TrsuBsertlon  of  Bkta  of  Dob,  BbOWi 

Itch    Mite  SI—  Ine  Uemixl^i  cnnlx  in  Poailon  In  lUir  lol- 

tiniiitt^     i,.i     n.  IUIb  MMl  ■!«  In  Srl«.WU.  falMd.     (AfW 

mnisuic    mitcs  i^uianli'  frunt  NninunD  j    t  RpMmnli; 

with  transversely  f  luir  fuitlrle  nmialniiiE  two  lnfai,u.tto 

striale<l  i  n  t  c  e  u-  ™'^  "I  "■■h-b  mi  be  ainUDoulidiMf  M  ft 

meni     wun   <«m-  the  (nm.le   hu   iinrterwiDe  dllatUkm,  bf 

jwtTUlate    peiiim-  rcnwio  nf  the  anrumulntlun  nt  tbe  toIUcle 


rophied    ail 

pUiceil  by  bristles  on  the  thini  and  fourth  palni  of  legs. 
Vulva  ttansvcrsi-.  Found  in  llie  skin  i>t  mammala  and 
liinls,  when*  Ihcy  produce  llie  various  fonns  of  scab 
and  itch, 

finrn>,.l,-t  (llie  Itch  Slile  ot  Manunals).—I}o(Iv round  or 
Mli;rlit1y  oval.  Rostnnn  short,  and  lliick ;  posterior  feet 
I'litiri'ly  or  neariy  hiilden  by  the  IwHiy.  Tarsal  suckera 
with  ioiiir.  slmjile  peduudi':  in  fi-mali!  on  Ihe  llrat  and 
si!C"nd  pairs  of  legs,  iu  the  iiuiU'  also  on  tlic  fourth  pair. 
Anus  tern  linn  I. 

Some  luithors  distinguish  but  a  single  sp)>cira  with 
niiiinTous  viirii-lics;  i(  -leems  iHftler,  however.  In  spite  »f 
111!'  ofK'n  Insijrnihcant  nnd  in  imrt  IneonstanI  spcL-lAc 
■lilfinnri's  thus  far  kiionn,  to  follow  the  later  autlunittea 
ill  ri-i;iiniiiig  Ihi-si'  fnrmHusdiiTei'Cnl  six-eii-s.  even  though 
Iihysiologieul  cliaracU'rs  must  still  be  used  in  part  for 


4nichiilda. 
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margin  of  the  bcxiy.  The  male  is  much  smaller  than  the 
female  and  has  the  fourth  pair  of  legs  terminated  by  a 
sucker  instead  of  tlie  bristle  which  is  on  the  fourth  pair 
in  the  female.  There  is  also  on  the  ventral  surface  of 
the  male  a  complicated  chitinous  framework  wanting  in 
the  female. 

The  hunian  itch  mit^  lives  in  the  skin  in  which  the 
female  tunnels  an  irregular  winding  passage,  where  she 
passes  her  entire  existence  (Fig.  250).  Tliese  burrows 
vary  in  length  from  a  few  millimetres  to  two  or  more 
centimetres  and  are  excavated  prt^ferably  where  the  skin 
is  thin,  as  between  the  fingers,  in  elbow  or  knee  joint, 
on  mammte  or  penis.  The  gallery,  directed  first  down- 
ward through  the  stratum  corneum,  is  extended  through 
the  softer  cells  of  the  Malpighian  layer  just  above  the 
papillie.  Eggs  and  fecal  matter  fill  the  most  of  this 
tunnel,  at  the  inner  end  of  which  may  be  found  the 
female.  The  male  is  much  rarer;  its  existence  is  passed 
on  the  surface  of  the  skin,  hiding  imder  scales  and  in 
furrows.  After  an  incubation  of  only  a  few  days  there 
emerges  from  the  cf^g  a  hexapod  larva,  which  bores 
through  the  roof  of  the  tunnel  and  gains  the  surface  of 
the  skin,  where  after  three  or  four  moults  and  the  ac- 
quirement of  a  fourth  pair  of  legs  the  development  of 
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Fig.  2:'il.— Acarian  Fum>\vs.  a,  IN^sitlon  of  iiilto:  A.  the  mite  has 
pone  down  In-iHNith  the  <«i>i<lermis;  B,  tht*  mite  has  comnu'iicod  to 
(Mk  a  longitudinal  burn)\v.  and  the  place  ( /  ;  when*  it  was  in  A.  has 
by  th«*Mfrowth  of  <'ellf<c«un»»  up  nearer  to  the  surfaiu*;  (",  the  jx^lnt  (/) 
has  come  u]»  to  the  surface,  while  the  mite  has  gone  ulonp  farther 
with  its  burrow.     (AftiT  Jeffries.) 

tlK"  sexual  organs  is  coinplctcd.  Copulation  is  followed 
by  tln'  hist  moult  on  the  part  of  the  f<*inal<'.  Tlic  latter 
now  preirnant.  begins  the  construction  of  a  gallery  in 
the  ej)ideniiis  (Fig.  251)  and  once  buried  in  the  skin,  the 
recurved  dorsiil  spines  pn'vcnt  her  escape. 

This  species  is  probably  distributed  over  the  entire 
world;  it  is  very  common  on  the  Continent  and  ainoni^ 
the  poor  in  England  where  it  constitutes  H  jiercent.  of 
dermatological  ca.ses  in  hosj)ital  practice  and  o  per  cent. 
in  private  pnictice.  It  is  much  rarer  in  the  United  States 
and  is  most  frequent  in  the  East :  in  New  York  Hiilkley 
had  2  per  cent,  in  the  hospital  and  one  fourth  of  one  per 
cent,  in  private  pmctice.  In  Boston  AVhite  noted  an  in- 
crease from  9  (^ses  in  ISSO  to  Km  in  issx.  of  'ns.rHM) 
castas  recorded  by  tlie  I'nited  States  Derniatoloirical  As- 
sociation within  a  period  of  a  little  over  twenty-one 
years  (from  Julv,  1877,  to. January.  lSi)S).  it  was  found  in 
3.66  per  cent,  of  the  total  number.  Altliougli  rare  under 
ordinary  circumstances,  it  increases  rapidly  under  con 
ditions  of  crowding;  thus  in  1S1»:}.  the  year  of  theChieairo 
Exposition,  901  cases  were  reported  in  the  United  States. 
while  in  IH95  the  total  was  onlv  oS:l  eases.  Wliere  siieh 
crowding  is  combined  with  faidty  sanitary  condition^,  it 
becomes  epidemic  in  a  seven*  form.  Thus  durini:^  the 
Civil  War,  the  **army  itch,"  ".laeksons  itch."  and 
"seven  y<*ars'  itch,"  which  are  merely  agirravated  lorms 
of  the  disease,  followed  the  movements  of  the  troojjs. 


The  disease  is  produced  by  the  transfer  of  the  parasite 
by  actual  contact  from  an  infected  person  to  one  not  in- 
fected. Such  infection  must  transp>ort  both  sexes,  oral 
K^ast  pregnant  females,  and  under  such  conditions  that 
they  can  successfully  form  burrows.  In  spite  of  the  fact 
that  in  large  continental  hospitals  and  clinics,  yearly 
thousands  of  cases  are  treated  and  handled  by  nurses  and 
students  without  any  precautions  whatever  in  the  way 
of  disinfection,  no  trouble  is  experienced  from  the  disease. 

Infection  is  easily  and  most  commonly  brought  about 
by  long-continued  and  intimate  contact,  and  the  noc- 
turnal habits  assigned  by  some  to  these  mites  are  due 
to  their  increased  activity  under  the  influence  of  the 
warmth  of  the  bed.  The  disease  is  also  most  common 
among  men  and  of  such  classes  and  occupations  as  are 
wont  to  sleep  together.  A  transient  infection  may  be 
induced  by  the  transfer  of  this  species  to  the  horse, 
dog.  or  ape,  but  the  cat  is  apparently  immune  toward  it. 

The  itch  mit<?  excites  at  first  only  a  moderate  irritation, 
which  gradually  grows  in  intensity  and  becomes  an  ex- 
tensive  pruritus,  accompanied  by  eczematic  inflamma- 
tion with  the  formation  of  papules  and  vesicles.  The 
malady  increases  in  si' verity  with  duration,  and  especially 
as  the  residt  of  scratching,"  until  it  may  acquire  the  cliaf 
acter  of  a  severe  eczema,  the  vesicles  and  pustulc*s  being 
associated  witli  extreme  excoriations  and  the  formation 
of  crusts.  The  itch  may  be  confusc»d  with  eczema  and 
pedicidosis,  which  latter  may  in  fact  coexist  with  it. 

The  first  step  in  the  tn-atment  of  the  itch  is  the  abso- 
lute destruction  of  the  entire  colony  of  mites  and  their 
eggs,  for  which  purpose  various  sulptiur  ointments  or* 
successfuUv  employed.  Naphlhol  is  also  highly  recom- 
mended. In  severe  cases  some  eczema  remains  to  be 
treated  after  the  destruction  of  the  mites. 

It  is  important  to  reconi  here  fromNuttall  the  view  of 
Joly  that  the  itch  mites  may  serve  at  times  as  carriers  of 
lepra  bacilli.  In  parts  of  Norway  where  much  leprosy 
exists,  these  mites  are  also  abundant,  and,  together  with 
pedicidi,  they  are  usually  found  among  the  poorer classi'S 
in  Algeria,  ifrom  which  the  greatest  number  of  leiwrs 
come.  ^  In  the  Soudan  the  sarcoptes occur  on  almost  all 
the  dogs  [most  probably  not  the  S.  scnbiei — W.],  and  often 
attack  the  natives  amongst  whom  there  are  numerous 
lepers.  It  seems  to  me  that  the  possibility  of  this  mcnle 
of  transfer  caimot  be  denied,  and  it  is  also  conceiA'able 
that  the  ]>alhological  changes  produced  in  the  skin  by 
the  j)arasites  may  even  favor  the  multiplication  of  the 
lei)ni  bacilli." 

SiircopttH  acdhietrruHttmr  (Fl\rstb.)  (Norway  ItcliMitesi. 
— .s'.  scnfu'ci  var.  I'/ju  Megnin.  Dorsal  scales  obtuse. 
Anterior  projections  of  epiandrium  well  developed, 
reaehing  th(;  epimeres.  Posterior  spines  long,  pointed. 
easily  bent.  ^lale  0. 17  by  0.15  mm. ;  female  (K41  b}'  0.:U 
nun. 

This  form,  thouirh  much  like  the  preceding,  i>r<Kluces 
such  mdieally  dis-similar  effects  on  the  human  skin  that 
we  are  forced  to  regard  it  as  a  distinct  species.  It  was 
first  discovered  in  (hristiauia,  whence  the  name  Norway 
itch,  bv  which  it  is  commonlv  known,  thouiirh  cases  have 
been  rei)orte(l  in  most  European  nations  and  one  from  - 
this  (MMintry  (Indianapolis)  by  Ilessler. 

The  nialady  is  easily  distinguished  from  the  common     -^ 
itch  by  tlie  formation  of  coarse  crusts,  which,  however. 
(1(»  not  usually  make  their  ap]M'arance  for  some  years.     ^  - 
This  i^ives  color  to  the  view  that  this  form  of  the  itch.*'  -^ 
finds  itsexplanati(»n  in  individual  dilTcrenceson  the  part  :^  "^ 
of  the  h<»^r  nit  her  than  of  the  ])amsite.     Opi>osiMi  to  thiss^^-^  -■ 
view   is  the   formation  (»f  crusts  several   millimetres  iiw  ^ 
thickness  and  several   centimetres  in  extent,   the  <'nor-    *""*' 
mous  numbers  of  miles  found  in  the  midst  of  these  nia.*v*k'S^  -^-^ 
and  the  attacks  of  the  mites  on  face  and  scalp  when'  tlu-^  -^ 
common  itch  mite  does  not  occur.     This  species  is  a]>  ^^  M 
]»arently  transmitted  with  great  ease,  and  its  attacks  d«-»  ^ 
not  readily  yi<*M  t()  tn-atment.     Megnin's  idea  that  it  i    ^' 
identical  with  the  sircoptjs  of  the   wolf  is  entirely  uii*'  ^ 
tenable. 

The  case  H'ported  by  Ilessler  apparently  belongs  hen    ''^' 
though   the  author  did   not    dillen'ntiate  the   i>arasit  ^^ 
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found  from  the  ordinair  Itch  mite.  Tlic  patient  was 
partially  paralyzed  and  enlirely  helpless — hence  we 
may  infer  absence  of  the  ordinary  scratchiDK :  its  sequels 
are  apparently  entirely  wanting.  The  body  of  the  pa- 
tient was  literally  covered  with  thicli,  yellowish-white, 
leathery  scales,  the  larrest  measuring  25  mm.  in  diameter 
aod  nearly  3  mm.  thick;  these  scales consisled  merely  of 
proliferaied  epithelial  cells,  and  bloody  or  serous  cnisis 
were  not  present.  They  were,  however,  produced  by 
moderate  friction.  In  the  scales  on  the  body  the  author 
eetimaKs  the  number  of  egg  cases  and  eggs  as  seven 
million  of  which  one-lialf  to  three- fourths  were  i 
and  the  number  of  mites  as  two  million  of  which 
small  fraction  were  living. 

~ rmallvnatasi , 

■xpen'mentally  to 
severe  and  usually 
^t  undescribed  will 
in,  only  the  most 


Xi 


n  and  give  rise  to  an  itch,  rarely 
transitory.    No  doubt  other  forms  yi 
fall  in  this  same  category.     Besiiies  m 
common  host  is  given  for  each  species. 

5.  mieAenM.    Male  0.24  by  0.1«  mm 
O.siB  mm.     On  the  llama;  transmitted  to  attendants,  re- 
quiring treatment  to  dislodge. 

a.  amis.  Male0.1flto0.23by0.16to0,18ram. ;  female 
0.3  to  0.45  by  0.23  to  0.35  mm.  Onthedog;  frequently 
transmitted  to  man.  variable  iu  severity. 

B.  capm.  Male  0,343  by  0.188  mm. ;  female,  0.345  by 
0.343  mm.  On  the  goat;  readily  transmitted  toman;  in- 
duces an  ilch  of  great  severity. 

B.  dmmfdarii.  Male  0.29  by  0.18  mm.;  female,  0.36 
by  0.33  mm.  On  the  camel;  rcudily  transmissible  and 
severe:  in  Egypt  almost  all  camel  drivers  arc  affected; 
the  Senegal  negroes  call  the  complaint  larbisch, 

8.  equi.  Hale  0.S2  to  0.28  hv  0. 15  to  0.2  mm. ;  female 
0.45  to  0.5  by  0.31  to  0.37  mni.  On  the  horse;  rare  on 
man.  transitory  and  usually  disappears  spontaneously. 

S.  Uoni*  Male0.25by0.18mm.;  female,  0.45  by  0.35 
mm.  On  the  lion;  easily  transmitted  to  man ;  disappears 
spontaneously  in  thirty  to  forty  days, 

8.  tmU.  Male  0.22  by  0.16  mm.;  female,  0.314  by  0.8 
mm.  On  the  sheep:  very  rarely  transmitted  to  man,  if 
indeed  at  all. 

8.  luit.  Hale  0.25  to  0.35  by  0.18  to  0.3  mm. ;  female 
0.35  to  0.5  by  0.29  to  0.39  mm.  On  the  pig ;  transmitted 
to  man,  sometimes  disappears,  sometimes  grows  worse. 

8.rulpi».  Male  0,245  by  0.185  mm  :  female  0.443  by 
0.315  mm.  On  the  fox;  its  transmission  to  man  rests 
on  doubtful  evidence. 

5.  womMli.  Species  not  describe<I  in  detail ;  forma  a 
cnislaceous  itch  on  the  wombat;  readily  transmitted  to 


15  by  O 
to  0.33  bv  0.16  ti, 

This,  tV  itch  mile  of  the  cat.  attacks  oi 
host  the  skin  of  the  head  and  ears,  and  indue 


Fio.  932,-  NoluedreB 


*%^tfln;  produces  a  type  of  itch  intense  and  unlike  the 
^^Tdinary  form :  yields  readily  to  treatment. 

Xotoedres  enti  (Bering.  ^Snreopfn  miiM-  Fllrstb.  Tar- 
^wl  auokers  with  long,  unjointed  pedicle:  in  the  female 
*^ii  the  first  and  second  pairs  of  legs,  iu  the  male  also  on 
"•^le  fourth.  Anus  dorsal,  near  posterior  margin  of  ab- 
.  Dorsal  scales  obtuse.  Male(Fig.  252,C)0.14  to 
Vol.  1.— 28 


often  highly  epizoOlic  malady  with  a  termination  usu- 
ally fatal.  This  species  is  of  importance  here  because 
of  its  easy  transmission  to  man.  On  the  latter  it 
produces  a  limited  ilch  which  disappears  apouiane- 
ously  at  the  end  of  from  ten  to  twenty  days.  It  occurs 
on  cats  in  Lincoln,  Nebr..  and  doubtless  elsewhere;  no 
cases  of  transmitted  infection  are.  however,  on  record 

The  other  genera  and  species  of  ilch  miles  common 
tf)  domesticated  animals  are  not  known  to  be 
transmissible  to  man. 
Sub-family  Tyi-oglyjAiiut  (C^heese  Mites).— 
Hinute    forms    with 
soft    iKKly,    wilhout 
eyes  or  tracheie.     In- 
tegument never  uni- 
formly  striated,  but 

lated    or   irregularly 

Willi  claw  and  usu- 
ally also  with  foliate. 
non- pedunculate  ves 
Iclc. 


etc.). 

are  liable  to  be  introduced  on  to  or  even  Into  the  hu- 
man body,  and  may  even  make  the  passage  of  the 
alimentary  canal  without  being  entirely  destroyed. 
From  their  presence  on  the  body  or  In  feral 'matter  under 

circumstances  of  disease  tliey  have  been  often  reported 
OS  Borpara  ddicUi.      Iu    rare   instances   ccrtaiu   species 
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have  been  transitory  parasites  of  man.  Where  abundant, 
as  in  old  grocc»rics  or  warehouses,  they  have  been  known 
tc  give  nse  to  a  temporary,  thou<?h  often  violent  der- 
mal irritation  on  employees  handling  the  infected 
products,  without  the  evil  having  l)een  traced  in  all 
cases  to  any  single  species.  Such  a  complaint  is  the 
''grocers*  itch  "of  England.  Since  these  are  the  most 
frequent  pseudo-parasites  with  which  the  physician 
has  to  deal,  extreme  caution  should  be  exercisec^  in  as- 
sociating etiologically  anv  species  which  lx»longs  in 
this  group  with  a  case  of  disc»ase  in  which  it  lias  been 
discovered. 

Aleu  robins  farina'.  (De  Geer).  (The  Flour  >Iite)=  Tyro 
glyphuH  fann(BGev\?L\^.  First  pair  of  legs  in  male  much 
heavier  with  spur  on  second  joint.  White,  tip  of  legs 
pale  violet.  Length:  male  0.§3  mm.,  female  0.55  mm. 
Cosmopolitan  on  nour,  fruit,  tobacco,  cheese,  and  other 
organic  material  in  pnxiess  of  alteration  by  age.  This 
species  is  much  more  abundant  than  the  following  even 
in  cheese,  and  has  frequenth'  been  described  as  that 
species  in  spite  of  evident  differences.  It  was  observed 
by  Moniez  as  the  cause  of  a  cutaneous  eruption  on  work- 
men unloading  Hu8.sian  wheat  at  Lille. 

l)/roglyph usttiro  (L. )  (The  Cheese  Mite) = Acarun  tnro, 
A.  Utctis,  A.  dynettterifv  L.  Last  pair  of  legs  with  both 
claw  and  sucker,  with 
terminal  joint  short  and 
with  proximal  sucker 
close  to  proximal  end  of 
terminal  joint.  Length 
0.6  mm.  Found  on  de- 
composing substances  like 
the  last,  but  rarer.  This 
is  the  cheese  mite  report- 
ed bv  various  authors 
from  (iysenteric  stools  and 
from  urine.  Its  occur- 
rence was  undoubtedly 
accidental,  and  its  harm- 
less nature  may  be  ad- 
judged from  the  quantity 
taken  daily  in  cheese 
everywhere  and  the  ab- 
sence in  medical  works  of 
any  records  of  cons<'- 
quent  diseases.    Yet  Zlim 

records  that  in  certain  dis-    Fig.  254.— Dermanyssu.s  jralllna?,  a.  Adult;  ?>,  tarsus:  c,  mouth  parts;  rt,  e^ 
tricts    where     mites    are  younfr.    Maffnifled.    (After  Oslwm.) 

mised  to  impart  a  pecul- 
iar tlavor  to  the  cliees<*.  a  gastric  or  intestinal  catarrh 
is    prevalent    among   consumers   of    the   cheese   which 
he  attributes  to  tlie  effect  of   the  mites.     As  this  sj)e 
cies   is   abundant  in   old  linseed  meal,  its  reported  oc- 
currence in  poulticed  wounds  is  easily  explained.     In 
cantharides  it  is  also  abundant,  and  in  vanilla,  where 
its  presence  has  been  associated  with  the  vanilla  com- 
plaint,   a    dermal    eruption    fre(|ueiit    among  workci-s 
handling    this    product.     The    famous    Ararus    iJyscn 
teri(P.  of    Linmeus.    which    was    found   abundantly    in 
stools  of  one  of  his  scholars  and   tmccd   back    to   the 
wooden  ves.sel  from  which  the  youn^  man  drank,  was 
probably  this  s]H*cies.     It  has.   however,  been  reporl<*d 
but  once  since  then  from  dysenteric  stools,  thosr  of  in- 
fants in  I*rague,  and  the  etioloirieal  relation  may  cer 
tainly  be  called  in  question. 

Tyroglyphiis  longior  (Fig.  ^TyW),  which  i^  similar  in 
habit  to  the  last  species,  thouirh  less  abundant,  is  <'asily 
distinguished  by  its  larger  size  and  more  rai)i<l  move 
ment.  It  enjoyed  transient  fame  in  IS^T  as  havini:  luen 
produced  ( I)  by  the  electrical  exi>eriments  of  ("r<»ss  on 
weak  chemical  solutions. 

The  mummification  of  bodies  in  caves  has  been  shown 
by  recent  investigations  of  Megnin  to  be  dnv,  in  some 
cases  at  least,  not  to  chemical  or  atmospheric  intluences. 
but  to  the  work  of  Tyntglyphnu  ihfti*ttnii<,  \vhi(  h  is  abun- 
dant in  such  localities.  The  external  apj)earance  of  the 
body  and  organs  of  the  mummj'  was  well  preserved,  but 
microscopical  examination  showed  the  tissue  to  be  tilled 


with  incalculable  myriads  of  the  mite  in  all  stages  of 
development. 

Gani(md(f  (Beetle  Mites). — Skin  leathery,  reinforced 
by  chitinous plates ;  mandibles  chelate,  maxillae  filiform: 
six -jointed  legj*  terminated  by  two  somewhat  concealed 
hooks.  Stigmata  lateral,  between  legs  of  second  and 
fourth  pair,  with  peritreme  directed  anteriad.  Without 
eyes. 

The  Gamasida?  are  abundant  small  mites,  often  free  or 
semi -parasitic,  in  the  latter  case  found  on  insects  espe- 
cially. Certain  species  occur  on  the  fowl,  but  are  often 
very  troublesome  to  man.  Of  the  large  number  of  forms 
which  belong  in  the  family  only  two  need  especial 
mention  hete. 

Derma nyMtu  gallinm  (de  Geer)  (The  Poultry  Mite). 
Body  pyriform,  slightly  flattened ;  in  the  male  0.6  bv 
0.32  mm.,  in  the  female  0.7  to  0.75  by  0.4  mm.  Color 
varies  from  white  to  dark  red  according  to  the  contents 
of  the  alimentary  canal.  I^gs  stout,  rather  short. 
Peritreme  extends  as  far  as  the  base  of  the  second  pair 
of  legs. 

These  mites  (Fig.  254)  swarm  in  the  crevices  of  poultr}- 
houses  and  in  the  refuse  of  the  floor,  even  living  in  the 
dung.  At  night  they  emerge  from  their  hiding-places 
and  suck  the  blood  of  the  birds.     Under  circumstances 

they  increase  to  such  an 
extent  as  to  become  a 
veritable  pest,  even  to 
man  himself.  Many  cases 
are  on  record  in  which 
both  children  and  adults 
have  lK?en  subject  to  re- 
peated attacks  of  the 
mites,  which  give  rise  to 
an  itching  eruption  of  the 
skin.  Naturally  such  in- 
stances  arc  observed 
among  persons  having  to 
handle  fowl  or  to  resort 
frequently  to  ill-kept 
poultry  houses.  KQchen- 
m  e  i  s  t  e  r,  Railliet,  and 
others  record  details  of 
cases  on  the  Continent;  I 
have  found  none  for  this 
country. 

Derma nyMtis  hirundinif 
(Hermann)  (The  Swallow 
Mite).     Decidedly   larger 
than  the  preceding,  reaching  a  length  of  1  mm.     Peri- 
treme extends  barely  to  the  thiixl  pair  of  legs. 

This  species,  which  normally  attacks  the  swallow,  has 
been  known  to  pass  from  the  nests  under  the  eaves  into 
sleeping  rooms  and  to  attack  the  occupants  of  the  room, 
giving  rise  to  severe  itching. 

Trombidiiihr  (The  Harvest  Mites).  Soft-skinned,  vel- 
vety, often  highly  colored  mites,  with  tracheje  opening 
at  the  base  of  the  rostrum  or  on  the  cephalothorax.  and 
usually  with  eyes.  Sucking  rostrum  with  styliform 
inan<libles  and  uncinate  palpi.  Legs  six-jointed,  termi- 
nated bv  a  double  hook  toi^ether  with  a  small  sucker. 

Of  the  large  number  of  terrestrial  mites  included  in 
this  family  only  a  few  species  are  parasitic,  but  some  of 
these,  though  only  occa.sionally  attacking  man,  are  yet 
anionic  his  most  disiigreeable  chance  parasites.     Doubt 
less  manv  other  si)ecies  than  these  noted  here  mav  Iw 
found  to  attack  him  in  one  place  or  another;  it  is  desir 
able  that  accurate  data  regarding  all  such  species  be  o 
record.     According  to  Joly  and  others,  these  mites  an 
the   ])as.sive   carriers  of  infectious  agents,   but   Nuttalt 
(loul)is  thisaud  thinks  the  cutaneous afTecti(ms  -jroducec 
by  their  presence  on  the  skin  are  due  to  irritating  st.'cre 
lions   of   the    miles.     The  effect    Megnin   pnxluced   by 
binding  on  the  skin  the  dead  bodies  of  one  of  the  niosii: 
toxic  species  tends  to  support  this  view.     To  secondary'^ 
bacterial  infection  brought  about  by  scratching  the  skiV^ 
and   to  recluced   vitality  of  the  latter  n-ferable   to  tlu"^ 
miles,  are  to  be  attributed  the  extreme  effects  manifestei^ 
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Ibe  host,  and  at  best  a  portion  of  the  skiD  comes  anray 


with  t-i 


I  tjck. 


A  drop  of  turpentJDe,  benzin,  petroleum,  or  even 
melted  butler  or  oil  placed  on  the  head  of  the  tick  will 
often  succeed  iu  causing  it  to  loosen  its  bold  and  fall 
from  the  host.  Or  it  may  be  torn  or  cut  awav.  In  which 
e  the  rostrum  is  left  iu  the  skin  to  be  set  free  shortly 


inppurati 


1.  It  is  worth  mcnlioninf;  tliat  dipping 
I'ely  practised  lo  free  cattli'  from  the  tieks 
■wliich  are  the  means  of  infeclioD  in  Tcsaa  fever,  though 
tile  method  is  still  in  the  experimental  staj^. 

The  species  which  have  been  foimd  upon  man  have 
not  been  reported  witli  desirable  accuracy.  AmonK 
woodchoppersandotliersof  similar  habits.  lam  informed 
that  the  presence  of  ticks  is  by  no  means  a  rarity,  thouj;h 
it  rarely  becomes  a  matter  of  medical  record  since  Ihe 
animal  falls  oft  or  is  removed  by  simple  means  in  a  brief 
time  without  noticeable  sequelic.  In  a  few  eases,  how- 
ever, dangerous  symptomsnmnifest  themselves,  demand- 
ing the  attention  of  Ihe  physician.  These  com  plica  I  ions 
nuy  well  be  due.  as  Itaiiliet  suggests,  to  the  inoculation 
of  infectious  ageuts.  Thus  he  says  that  Guadeloujie 
tieks  carry  "»  sort  of  glanders."  due  to  a  specilie  micro, 
organism,  and  Blaneliard  beli<'ves  that  the  bacilli  of  an- 
thrax and  t<-iauus  may  Ite  also  transported  in  tills  way. 
Nuttall.  however,  rejrards  the  evidenec  as  iinsatisfncton-. 

The  two  sub-families  Ixudiiiic  and  Arfcaslnn:  may  In- 
distinguished  easily  by  the  position  of  the  rostnim.  wbicli 
is  terminal  in  the  fomu^r  anil,  at  li-asi  in  the  adult,  be- 
low Ihe  anterior  margin  of  the  lioilv  in  the  iutter. 

lKdei>vdiiri'i»il,.)  (The  Caslof  Bean  Tickl^/,  nVi'- 
nveh.  Male:  brown  oval,  larger  iMWteriorly,  2.rt  mm. 
long  by  1-5  mm.  broad.  Female:  4  mm.  long  and  3  mm. 
broad,  or  when  gorged  10  tn  II  mm.  long  by  6  to  T  mm. 
broad,  ashen  gray  lending  to  brown  or  yellow. 

The  marked  sexual  dimoqihism  nia'nifpsled  by  this 
species  was  the  Tca.son  that  Ihe  niale  and  female  wen: 
originally  described  as  differ^-nt  siK-eiea.  It  is  common 
in  Europe  and  throughout  the  Hoiithern  Vnitetl  Stales 
from  Maryland  to  Kansas  anil  California.  As  host  il. 
apparently  prefers  sheep,  goat,  or  beef,  less  ofr<-n  horse, 
dog,  cat.  and  even  man.  Kunierous  eases  iif  sepiicu'niia 
apparently  resulting  from  Ihe  bile  nf  thiii  species  arc 
recorded  by  European  authors.  In  Norway  cmpliasis 
is  laid  on  the  imporlancc  of  not  tearing  off  llie  liead  of  a 
tick  that  has  begun  to  bore  itself  into  the  skin.  This  is 
undoubtedly  a  wise  precaution,  and  the  tick  may  lie  n-- 
movcd  without  damage  to  the  skin  by  ihe  use  of  biUliT. 
(lil.  gtiKolene.  or  turpentine  as  menlintieil  iiliovi-. 

/fvWi*  hrriiii-.Hiiit  Leach  (Tile  Eurti]iriLn  riofj  Tick).  In 
color,  form,  and  size  much  like  the  prcc'iiiing,  iliis  form 
may  be  dislinguished  by  the  gliorlcT  roslruiu  (Fig.  'i'li) 
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and  by  the  tarsi  which  are  also  shorter  and  inflated  tow- 
aril  the  end.  The  male  (Fig.  357)  of  this  species  is  also 
larger,  measuring  Z.Tt  to  4  mm-  by  3  to  2.5  mm. 

This,  thecommon  dog  lick  of  Europe,  occurs  over  the 
entire  region  east  of  the  Rocky  Mountains,  where  it  ii 
r<:^port«d  from  a  large  number  of  hosts-  Blanchard  rite* 
cases  in  which  it  has  even  penetrated  below  the  fautnan 

The  presence  of  eyes  diatinguishea  sufficiently  the 
genus  Ambiyomma.  which  includes  a  largo  number  of 
species,  from  Iiodei,  as  the  absence  of  adanal  plates 
separates  the  former  from  Hgalmnnut.  a  genus  not  yet 
reported  fa  this  country;  to  this  genus  belongs  ibe 
African  or  Sene^l  lick,  common  in  tropical  nrgions, 
espei'ially  of  Afnca.  and  introduced  on  aittle  into  si  ' 
tropical  lands  adjacent  thereto, 
where  il  lias  been  frequently  re- 
ported on  man  as  the  cause  of  In- 
tense fevers:  probably  the  lick  was 
only  the  agency  in  Iransporting  the 
infection. 

AmMgi/mnni    amrrientnim    Koch 
(The  Lone  Star  Tick)=/TOrfe»  « 
ptiaeUila    Packard.      Male:     body 
brownish  red.  oval,  much  elongated 
posteriorly,  3  mm.  long.   2.5  mm.    ' 
broad.  Female  (young)  colored  like 
Ihe  male  with  a  wliite  spot  on  Iho      not.} 
back  of  the  living  animal.    Lenglh 

4.5  mm.,  breadth  3  mm.,  increasing  in  gravid  females  to 
8  ^  13  mm.  (Fig.  258t. 

This  cliaracleilstic  American  species  occurs  from  Lab. 
rador  to  Florida  and  Texas  and  is  known  from  South 
America  as  well.  Il  is  common  on  cattle  In  the  southern 
part  of  the  Inited  States,  and  is  reported  from  other 
domesticated  as  well  as  wild  species.  Packard  reports  a 
case  In  which  a  s|)ecimen  liad  penetrated  into  the  arm  of 
a  young  girl,  forming  there  a  tumor.  It  is  Baid  tTi  be 
very  annoying  to  man  in  Ihe  warmer  portions  of  llie 
country,  and  a  correspondent  in  Texas  writes  that  he  re- 
moved several  females  from  his  own  children  in  one 

Ikrnutfe 
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;.iV/"i' Packard.     Tin*  InmIv  and  nia ruins  of  Ihe  legs  a«=^ 
miiikf'il bvsilvcr-whiti' liuc-saiid lilotelu-s.    When gorgi-*!. 
till-  female  nxtisuri's  us  much  as  14  mm.  in  length  bv9 
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ARALIACE^.— <rA^  Ity  Family.)    A  family  of  some 
forty  genera  and  about  four  liundred  species,  widely  dis 
tributed  through  temperate  and  tropical  regions  of  both 
the  old  and  the  new  worlds.     Its  plants  are  highly  oma 
mental,  some,  like  the  ivy,  bcin^  extensively  curtivated 
for  this  purpose.     Medicinally,  it  is  of  note  as  yielding 
the  famous  ginsing.     Its  constituents  are  simply  aro 
matic  and  without  special  properties.     The  spikenanl, 
and  several  other  species  of  aralia,  were  fonnerly  very 
extensively  used,  and  are  still  used  to  a  considerable  ex 
tent,  for  these  properties.     Some  of  them  contain  ama 
roids  in  connection  with  their  resins  and  volatile  oils. 

//.  //  i?w%. 

ARBOR  ^\J /^.—{Thvja     The  fresh  tops  of   TJwja 
oeeidentalis  L.,  Fam.  Con  if  era.)    This  is  a  North  Ameri 
can  tree,  growing  abundantly  in  Canada  and  the  Northern 
States,  and  extending  at  higher  elevations  as  far  south 
as  Pennsylvania  and  Virginia      It  is  a  middling  or  good 
sized    evergreen    tree    with    spreading   and    graceful 
branches,  and  a  fine,  often  large,  trunk,  which  supplies 
a  close-grained,  durable  wood.     It  is  occasionally  planted 
here  for  ornament,  but  more  often  abroad,  where  it  is 
valued  as  a  garden  tree;  the  Arfxtr  riUr,  of  our  gardens  is 
usually  the  smaller,  closer,  erect-branching  Thvja  oH 
entalis  Linn,  of  Asia,  which  is  a  favorite  liedge  plant 
The  genus  to  which  these  belong  is  a  small  one  of  only 
a  dozen  species. 

The  twigs  were  thus  descril)ed  in  the  Phannacopceia, 
edition  of  1880:  "Twigs  flattish.  two-edged,  the  scale 
like  leaves  appres-si'd  and  closely  imbricate  in  four  rows, 
rhombic-ovate,  obtusely  pointed,  with  a  roundish  gland 
iipon  the  Imck;  of  a  balsamic,  somewhat  terebinthinate 
odor,  and  a  pungent ly  aromatic,  camphoraceous,  and 
bitter  taste.** 

Ai*b(>r  rit<f  c(mtains  nl>out  one  per  cent,  of  a  toUiWe 
oil,  something  like  that  of  juniper;  tnunic  arid  (pini- 
tannic);  a  minute  amount  of  a  glucoside  called  thujin, 
etc. 

Medical  Propertieh. — A.stringent.  diuretic,  expecto- 
rant, tonic,  etc.,  in  no  direction  of  much  value.     Some 
times  used  for  cough;  a  tincture  is  employed  occasion 
ally  for  external  use  upon  ulcers,  rheumatic  joints,  etc. 
Dose,  2  to  4  gm.     An  alcoholic  tluid  extract  would  be  a 
suitable  prepamtion.       •  W.  P.  TitfUes, 

ARCACHON.— The  town  of  Arcachon  lies  al>out  thirty 
miles  southwest  of  Bordeaux,  on  the  margin  of  a  very 
extensive  salt-water  lake,  and  some  ten  miles  back  from 
the  Atlantic  coast.  The  mo<iern  origin  of  the  town  is 
Indicated  by  the  motto  inscribed  upon  its  coat-of-anns. 
Heri  Sfjlifmlo,  /iodic  pagun,  eras  ci vitas ;  wiiieh  motto  is 
also  an  indication  of  the  former  character  of  the  sur 
rounding  country.  A  desert  waste  of  barn*n  sand  dunes 
extended  for  many  miles  in  every  direction  about  the 
present  site  of  Anaichon,  until  the  Fn?nch  Government, 
some  fifty  years  ago,  conceived  the  project  of  planting 
these  dunes  with  pine  fon.'St.s  as  a  means  of  immobiliz 
ing  the  sand  which,  driven  by  the  fury  of  the  Atlantic 

Soles,  was  continually  encroaching  more  and  more  upon 
le  country  of  the  interior.  A  thick  forest  of  tlK»se  trees 
(PMnus  mafitima)  now  covers  the  whole  face  of  the  coun 
try,  and  by  these  pine-covered  sand  hills  the  site  st^lectcd 
(in  1854)  for  the  nc»w  well-known  .st»a -coast  resort  of 
Arcachon  is  shut  in  and  protected  on  every  side  except 
upon  the  north,  which  is  ot»cupied  by  tho  gn*at  sai!- 
water  lake  above  mentioned,  upon  whose  southern  shore 
the  town  is  built. 

[There  aro  nine  thousand  acres  of  the.s<*  pine  tree**, 
which  produce  a  most  peculiar  stillness— owing  to  the 
deep  sand  roads  and  walks  not  giving  any  sound,  and 
the  pine  trees  having  no  leaves  to  rustle. — k.  <).  0.\ 

From  its  close  proximity  to  the  Atlantic  Ocean.  Area- 
chf»n  neces.<;arily  possesses  a  climate  characterized  by  the 
uKMlemte  moistun*  of  atmosphere,  and  by  tin-  e(piai>ility 
of  t<'mpemture  proper  to  most  maritime  station.s.  The 
direction  of  th<"  i»re vailing  winds,  which  in  this  region 
blow  from  the  ocean,  is  an  important  factor  insuring  to 


this  sea  coast  stati<m  its  proper  maritime  climate.  From 
the  direct  violence  of  the  Atlantic  gales,  as  well  as  from 
the  winds  blowing  from  the  cast  and  south,  Arcachou 
is  sheltered  by  the  dense  pine  forest  which  clothes  the 
surrounding  sand  dunes;  while  the  sandy  nature  of  ita 
soil  serves  in  some  measure  to  diminish  the  tendency  to 
excessive  atmospheric  humidity  which  might,  perhaps, 
be  expected  to  exist  in  a  region  thus  exposed  to  ocean 
winds. 

Winds  blowing  from  the  north  and  from  the  northeast 
reach  Arcachon  after  passing  over  its  great  lake  or  land- 
locked bay,  the  circumference  of  whicli  is  stated  by  Dr. 
J.  H.  Bennet  to  be  sixty -eight  miles  in  length.  Such 
north  and  northeast  winds,  therefore,  "become  some- 
what warmed  in  winter,  and  their  irritating  dirnesa 
diminished,  while  it  is  maintained  that  they  also  bring 
from  the  surface  of  this  unusually  salt  sea  water,  ana 
from  the  vast  extent  of  sands  exposed  by  the  retreating 
tides,  an  appreciable  amount  of  saline  and  other  marine 
emanations,  to  give  a  special  efficacy  to  the  air  in  certain 
scrofulous  conditions  "  (**  Health  Resorts  and  Their  Uses," 
by  J.  Bumey  Yeo,  M.D.,  p.  261).  According  to  the 
author  just  quoti»d,  the  prevailing  winds  at  Arcachon. 
namely,  the  sea  winds  blowing  from  the  northwest,  west, 
and  southwest,  occur  most  frequently  from  December  to 
February,  "  usually  blow  continuously  day  and  night  for 
several  days  in  succession  .  .  .  often  blow  with  great 
violence,  and  were  it  not  for  the  protection  of  the  lofty 
pine-trees  .  .  .  would  fonn  a  serious  dmwback  to  the 
climate."  The  average  number  of  rainy  days  in  that 
portion  of  France  in  which  Arcachon  is  situated  is  stated 
by  Lombanl  to  be  one  hundred  and  thirty,  while  the 
total  amount  of  the  annual  rainfall  is  twenty-three 
inches,  a  greater  part  of  wliich  falls  during  the'winter 
and  autumn  months  than  during  the  spring  and  summer 
seasons 

The  mean  temperature  for  the  year  at  Arcachon  is 
59"  F. ;  tlie  mean  temperature  of  the  winter  season  46.4" 
F.  to  .W  F.  (Lomliard).  At  Bordeaux  the  mean  winter 
temperatui*e  (acconling  to  the  same  author)  is  43.7'  F.. 
and  the  mean  annual  temperature  is  55.6''.  A  very  pn) 
nounced  difference  of  tempeiatuiv  between  these  two 
points  is  thus  made  manifest  despite  the  trifling  diflfer- 
ence  in  latitude  existing  between  them.  According  to 
data  quoted  fn>m  Dr.  G.  liameau  in  the  **  Dictionnaire 
Usuel  des  Sciences  Medicales,"  the  result  of  a  series  of 
thermometiic  observations  taken  in  the  pine  woods  at 
Arcachon,  and  covering  a  periml  of  ten  years,  showeil 
the  mean  annual  temperature  at  8  a.m.  to  be  55.76"*  F., 
and  at  noon  to  be  59.96'  F. ;  for  the  minimum  tempera- 
tures the  annual  mean  was  found  to  be  46.94'  F. ;  for 
the  maximum  temperatures  it  was  66.2"  F. 

Arcachon  is  both  a  summer  and  a  winter  resort,  and 
there  are  two  distinct  portions  of  the  town,  the  one. 
adai)ted  for  residence  during  the  warmer  months,  lying 
directly  on  the  shore  of  the  salt-water  lake  or  basin.'^and 
possessing  facilities  for  bathing;  the  other  lying  away 
fn>m  the  water  in  the  midst  of  the  ]>ine  forest,  8ei>arateil 
from  the  shore  town  by  a  higli  sand  dune,  and  consist- 
ing of  **  numerous  villa  residences  actually  built  in  the 
forest,  each  hous(»  Ix'ing  surrounded  by  pine  trees"  (Dr. 
J.  Burney  Yeo,  op.  cil.).  This  latter  section  is  known  as 
the  Villed'IIiver,  or  winter  town,  while  the  former  is 
called  the  Plage,  or  bearh.  Of  this  Plage,  Dr.  Yeo  re- 
marks that  it  is  "occupied  by  somewhat  closely  packed 
streets  ainlhousi's."  and  becomrs  in  summer  time  "a  sort 
of  .Mar^rntc  for  the  pi)i>ulation  of  Bordeaux."  Dr.  J.  H. 
Bennet  sjiysof  Arearhon  that  it  is  **  a  pretty  sea-side  town 
.  .  .  with  gocKl  hot<*ls,  jucturesque  villas,  convenient 
and  handsome  club  hons«»  and  baths — indeed,  all  the 
appurtenances  of  advanced  civilization.  The  summer 
town  is  built  on  the  sandy  sliore  of  the  great  lake  or  sea, 
which  affords  excellent  batliing.  The  lake  itself,  from 
its  great  extent  and  from  its  iK'ing  landlocked  on  every 
side,  offers  every  possible  facility  for  safe  IxMitinff. 
yachting,  and  tisliing.''  After  describing  the  Vine 
d'Hivcrand  giving  much  other  interesting  information 
concerning  Arcachon  in  his  entertaining  l)Ook,  ""  Winter 
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and  Sprinff  on  the  Shores  of  the  Mediterranean  ^  (fifth 
edition,  1875),  and  after  alluding  to  the  "*  rather  mild  and 
equable  temperature  ^  of  the  winter  climate  at  Arcachon, 
to  the  advantage  it  possesses  over  Biarritz  in  l)eing  sur- 
rounded by  pine  forests,  affording  "*  considerable  shelter 
against  wina  for  walks  and  drives,"  etc..  etc.,  Dr.  Ben- 
net  nevertheless  expresses  the  opinion  that  the  place 
has  been  over-estimated  as  a  winter  n^sidence  for  con- 
sumptives, and  that  it  is  not  so  favorable  for  this  class 
of  patients  as  is  the  Genoese  Riviera.  Dr.  Sparks,  in 
his  article  on  the  tn»atment  of  disease^  by  climate,  in 
Quain's  "Dictionary,"  specifies  Arcachon  as  a  goo<l  re 
sort  for  neuralgic  patients.  Tliis  place  certainly  pre- 
sents to  the  invalid  the  rather  unusual  combination  of  a 
mild  sea-side  resort  and  of  a  pine -woods  sanitarium. 
The  air  of  its  surrounding  forests  is  siiid  to  be  remark- 
ably rich  in  ozone,  and  is  of  course  laden  with  the  bnl 
sarnie  exhalations  always  to  be  found  where  trees  of  this 
species  abound.  According  to  Dr.  Yeo,  the  climate  of 
Arcachon  is  "sedative  yet  not  relaxing."  is  "mild,"  and 
is  "especially  suitable  to  cases  of  irritative  bronchial  or 
laryngeal  catarrh,  to  cases  of  phthisis  with  tendency  to 
congestion  or  inflanmiatory  complications,  and  to  persons 
of  nervous  temperament.  It  is  not  suited  to  perscms  of 
a  lymphatic  and  torpid  habit,  who  do  better  in  the  tonic 
and  stimulating  air  of  the  Western  Riviera.  Ca.ses  of 
consumption  and  of  other  chronic  lung  di-seases  have 
certainly  been  arrested  at  Arcaclion,  and  dyspeptic  per- 
sons, in  whom  the  dyspepsia  has  been  complicated  with 
hysteria,  hypochondriasis,  and  nervous  irritability,  have 
derived  great  benefit  from  its  climate  "  (J.  Burnev  Yeo, 


great 
op.  cit.,  p.  262). 


Huntington  Richni^. 


[Dr.  Lalesque.  in  a  work  entitled  "Cure  Marine  de  la 
Phthisic  Pulmonaire,"  Paris,  1897,  gives  a  very  exhaus- 
tive analysis  of  the  climate  of  Arcachon.  and  its  appli 
cation  in' the  treatment  of  pulmonary  tuberculosis.  He 
writes  as  an  enthusiast  on  the  efficacy  of  an  Atlantic 
marine  climate  associated  with  the  balsamic  atmosphere 
of  pines,  in  the  cure  of  pulmonary  tulKTCulosis.  An 
analvsis  of  252  cases  treated  by  him  at  Arcachon  gives 
the  following  results .  Prophylactic  action — 68  cases  with 
68 cures;  Curative  action — 184  caws,  divided  as  follows: 
of  the  first  stage.  79  cases  with  27  cures,  40  improved, 
and  12  aggravated;  of  the  s<'Cond  stage.  45  cases,  with 
9  cures,  &  improved,  and  12  aggravated;  of  the  third 
stage,  60  cases  with  four  cures,  21  imi)roved,  and  So 
aggravate<l.  In  184case.s,  then,  he  obtained  21.7  percent, 
of  cures  and  46  percent,  improved.  He  applies  very 
rigorously  the  "Cure  d'air  et  de  rci)os."  although  his  pa 
tientsare  not  under  .sanatorium  control ;  and  he  thinks  the 
"cure  marine,"  as  illustrated  by  Arcachon,  gives  results 
comparing  favorably  with  those  obtained  in  the  moun 
tain  resorts,  both  being  efficacious  through  a  conunon 
element,  pure  air.  Undoubtedly  constant  exposure  in 
pure  air  is  the  principal  factor  in  the  climatic  tr(>atment 
of  pulmonary  tuberculosis,  whatever  the  climate  and 
wherever  the  resort;  but  so  far,  the  high  altitu<ies  have 
given  appreciably  better  results,  as  shown  by  the  statis 
tics,  especially  the  recent  ones  of  Ttirban  at  1  )avos.  The 
open-air  treatment,  however,  is  still  in  its  infancy,  anci 
in  its  wider  and  more  strenuous  a])plicution  we*. shall, 
in  the  writer's  opinion,  obtain  surprising  results  in  anv 
and  all  climates.— A".  O.  0.] 

ARCO. — This  village  occujHes  in  Austrian  estimation 
the  iK)sition  which  is  held  in  Italy  by  San  Kemo.  and  in 
Pmnce  by  Mentone.  It  is  situated  in  tin?  extreme  south- 
em  portion  of  the  Austrian  Tyrol,  on  the  lino  of  the  rail- 
way between  Botzen  and  Verona,  three  miles  distant 
from  the  Ix'autiful  I^ike  Ganla.  It  lies  in  a  valley  en- 
closed, on  all  sides  but  the  south,  bv  loftv  mountains  ris- 
ing  from  four  to  seven  thousiind  feet.  The  northern 
opening  is  protectee!  by  a  mass  of  nx-k  IHO  fe<'t  high. 
Tlie  elevation  of  the  village  is  slight,  viz..  from  2.")()  to 
SOO  feet  above  s(»a  level.  It  is  said  to  be  almost  windless; 
but  little  rain  falls  and  snow  is  seldom  seen.  Its  climate 
during  the  winter,  which  is  the  tip.ie  of  residence  for  in- 


valids, is  mild  and  equable,  as  the  following  cliart  indi- 
cates : 

Observations  of  TiMPEiuTrRE  at  arco.  Winter,  1875-1876. 

(From  Eulenburg's ''  Real-Eacyclopftdte.**) 

(Fahrenbeit  Scale). 


Month. 


October.. 

November 

December 

January.. 

February 

Marcb  ... 

April 


MoDtbly 
mean. 


43.  • 

4.'>.:)«» 

50.  • 


Mean 
maximum 
(at  noon). 


71. »• 

rtl.7« 
tt4.4"» 


Mean 
minimum 
(at  noon). 


K.2» 

42.8» 
42.8* 

41.  • 
44.6* 
50.  • 


Tbe  Relative  humidity  Is  about  72  per  cent. 

Dr.  Weber  (Ziems-sen's  "  Handbuch  der  allg.  Therapie,** 
Bd.  ii.,  S.  173)  gives  the  following  facts  c(uicerning  the 
climate  of  the  ftalian  lake  region,  and  includes  Arco  in 
his  list  of  places  properly  beUmging  within  this  climatic 
district.  The  relative  humidity  of  such  points  he  statics 
as  being  between  72  and  78  per  cent,  during  the  autumn 
and  winter  months,  and  somewhat  less  than  70  per  cent, 
in  the  spring  .seascm.  The  average  numl)er  of  rainy  days 
is  from  36  to  40  during  the  autumn,  from  34  to  36  (luring 
the  spring,  and  from  15  to  20  during  the  winter.  Snow 
falls,  as  a  rule,  in  this  region,  on  not  more  than  6  or  8 
days  of  the  year,  an<l  seldom  lies  for  several  days  to- 
gether upon  the  ground.  Among  the  local  winds  which 
prevail  about  all  great  lakes,  those  blowing  from  the 
north  and  from  the  northea,st  aR*of  most  frequent  occur- 
rence in  this  region.  Fogs  are  rare;  there  are  few  days 
during  which  an  invalid  must  keep  within  doors  fro'm 
sunrise  to  suns<.>t ;  and  there  is  less  dust  than  is  found 
along  the  Italian  Riviera. 

The  mildness  of  the  climate  is  shown  by  the  fact  that 
the  orange  ripens  in  the  open  air,  and  the  olive  tree,  the 
fig,  and  the  pomegranate  also  flourish. 

The  invalid's  day  is  nine  hours  long  in  October,  seven 
in  November,  six  in  December,  five  in  January,  six  in 
February,  eight  in  March,  and  the  whole  time  between 
sunrise  and  sunset  in  April.  The  season  extends  from 
September  1st  to  April  1st.  The  class  of  disi'ases  for 
which  Arco  is  suited  as  a  residence  are  affections  of  the 
chest  and  throat,  anaemia,  want  of  appetite,  nervousness, 
chronic  catarrh  of  the  stomach,  intermittent  fever,  rheu- 
matism, gout,  and  the  scrofulous  affections  of  children. 
There  are  provi.sions  for  the  various  forms  of  hydro- 
pathic treatment,  and  an  Oertel  Terrain -Cur. 

The  drinking-water  is  of  good  quality,  and  the  accom- 
modations are  sjud  to  be  comfortable  and  easily  obtained. 
There  are  many  attractive  walks  and  pleasant  excursions 
in  the  neighborhood. 

Wel)er  clas.ses  Arco  as  among  the  lowest  Alpine  climates 
and  says  its  winter  climate  is  ** sufficiently  mild  for  per- 
sons with  stationary  phthisis,  or  C(mvalescents  from  the 
sjime  disease,  and  also  for  those  whose  object  is  only 
to  find  change  and  a  sunnv  climate." 

All  crises  of  pulmonary  disease?  suitable  for  the  medium 
and  higher  altitudes  would  of  course  be  suitable  for  thi.s 
climate,  which  off<*rs  favorable  conditions  for  the  open- 
air  treatment;  and.  after  all.  this  is  the  principal  factor  in 
any  (-limatic  treatment  of  pidmonary  tuberculo.sis. 

For  the  alx)V(»  account  of  Arco  the  writer  is  indebted 
to  Dr.  Huntington  Richjirds'  report  in  the  previous  issue 
of  the  II.VNDnooK,  and  to  Hoe's  "  Health  Hesorts  and  the 


Hitter  Waters  of  Ilun^rarv 


»? 


EOtrtird  (i.  i)iitt. 


ARCTIC  SPRINGS— Trenipeleaii  County.  "NVi.seonsin. 
Post  OFFICK,  Galesville.       Hotels  in  (Jnlesville. 

These  springs  are  situated  near  the  vijlaire  of  Galesville. 
at  the  temu'nusof  a  bnuieh  of  the  C'iiieagoand  Northwest  ■ 
ern  l^iilroad.  The  sprin.us  are  at  the  head  of  a  small  lake 
called  "Marinuka."  while  the  village  is  at  the  foot,  arxnit 
a  mile  away.     During  the  sunuuera  small  steamer  carry- 
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iog  flHy  pH9S('n|ri'rs  plica  Itclwi-cti  llie  two  poinU.  Tin- 
louitioii  in  atvi'Ti  biiiulri'i)  iiiiil  fifty  f«et  alwvc  ihe  sea 
level.  Till'  countni-  BurnninilinK  the  springs  in  broken 
liy  mngeH  of  etevutJoDfi  calUil  "bluffs."  between  wliich 
u're  beautiful  and  productive  VAlleyH  from  oui^  to  three 
miles  wiiie.  Tin;  niain  valleys  are  liiterseeted  by  Hmaller 
ilepresjiious  at  intervals  of  about  a  mile.  All  of  tbesc 
VHlleye  contain  clear  trout  streams  counting  ilnwn  tlielr 
rcutres.  Tliin  peculiar  conformation  gives  the  country 
an  nspect  of  picturesque  beauty  not  Boon  forgotten  wlien 
once  Keen.  The  llao  scenery  and  ralubrious  climate  are 
Ix-ginnlng  to  attract  vlsUors  to  this  region  in  rapidlv 
Increasing  numbers.  A  large  hotel  Is  badly  ueedra. 
The  springs  How  from  iieneath  u  precipilou*  bluff  out 
of  Ihe  mcks,  tilling  a  pipe  nix  inches  iu  dUmeter.  The 
water  as  it  flows  tias  a  temperature  of  4M°  F.  The  fol- 
lowing Bualysis  was  madu  by  Prof  W.  W.  Daniels,  of 
the  glale  I'niveraily; 

OXK  IT.MTID  STATW  GJLLOM  CO.flAlSa; 
Skillda.  GnlM. 

Pnuuxlum  KUlpbale lUS 

Bodluiu  lulptiHle D.07 

BodlumcWoride    .. O.Tfl 

Calcium  dilorlilp O.OS 

mirluia  McarbDiinle 13,116 

MaSDHlum  blcortKioRiij    S.M 

Iron  tilrutoruile (U» 

Jtlumlna 0.11 

SlUci O.IB 

Total 85.03 

The  water  Isumikl  nlknline-calclr.  with  light  elisly- 
licnte  itroju-rtiea.  It  Is  usi'ful  in  neid  dysiM-psin,  rhron'ie 
eiinBtiiNtlion.  renal  (imKesllim.  the  eurly  stages  of 
Briglit's  disease,  and  in  gi-neral  debility. 

Gnleitvllle  is  n  thrifty  village  of  more  tlian  one  Ihoii- 
siind  iiiliiibiliiniK.  and  iiumliers  among  its  atlraclions 
lilri;nipli  iinil  (eli'ph<me  fucililies,  electric  lighl.i.  wnler 
works,  u  tine  WHii-r  jiower,  etc.  J  K.  Croak. 

ARCUS  SENILIS.— Oemnloion  (from  Greek,  yfpuo. 
old  mail,  and  rufui>,  bow,  an-h);  Maenhi  artuatn  or 
tuiirii/ti  ninivT ;  ^iim'ui'iA  aeiiUu  airiittr ;  Annulvt  te 
7iili»:  (lernian.f.'miic7iS'«i/('»/  Frencli,  Aiv  finite. 

An-iis  senilin  uecupieii  the  iwriplu-ral  portion  of  tlie 
cnmea  as  a  light  gray  arc.  Tlu!  opacity,  smottlli  on  the 
surface,  fa  iilori>  pn)nnuiiii;d  Inward  tfic  liniliuii.  being 
sharply  defined  from  it  liy  a  narrow,  IrauRpareiit  strip, 
while 'ihc  concavity  of  the  arc  emerges  grHdually  inio 
Tile  imn^]«rent  cornea.  The  upai|ue  an:  atwnyR  appeara 
tlral  iilxive.  and  gradually  advaneea  downward.  It  al- 
ways remniiiH  linnideat  alKivc  anil  is  at  the  snine  lime  more 
ni>Mi|Ue  in  lliis  ]wrt.  Rnnlly,  Ihu  two  arc«  unite  at  Ihe 
outer  anil  inner  side  of  tbu  comea  lo  fomi  a  clovd  ring. 

The  opaeily  i^  at  first  of  a  light  gray  (iil<>r,  ap|>caring 
like  a  silver  luind.  At  n  laler  gieTiotl,  the  opacity  asHuines 
H  ilensiT  itiiii  miin:  rn-amy  tint.  Increuxing  at  Ihi;  mnie 
lime  in  depth  and  width.  Amis  M-itilis,  as  tlie  iianie 
itulieati'M.  is  lui  affection  of  advancing  years,  and  rari'ly 
occuraunder  tifly  yeHrsuf  HgeeTicept  m  Ihose  fnfrei|uent 
cases  in  whli-h  it  wenw  lo  o<(ur  oh  an  inlierili-<l  cbanic- 
teristic.  Thus,  for  c.tample,  I  know  of  a  fandly  in 
which  three  male  membcrH  liave  all  liad  Ihe  compleled 
arc  as  early  aa  at  Ihii  age  of  lUiMj-flve.  and  in  none  of 
Ihem  la  there  any  appin-nt  earhexia. 

The  condition  is  usually  bilateral,  allliough  one  eye 
alone  may  be  affetled.  It  (iefur«  mon-  freiiuentlv  and 
at  an  earlier  date  in  men  tlian  In  wonwn.  In  warm 
rlimates  it  is  developed  earlier  llian  in  cold  latitudes. 
and  it  is  frequently  seen  in  uegnx's  on  the  north  coaNt  i>t 
Afrirw. 

A  conilittnn  resembling  very  much  nrciis  senilis  is 
found  in  lUe  young,  hul  is  not  io  be  t^Mifouuded  with  ii. 
It  has  been  called  by  Wilde  tire"*  jurfiiilu,  and  may  !«■ 
distinguislied  frimi  the  former  by  the  prewnt'i'  of  a  ili- 
tiplianous  ring  iM-tween  the  margin  of  the  mmea  and  Ihe 
ojuiclty. 

.^TTUH  senilln  never  interferes  with  vinion,  although  it 
may  (.-xtend  Bomewlmt  Into  the  corneal  substance. 
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Fatiioi.ouv. — AreuB  senilis  is  due  to  an  inflliration  of 
a  finuly  granular  hyaline  subslance.  It  is  commonljr 
Htatiil.  even  in  the  more  recent  tcxt-liookg.  tliat  It  is  due 
to  a  falty  degeneration  or  iutiltralion  of  the  comea:  but 
this  has  tieen  shown  by  Fuelis  not  to  be  Ihe  case,  for  be 
nays  it  is  a  typical  example  of  ] ill y Biological,  non-inflam- 
matory opacity.  He  found  tliat  Ihc  Inllllrated  material 
never  has  any  relation  to  the  cells  of  the  corneal  tissue, 
but  lies  free  upon  the  surfaee  of  the  conneelive-ttaue 
fibres.  Neither  ether  nor  cldoroform  has  any  effect 
upon  It;  eonscquentlv  it  ninnot  be  of  a  fatty  cluracter. 
Fuchs  considers  it  to  be  a  liyalinc  degeneration  of  ceitAin 
fibres. 

This  deposition  of  hyaline  masses  is  also  aaaodated 
with  deposits  of  minute  pariicles  of  linw  on  the  more 
Nupciflcial  layers  of  Ihe  Cdrnea.  close  In  the  limbus,  and 
the  cause  is  assumed  to  he  a  senile  atrophy  of  the  lirabua, 
with  involution  of  a  portion  of  Ihe  vascular  loops  cra- 
talned  therein.  Riiibcr  attributes  the  apiieoraoce  of 
these  changes  in  this  parlieubir  portion  of  the  comeA  to 
Ihe  peculiarities  of  Ihe  cireulalion  in  the  comeai;  the 
peripheral  zone  being  uiiuriidied  mainly  by  transudation 
of  nutritive  materials  from  the  eireumcomeal  plexua. 
At  the  same  time  Ihe  cliangi-s  in  question  are  favored  by 
Ihe  fact  that,  with  advancing  agi-.  the  cirrnlalion  grawa 
less  active  and  conseqiienlly  the  nutrition  progicnes 
more  feebly. 

Areus  SL-uilis  would,  therefore,  appitir  to  be  a  nonnal 
phenomenon,  that  oecnrs  in  perfectly  hi'allhy  )ieopIe,  ia 
due  to  tlic  deerense  of  uiiiriilim  incident  to  advaurlng 
yeani,  Bn<l  has  no  relation  lo  fatly  degeneration  of  the 
heart,  as  was  formerly  supposed. 

There  are  no  symploms.  The  sliglit  disfiginvment 
and  llie  apprehension  of  futun'  tnjulile  which  many,  not 
knowing  its  charai'ter,  anticipate,  cnnstitule  the  only 
sourecs  of  annoyance.  Kofaras  the  iiaiienl's  f eatn  are 
concerned,  these  may  easily  la'allayeil:  for  Ihe  condition 
neverinierferei  with  vision.  Incisions  through  the  arcui 
senilis,  us  in  the  exiniclion  of  caniracl.  heal  as  well  as 
those  made  through  the  clear  parts  of  Ihe  comea. 

yVillMm  fllirrr  .Voort. 

AREA    EMBRYONALIS.-F.ggs  may  l>e  divided  InIo 

two  geni-nil  cliifiM-i-  biilnlilti»ti<'.  which  have  a  com- 
plete segmental !•  If     hd'!   ni-H.|>l«':tie,   in  whirh  only  a 

portion  of  Ihe  f.L'L'  1 "I.  ,  iVi'.  i,)i  il  into  cells  during  the 

jirocessof  cleiHiiL"        I  ;    ■■■  ■  in--  the  eggs  eonlala 

litlleiir  no  yi.lk,  hi      ■  lulish.     Iniliesecood 

eliiKS,  onllieolli,rl,.,n.|  Hit.  ]■:,  -rr-,it  deal  of  yolk,  a» 
ill  Ihc  hen's  egg  (sc.-  ,irli<-le  S.'>f,„-',il<rfi->ii  i.f  Ihf  Ocum\ 

It  \*  Ihe  seeiiiid  class  of  eggs,  ati  a  rule,  in  which  the 
<lislinction  enn  lie  drawn  lii>lwi'cn  (lie  strictly  enibryiHilc 
porlinn.  or  •urn  i-mlir/fiu'lii',  and  Ihe  strictly  extia- 
embryonic  piirlicm.  or  vnlk  »ic.  The  area  emiiryonalla 
is  s]H.kiTi  .if  hIs.1  ]14  the -iiv.i  •/■riioi..irini.  qrnuiaat  dim, 
•  •Thhf.l.-I.rm.  AVIiilcns  ii  rule  liiik,blii-(ie  eggs  do  unt 
slenv  II  liitTcrciiiiuiioo  iiilinhc-a>  iivri  areas,  it  isa  rentark- 
(ible  f«cl  thai  llic  iimmnmliu  prcsi/nt  a  minute  eg^  which 
unileru'ci's  mmplele  wgnu-nlaliiin  iind  yet  in  its  siib- 
scijuent  development  follows  the  type  of  Ihe  mcroblaattc 
eggs. 

The  an!a  embryonnlis  of  Ihc  heu's  egg  may  be  takra 
as  presenting  the  typical  slruelurcs.  This  has  lieen  the 
suliji'el  of  investigaiioii  liy  a  number  of  authors,  the 
most  i.'otnplete  and  satisfactory  di'scription  being  that 
given  by  Malhias  nii\'iil. 

At  Ihe  elosc  of  si'gmcntBlion  Ihe  area  rmbrvonalls.  or 
Mastoili'mi.  eonsisls  of  a  lenlieulnr  mass  of  ceils,  abont  3 
mm.  inilianu'ter,  lying  in  a  hollow  over  Ihc  plug  of  white 
yolk.  The  rest  oft  he  egg  is  unsegnicutcd.  but  in  Ihc  yolk 
elosi'  In  (lie  iicriplierv  of  Ihe  lilaslotlenn  are  a  number  of 
nuclei  that  may  lie 'called  Ihc  yolk  nuelel,  or /n-rfl&Mtto 
niielei.  The  bluslrxlerni  cimslsisof  Iwo  layeni:  an  outer 
single  layer  of  eiibimiijirccIN,  the  ecKKienh.  and  an  loner 
iiia-u  of  niunili'd  cclN.  Ilie  pnmilive  entoderm.  Aa  the 
liUistiKli-rni  inerciiics  in  size  Ihe  entodermnl  cells  in  tlw 
ceniie  ln.-eome  more  limm-lv  urningiil.  forming  Bnally  « 
layer  one  cell  deep,  which  is  separatiil  from  the  yolk  by 
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a  iKifigeriitiual  raHly  flUed  with  fluid.  At  tlic  margin,  on 
tlif  olhcr  hand,  the  PiitiMit^rni  tortns  n  tiiicic  ritii,  Rnil 
at  the  extrpDit'  «dge  it  in  impriMilili'  in  ilraw  an  i'\a<'t 
boundary  line  lH<tw<-en  the  riitiNliTni  mid  llic  (-i't(Kk>rni. 
At  this  slagu  the  margiual  rim  va  sointwliui  brtnulvr  aud 


mi're  point  of  coniu-rtion  iM-tWfen  iIh'  primitive  streftk 
and  Ihe  edge  «f  llu-  liltislndcrm— almnt  the  twelfth 
iiniir  of  iiK'uliali'in.  Finaliy.  Ibc  ecIfMlirmi  m'lwrHtce 
' ■' ~— ■' '  thin  jviiht  nitui  ami  pro-  -      - 


the  yolk.     lu  thiH  way  the  jiri 


■Jwiilt:  incK,  uiHTKloBl  rim.    l.lfurr  Uuml,  I 


icker  at  liie  iMWtcr 


IlK'  n 


■  — iilir.  tliei-ctoiliTniU'Comi'SS-iKimuiiinim  iiiri'iinmcrni 

a  k  1  rhi-  marjdaand  gntwH  nvir  tlic  siirfan-  of  llii'  yi)lk. 

'^~liis  pnici'sn,  by  which  Iho  rim  Bniiliially  ili«iip|imrs, 

V  »«'^in<ialllH'nntiTl(iriilf;<>.     l)i'tw<t'iii]ii-Iirih  timlri^rhlli 

I  ■  ours  of  im-iilialion  It  ImnniU'liL'il  tlu-siih-s  of  ilu'  lihiNto. 

*  1  «nn,  and  it  BnallytJiK-mU  nn>iiml  the  wlmlr  iHriphiry, 

^^_(  thcxanw  rlnii'  the cnUHhriii  iH-roim-MomtHtlid  with 

f  M  M: yolk  At  (lie  wliti*"^  "ic  siilitfirminal  cavity,  wliiili 

Tax  •iinwhilehii4bM-f>im>  dii-|ily  cxnivaliil  and  Imiiiidi'd  >\\ 

t   X  X'  timrjtin  hv  a  {lerncndtrMlar  wiill  {V\it.  ilW).     Fiirllii'i 

j^=r  »-ijwtli  iif  tlie  eiitfHicnu  Inkcs  |ilari'  hv  the  iiddtlii>]i  «l 

<  -«_-  lU  from  the  iHTihla.-<l.     T1i<-  |ii'ril>tasilr  nuclei  divide. 

za.  v~x  il  tXurft:  iicHreHt  the  iiuifkIu  hn'iinif  sitrrouiidi'd  hy  a 

«--•  —  II  UkIv  i>r  flnelv  jrnimdar  iimMpliism.  and  llie  »tI1h 

*:  m  M    111)  fofnied  bv  eh-avnire  uf  tin.-  volk  mv  >iil<l<-d  to  llic 

•*-»  M.^  srjfin  of  the  eulnderm. 

.Xtis  niiw  iHKi.'^hle  lo  divide  ilir  iin'it  r'iiil>ryonallH  iiiin 
■*  ~^^-  ^iri'irloiis.     Tlieeetitml  IniusiMm'iil  iiorlimi  i.viTlyiii^ 
*     ■  »      V    siib)cerniliuil 
«-"»•-    "^-ilv  is  caileil  llii' 
"'  *■  ----—<    piUiidihf. 
"^^C  *  "  il''  'lie  iwriplief' 


sirenk  HC(|iilreB  the 

fusilinn  Hhown  in 
■ip.  26;!. 

From  his  obnerva- 
tionfi  Duval  eoDditdes 
that  Ihe  iirimitlve 
stri'sk  is  fonued  hy  the 

niar^'lnal  rim.  as  if  the 
(-nIarKeiiieiit  of  the 
hlaatiileni)  were  ar- 
n-sied  lit  one  jioliit  and 
the  margin  al  the  two 
Hides'  lit  this  iMiiiit  were 
brought  lottetliw. 
Tln«  is  best  ilUw- 
tratt'd  bv  Duval's  dia- 
gmm,  Mg,  2B4. 

The  growth  of  Ihc 
bla^tiHU'rm  of  the  rhfeh 
haft  been  stndied  t-x- 
perimi-n  tally  \iy  Assh(>- 
tiin,  Miss  Peebles,  and 
KoiuK-h.  but  AksIic- 
ton's  exiH'rimcnls  are 
the  onlv  omis  that  bear 
directly  upon  Duval's  thriirv.  The  experiments  wen; 
made  by  iiiiierling  a  tine  sable  hair  in  the  uninrubated 
bluKliKlerni.  after  whieli  the  eg^  was  placed  in  tlie 
ineulMtiiT  anil  Ilie  posUiuii  of  the  Imir  was  noted  In 
th<"  sulwfiinent  stages  iif  developuii'nt.  It  was  ivwumed 
that,  aeennling  111  Duval's  llu-ory.  a  bairplaei'd  in  Ihe  pos- 
terior nxKlInn  jMiTtion  of  theniarginal  rim  should  uppear, 
H-heu  the  prindllvo  streak  is  firrmed,  Minn- where  in  front 
of  tile  primitive  Ktn-ak  (Fig.  Wi.  (i).  'it.  anil  hairs  insert- 
ed in  the  posterior  margin  at  X  X  should  appear  in  the 
primitive  sirenk  or  pr<- vent  its  formation.  On  (lie  con- 
trary, it  was  found  thai  hairs  Inserted  al  a  and  X  X  ap 
iHiiml  iH'hind  the  priniilivvslreakin  theareAo|>aca(Fig. 
'^lU.  iiv  whili'  a  hair  inserlet)  al  the  eentn^  of  the  unlh- 
blasliHlerm  tippeiireil  al  Ihe  anterior  end  of  tlw 
<■  streak.  From  these e.\]ieriments  il  may  benm- 
liiH   the  primitive  slri'iili  of  the  eliiek  "does  not 


:  fir.  H'Uiderm :  Kn,  ealudenu  : 


•iU.  i 
l-ulHtte 


r 


»il  rim  is  disap- 

Ting     from     Ihe 
^-rioredgeorthe 

*r1iire  ii  making 
appiiinince  on 
nidlian  line  e\- 


tenor  tHige 
t  l",'  ■  die  eeiilr 
—    '~       -1  pelli 


t-,  » 


I'll  Ihe  Primitive  Slrmk 
r  KinliT  anil  linlfuur.) 


of 


,  area  pelluei.la 

t  *  5^  is  tile  priiniti< 
^--*>  »opa<|uearea 
.,,\'*dermand  eat 

l-., -**her  lliat   Ihe 


la. 


idin 


the 


^^ 


accumulalion   of    tli 

>t  In-  M-paraleil  fnim 

^    -  >i  line  of  demarcation  (Fig.  -'f' 

\^»»k  elongates  with  Ihe  griieii 

toderm   until  the  marginal   \ 


I   further  increase  in  lenirih  is  pnili.ililv  di 

'    prolifci-iili.m  al   ils  jioslr  rii.r  end       tl.i 

I   iieeonl  Willi  Ihe  oltserv;.liM,iM  ol   M.,rL';iv 

\  niid  of  II.  Vircbow  niid  Ko|i>clj  ..ii  ~.\utrk 

odermofSevlliumlheri-isailiMiiict  ik.i 

litivestn-ak.  ami  Ki.psch  foiin.i 

Mii'eili;eof  this  notch  would  iiilcrferc  wit 

■    I  oflbecniliryo:  bin  a  ui.iiiid  ofllK' nmr>: 

1   I  dislauce  from  the  uulch  caused  only  a  ij 


1  I  ...k-r 

(i„.  r 
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extra-embryonic  part  of  the  blastodenn  and  a  curviog 
of  the  embryo. 

During  the  hitter  half  of  the  first  day  of  incubation  of 
the  hen's  egg  the  definitive  entoderm  is  formed  by  the 


^1 


Unpr  inital.  trvm  Mlnol.) 

amingcmi-nt  of  the  oclls  on  Ihp  lower  side-  of  the  blasto- 

dcnn  in  a  conliniioits  Kin^lr  layer  of  llHik'n<>d  ci.'lts.     lu 

the  region  of  the  priinilivc  stniik  Ihere  is  left 

crlls  continuous  with  the  M-toderm 

above  but  separated  from  the  euto-     (\) 

derm  below.     Tliese  e.'lls  form  an     *" 

important   pnrt  of  tin-   nR'sotlerm. 

Acconling  to  Duval  they  an:   the 

remainH  of  the  ]iriiiiitive  cnkMlemi. 

but  acconling  to  Mursliull  tlicy  art' 

of  eelodcrmul   origin.     In   tlic  an 

terlor  nnd  laleml  parls  of  the  urea 

jHJIucida  orliiT   nicKiidcnnal    cdli 

are  formed  by  pro] ifi-ru lion  of  tin,- 

cnUNlcrni. 

The  HH-soderiu  of   llie   primitive 
Htrcak  extends  in  all  dirt'CtionK.  but 
most   rupiiUy  iHisterinrlv  ivhiTe  if 
cxtendK  out  overlho  yolk  iH'Vond  the  entnrlorm. 
srages  in  the  exleintion  of  t\w  tuesoderm  are  nl 
Fig.  a«B,  where  Ilie  men  i-iiv,-Ti-i\  by  the  mcsiKlen 


resented  by  the  vertical  Hhading.  By  this  time  the  mt 
pelluclda  lias  changed  from  its  original  circular  fc»m  to 
a  pear-shaped  outline,  and  the  ezlra-erabryonic  ectoderm 
has  spread  far  out  over  the  yolk,  which  it  will  ulti- 
mately inclose. 

Nothing  Ib  knovD  regarding  the  area  embryonalis  of 
man,  and  owing  to  the  great  difflculty  of  obtaining  nu- 
terial  it  has  been  studied  In  but  few  of  the  other  mam- 
malia. At  the  close  of  segmentation  of  tlie  mammalian 
ovum  the  blastoderm  is  a  closed  vefaele  consisling  of 
a  single  layer  of  cells,  except  in  the  disc-like  area  em- 
bryonRlla  where  there  is  an  accumulation  of  cells.  In 
the  rabbit.  In  which  the  early  stages  are  best  known, 
this  area  is  at  flrst  circular.  It  consists  of  an  outer 
covering  layer,  the  Deckschicht  of  Rauber,  continuous 
with  the  single  layer  of  cells  forming  the  rest  of  (he 
blastodermic  vcwcle.  Beneath  the  covering  laver  is  4 
heap  of  cells  which  soon  become  ditTerentiatcd  into  two 
layers,  each  one  cell  thick,  the  inner  ectoderm  and  the 
entoderm.  Later,  the  covering  layer,  or  outer  ectoderm. 
disappears  as  a  scpaialc  structure  by  its  cells  becoming 
interpolated  with  those  of  the  inner  layer.  According 
to  AsshetOD  this  circular  area  forms  the  primary  area 
of  growth  of  the  young  embryo.  A  secondary  area  of 
growth  appears  on  the  periphery  of  the  primary  area  at 
about  the  one  hundred  and  sixtieth  hour  after  coitus. 
In  this  secondary  area  the  primitive  streak  is  formed, 
from  which  wings  of  mesoderm  grow  out  as  in  the  chick. 
By  the  end  of  the  eleventh  day  the  area  embryonalis  of 
the  rabbit  has  assunied  the  form  represented  in  pig.  267. 

The  embryo  is  seen  lying  in  the  centre  of  the  area  and 
surroundctl  by  a  more  transparent  portion,   the  area 


O 


'^m-' 


m 


rl.ir  iiiiiorln.  thP  il'itlwl  rin'li-1nilU'iit^»  t 
r  t'Dd  ut  uearJj  tijinpket«l  prlinTtlvf  airvai 


FKi.  aaV-riiaKni'nsKillliis 
I'lilnie't  hlHsI'xIrnn  oF  n  mm:  iii,.  niaaioiKrm  aiier  (oecomplMe 
r<>ririatli>n  ol  Itu- prlnilllve  nlmk.    (AtterAsitaeioii.) 

auLLiiolic'ii.  ('om'KjHiiiding  approKiniHtcly  to  the  area 
IH'lliuiilii  of  till'  cliiek.  Beyond  this  is  'the  an.-a  vascu- 
I'lsii.  A  [mrl  of  llie  if^liNlerni  in  this  region  lias  ulrcadv 
<'c)Tiie  into  intimate  coiilaet  with  the  wall  of  the  uteruii. 
forininir  the  iin-u  placentnliR. 

ill  Home  TMleutK,  for  example  the  mt.  the  area  embryn- 
iiiilis  is  fomii'd  as  H  Holid  plug  of  ci-lls  which  gn^ws 'in- 
ward and  suliseiiuenlly  neiiuires  a  lumen,  so  that  what 
is  itiKVplioliigically  the  external  surface  of  the  ei-tiHlerm 
Ix'i'oiiK's  the  Willi  of  n  elosi-d  sue.  In  such  ctiHeR  we  have 
II  eoiidiiion  iliiit  Iins  lii'rn  deserihi'd  as  an  inversion  of 
till'  gcviii  laverx.  thi'  ei)l<Hlerm  appearing  to  lie  outsiih- 
of  the  irl<Nti>nn  (Fig,  2fi«). 

CrTiiiin  fi-utiires  of  tlu-  earliest  known  human  enihr}'» 
hiivi-  givi'n  rise  to  ilu-  Gii]>pO!uiion  tliat  there  inay  be'  u 
siniiliir  iiiverslou  of  the  gi'rm  btyers  In  man. 

Till'  oriiriu  of  the  iireii  embrvoDatis  is  descrlbeil  under 
Stijiiiti'liitioii  of  l/it  Oc'ini,  und  the  formation  of  the  em- 
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Ar«B  EmbiTQiullB. 


bryo  Is  treati^l  in  the  article  nn  the  Fb-tn:  It  n-niainN 
for  the  present  article  to  discuss  only  tlie  later  oiiUQges 
in  tlie  extr&cinbrynnic  area. 

The  most  important  function  of  the  cxlm-embryimic 
areft  la  the  formation  of  blood-vessels  and  the   blood. 


FiQ.  SH.— Dlvruiu  nf  the  A: 

This  begins  In  the  cliick  In  Hint  pnrt  of  Die  ana 
opaca  wliere  the  wings  of  niesixlenn  spmul  ovi-r  the 
yolk  forming  the  area  VBHCiilosa.  anil  in  the  rabbit  it 
occnrs  in  the  homologouH  area.  From  tliU  the  vcwu'Is 
extend  later  througli  the  area  pelliiciihi  into  Die  f  lubrA-n. 

AcconllDK  Ut  Sralil.  in  the  lizard,  on  the  ciintmr,v,  the 
blood  and  the  blood-vessels  appt-ar  finit  in  the  area  |M!l- 
Inrida. 

Ton'snl  its  edge  the  area  vnsriilosa  is  sii  thick  Dial 
it  appears  as  thniigh  the  whole  tiieRodenii  took  jmrt  in 
the  formation  of  the  lilood-vcflsels.  But  wherever  the 
BpIittlDjjc  of  the  mesmlemi  into  the  two  layers,  soinalo- 
pleiire  and  eplanclinopleiire.  hafi  taken  place  it  iti  seen 
that  the  blood-vessels  form  iu  Die  inner  layer,  next  to 
the  entoderm,  Diat  Is,  In  the  splanchnopleurc.  The 
formation  of  blood  corpuficles  and  the  development  of 
ibe  vessels  are  intimately  connected.  ScliHfer's  account 
uf  the  process  in  oa  fotlowR : 

"Those  mesoblastic  cells  in  the  vasciiliir  urea  which 


are  concemei)  with  the  formation  of  vcaaels  (anffioHaatu) 
heci>me  extended  Intoprotx'sscsof  varying  Icugtli.  which 
gn)w  out  from  the  cells  in  two  or  more  ilireutious.  Tlie 
cells  become  united  nith  one  another,  either  directly  or 
by  Ibe  juncDon  of  their  processes,  so  that  an  irregular 
network  of  protoplasmle  nu- 
cleate«I  corpuscles  is  tliiis 
formed.  Meanwhile  the  nu- 
clei become  multiplied,  and 
whilst  the  greater  numlM-r 
remain  jrroupeil  together  in 
the  original  cell  bodies,  or 
nodes  of  th<-  network,  some 
are  seen  in  the  uniting  conls. 
The  nuclei  which  n'niaiu  in 
The  nodes  accumulate,  encli 
one  around  its«<lf,  u  smull 
amount  of  cell  protoplasm. 
The  eorpuseli-H  thus  formeil 
acquire  a  reddish  ciiliir.  ami 
the  protoplasmic  network  in 
wliicli  they  lie  be[K)mea  vu- 
ciioUted  and  hollowed  mil 
Inlo  a  Bysteni  of  branched 
canals  enelosing  a  fluid,  in 
which   tlie   nueleatiil   colored    corpuscles    float   (bl<M: 


.    (Atb^r  Durtl,  froin  Xlnol.) 


islands).    The  in terccmniuni eating  canaU  gruiiually 
come  enlargi'd   so  as  to  admit  of  the  pHssnge  of 


the 


corjjuscles.  ~  The  protDplasm  which  forms  Die  walls  of 
thii«  first  vessels  hecumes  differentiated  around  the  nu- 
clei, which  here  remain  embed-  _ 
ded  in  it,  so  as  to  give  rise  to 
the  flat  cells  which  c<im|M>se  tlie 
bhKid  capillarli'N." 

These  tirst  fontied  blo<nl  cor- 
puscles are  iiueleHled  in  all  ver- 
tehnites,  and  the  (iirpUKclcs  re- 
nuiin  nuch'nle<l  throughout  life 
in  all  except  the  niainiiialH.  In 
later  embryonic  life  nil  lilood 
corjniscles  are  formed  in  the 
BU be utaneouH  tissue.  In  Dii>  liver, 
the  sph'en.  lymph  glands,  and 
Iu  the  marrow  of  boiici.  In  the 
adult  under  niinmil 


nditioti 


blood  eorpuseli 
are  formed  only  in 
the  red  marrow  of 


iKini's  of  the  ex- 
tn'Hiilics.  and  epl- 
iihysam  of  the  long 

The  study  of  Die 

e.^,    development  of  the 

bloiMl  corpuscles  in 

later  emhrj'onie  life  and  In  the  adnit  pre- 
wnls  numv  difficulties,  anil  therefon-  ihe 
r<-sulls  olit'ained  by  the  numerous  invesri- 
gulors  differ  greal'lv  in  reganl  to  details. 
It  seems  to  be  fairly  well  esliil>lUhiil,  how- 
ever, that  the  red  hhind  eorpuseli*  nn- 
f<.nned  by  division  of  priumry  h\n.>,\  ,rlls, 
erylhrohlaslH.  which  Imvc  uiiiIe  i  (lipit  di- 
vide by  mitosis,  and  in  wliiih  ihr'  c  vlri|iliL-!rii 
eimliiins  Im'mogh.hin,  ^VI[Hh,■^  tbr  eiy- 
thrfililasts  arise  within  ihe  i;i|iilUiriis  or 
outside  of  them,  and  wlirTli<r  Die  iTvDmi- 
blnsts  Ikaveun  oriirin  in  (■■■laniim  wiili  Die 


u-i\.     Til.' ii-d  I1I.H1 
Ac'eoidinV'  l"-'" 
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nrroiiDls  llii'  aucU'i  are  extruded  frum  thi>  torpiisrlc,  ac- 
ctirdinf^  to  nthi  rn  tLej  undergo  degeneratiUD  in  titii  aad 
tliiiB  disapiirar 

Scliilfur  iiHs  iltsenhprt  an  oocumiig  in  Uie  newly  bom 
ntt  a  peciitiur  m'  lli'id  nf  iin|.in  of  red  bl'Mxl  corpuscles. 


nlieleiited  cells  in  the  early  slaves  nf  the  embryo  anil  io 
the  adult.  Tbis  pixxvw  of  iatnuvlUilHr  blood  h>miation 
doen  not  receive  conllriiuilion,  bnwcrer,  from  tbe  sliidien 
of  Saier.  who  found  similar  blixHl  ialandH  in  the  aubeu- 
tancous  tissue  of  the  newly  1>orn  eheep.  Ac'CordlDg  tu 
his  aeeouiil.  these  inlands  Rrise  by  Ilic  ri'peatpd  miloLjc 
division  uf  giant  cells.  Tlie  eorpuseles  are  at  tlret 
DueltiutM)  and  subsequently  loeu  their  nuclei  as  they  do 
in  the  adult. 

Ih-lurning  now  tn  the  area  vasculoui.  we  Snd  in  tbe 
chick  of  the  second  dsy  that  the  vessels  fonn  a  coarae 
network  (Pig.  2TI)),  without  an  v  Indicalion  of  large  stema 
or  trunks,  evii'iii  llic  linwd  liiniling  wnus.  rl.  which 
niarksoil  iln  i.lj..ii  ilii'iirea.  There  is  only  oott  layer 
of  vi'^-i  I  ,  I  Lii  in  Ihe  network  are  irregular 
redsj"''  I  il  from  early  emhryologists  the 
niiuif.  ■  .  ■  ■  I  il  i'hindti.  At  Hist  theuetwork 
"•=  li'ti  the  eords  soon  become 


h<>1l.>> 


winuecli'd  Willi 


'.  "f  llic  area  opaca  and 

V.  -.'I'  ::  .mil  -.oiiu  (lislinclly  assume 
>f  niniri  trunks ;  some  of  these  unite 
nous  end  of  the  heart,  which  hu 
led  In  the  embryo,  and  others  be. 
lie  iiiiti'riiir  fir  aortic  end;  uvenbe- 
i,..._'iii>  t'>i"'>ii,  so  iliutaH  soon  as 


sl:il--il.  '11.'  ,li-h'--.i"ii  ill  I. ii-.K  I-.  imlicaleil  by  the  dia- 
gram shown  in  Fis.'  L'TI,  in  wliicti,  it  should  Iw  remetii- 
iM'ri-d.  the  embryo  and  thi^  capillary  network  arc  dniwD 
many  times  too  \ilTpi!  lu  Jinipiirliiin  to  the  iirnl  fiirulnim. 
The  iiniT  i^  Ivnrn.lcil  l.v  n  l-nrnd  cireiilar  vwsel.  the  sinus 
UTnuiiJili-i    S  T      "  l.i^ii  r.m'>\ «  h    i>..ri;..n  of  tlie  Tu- 

i. if  tli<.  era- 
Ill  Ilk  along 
■  I  wo  large 
n-i  ehannels 

iks.  Om.V., 


coiideased  in  the  f<inn  of  glolJiiU-H  ivilliiii  the  cells,  vnrv- 
ing  in  si/.e  fn>m  a  iiiiuule  Kpci'k  til  a  spheroiil  of  ihiMJi- 
ana-ler  of  a  blood  eorpusele,  or  vvvn  larger;  hut  gniilu 
ally  the  size  becomes  iiwin^  uniform.  .  .  Afier  u  lime 
the  <vl1s  lH.-come  elungalc<1  and  iMiiiileil  al  their  eml<(. 
and  priMi'^scs  grow  out  to  join  prohiugiilions  of  Delgh- 
Ixiring  hliHid*  vesseU  or  of  Mimilar  eells.  At  llie  mme  linie 
vneiiiiii's  fiinn  within  iliein.aud  iKHiiiuing  eukrgwi  cihi- 
V-^i-f  ii>  form  n  eavlty  tllh-d  wllh  Htiid.  lu  which  the 
1l'Iilli^U  glolmles,  which  are  now  lH-coming  ilise-shap'd. 
tlinil."  Cnr]>uM'1es  formi'<l  thus  by  a  procesH  ukin  to 
si'en'lioii  I'linuoi  be  n-ganU-<l  as  lioinologoiiK  with  the  i 
corpuKC'les  ibai  arc  funned  by  the  inetamor|)bo^s  of  | 


eani..  ranlttwl  velD; 
I.  Tbv  vdm  an  black ; 


kiiitwn  iiK  Ihe  rititliiie  rfiim  ;  these  two  veins  unite  in  a 
me.!inii  ^■es.sl-l.  the  w'lin*  trumiif.  M.  V..  which  nmsstraiirht 
forward  and  enters  the  posterior  cod  uf  the  hevt.    The 


Aiv«moBe« 
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cntly  not  active.  Areoa  also  contains  fourteen  per  cent, 
of  fixed  oil,  niiicli  tannin,  and  some  rc»sin.  Although  the 
ttcnicidal  properties  of  an*ca  reside  in  the  arecoline,  which 
is  given  to  horses  for  this  purpose  in  doses  of  0.08  to 
0.08  gm.  (gr.  ss.  to  i.),  this  dose  acting  also  as  a  cathartic, 
it  is  too  poisonous  for  use  in  human  practice.  A  solution 
of  one-percent,  strength  is  instilled  into  the  humau  eye 
as  a  myotic. 

Powdered  areca  is  frequently  given  as  a  tcenicido,  in 
doses  of  8  to  12  gm.  (3ij.  to  iij.).  It  also  acts  as  an 
astringent,  so  that  the  usual  accompaniment  of  a  cathartic 
must  be  resorted  to.  //.  //.  liusby. 

AR6EM0NE.— 3/*'j*iWi;i  Pnppy.  Of  these  plants  the 
most  important  thing  that  can  be  said  is  tliat  they  art^ 
eminently  worthy  of  careful  investigation.  They  were 
formerly' reganled  as  constituting  but  a  single  species, 
but  are  now  known  to  represent  several.  Of  th(jse,  it  is 
not  certainly  known  whicrh  supplied  the  material  upon 
which  previous  studies  were  lms(.»d,  so  that  we  are  able 
to  speak  (mly  of  the  group  in  general.  They  are  very 
widely  distributed  thnmgh  the  tropictd  and  warm  parts 
of  America,  as  well  as  widely  introduced  into  Africa  and 
tropical  Asia.  The  plants  are  of  striking  appearance, 
two  or  thrcK?  feet  high,  with  large,  broad,  glaucous, 
prickly-toothed  leaves,  large  poppy -like  white  or  vellow 
flowers  and  prickly  capsules.  On  being  wounded,  they 
exude  a  thick  yellow  juice.  They  grow  in  great  abun- 
dance in  waste  places  and  over  clrv  sterile  soil.  They 
have  V)een  used  medicinally  in  the  fonn  of  an  extract  of 
the  whole  plant,  of  the  expressed  juice,  of  the  seeds,  and 
of  the  oil  express<*d  from  the  s(M'(1s.  The  juice  has  been 
ignorant h'  used  in  venereal  diseases,  and  instilled  into 
the  eye  for  conjunctivitis.  This  juice  contains  in  very 
small  amount  an  alkaloid  which  is  believed  to  be  mor- 
phine. The  fixed  r>il  of  the  seeds,  yielded  to  the  extent 
of  about  thirty -six  percent.,  has  received  the  mo.st  atten- 
tion. It  has  been  clearly  shown  to  be  mildly  cathartic, 
without  bad  effect,  in  doses  of  four  to  five  grams,  and  to 
form  a  tasteless  and  not  unpleasant  substitute  for  castor 
oil.  Taken  in  larger  doses  it  and  the  seeds  are  emetico- 
cathartic,  with  the  svmptoms  of  local  irritation. 

11.  H.  Iiu«by. 

ARGYRIA,  ARGYRISM,  ARGYROSIS,  ARGYRIASIS— 

the  terms  applied  to  the  discoloration  of  the  skin  and 
certain  other  tissues  of  the  body  resulting  from  the  long- 
continued  medicinal  use  of  soIul)le  silver  salts,  and  caused 
by  tlie  deposit  in  the  affected  tissues  of  metallic  silver,  or 
some  of  its  lower  compounds,  iu  a  state  of  minute  subtli 
vision. 

Clinically  the  condition  is  characterized  bv  a  slat v  or 
irnivish-brown,  or  in  the  most  severe  c-jises,  bv  a  bluish 
discoloration  of  the  skin,  conjunct ivje.  and  visible  mucous 
membranes.  The  internal  organs,  w  itli  the  exception  of 
the  central  nervous  system,  suffera  similar  pigmentation. 
The  discoloration  of  the  skin  appears  to  vary  in  different 
regions,  lu'ing  less  intense  where  the  horny  layer  is 
thick,  a<i  in  the  palms  of  the  hands  and  soles  of  the  feet ; 
and  of  greater  inten«;ity  where  the  horny  layer  is  thin. 
The  hair  and  nails  are  not  affected,  but  \\w  bed  of  the 
latter  is  usually  deeply  piirnientid.  Sears  formed  before 
or  during  the  period  when  tin*  silver  was  taken  are  pig 
mented,  but  those  formetl  after  the  cessation  of  its  use 
remain  white.  The  ai)parent  inteiisiiy  of  tlu'  jULnnenta- 
t ion  also  varies  with  the  temperature  of  the  surface  of 
the  body,  being  mo.st  marked  in  the  cold,  and  greatly 
decri»astHl  when  the  skin  is  warm  and  flushed. 

The  |)igmentation  increases  as  long  as  the  internal  use 
of  the  silver  stdt  is  kept  up.  Its  deirree  and  extent  are 
in  direct  projmrtion  to  the  amount  used  and  the  period 
of  time  through  which  itsadministration  ise.\ten<h(l.  It 
is  es8<»ntially  a  chronic  process.  The  diseol«)niii(>n  never 
tlisappears.  and  it  is  doubtful  if  the  silver  de])osil  is  ever 
removed  from  the  body,  though  it  has  been  claimed  in 
a  number  of  instances  that  after  the  lap^t*  of  years  a  de- 
crease of  the  color  has  taken  place.  (Se**  anilKu's  ease 
mentioned  below.) 


The  condition  has  been  known  since  the  alcliemistie 
period  when  tJie  internal  use  of  silver  salts  was  very 
i)opular,  and  descriptions  which  undoubtedly  refer  to 
argyria  exist  in  the  literature  of  that  time.  The  first 
case  mentitmed  in  medical  literature  is  the  one  observed 
by  Schwediauer  and  reported  by  Fourcroy  in  1791.  In 
the  early  part  of  the  nineteenth  century  numerous  cases 
wx*re  desc*ribed.  and  the  number  of  these  increased  greatly 
about  the  middle  of  the  century  when  the  use  of  silver 
nitrate  in  epilepsy'  and  tabes  reached  its  ^:reatest  popu- 
larity. At  that  time  a  generation  of  individuals  affected 
with  argyria  may  be  said  to  have  arisen,  and  frequent 
examplesof  the  condition  came  to  the  post-mortem  tables 
of  the  great  European  hospitals.  Tliat  generation  has 
now  practically  disappeared,  and  cases  of  general  arg}*ria 
resulting  from  long-continued  use  of  silver  salts 'arc 
to-day  of  very  rare  occurrence.  The  present  cases  of 
argyria  are  for  the  greater  part  localized  discolorations  re- 
sulting from  local  medicinal  applications  of  silver  nitrate, 
or  from  absorption  through  the  skin  or  respiratory  tract 
of  silver  dust,  as  in  the  case  of  workmen  who  file,  grind, 
or  polish  the  metal.  Three  forms  of  argyria  may  be  dis- 
tinguished clinically :  a  fffyria  universalis,  argyria  loeaUs 
circumscripta,  argyria  liKalis  disseminata. 

Argyna  Unirersalis. — The  condition  of  universal  pig- 
mentation of  the  skin  and  mucous  membranes  is  caused 
by  the  long-continued  internal  use  of  silver  nitrate.  The 
discoloration  develops  independently  of  any  pre-existing 
condition  of  the  skin  or  body  tissues,  and  its  intensity  is 
in  proportion  to  the  amount  of  silver  absorbed  and  the 
period  of  time  covered  by  its  administration.  As  a  rule 
the  pigmentation  appears  several  months  after  the  use 
of  the  silver  is  begun,  and  develops  slowly.  As  the  dis- 
coloration is  u.sually  not  observed  until  it  has  reached  a 
certain  degree;  of  intensity,  it  is  impossible  to  speak  with 
certainty  of  the  exact  course  of  the  pigment  deposit. 
It  has  been  claimed  tliata  blue  or  violet  line  on  the  gums 
is  the  earliest  symptom,  but  this  does  not  occur  in  all 
cases.  The  degree  and  extent  of  the  pigmentation  of 
the  skin  varies  in  different  cases:  the  face,  thorax,  and 
abdomen  may  show  it  earliest  and  to  the  greatest  degree, 
while  the  extremities  may  remain  unaffected.  The  mu- 
cous membranes  may  show  no  discoloration  in  intense 
argyria  of  the  skin ;  Vhile  on  the  other  hand  a  marked 
degree  of  pigmentation  may  exist  in  the  internal  organs 
without  any  great  change  in  the  skin.  A  metallic  odor 
of  the  breath  accompanied  by  a  stomatitis  with  or  with 
out  salivation  has  been  descfilied,  but  the  occurrence  of 
these  symptoms  is  very  rare  or  doubtful.  There  are  no 
symptoms  coincident  with  or  following  the  condition 
that  can  be  said  to  be  the  direct  result  of  the  deposit  of 
the  pigment. 

The  total  amount  of  silver  nitrate  which  must  betaken 
in  order  to  produce  a  well-marked  case  of  argyria  varies 
greatly,  the  lowest  limit  being  placed  at  25  to  30  gm. 
The  administration  of  the  metal  must  be  extended  through 
a  considerable  period  of  time.  I^rge  doses  given  within 
short  periods  produce  symptoms  of  poisoning  without 
the  deposit  of  i>igmeut,  while  minute  doses  administered 
for  many  months  or  years  proiluce  the  most  intense.'^  dis- 
eolorati<m.  Liouville  reported  a  case  in  which  the  total 
amount  of  silver  nitrate  us(m1  was  only  7  gm.,  but  there 
resulted  an  intense;  argyria  of  the  internal  organs,  the 
skin  over  the  abdomen  alone  being  slightly  discolored. 
The  siune  writer  also  claimed  to  nave  seen  in  another 
ease  the  appearance  of  the  blue  line  on  thegmns  after  the 
use  of  thirty  ])ills  each  containing  0.01  gm.  of  silver 
nit  nil e.  The  skin  in  this  ca.se  was  not  affe<»ted.  It  is. 
of  course,  evident  that  it  is  the  amountof  silver  absorbed 
and  not  the  amount  taken  into  the  lK)dy  that  influences 
the  deirree  and  extent  of  pigmentation.  *  With  the  minute 
doses  of  silver  nitrate  now  given  and  the  relatively  short 
periods  of  administration  there  is  but  little  danger  of  the 
l)r(Mluetion  of  ariryria:  but  if  the  salt  is  given  for  any 
considerable  |»eriod.  the  possibility  of  its  (H^cumnice  must 
always  he  borne  in  nn'nd  and  the  patient  duly  infonneil. 

.\  iren<'ial  argyria  may  also  be  pro<iuc(Ml  by  the  local 
absorption  of  .silver  nitrate,  as  in  the  long-coiitinued  use 
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Hohible  silver  aibiiuiiiiBti?,  which  is  absorlied  from  tlic  in- 
't«stinL«  iota  tlie  circulation  nud  is  iitiimaii-ly  paxsoil  with 
the  iymph  through  llic  walls  of  Ihc  blociil-veHselH  into 
the  tissues,  where  it  ia  precipitattd  io  the  form  of  fine 
graaulus. 

Opposed  to  this  riew  is  the  theory  supported  hj  Vir- 
chow  and  Riemcr  that  the  wlvrr  nitnile  is  reduced  m  Ihp 
Intestinal  tract  and  taken  up  from  the  hitter  place  in  tlie 
^pe  of  fine  granules,  partly  ttirough  the  lymph  anil 
partly  througti  the  blood  into  tlie  genetul  clrculalian 
-where  by  meEastasis  thLSC  are  deposited  in  \ariou8  pnrt^ 
of  the  bodj  Jacobi  showed  tliat  the  retlueetl  partirles 
of  diver  cannot  pcuctrate  the  cpithLlium  of  the  utesline 


and  fartlicr  prnviii  experinienlLilly  that  tiic  gn'iiter  ] 
of  the  silver  nitrate  tnkcn  ii>li>  the  lirnlv  is  net  ri-rlii(Ti 
the  intestine,  bm  U  <-\mr<-_--i  l-  "ilvV  diliTi-l-  i«ii<l 
buminate,  unil   iil>-.irli''ii   -.,-■!.  i,    i  !:,■   T.ilii,ii,ii   ;ii. 

place inlhc  ti^^ii.  ■       I       

Mlver  held  iri  -,.■!,■', 

suit  of  thcBCtinn  !■!  In  :::■.  ■  ■  ■     ■ 

That  of  the  eudoilii'liiiiL i,.    ■  ■■,   ■    i   ,■   i     Iv 

holds  that  the  reducii'Ti    i   I  ■      i  ■  ■ 

organs — Ihc  liver,  kidiiri  -     ■.!    I   ■      i     :  .■     ■■!■ 

wall — and  that  thp  rc'iliiir.l  -ii'  

leucocytes,   for  the  pr-':o-  ■  i  ■ 

glands, and  iHincniHrri I \^.  >' :  

in  the  connective  tissur        !  i  ■...■.    .■ 

■wandering  cells  conlaiiiiuL    ■ 

silver  niav  be  removed  frrjiii  III.   I....  ■,        I  ir   i.  .i 

the  wall  I'lf  the  intent iue  he  hi<l<klii  \"- thu-  U-  Uic  ^il>s< 
lion  by  tlie  InteBtlnul  wall  of  certain  (i"*"""-  byilri-iri'ii 
hyilnigrn  eiil|)hide,  which  are  fnniiiil  bi  iln'  biic-it 
ti'iiet  bv  The  growth  of  anurnibic  jrernw,  ilii'  livdrn 
b'lidins  <<'  >■  miuetion  of  the  silver,  iiml  Ibe  liyilrn 
fiilpbiiU'  to  [he  furnuitiou  of  a  silver  iilbiimiiiai''  »ii]>h 
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Tlie  reduction  of  the  silver  in  the  papillie  uf  the  skin 
Kobert  holds  to  be  du<;  to  or  associated  with  the  pnic- 
css  of  corn iticnt ion.  which  he  reganls  as  a  reduction  ptnc- 
ess.  He  explains  the  fact  that  argyria  in  human  akin  is 
of  BO  much  mure  constant  occurrence  than  in  the  skin  of 
animals  liy  the  assumption  tliat  the  process  of  comiflca- 
tinn  takes  place  to  a  much  greater  derree  in  human  skin. 
This  theory,  however,  does  not  receive  the  support  of 
the  actual  facts. 

In  Ihc  light  of  our  present  knowledge  the  most  reason- 
able hjpoihods  is  that  the  silver  ia  absorbMl  from  the 
lulcstmc  into  the  general  circulation  in  the  form  of  a 
soluble  albuminate  which  is  taken  out  of  the  blood  and 
mluced  by  the  protoplasm  of  the  endothelial  or  perithelia! 
cells  and  secreted  by  these  cells  into  the  neighboring 
couiieciiic  lissue,  where  it  niay  remain  or  b«  further 
Iruuiiporled  by  means  of  wandering  cells.  The  deposit 
of  tb(  silver  In  certain  parts  of  the  bod^-  cannot  be  ei- 
pjBincd  bv  the  theory'  of  simple  metastasis,  and  as  it  has 
been  establislied  beyond  doubt  thut  the  endothelium  in 
dtfTinnl  parts  of  the  body  lias  a  selective  action,  it  seems 
to  till  writer  that  the  best  hypothesis  for  the  explanatiuo 
of  Ihc  patliogcuesisof  argyria  is  the  theory  of  endothelial- 
cell  activity. 

The  chemical  nature  of  the  fine  silver  granules  in  the 
tissues  has  not  as  yi't  been  definitely  deterruint^.  Ac- 
cording to  Kolieit.  the  pigment  is  a  loosely  held  organic 
compound  of  silver  and  presents  the  following  rcartionB: 
the  granules  arc  insoluble  in  acetic  and  dilute  mineral 
B<-lds,  fixed  alkalies  an<l  ammonia ;  they  lose  their  black 
color  but  do  not  vanisli  in  strong  nitric  acid  and  in 
miKlerately  strong  solutions  of  potassium  ct'anide;  the 
block  color  muy  he  restored  by  means  of  hyilrugeu  sul- 
phide. Substances  which  decolorize  the  organic  pig- 
ments have  DO  effect  upon  the  silver  granules.  If  apiece 
of  tissue  lienvjly  pigmented  with  silver  ia  wanni?d  nitb 
nitric  acid  until  it  loses  its  color  and  tlie  acid  then  flltereil 
ofT.  the  filtrate  will  contain  no  silver,  the  metal  remaining 
in  the  decolorized  tissue.  Other  investigators  hold  that 
the  pigment  is  metallic  silver  or  a.  low  oxide  (-\gO,  or 
Agf),). 

The  amount  of  silver  <lepositeil  in  the  tissues  is  verv 
amuU  compared  lo  the  amount  taken  into  the  body.  Ci- 
periinenlal  analyses  of  tissues  showing  a  high  degree  of 
argyria  have  yielded  only  minute  quantities  of  silver. 
Prommaim  obiiiined  from  760  gm.  of  liver  which  bail 
beeu  prcscrvMi  in  alcohol  only  (i.<M)9  gm.  of  silver  chlii- 
ride.  equalling  O.IHMIi^  gm.  of  metallic  silver.  VersmaniK 
fiiiiiid  the  same  amount  of  metallic  silver  In  H.I  gin.  of 
dried  liter,  and  in  8.(1  gm.  of  driid  kidney  0.0ii3  gm.  uf 
the  metal. 

tiiiice  the  silver  pigment  is  deposited  in  tlic  connective 
tl.<(suc  outsiile  of  the  vessels,  its  complete  removal  during 
till'  life  of  the  AlTected  individual  is  very  improluble. 
Through  the  ogencv  of  wandering  cells  a"  ver3-  slow  rp- 
moviU  limy  take  pUiec.  but  it  is  doubtful  if  in  well- 
marked  CHsi's  this  leuils  to  uny  noticeable  decrease  in  the 
di'U'n.e  of  ]i!LTnenta1i'm.  Ca'scs  of  recovery  have  l)«ii 
i-p.iri.d  lull  ibi-v  no-  doubtful.  Rogers' affirms  that 
I'lK'i^iii''  .iill  ;ili!i:i  ilii'  color  very  much,  and  Eich'  — 
II  iliircd  a  cure  bymeansof  pota^      ^ 

I       ■  I'likKi  two  cases  in  which  larp-    -^ 
■■'  t"i.i  — Mill!   i.i'llili' were  given  in  cmnectinn  with   xM 
-ral  months  in  the  treatment -^^r; 


ipleie  c 


I-  of  tl 


ri's  tile  great  majority  of  c 
mill  iiMil  the  affected  individual  cjirrii-=-»J- 
ii'hi  iiiil  of  his  life.  In  cases  sinillii:«'^f. 
ii.  writer  in  which  the  argyria  I  M  m. 
!■  !  ■  li'il  iif  life  before  pulieny.  \\\mt X 
["11.  -  nijiy  lead  to  an  apparent  deereiisH:^*- 
1  till'  piiimintation, 

AMred  ikiHt  li'icf/.i/..         -  > 
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nxnaminn:  Virchow's  Arrblv,  1850,  xvii. 

Jaoobl :  Anh,  t.  exper.  Patb.,  1H78,  viii. 

Kobert :  Arcb.  f.  Denn.  u.  Syph.,  IHTJ,  xxv. 

Kruner:  Daft  Sflber  uls  An:neiiiiliU*l  betruchtet,  Halle,  1845. 

LlouTiUe :  Gaz.  du  med.  (1<^  l>arLM,  1HH8. 

Loew:  PllQgi*r's  Art'blv  f.  <1.  Kf».  I*h>'8iol.,  1W4,  xxxlv. 

Rinner:  AR*b.  d.  Ileilkund..  1H7.%  xvl. 

Roffen :  Cited  in  W(kx1*8  Them  pen  til's. 

ScaUenroxl :  Brit.  Me<l.  Jdiir..  1871. 

Verunanns:  Vlivhow's  Archlv.  isr>9,  xvll. 

Vlrrliow:  CollulanHtUioloiric.  IHTK  p.  '£)i). 

Tandell :  Aioer.  rnu'tlttoiitT,  1872. 

ARISTOL — (-soIIaiO-,!:!.  is  the  rcgl^stcrcd  tnwlo  name  of 
clithymoIdii(Kii(le.  The  pure  <lnig  lius  btnin  intnMlucHl 
to  the  profcffflion  iimlcT  tlu;  title  Thymol  Lniid  to  cscajHi 
the  re«,ristere(l  naiiu*.  It  is  prepared  fniin  tliyniol, 
CioHiiHO,  bv  flubstitutinjr  two  inoleeules  of  icKfoxyl. 
lO,  for  two  oi  hydroxyl,  HO.  It  contains  forty-fiv**  j>er 
cent,  of  iodine.  A  nioni(Mlide  and  a  triicnlide  liavc  also 
been  preimred.  The  latter  lias  been  called  nunufaUn. 
and  is'uscfl  for  the  same  purposes.  Aristol  may  Ih'  nuKle 
as  follows:  one  and  a  quarter  drachms  each  of  thymol 
and  caustic  soda  and  one  and  a  half  drachms  of  potas- 
idiim  iodide  are  gently  heated  witli  enoiigh  distilled  water 
to  make  one  ounce  four  and  a  lialf  drachms,  and  then 
cooled.  This  solution  is  added  to  eight  ounc<*s  of  a  con- 
centrated solution  of  hyp<x*hlorite  of  s<Kla  and  agitated. 
The  solution  is  then  filtered,  and  the  precipitate  washed 
with  water  and  dried. 

It  is  a  light,  nnldish -brown  powder,  with  a  very  faint 
odor,  insoluble  in  water  and  glycerin,  slightly  solubh* 
in  alcohol,  soluble  in  ether.  collo«lion,  and  oils.  It  should 
be  carefully  preserved,  as  it  is  decomposed  bv  light  and 
heat. 

Tlicrapeutically  it  is  reconunended  for  the  same  pur- 
poses as  icxioform.  but  it  is  less  active  and  not  so  reliable 
S8  an  antiseptic  in  surgical  work.     Its  advantages  are 
that  it  is  devoid  of  the  disagreeable  tnlor,  and  dcx'H  not 
pofisess  the  toxic  pro|KTties  of  the  latter  drug.     It  has 
oeen  used  in  the  treatment  of  eczema,  p.soria.sis.  scabies. 
chronic  inflammation  <»f  the  mucous  membnmes  of  the 
nose  and  pliaryn.x.  erosions  of  the  os  uteri,  condylomata, 
giunulating  wound.s,  and  ulcerating  surfaces.  '  It  ])os- 
aeases  the  power  of  cau.sing  rapid   cicatrization    in  a 
marked  degree,  and  has  prove<i  of  gretite.st  s(;rvicc  in  the 
latter  cla.ss  of  ^as<^s,  particularly  in  the  treatment  of  burns 
«Dd  varicose  ulcers.     In  lupus.  tulnTculous  and  syphilitic 
ulcerations  it  was  supposi*d  to  ])ossess  specilic  powers. 
but  experience  has  not  supported  this  vii»w. 

The  powder  is  l)est  applied  by  du.sting  on  the  part,  or 
Tby  insufflation:  it  may  b<»  used  as  an  ointment,  one  part 
In  ton,  or  dissolved  in  ether  or  collodion. 

As  it  is  partly  e1iminate<l  through  the  bmgs.  it  has 
used  in  phthisis  by  hy|>odermic  injections  of  a  one- 
Per-ct»nt.  srdution  in  sterilizt'd  oil  of  sweet  almonds.  It 
*■  Sftid  to  lessen  the  c(»ugh  an<l  night  sweats. 

lUanmont  Smafl. 


A  WSTOLOCHIACE>€.— <  The SrfMNfarni  Iu,mt/i/  )  A 
^^^\\  family  of  some  five  genera,  widely  distributed  over 
tte  'Warm  part^  of  the  earth.  A  species  of  arisioloehia 
Produces  one  of  the  largest  of  known  fi^wers.  some  fiv<* 
'eet  in  length.  Many  species  have  been  ignonmtly  re- 
PUt^Hi  as  antidotes  to  s<T|>enl  poisons.  .Medicinally,  the 
^^*>^lly,  rich  in  volatile  oils  and  resin,  is  well  repres^-nted 
"T  Virginia,  Texas,  and  Canada  snake  roots.  Many 
*P®cicsure  used  in  native  pnictiee  as  vulnemries. 

n.  II.  Jiushy. 

-Arizona. — The  climate  of  Arizona,  beinir  intluenced 
^^h  by  the  RtH'ky  Mountains  and  by  the  Paeilie  Oeean. 
^J*  stmie  of  the  attributes  pt>sses.m'<  1  by  the  climate  of  New 
■Wixicoand  also  srmie  of  those  behmiring  to  the  climate 
^'Southern  California;  and.  mon'ov<r.  it  has  distinct  eli 
^J^ic  advantages  different  from  those  of  nny  other  State. 
^[^  plain  country*  of  Arizona  has  not  inaptly  been  called 
"^  Egypt  and  sometimes  the  Persia  of  Ameriea.     The 
P^t  continental  divide  tmversing  the  western   boun- 
ces of  New  Mexico,  along  the  losth  meridian  of  longi- 
^»  passes  almost  in  a  straight  line  from  north  to  south. 
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Westwanl  of  its  summit  the  streams  flow  toward  the 
I^cific  Ocean,  and  the  land  drops  down  to  the  southwest 
comer  of  the  Territory  of  Arizona  by  a  series  of  steps 
with  wide  intervening  plateaux. 

A  second  great  divide  .separates  the  watei-s  or  the  Oila 
and  Colorado  rivers.  Its  main  direction  is  along  latitude 
35\  Starting  from  the  point  where  latitude  84 meets 
the  New  Mexicjin  boundary,  it  cro.<vses  the  territory  till  the 
San  Francisco  Mountains  north  of  Flagstaff  aiv  reache<l. 
The  main  direction  of  the  mountain  axis  of  Arizona  is 
from  northwest  to  sr)uthea,st.  "  The  axis  of  the  mountain 
system  of  Arizona  is  remarkably  well  dt'lined  and  appears 
with  the  iitmost  distinctnes.s,"  not  only  in  the  general 
trend  of  the  main  ma.ss  of  the  elevation,  but  also  in 
minor  rangi'.^i  and  notably  in  detached  spui-s.  often  widely 
s<*panited  from  the  phiteau  system,  to  which,  on  the  score 
of  altitude,  they  may  claim  to  belong."* 

Fn^m  th(»  valley  of  the  Hio  Santa  Cruz,  starting  from  a 
me.sa  2.tMK)  feet  high,  no  less  than  fifte<*n  peaks  ascend  to 
an  altitude  of  upwanl  of  H,()()0  feet.  In  the  Gila  valley, 
springing  from  benches  of  1,000  to  3.000  feet  elevation, 
are  a  dozen  buttes  from  l.tKK)  to  2.000  feet  in  height. 
From  a  plateau  of  ."i.OOO  feet  mountains  rise  from  7,000 
to  y.(KX)  fe<?t  in  Iieight,  the  highest  iK'ing  a  gn)up  called 
the  San  Fmncis^o  Mountains  with  its  three  ix'aks — Ihim- 
phrey,  Aga.s.siz.  and  Ilundjoldt — which  approximate  an 
elevation  of  13. (KM.)  feet  al)ove  sea  level. 

The  air  of  Arizona  receives  its  humiditv  almost  en- 
tirely  from  the  Pacific  Ocean.  The  prevailing  .southwest 
winds,  lailen  with  moisture  from  this  va.st  expanse  of  salt 
water,  strike  the  broadside  of  the  <*l(»vated  hmd  at  a  right 
angle,  because  of  the  uniform  trend  of  the  mountain  axis. 
so  that  "the  pa.s.sage  of  the  niiny  winds  acToss  Arizona 
is  by  no  means  an  ea.sy  gliding  over  an  inclined  plane, 
but  the  lalH>rious  ast'cnt  of  a  flight  of  steps  "  (Captain  W. 
A.  Olassford). 

The  variations  in  the  meteorf)logical  conditions  of 
Arizona  are  much  influenced  by  its  topography,  which  is 
conv<»niently  amuiged  under  thrin.*  divisions :' the  plain, 
the  pro-plateau,  and  the  plateau. 

The  IHtiiii. — **This  <«mbraces  about  one-third  of  the 
territory  which  lies  t(»  the  south  and  west  b<*low  the  level 
of  3,000  feet,  and  includes  ino.st  of  the  desert  country 
that  hius  given  Arizona  its  unenviable  reputation  for  heat 
and  discomfort.  On  this  h)w  plain  the  niinfall  is  only 
from  two  to  six  inchesduring  the  year,  and,  including  the 
desert  on  the  California  side;  of  the  Colorado  River,  the 
records  approximate  the  ab.solute  mininunn  of  nunfall  of 
the  world. "f 

Here  we  have  a  striking  r(»send)lance  to  the  valley  of 
the  Nile:  rivers  with  ricli  alluvial  soil  along  their  bot- 
toms, where  uiaier  irrigation  all  kinds  of  crops  and  fruits 
will  grow;  while  on  tlieir  borders  is  the  dry,  sandy,  soil 
of  the  des<'rt.  This  plain  country  is  tcx)  hot  in  summer 
Siive  for  tho.sc?  who  in  their  habits  resemble  the  sala- 
mander. In  winter,  on  the  other  hand,  the  genial 
warmth,  the  brilliant  sunshine,  the  niinle.ss  skies,  and 
modenite  elevation  give  a  climate  as  delightful  as  that 
of  the  far-famed  countries  of  Egypt  and  Persia. 

The  pro  plateau  stands  at  an  elevation  of  from  3,000  to 
."i.OOO  feet.  **It  clo.sc^ly  follows  the  axial  infl<'ction  (»f  the 
mountain  svstem,  althouirh  its  conthiuitv  is  somewhat 
inl4'rrupted  by  the  more  or  less  detached  spurs  of  its 
higher  neighbor.  Across  the  centnd  portion  of  the  Ter- 
ritory it  i)reserves,  with  considenible  nnifonniiy.  a  mean 
width  of  less  than  100  miles.  "Widening  at  the  ejifion  of 
the  (lila.  it  covers  the  whole  southeastern  <'nrner  of  the 
Territory  "  (Captain  Glassford).  In  this  latter  portion  of 
the  pro-plateau  an?  nu)untains  which  risr  to  ji  lniuhi  of 
2. (MM)  feet  above  it,  and  which  exert  a  pDwrrfiil  influence 
up<m  the  precipitation.  In  this  region  tin*  roinitry  is 
gn»ener,  mon»  picturescpie,  ^\itll  mountjiin  eafions  and 
valleys,  and  a  greater  rainfall  than  in  the  plain  country. 
The  plateau  covers  more  than  half  the  Territory,  having 

*Hef)f>rt  on  the  rlluiale  of  Ari/oim  liy  Captain  W.  A.  dlassfonl. 
Signal  Con**,  v.  s.  A.,  istm. 

t"Han(ib<»<.k  <»f  ('llnuit«k»gy,"  S.  E.  Solly,  M.l>.  Lea  Unaiiers, 
Ptiiladelpbla,  pp.  2ss-:a«. 
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an  avem/^e  cUfvation  of  -l.^KX)  f<r«'t.  On  ar-rymnt  of  tbe 
two  mountiiin  HVfit«;ins  mtir  whk-h  it  lu-fi.  this  diviHion  is 
i\ui  one  in  whiofi  the  rainfall  is  hf^viest,  being  fmin  ten 
to  twenty  inehes. 

Arizona  difTeni  frrirn  New  Mexico  and  O>1oroflo  in  tliat 
it  has  two  rainy  m^s^ins.  The  summer  rains  which  fall 
during  July,  August,  and  S^-ptirnilKT  are  local  in  cliar- 
ai;t4;r,  due  to  the  influence  of  the  mountains;  they  usu- 
ally (ri'CAiT  in  the  fonn  of  heavy  afteniofm  showers,  dur- 
ing which  an  inch  of  rain  will  not  infrtrquently  fall. 

In  Octfilxfr  and  NovemUT  the  rains  do  not  altogether 
c(;ase.  hut  are  light  an<l  infn'quent.  The  winter  rainy 
mrtuvm  iNfgins  in  Iler-emlxfr  and  tenninates  in  February. 

**TlKfWf  rains  are  r»um*d  by  the  proximity  of  appniach 
of  gn^it  st^>niis  in  low-prifssure  areim  which  fonn  a  pnrt 
of  the  stfirm  system  of  the  country  at  large.  .  .  .  They 
are  moderate  in  force  and  are  intcrrupt(*d  by  the  anti- 
oy clonic  tyjH*s  of  high  Imronietttr  and  cloudless  skies 
which  are  distinctive  i»f  the  Pacific  coast  weather"  (Cap- 
tain Glassford). 

Mrmt  of  the  precipitation  on  the  nu>untains  comes  in 
the  form  c»f  snow,  and  it  remains  then;  till  sunnuer;  but 
on  the  nlains  it  usually  manifests  itself  as  rain. 

March,  April,  May,  and  June  form  the  one  dry  si'ason. 
This  is  in  niark<Ml  contrast  to  the  spring  weatluT  i.f  New 
Mf^xicoand  (V»loradn,  which  is  comparatively  moist.  The 
winter  rainfall  is  less  than  one-half  of  that  of  thcsunnner 
season. 

Th(!  numlx'r  of  cloudy  days  t)irf>ughouttIu>  year,  espe- 
cially in  the  autumn,  isab(»ut  t'cpial  to  that  of  New  Mexico 
and  (V)lonuh),  but  in  the  plain  country  the  number  is 
(h'cidHllv  l<*ss. 

Th(^  wind  movement  is  very  small,  especially  on  the 
plain. 

"The?  Ix'lt  of  50'  F.  or  less  mean  annual  t<*mperature  in- 
cludes the  northeast,  corner  of  the  T*'rritory  alM)ve  Fort 
I)<'llance.  In  the  southeni  half  of  the  Territory  the  mean 
temperature  of  fM)'  F.  or  nu^re  sluules  into  the  heat  of  the 
dewrrt,  with  a  mean  annual  tem{M'rature  of  about  70'  and 
a  monthly  mean  for  July  of  90    F."  * 

The  night  temperatures  in  the  plain  country  are  high, 
increasing  the  obji^clionable  features  of  the  summer  cli- 
matti  for  most  invalids;  and  tin*  dust  which  is  irritating 
and  abundant,  is  mont  ptirticularly  so  in  the  sununer,  so 
tliat  thpMighout  the  tiTritoiy  of  Arizona  the  summ<'r  lu'at 
is  neculiarlv  trying,  e.xcept  at  an  elevali<ui  of  T.tMH)  feet 
ami  upwanl.  win'n  the altitu<le  exerts  more  intluence  upon 
the  tcni])emture  than  does  the  latitude.  It  is  not,  Iiowcvjt. 
fair  to  estinmti*  tlicelTt'ct  of  tin*  heat  entirely  by  the  height 
of  the  thcnnonirtcr.  because  what  Pro4*.  M.  \V.  Harrington 
has  happily  tnined  f  "sensible  temperature"  has  to  be 
taken  into  consideration. 

"The  publisheil  temperatures  for  the  dilTerent  weather 
stations  are  tl«^  readintjH  of  the  onlinarv  drv-bwlb  tlier- 
mometer.  The  intbienee  of  evaponition  is  shown  by 
what  is  <*alled  the  \\et  bulb  thernionieler.  the  bnlbhavinir 
a  covering  of  cotton  or  muslin  wliieh  is  kept  moisteneti. 
Th<*  conseipient  evaporation  from  the  surface  of  this 
wetti'd  bulb  is  similar  to  that  of  the  luiinan  body  from 
which  the  perspiration  is  exaporjite  1.  thus  causiuL' (mhiI- 
m»ss.  The  temperatuH'  shown  l»y  the  wet-bulb  ther- 
mometer is  calh'd  the  *  s«Mjsil)lc  '  temperature,  and  is 
supposed  to  1m»  the  temperature  felt  at  llu'  surface  of  tlK- 
skin.  As  a  matter  of  fact,  it  is  pinhjibly  lower.  Ixcause 
the  cloth  covering  tlu'  wet  bulb  is  continuously  .siituiated 
with  water,  while  the  stirfaee  of  the  skin  is  usually  but 
slightly  moistened,  and  is  not  subjected  to  such  rapid 
evaporation.  The  wind  is  an  iniptutant  factor  ins<'nsiblc 
temperatun*.  iM'cjiuse  if  the  air  is  in  motion  that  p(>rtion 
which  is  in  c<»ntact  with  the  human  body  ix  continuously 
replactnl  by  dry  air.  while  if  the  air  is  stati<nmry  it  be 
comes  slightly  wanneil  and  more  humid  from  hi-at  and 
moisturt»  of  the  Ixnly,  and  the  amount  of  evaponition 
from  the  surfm*e  of  the  skin  is  necessjirily  less.  The 
amount  of  the  rfHlueticm  or  (HH»ling  of  temi>erature  is  in 

*  "  lliuullMHik  of  CllnmU>U)(CT,'*  Solly,  pp.  AC. 
t  I'nif.  M.  W.  Harrtngt^m:  Tnu>NU*tkuui  of  liw  Auivrii*un  ciiniu- 
tuktKit-al  AMWH-lattun,  IMM. 


direct  ratio  to  the  dryness  of  the  air.  It  will  be  gnait<!St 
where  the  air  is  driest,  kitst  wiiere  the  air  is  ino^t  moist 
The  greater  the  depression  of  the  dew  point  below  the 
ordinar}*  or  shade  temperature,  the  less  the  relative  hu- 
midity;'  tlie  drier  tlie  air,  the  more  rapid  the  evapontioD 
and  the  greater  the  consequent  reduction  of  tempentnre. 
.  .  .  This  is  true  of  all  arid  regions,  where  the  differ- 
ence between  the  dr>'  and  wet  bulbs  during  the  warmcft 
and  driest  portion  of  the  day  will  range  from  dj'  to  40 
F.  or  more."* 

The  great  drawbacks  to  the  present  use  of  Arizona  by 
invalids  are  the  scarcity  of  the  resorts  and  the  geDenlly 
iudiflferent  cliaracter  of  the  accommodations.  The  chief 
resorts  at  prenrmt  ayailable  arc  given  in  the  order  of  tbdr 
elevation  above  sea  level: 

Yuma,  elevation  140  feet,  population  1.200,  lies  in  the 
great  Arizona  desert  on  the  banks  of  the  Colorado  River. 
some  sixty  nules  from  the  Gulf  of  California.  The  wint«r 
climate  is  peculiarly  mihl,  dr\-.  wann.  and  pleasant,  and 
it  is  here  that  the  benefits  of  cfesert  air  are  Ix-st  exhibited: 
but.  unfortunately,  the  accommrxlat  ions  and  resource-sane 
at  pres4*nt  not  worthy  of  the  climate.  The  summer 
elimate  is  far  trio  hot  for  most  invalids. 

Plufnix,   elevation    1,100    feet.   i)opulation    lO.tiOO,  is 
placefi  about  two  miles  f mm  the  Salt  River  and  is  the 
largest  an<l  most  imp(»rtant  city  in   Arizona.     It  hai 
gtXNl   hotels  and   accommodations  and   the  general  re- 
sources of  a  prosperous  Eastern  city.     T\\e  broad  streets 
are  shade<l  by  tre<*s  and  the  houses  are  surrounded  by 
grass  lawns.    It  has  an  agreeable  winter  climate,  with  the 
l(»a.st  wind   movement,   perhaps,   of  any   resort  of  like 
eh*vation.     Being  a  little  higher,  it  is  not  quite  so  betas 
Yuma,  and  also  is  not  quite  so  dry,  because  of  the  exten- 
sive irrigati<m  which  g(X'S  on  in  Ihe  Salt  River  valley  in 
which  it  is  situated;  but  it  is  admirably  a^lapted  for 
winter  residence  for  patients  to  whom  a  warm  dry  climste 
without  altitude  is  .suited. 

Tohibkione,  elevation  2,300  feet,  population  2,500,  is 
situated  on  a  high  l)ench  overlooking  the  San  Pedro 
Hiver.  Its  winter  climate  is  gofxi;  its  acci^mmodalioM 
are  only  mo<lerate. 

TucHon,  elevatitm  2,400  feet,  popuhitiou  6,000,  beinf 
higher  is  more  bracing  and  cooler  than  Pha?nix,  and 
eond)ines  the  advantages  of  desert  air  with  slight  altitude. 
It  is  a  thriving  city  with  fair  acccmimodations. 

('nMi  Creek  Hot  Springn,  elevation  2,300  feet,  is  a  small 
settlement  with  good  acconmiodations  and  fine  Iwthipf 
fjK'ilities.  It  lies  in  a  spur  of  the  Bradshaw  Mouutaiitf 
and  is  a  four  houi-s'  ride  from  the  Santa  Fe.  PrescottaiHl 
Plnenix  Hailway.  Its  winter  climate  is  stn'd  to  be  ven' 
aiireeable.  but  weather  reports  are  not  at  present  availa- 
ble. 

Onirle,  elevation  4..')(K)  feet,  is  a  small  .settlement  of  a 
few  ranches  where  boarders  are  taken,  and  the  accoinnjo- 
(lat  ions  are  i)lain  but  good.  It  is  a  forty  nnU»s*  stairc  n<'<^ 
over  a  g<K)droad  from  Tucson.  The  pine-clad  mouutains 
atVord  shelter  from  tla*  north.  It  is  free  from  (lu.4  and 
cooler  and  more  bnieing  than  Tucson,  and  is  a  Ixiintiful 
cnnntrv  which  is  i)Uasant  to  ride  thnaigh. 

Pn,s,-ntt.  el(  vat  ion  ."J.iJOO  feet,  population  ;3.(X)U,  lit'ssixtv 
miles  from  .V^Iitork  up(>n  the  Santa  Fe,  Prescotl  and 
PlKcnix  Hailway.  It  is  surrounded  by  bejiutiful  nioun* 
lain  Mcnery,  an<l  has  adja<ent  high  iH'nehes  with  pines 
and  s;indy  soil  where  the  residences  should  Ik*;  but  the 
tow  ti  is  unfurl unately  situated  on  adobe  soil  in  the  river 
valK y,  an<i  the  a<^couun<Mhitions  are  indifferent.  Tbe 
climate,  htiwevcr,  ise.\c»'lient.  resembling  that  of  Denver, 
combininir  the  advantaijes  of  upland  air  with  the  warmth 
which  comes  frtMu  its  low  latitude.  The  temi>enitnre 
ninge  5Uid  wind  movement  an*  much  greater  than  at  the 
plact's  previously  mentioned. 

The  appendetl*  tables  an'  abstractetl  fn>m  the  author  8 
paper  on  the  "  Comparative  Merits  of  Rt»sorts  in  Xew 
Mexico.  C'oK>rado.  and  Arizona.^  pre.sentiil  to  the  Ameri- 
can (Mimat«»logical  Ass<K'iation.f  >♦'.  E.  tyAly. 


•  ••  Uandb»K)k  of  Metlh-al  Clinmtt>U»ir]r,"  pp.  «iB-«a. 
t  TrausactioDs  of  tbe  Amerkao  ClinuUologkml 


Aaodatioo  for  M- 


460 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


i 
1 

4 
1 

Soil. 

11 

5 

T„,.„„.^ 

IC.,.,T,. 

if 

■3 

if 

i 

i 

i 

|5 

if 

t 

1 

i 

Colondu  SpridRi.  col 

Gaai 

140 

3H.S1 

i 

ae.Vi 

1 

30 

1 

gu 

i. 

us* 

IS 

a 
i 

2» 

i 

SI 
IB 

Dand  uid  uli.be  . 
AOdHs.'"-'.''  .'.' 

PtKnU.Arli 

s 

rtor..EKJpl 

,,.,»,,,„»..la™,o,.. 

H- 

...B. 

.*O.V.L 

AV.R. 

.„. 

M 

Ii| 

if 

i! 

i 
1 

IP 

111 

n 

i^ 

|i 

Ij 

i 

i 

III 

OotowgoBpriBip^LW.... 

49 

i 

i2 

54 

■■ 

4H 

a.27 

.13 

I 

si 

117 

;i) 

i 

SI 

m 

BO 
48 

ili 

61 

3,ffi 

iis 

1 

si* 

» 

U[iOiK>e«,N.llM 

At 

,>„.....„l 

«,„ 

.». 

w,:,,.  „.„,.. 

A,,,.,... 

M 

llf 

p 

!i 

1 

1 

1^1 

111 

Ill 

ll 

1! 

1 
1 

ill 

P 

gtow^SprtnB^Ool.... 

i 

S 

is 

5!: 

T|3 

I' 

4U 

37 
3S 

i-i 

67 

i» 

13 
47 

Tit 

1:4 

.3 

4.1 

I.fl 

'i 

M 

UiCnKet.N.M« 

.... 

<m!:i^:.:::'::::::: 

1.1 

la  liuinlilli>'  ul  rii<epU  are  biiHnI  or 


ARM,  THE.— The  nn»  Ix'Jtins  at  lUc  Icwit  Btitrrinr 
■nugin  of  the  axDlH— ttic-  Inwi-r  IxmliT  iif  tlic  iHTii.niliij 
■"•Iw  muwle — ami  ends  nt  the  iIIbhv  juiiit.  wIhtc  iIjl' 
ioliit  capsule  Jnius  the  hmnenis  iicfnri'  iinil  ImIlLhi!. 

Thcnl'iiiof  the  arm  is  Hitniliir  in  Hinirliire  tu  thiil  of 
'*'*r uiidiveiwd  skin  siirfiu-es  "f  iln-  ln«iv.  is  thin,  I'sjiv- 
pllly  at  the  front  nii<l  iiiiicit,  liHisHy  iitlai'tii'il  «>  uiiiIit- 
'fixx  Btnirtun'S.  an<l  U  five  fnmi  hir^.'e  luiirH. 

The  iH/irrfl'-iiil  fiinriiil  hiyn'  cDiilahis  fat  Iksiie  thiit 
■Wlmtx  our  the  eoiitour  iii  tin-  well-iiciiirisiiiil,  mi<l  isj^'- 
"•H^  in  the  female  anil  reiimh-  art  ti;.'""'. 

Ti»  br-fliiiil  ftiiTia  (ilf-ep  fas<iii}is  (lerivnl  from  llie 
^(*p  fasem  uf  tlie  pecIiinilU  iii)i|iir  in  frorii,  imr)  from 
w«  laacHioDS  of  the  leres  niujur  liud  liilrssiitms  iiu'l  their 
watliR  tK;)iinil:  fmm  a  prol(in)ruti<i[i  nf  llie  ilellnti)  fiiseiiL 
••'lie fuller  siile.  anil,  thmu^ih  llii-  axilliir>'  faseia.  fnini 
Ijjdw'p  ffiaeia  of  the  serralus  iiiHicniin.  uiion  liie  inner 
*fe  lit  (he  arm.  Comin);  li))ret]ier  fmm  tlw*e  iiripiiis 
^W'  raw-iic  loin  tn  fomi  a  tiiiii  liut  tinn  tiheall)  trimi 
wwlrtcr  to  elbow.  Arisiiifc  fnnii  liu;  eMenial  ciiiHlylar 
^g«  ')F  the  hiiniFrus  anil  jmsiiin);  cjutwanl  \o  anvl  Ihiii 
■>'*Ih  is  the  external  interniuwuiar  hc>[>Iiiiii.  whk'h  ex- 
jwifa  from  the  condyle  to  tlie  titrltnid  tiitii'rele.  Arising 
f™n  the  internal  condyle  and  the  inlenutl  eondylar  riilgc. 
'odetieDdlog  from  tbe  coraco-bracliiali:j  ioscrtiOD  to  tbo 


sepia  div 

Tiiffmiit  miHjxiTimfal  of  the  ami  contains  biceps  and 
liruehitilis;  llieeonico-hraeliiuliit  iM'ins  added  At  an  upper- 
Ihint  ami  seel  Ion,  and  the  bmchio-nvlialiii.  and  tiiacertain 
i-\teiit  also  the  extensor  Liir))!  radialia  loDgiiM.  at  a  lower- 
tliinl  unii  sectiiiu. 

The />irril'r<tM;jiir(Menf  contain!)  tiirr|Mai   .  . 

Thene  com  jnirtincntH  eon  lain  also  ttieirre»jK-<'tive 
iind  nerve  supplies.  The  niiiseiilo-s|iiml  nerve  pa.s.si.'s 
Imekward.  downwanl.  and  outward,  with  itNai'oiitipany- 
ing  fHi|M'riiir  profunda  artery,  ihroii^'h  the  inicrsepial 
s|)ue<>  lM>tiveen  the  inlernal  and  cxti'mal  Iii'iids  of  tlie 
tritrepti.  from  a  [Mijnt  liij^h  up  in  the  liaek  I'lunimrtment. 
The  inuaeulo-eutflneouH  nerve  jiasws  forwanl.  down- 
wanl.  au<l  outward  from  thi>  brachial  pIpMis  in  Ihe  axilla. 
lhn)U|;h  llic  coraco-lirachialis  and  IH-Iween  the  liicepsam! 


Iiraclualis  aliove  in  the  fron 
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Tilt'  c^>nfi>riiuiti(iii  iif  llir  fmnt  of  ttu^  iinii  is  iluc  to  Ihu 
form  ot  till;  lmi'p!i,  wliirli  nuiiiils  w<'II  forward.  At  tlii^ 
ntiglit  x"">vi-iit  till' inner  mill  riuti-rimscof  tliv  lii('C]iA  iirv 
plai'<il  rcsjiM-tlvi'ly  Ilic  tuisilic  niiii  ctplinlio  voina.  »hi<-li 
exli'iid  frr>ii)I)ii.'lruiiik<toiiiusi'H>kl  tliccIlKin'  ii|)\viinl  along 


tlio  lN>r(1i-rs  of  llii'  )>iri'|>s  ti>  Join  Dii-ir  nnlh-r.  Ilir  nxillnrv 
Vclii!t,iilllii-iiiiii'riimliml('rsiili>!iofllictirinniiilK)ioiilil<'r 

in  iisKoi'iiiiioii  Willi  Ihc  Nkiii  wi-iliiil.  fi>ni)inK  ilii'  en- 
tMU-oiiH  Kii|i(>ly  of  ilu:  oiiriT  iinii.  fmni  Itii-  KliouUli-r  to 
the  wrist;  cin'iiiiilk-.'i,  ii|i|iiT  (■.'itcritul  nitiini'riiis  iinindi 
nf  Ilu>  imisa'ulii'Siiinil.  luniT  cxlcrniil  rutuniiiiix  timiii:li 
fif  tliii  musculo  »|iinil,  nml  nilain'oiis  lininr-livrt  of  tin- 
niiiscnlO'Cutiini'Ciiis.  In  the  skin  anil  KujM'rlii'iiil  fiisim  of 
till'  iiini-r  HHii  iitxl  fori'iinu  is  Ihv  I'liliinvuiis  sii[>|ily  of  llii.' 
inner  umi  iinii  fori'iinn:  Inli-niiiilii  liiiim-ni],  inli-rniil  ru- 
luiiiiiUH  lininclii-^  of  tlii-  niusi'ulo-R]iinii,  U-nivx  iiiii'miil 
oiitani-oiiHCWriNlH'rjr'si.  hiiiI  liili-nuil  I'liiiiiii'inis. 

A  h-vt  sninll  lyiiiplwlii'  minIcm  )i]ion  tlir  inm-r  siiK'  of 
the  nmi.  JuhI  alM>vc  (In-  cllHin-,  iiiiiy  l>c  founil  in  Itic 
Biipi^r^l  fiisria  n<'»r  (lie  roursi-  of  tin-  ImMilic  vi'in. 

The  lowest  jHiInt  nf  IIh;  iiiscrlloii  of  llii-  (Icltiiiil  iuurk« 
the  mtdille  nf  lIu-  hiinKriiH.  ilio  iniilillc  of  tin-  iiuisiiilo- 
spirol  Rmovc  iH-hiiiil.  ilii-  liwi-r  lHinh>r  nf  llic  ci>nii'i< 
wni'litaliHUitairtion.  iiml  IhiMipjNTllinilitiirtlic  hnu-hiiilis. 

TliK  PwiST  iir  TilK  Akm.— .Just  wilhin  tlif  iiiitcriiir 
fntwinl  rninpiirtmcnt  is  t)if  hi(i'i>s,  wliii-li  [Irs  ujHin  tijt' 
IiniHiiiills,  u'hili-  thi'  lutriT.  in  (urn.  Ui's  u]H>n  itn-  aiili'rinr 
Hiirfaii'  of  till-  hiinii-nis.     Alonji  llic  iiini-r  lionlir  of  these   I 


the  iiiusiMilo-Hpiinl  iiervi'  plero's  It.  Its  origin  embrace* 
till' iiistni'in  of  till' ih'ltoiil.  The  niiieculHrllbn^  converge 
broadly  iniu  a  idiori.  thick.  ti'iiiliiiotjM  intwrtion  h]hid  tut 
roroii'iiil priKis*.  Tliis niuwlc  U  ovi-rlnid  hy  the  bicDps, 
liut  projiils  biyonil  it  iinvurl  uiiil  oniward.  It  isiovcr- 
liipiwil  on  llie  iiiiiiT  will'  liy  the  linii'hiiil  artery,  by  tlw 
nii'iliim  ncrvi',  nnil  liy  tlicpTiiimlorliTi's:  also,  lieeph-,  bv 
tljcntitcrior  bniiicli  of  tlic  aniujtomoriiu  tiiii>:na  anil  the 
anti-riiir ulnar  ncurrciit  artery,  rpon  its oiiUt side  it  U 
overliiiU'iil  hy  Ihe  railinl  ntnrrcitt  arti-ry,  iiy  tlM>  radial 
nerve,  aiul  hy  the  Imii'lilo-nuliiilis  anil  extensor  cHrplisdi- 
iilis  loii^rns;  iilso  (lii'[ily,  b,vlhe  iniisi'iilo-spiral  uerve  and 
hy  the  tenniiuil  hmni-li  of  Ihc  snix-rior  profunda  artciy. 

Tlio  roi-arf-bniehiiilin  is  an  eloiijratKl  muscle  arlidng  Ib 
eoninirin  with  the  short  hiiid  uf  tlu-  bicf[M  from  thr  tip 
of  the  coRici'iii  pnicesB.  It  ii4  insi-rleil  im  tlw  Inner  bor- 
der of  ilie  sliHft  of  tlu!  Iiuitients  iit  iilHiut  iln  inhMle.  It 
lies,  ill  its  lower  (inrt,  ahiujc  Ihe  inner  lionler  of  the  W- 
eciis,  the  two  uiuscles  lyin^r  In  the  nuler  side  of  the  bra- 
chilli  (irlerv. 

Tlie/-nr^A/ii/iri'r<'rirl)it1ieilint-l(iintiminilnnofthcaxll- 
Inry  at  the  levi-1  of  the  lower  lH)nlcr  iit  the  tt-n-a  major. 
Tlicnfori'  the  lower  half  of  the  third  i)ortiuii  nf  the  axillan- 
artery  lies  iiiiiiivi-nil  by  muRcle  in  Ihe  upper  arm.  Tlie 
lirai-hinl  e\li-iids  a  short  disln nee  Im'Iiiw  the  clhow  whcrp 
it  ends  in  ils  two  terminal  bniiicbet— Ihe  nullal  and  ulnar 
arteries— iin  oiipnsjtc  sides  of  Ihe  railiiis  near  the  Junction 
of  its  head  and  iiiik.  Tli<-  coiinr'  iit  the  artery  is  siaiinu*: 
it  lies  at  firiil  inlenial  lo  tile  liuinenis.  then  in  front  of  the 
hone,  anil,  ni  the  U'lid  of  ilie  elliow,  midway  between 
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aiiierioriKiri  of  ihe  hnicbiumni  Ibr-  cIImiw.  Tlielenulnal 
branches  of  Ilie  brachial  plexus  also  er>nf»nn  to  Ihisr^mte 
through  Ilie  uriii. 

The  Wft/«  arisi-s  from  the  scajmla  by  two  hinds:  the 
king  head  almve  Ihe  glenoid  fimsaiif  tbe  scapula,  t  hi' short 
head,  in  pnminou  Willi  Ihe  cona-o- brachial  is,  fr<nn  ilie  li]) 
of  the  ciinu-oiil  pitxi-ss.  Fivim  thesi-  Iwo  leiiilinons  orl- 
{rine.  thesi'  heiuls  swell  iiilo  long  niiisciilar  iK'llies  t  hal  con- 
vergi'anil  lie  xide  hv  >ide  in  Ilie  up]ii-r  Ihinl.  nml  nniti' 
at  tlifl  lower  thin)  of  Ihe  arm.  Towanl  <bc  iH^ml  of  the 
elbow  tlic  iniiscli^  fibres  eonvcrge  ii|io]i  a  (I'Mlnillv  placed 
BliUTt.  sloiit  tcTalon.  which  is  inserli^l  ii]h.m  Ihe  poslerior 
facotof  Ilio  tnlnTosily  of  ihe  niiliiis.  a  bursa  occupyiiii: 
the  notiTinr  taii-t  over  which  Ihe  leinlon  \>\a\  s  »  hen  the 
forearm  is  Hcxii],  Tlie  fascial  shcalhnft he  iiriMiiiileriorlv, 
after  becoming  distribiiliil  to  liony  p,irtsiif  tlieellHiwaiid 
coiKlrlar  n'dges.  n-ei-iven  In  front  of  tin-  elliow  a  strong, 
flatleiied  Imiul  of  lilin's  from  tlie  bleeps  lenilou.  lite  senii- 
liiiwr  or  bieipilal  fa.scia.  which  is  continuous  with  Ihe 
dee[)  fascia  alioveand  y^  lost  over  the  pmualor  li-rct  Ih'Iow 
in  llie  ulnar  fascia.  This  fascia  lirlilsres  over  t  la'  Imicbiul 
arten'  and  sepurales  it  fnmi  tlie  median  tmsilic  vein. 

ThV  ftrwrA..!?.*  arises  fn.m  tbe  whole  lower  half  nf  Ihe 
Inner  and  outer  surfares  of  the  bunienis.  fnirn  the  front 
of  the  internal  intemiiisc-nlar  se|itiiin.  aiul  frimi  ii  |uirt  of 
tbe  external  Intenniucular  aciitum  above  a  point  where 

4fi3 


lyles.     ConipreKsioii  of  the  artery  at  any  point  (n 
ishould  l«'  oiil.wHrd  towanl  the  bone  above,  out- 
ward and  backward  at  its  lower  third,  dlrecUy  backwaid 
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below.  Throughout  its  course  the  artery  occupies  a  posi- 
tion near  the  surface.  It  lies  at  first  upon  the  long  head 
of  the  triceps,  but  is  separated  from  the  muscle  by  the 
musculo-spiral  nerve  and  superior  profunda  artery,  and  is 
overlapped  by  the  biceps.  Next,  it  rests  upon  the  inner 
head  of  the  triceps,  at  the  middle  third  of  the  arm,  and  is 
overlapped  by  the  insertion  of  the  coraco-brachialis.  At 
its  lower  third,  just  before  bifurcation,  it  lies  upon  the  bra- 
chialis.  It  iies  beneath  the  skin  and  fascia  and  is  partially 
bridged  over  by  the  coraco-brachialis  and  biceps  upon  its 
outer  side.  At  the  bend  of  the  elbow  it  is  overlapped 
again  by  the  strong  bicipital  fascia,  is  crossed  by  the 
median  basilic  vein,  and  dips  deep  into  the  triangular 
(anticubital)  space  between  the  brachio-radialis  ana  the 
pronator  teres.  The  sheath  of  the  artery  is  closely  incor- 
porated with  the  deep  fascia  of  the  biceps,  so  that  in 
ligation  of  the  artery  it  moves  in  its  position  according 
as  tension  is  put  upon  the  muscle. 

The  median  nerve  follows  closely  the  artery  and  its 
sheath,  lying  first  to  its  outer  side,  then  in  front  of  it,  and 
finally  toward  the  elbow  at  its  inner  side.  The  ulnar  and 
the  internal  eutanemis  nerves  lie  to  the  inner  side  of  and 
behind  the  artery  till  about  the  middle  of  the  arm,  when 
the  ulnar  diverges  to  pass  well  backward,  to  reach  the 
internal  intermuscular  septum  above  the  internal  condy- 
lar ridge,  where  it  enters  the  posterior  compartment  of 
the  arm.  The  internal  cutaneous  pierces  the  brachial 
fascia  and  passes  forward  just  below  the  middle  of  the 
arm,  and  it  lies  between  the  brachial  artery,  to  the  outer 
side,  and  the  basilic  vein  upon  the  inner,  to  be  wholly 
superficial  at  the  elbow.  The  museulo-spiral  nerve  lies 
for  a  very  short  distance  behind  the  brachial  artery  upon 
the  long  head  of  the  triceps  before  it  is  joined  by  the 
superior  profunda  branch  and  gains  the  musculo-spiral 
.groove. 

The  artery  gives  oflf  the  superior  profunda,  the  inferior 
profunda,  the  anastomotica  magna,  the  nutrient,  the 
muscular,  and  the  terminals — the  radial  and  ulnar  arteries. 

The  superior  profunda  artery  which  lies  first  to  the 
inner,  then  to  the  posterior  side  of  the  brachial,  rises  usu- 
ually  just  below  the  teres  major,  perforates  the  septum, 
and  then  penetrates  to  the  musculo-spiral  groove,  in 
which  it  runs  for  a  certain  distance.  It  gives  oflf  above, 
an  ascending  branch  that  supplies  the  triceps  and  forms 
an  important  anastomosis  with  the  posterior  circumflex. 
The  cutaneous  branches  follow  the  nerve  and  supply  the 
skin  over  the  outer  arm.  The  articular  branch  is  given 
off  behind  the  external  intermuscular  septum  and  runs 
downward  in  the  substance  of  the  triceps,  anastomosing 
with  the  interosseous  recurrent  below,  and,  across  the 
joint  behind,  immediately  above  the  olecranon  fossa,  by 
an  arch  with  the  anastomotica  magna.  The  terminal 
branch  perforates  the  septum  to  become  anterior  at  the 
elbow,  and  it  anastomoses  with  the  radial  recurrent.  It 
often  gives  oflf  a  nutrient  artery  or  arteries  to  the  upper 
end  of  the  humerus,  and  it  gives  muscular  branches  to  the 
triceps. 

The  inferior  profunda  usually  rises  from  the  inner  side 
of  the  brachial  about  opposite  the  lower  part  of  the 
coraco-brachialis  insertion.  It  passes  with  the  ulnar 
nerve  through  the  internal  intermuscular  septum  to  back 
of  the  condyle,  and  there,  under  cover  of  the  tendinous 
aponeurosis  of  the  flexor  carpi  ulnaris,  it  anastomoses  with 
the  posterior  ulnar  recurrent  and  anastomotica  magna. 
It  supplies  the  humerus,  triceps,  and  elbow  joint,  and  it 
fiiequently  gives  oflf  a  branch  that  passes  to  the  front  of 
<he  joint  and  anastomoses  with  the  anterior  ulnar  recur- 
»^nt. 

The  anastomotica  inagna  usually  rises  from  the  inner 

®5de  of  the  brachial,  a  short  distance  above  the  bend  of  the 

^Ibow,  nms  downward  and  inward  across  the  bmchialis, 

*^d  divides  into  an  anterior  and  a  posterior  branch.    The 

^*iterior  branch  anastomoses  in  front  of  the  internal  con- 

^^le,  beneath  the  pronator  teres,  witli  the  anterior  ulnar 

^^current.     From  this  branch  a  branch  often  passes  be- 

*^"ind  tlie  condyle  to  anastomose  with  the  |)()sterior  ulnar 

^""^cuirent  and  the  inferior  profunda.    The  posterior  branch 

the  internal  septum,  passes  to  the  posterior  sur- 


face of  the  internal  condylar  ridge,  pierces  the  triceps, 
and  there  anastomoses  with  the  articular  branch  of  the 
superior  profunda  and  with  the  interosseous  recurrent. 

The  nutrient  artery  is  given  oflf  variably  from  the 
brachial  or  one  of  its  branches  and  passes  through  the 
nutrient  foramen,  downward  toward  the  elbow.  After 
entering  the  shaft  of  the  bone,  a  branch  passes  upward 
toward  the  head  and  neck. 

The  muscular  branches,  from  five  to  eight  in  number,  are 
variably  given  oflf,  from  the  outer  side  of  the  artery,  to  the 
coraco-brachialis,  the  biceps,  and  the  brachialis  muscles, 
usually  at  the  points  where  the  nerves  enter  these  mus- 
cles. 

The  musculocutaneous  nerve,  arising  from  the  outer 
cord  of  the  brachial  plexus,  soon  perK)rates  the  coraco- 
brachialis,  and,  still  inclining  outward,  reaches  the  bend 
of  the  elbow  and  there  piercing  the  fascia  becomes  super- 
ficial just  at  the  outer  border  of  the  biceps  tendon. 

The  Back  of  the  Arm. — The  triceps  occupies  the 
whole  of  the  posterior  compartment  of  the  arm  and  is 
made  up  of  three  heads  of  origin.  The  long  head  rises 
by  a  flattened  tendon  from  the  upper  part  of  the  axillary 
border  of  the  scapula  and  its  adjacent  lower  glenoid  rim. 
This  tendon,  with  its  muscle  bundles,  together  with  the 
outer  (upper)  humeral  head,  forms  most  of  the  super 
ficial  part  of  the  muscle. 

The  inner  head,  rising  below  the  musculo-spi|»l  groove, 
is  more  deeply  placed.  The  muscle  bundles  from  these 
three  heads  converge  below  into  a  short  common  tendon 
which  is  inserted  into  the  posterior  part  of  the  top  of  the 
olecranon  process.  A  bursa  underlies  the  tendon  over  the 
rest  of  the  top  of  the  process.  The  long  head  is  joined 
upon  its  inner  side  by  a  slip  of  aponeurotic  fascia  derived 
from  the  lower  border  of  the  tendon  of  the  latissimus. 
The  outer,  or  upper,  head  occupies  all  the  posterior  and 
external  surfaces  of  the  humerus  from  the  teres  minor 
insertion  to  the  groove.  It  also  has  fibres  which  are  at- 
tached to  the  external  intermuscular  septum  and  the 
aponeurotic  sheath  bordering  the  groove.  The  groove  is 
free.  The  inner,  or  lower,  head  rises  from  the  posterior 
surface  of  the  humerus  below  the  groove  and  receives  a 
narrow-pointed  slip  from  high  up  near  the  insertion  of 
the  teres  major,  upon  the  inner  side  of  the  groove.  It 
rises  also  from  the  whole  length  of  the  internal  intermus- 
cular septum  and  from  a  small  part  of  the  external  in- 
termuscular septum.  The  fibres  of  origin  of  the  long  and 
outer  heads  join  and  form  a  broad,  flat  tendon  of  insertion. 
A  part  of  the  fibres  of  this  tendon  are  given  oflf  especially 
over  the  outer  part  of  the  elbow  joint,  and  ultimately  they 
expand  so  as  to  form  a  strong  fascia  that  covere  the  fore- 
arm. The  short  fibres  of  the  inner  head  are  in  great  part 
inserted  upon  the  deep  surface  of  this  tendon.  A  few 
fibres,  however,  are  inserted  directly  upon  the  olecranon 
or  into  the  posterior  ligament  of  the  elbow.  The  musculo  - 
spiral  nerve  and  the  superior  profunda  artery  supply  mus- 
cular branches  to  each  of  the  three  heads. 

The  musculo-spiral  no^ve  is  the  continuation  of  the 
posterior  cord  of  the  brachial  plexus  after  there  have  been 
given  oflf,  in  the  axilla,  the  circumflex  and  the  subscapu- 
lars. After  passing  for  a  short  distance  behind  the  lower 
part  of  the  axillary  artery  and  the  upper  part  of  the  bra 
chial  artery,  it  dips  backward,  downward,  and  outward, 
from  the  position  where  it  lies  upon  the  lower  part  of 
the  triceps,  and  then,  after  being  joined  by  the  superior 
profunda  artery,  it  entere  the  musculo-spiral  groove.  It 
turns  round  behind  the  shaft  of  the  humerus  and  appears 
at  the  outer  side  of  the  arm,  where,  at  about  four  inches 
above  the  elbow  joint,  it  pierces  the  external  intermuscu- 
lar septum  and  lies  in  the  front  compartment  of  the  arm, 
deep  between  the  brachialis  on  the  inside  and  the  bra- 
chio-radialis and  the  extensor  carpi  radialis  longus  upon 
the  outside.  In  front  of  the  external  condyle  of  the 
humerus  it  divides  into  its  terminal  branches,  the  radial 
and  the  posterior  interosseous.  It  gives  olT  three  cutane- 
ous branches,  and  supplies  muscular  branches  In  the  arm 
to  the  three  heads  of  the  triceps,  the  anconeus,  the  bra- 
chialis (in  part),  the  brachio-mdialis,  and  the  extensor 
carpi  radialis  longus.     The  last  three  muscles  are  supplied 
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by  branches  given  off  in  the  front  compartment.  The 
internal  cutaneous  branch  usually  rises  in  the  axilla  in  com- 
pany with  the  branch  which  goes  to  the  long  head  of  the 
triceps,  and  then  passes  back  of  the  arm.  It  supplies  a 
middle  dorsal  strip  of  integument  nearly  as  far  down  as  to 
the  elbow.  The  upper  external  cutaneous  branch  pierces 
the  deep  fascia  in  the  line  of  the  external  intermuscular 
septum,  at  the  upper  third  of  the  arm,  acc(mi|)anies  the 
cephalic  vein  in  the  lower  half  of  the  arm,  and  supplies 
a  strip  of  skin,  from  exit  to  elbow,  on  the  antero-external 
surface  of  the  arm.  The  Uncer  external  cutaneous  branch, 
which  is  much  larger,  pierces  the  fascia  somewhat  lower 
down,  and  supplies  the  skin  of  the  middle  of  the  back  of 
the  forearm  as  far  down  as  to  the  wrist.  In  its  course 
it  passes  between  the  internal  cutaneous  nerve  upon  the 
inside  and  the  muscido-spiral  upon  the  outside. 

The  lesser  internal  cutane^fus  nerre  (Wrisberg's)  rises 
from  the  inner  cord  of  the  brachial  plexus,  passes  as  far 
down,  in  the  front  compartment,  as  to  the  inner  side  of 
the  axillary  vein,  which  latter  separates  it  from  tlie  ulnar 
nerve,  at  the  middle  of  the  arm.  At  tlie  ellx>w  it  turns 
backward  to  supply  the  skin  over  the  olecranon. 

The  internal  cutaneous  nerre  rises  from  the  inner  cord 
of  the  brachial  |)lexus.  and  |>asses  down  the  arm  to  the 
inner  side  of  the  brachial  artery.  With  the  basilic  vein 
it  perforates  the  deep  fascia  and  su])plies  the  skin  of  the 
upper  and  inner  arm.  Above  the  elbow  the  tenuinal 
branches,  interior  and  posterior,  diverge  slightly  at  the 
antero-internal  side  of  tlie  arm,  to  |)ass  the  elbow,  where 
they  supply  the  skin  of  the  inner  forearm,  anteriorly  and 
posteriorly,  as  far  down  as  the  wrist. 

A  terminal  branch  of  the  muscuhcutnneous  nerte  \msses 
over  the  elbow  and  lies  below  in  front  of  the  radial  arterv. 
It  supplies  the  outer  side  of  the  forearm,  front  and  back. 

Luzerne  Corille. 
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ARM  AND  FOREARM,  DISEASES  AND  INJURIES 
OF  THE. — In  considering  the  diseas<'s  and  injuries  of 
the  arm  and  forearm,  I  shall  take  up  the  different  affec- 
tions of  the  several  structures  under  the  following  heads: 
I.  Affections  of  the  Skin;  II.  Affections  of  the  Fascia; 
III.  Affections  of  the  PJones,  the  Periosteum,  and  the 
J(«nts;  IV.  Affections  of  the  Muscles,  Tendons,  and  Ten- 
don Sheaths;  V.  Affections  of  the  Blood-vessels;  VI.  Af- 
fections of  the  Lymphatic  Vessels,  Glands,  and  Bursce; 
VII.  Affeclionsof  the  Nerves;  VIII.  Hysterical  Lesions; 
IX.  Tumors. 

It  will  1m'  mv  purpose^  to  discuss  more  fully  those  affec- 
tionsof  these  differcjiit  structures  which  show  some  pecul- 
iiir  manifestations  when  presenting  themsc^lves  upon  the 
upper  extremities,  and  to  deal  with  them  less  in  detail 
when  exhibiting  upon  the  arm  merely  those  features 
which  are  common  to  the  same  affections  elsewhere  in  the 
b(Kly.  Particularly  in  the  case  of  disea.ses  affecting  the 
skin  of  the  arm  and  forearm,  not  all  the  dermatic  affec 
tions  which  may  be  found  in  this  locality  will  be  entitled 
to  extensive  consideration,  but  such  forms  of  skin  tro\ible 
only  as  are  particularly  prone  to  develop  their  lesions 
upon  the  anus.  Furthermore,  it  will  sufbce  with  regard 
to  most  of  these  to  call  attention  to  the  fact  that  certain 
lesions  may  be  expected  on  the  arms  and  forearms,  and 
to  describe  their  symptomsand  appearance  with  sufticient 
accuracy  to  allow  of  their  diagnosis,  while  more  extended 
consideration  of  their  pathology  and  treatment  is  to  be 
s(jught  under  other  headings  in  this  work. 

I.  Affections  of  the  Skin. 

With  reganl  to  the  disease's  affecting  the  skin  of  the 
arms,  we  have  to  content  (nirs<*lves  iuv  the  most  part 
with  recording  the  observed  fact  of  their  a|>pcarance  in 
this  locality,  owing  to  our  ignorance  of  the  causes  that 
determine  the  outbreak  of  cuUmeous  lesions  upon  this 
part  of  the  b<Kiy. 

It  is  necessary  to  bear  in  mind  that  the  general  prin 


ci|)les  of  dermatology  are  applicable  here  as  in  other  parts 
of  the  body,  notably  those  which  teach  us  that  sym- 
metrical lesions  may  generally  be  considered  to  lie  due  to 
internal  causes,  while  for  unsymmetrical  lesions  there  is 
a  j)riort  ixiASon  to  think  of  local  irritation  as  a  cause  of 
the  affection.  Similar  weight  should  be  given  to  con- 
siilering  the  relation  of  the  cutaneous  lesion  to  the  cloth- 
ing of  the  part,  inasmuch  as  certain  lesions  are  prone  to 
appear  on  unprotected  ]>arts,  while  others  appear  where 
the  friction  of  the  clothing,  or  vermin  which  the  clothing 
may  liarbor,  may  give  rise  to  local  irritation.  Other 
matters  concerning  the  site  of  lesions  of  the  skin  on  the 
arms,  which  may  affect  the  diagnosis,  are  the  lines  of 
cleavage  of  the  skin,  and  the  presence  of  the  lesions  upon 
the  tlexor  or  upon  the  extensor  surface  of  the  affected 
limb,  and  finally  the  known  course  of  certain  of  the 
brachial  nerves  and  blcKKl -vessels.  Nor  should  the  gen- 
eral rule  of  dermatological  ])ractice  be  forgotten  which 
teaches  us  to  compare  the  integument  of  the  arms  with 
that  of  the  rest  oi  the  Ixnly  and  so  gain  an  accurate 
knowledge  of  the  anatomical  distribution  of  the  cutaneous 
lesions. 

The  more  recent  nosological  systems  of  dermatology 
have  sought  to  group  the  various  lesions  of  the  skin  ac- 
cording to  their  pathological  basis,  and  in  the  rapid  review 
which  I  purpose  to  make  of  such  cutaneous  affections 
as  liave  their  ccmmum  site  upon  the  arms  and  forearms,  I 
shall  consider  the  different  lesions  in  the  general  order  of 
the  classification  of  Jessner — to  wit,  functional  disorders, 
circulatory  disorders,  and  inflammations,  supt^rficial  and 
deep-seated;  finally,  I  shall  consider  briefly  traumatisms 
of  the  skin. 

(a)  Functional  Dimrders  of  the  Skin. — Of  the  first  class, 
that  of  functional  disonlers  of  the  skin,  such  as  pniritus, 
hyperidrosis,  seborrho'a,  it  will  suffice  to  say  that  none 
of  them  have  any  predilection  for  the  anns  or  forearms 
which  would  justify  their  consideration  here,  if  we  ex- 
cept the  entirely  unimportant  er>'thema  solare  wliich  is 
frecjuently  seen  on  the  arms  of  farmers,  bathers,  and 
lalK)rere  who  work  in  the  open  air  with  the  sleeves  rolled 
up. 

(b)  Circuhitory  Disorders  of  the  Skin. — Of  the  diseases 
of  the  skin  clas.sitied  by  Jessner  as  circulatory  disorders, 
the  lesions  of  purpura*  and  scurvy,  while  undoubtedly 
they  show  themselves  with  comparative  frequency  on 
the  anns,  yet  it  is  raiv  that  they  should  show  themselves 
there  with  any  s|)ecial  preponderance  of  distribution  over 
other  parts  of  the  boily.  Peliosis  rheumatica,  however, 
is  a  purpuric  affection  whose  predilection  for  the  arms 
merits  our  attention  in  considering  the  cutaneous  affec- 
tions of  thes^'  members. 

In  TELiosis  HiiErMATK  A.  also  Called  purpura  rheumat- 
ica, a  pericxl  of  invasion  precedes  the  eruption  fora  variable 
length  of  time,  and  is  shown  by  general  malaise,  systemic 
disturlmnces,  and  painful  swelling  of  the  joints,  esi>ecially 
of  the  knees,  wrists,  and  ankles.  The  temperature  may 
be  normal,  but  more  often  it  rises  to  100°  F.  ormort*.  In  a 
few  days  theeru|)tion  a[)pear8and  the  pain  then  subsides. 
The  lesions  occupy  practically  the  same  regions  as  do 
thos(?  of  erythema  multiforme  (ride  infra),  namely,  the 
wrists,  forearms,  and  lower  legs,  but  sometimes  they  are 
particularly  located  about  and  around  the  inflamed  joints. 
Some  authorities  indeed  cla.ssify  the  affection  as  a  variety 
of  erythema  multiforme.  The  lesions  consist  of  bluish- 
red  patches,  and  slightly  elevated,  bright -red  ))apules 
which  (luickly  become  purplish;  they  may,  however,  be 
purpuric  from  the  first.  Their  color  cannot  be  effaced 
l)v  pressure.  After  persisting  for  a  few  days,  they  (lass 
through  the  various  gradations  of  color  seen  in  a  con- 
tusion and  disiippear  altogether.  The  dist^ase  may  be 
limited  to  one  outbreak,  or  the  eruptitm  may  come  out  in 
several  crops  and  run  a  course  of  from  four  to  six  weeks,  or 
it  may  disappear  altogether  and  ten  days  or  more  later  a 
relapse  occur,  and  the  joint  and  other  symptoms  again 
become  manifest.  The  recognition  of  hemorrhage  into 
the  skin  is  easy  when  it  is  borne  in  mind  that  pressure 
does  not  cause  the  redness  to  fade.  Such  lesions  occupy- 
ing the  localities  mentioned,  and  associated  with  the 
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cles  perhaps  one-third  of  an  inch  in  size  (erythema  tuber- 
culatum). The  centres  then  begin  to  flatten  and  fade  out 
and  assume  a  characteristic  bluisli-red  hue  (erythema 
annulare).  At  the  periphery  where  the  eruption  is  ex- 
tending, the  lesions  preserve  their  elevatecl  form  and  red- 
dish tint.  Adjacent  patches  may  coalesce  and  form 
irregular  figures,  known  as  erythema  gyratum  and  ery- 
thema figuratum.  More  rarely  the  appearance  of  blebs 
gives  us  the  form  known  as  erythema  bullosum.  Heri>es 
iris  is  the  designation  given  to  a  vesicular  fonn  of  tliis 
erythema  in  which  new  concentric  rings  of  papulo- 
vesicles appear  in  the  depressed  purplisli  centre  of  an 
annular  erythema.  These  various  fonns,  often  looked 
upon  as  distinct  diseases,  are  in  reality  merely  stages  of 
the  same  process  with  varying  amounts  of  exudation. 
A  case  may  go  through  several  of  them  and  even  show 
them  simultan(K>usly,  for  multiformity  is  characteristic 
of  the  disease;  but  usually  one  type  only  is  present,  and 
the  commonest  by  far  is  tlie  papular  one.  The  malady 
occurs  especially  in  the  spring  and  fall,  and  la.sts  for  from 
four  to  six  week.s.  It  happens  at  any  age.  and  is  some- 
what more  frequent  in  females  than  in  males.  The 
mucosa;  are  occasionally  affected.  It  is  prone  to  relapse, 
and  usually  reappears  in  its  original  type.  It  is  oc- 
casionally complicated  with  purpura,  acute  articular 
rheumatism,  and  endocarditis. 

Its  typical  course  and  location,  the  papules  or  tubercles 
whose  red  color  is  removable  on  pressure,  and  the  absence 
of  desquamation  are  sufficient  to  characterize  the  disease. 
An  eczema  has  exudations,  scales,  and  crusts,  and  itches 
intensely.  Vriicaria  has  papules  or  pinkish,  fugacious 
elevations,  with  much  itching  and  reflex  irrritability  of 
the  skin.  A  pipulnr  syphihytlerm  is  copper  colored  and 
not  removable  by  pressure;  the  palms  and  soles  are  usu- 
ally involved,  and  other  syphilitic  symptoms  are  gener- 
ally present.  Prurigo  has  deep  seated,  colorless  papules, 
begins  in  childhood,  and  itches  intensely.  Tricophytosis 
corporu  is  scaly  in  the  centre,  and  the  parasite  can  usu- 
ally be  readily  foimd. 

While  the  arms  are  one  of  the  rarer  sites  for  the  vesicu- 
lar eruption  of  herpes  zoster,  yet  the  fact  should  be 
borne  in  mind  that  this  disease  occasionally  manifests  itself 
hi  the  course  of  the  brachial  nerves.  Its  characteristic 
symptoms  should  make  the  diagnosis  in  most  cases  easy. 
Its  symptomatology  is  this:  The  eruption  is  almost  regu- 
larly preceded  by  distinct  premonitory  symptoms,  con- 
sisting mainly  in  neuralgic  pains  of  variable  degrees  of 
severity  over  the  area  about  to  be  affected  and  lasting 
from  a  few  hours  to  several  days,  occasionally  even  for 
weeks.  Sometimes  they  are  mi.ssing  entirely,  particularly 
in  young  children.  The  pain  may  be  of  a  diffuse  char- 
acttT.  or,  again,  confined  to  certain  points  which  corre- 
spond anatomically  to  the  underlying  nerves  and  their 
ramifications.  The  cutaneous  phenomena  make  their  ap- 
pearance always  in  an  acute  manner  At  first  there  are 
redness  and  slight  swelling  over  the  di.sea.<«'d  area.  This 
is  soon  followed  by  groups  of  small  papular  elevations, 
wiiich  in  the  course  of  a  few  hours  are  transformed  into 
vesicles  from  the  size  of  a  pin-head  to  that  of  a  small 
split  pea,  clos(*ly  clustered  together,  fully  distended. 
and  filled  with  a  clear  .serous  fluid.  The  vesicles  are  at 
first  sharply  contoured  and  surrounded  by  an  erythema- 
tous halo.  Further  on  they  may.  by  peripheral  (\\ten- 
sion,  become  confluent  so  as"  to  form  larger  bulhe.  They 
have  generally  little  tendency  to  burst,  and  do  so  only 
accidentally.  Occasicmally  a  larg<T  surface  may  be  luii- 
formly  studded  with  these  vesicles,  but  as  a  rule  there 
are  several  distinct  and  isolated  groups  of  them,  varying 
in  size  from  a  dime  to  the  palm  of  tin*  hand,  of  irregular 
shape,  and  arranged  more  or  less  exactly  in  the  form  of 
a  semigirtUe  when  situated  on  the  trunk.  In  other  regions 
the  unilateral  distribution  of  the  eruption  along  the 
course  of  oneor  several  cutaneous  nerves  fonnsa  striking 
feature.  These  groups  come  out  successively,  the  one 
nearest  the  spinal  column  usually  appearing  first,  but  all 
the  vesicles  con.stituting  one  patch  are  formed  and  run 
their  course  contemporaneously.  Their  contents  n'lnain 
clear  for  three  or  four  days,  then  become  gradually  more 


turbid,  puriform,  and  by  and  by  dry  out,  fonning  brown- 
ish crusts  which  finally  fall  off  and  leave  in  their  place 
reddish  or  bluish  discolorations.  These  persist  for  some 
time  and  gradually  fade  away.  In  some  instances,  how- 
ever, permanent  marks  may  remain,  which,  by  their  ar- 
rangement and  distribution,  arc  quite  characteristic  of 
the  preceding  eniption.  The  time  consumed  for  the 
completi(m  of  the  cycle  in  each  individual  group  is  from 
eight  to  ten  days,  but  through  the  successive  appearance 
of  fresh  crops  of  vesicles  when  the  older  ones  have  almost 
reacheil  the  point  of  involution,  the  whole  process  may 
bust  up  to  four  or  even  six  weeks. 

The  subjective  symptoms  which  accompany  the  erup- 
tion are  very  variable.  While  in  some  cases  the  prelimi- 
nary neuralgia  ceases  with  the  advent  of  the  cutaneous 
manifestations,  it  is  more  often  present  during  the  whole 
dumtion  of  the  disease,  and  is  intensified  by  a  burning 
and  smarting  sensation  with  which  ever}'  new  crop  of 
lesions  is  ushered  in.  Some  patients  complain  very  little, 
others  seem  to  suffer  very  much,  particularly  from  nightly 
exacerbations  which  may  disturb  the  sleep.  Even  after 
the  completion  of  the  eruptive  stage  there  may  remain 
for  some  weeks,  and  occasionally  for  a  long  period,  dis- 
turbances in  the  sensory  functions  of  the  affected  area. 
Fever  is  frequently  present  with  the  zoster,  but  is  rarely 
of  much  Cimsequence.  A  very  remarkable  fact  in  regaiil 
to  zoster  is  that  it  attacks  a  person  only  once  during  a 
lifetime.  Exceptions  to  this  are  so  few  and  far  between 
that  they  do  not  materially  affect  the  generally  accepted 
law. 

The  termination  of  the  local  manifestations  does  not 
always  indicate  a  complete  restoration  in  the  affected 
territory.  Not  only  may  neuralgic  imins  persist  for  some 
time  and  become  the  source  of  agonizing  attacks  which 
deteriorate  the  patient's  health,  but  in  some  cases  there 
remain  pruritus,  hypenesthesia,  or  complete  anaesthesia 
and  analgesia.  Of  particular  interest  is  the  so-called 
** anaesthesia  dolorosa,"  which  occasionally  follows  a 
zoster.  An  explanation*  for  this  peculiar  phenomenon 
may  be  found  in  that  the  pathological  changes  in  the 
course  of  the  nerve  disturb  the  transmission  of  sensation 
from  the  surface  to  the  centre,  whereby  the  anaesthesia  is 
pix>duced,  w^hile  the  cause  of  the  pain  is  located  in  the 
sensory  root  of  the  spinal  column. 

Although  zoster  is  generally  attributed  to  disturbances 
in  the  sensory  nerves,  the  strange  fact  must  be  recorded 
that  often  muscular  atroph}"^  and  motor  paralysis  are 
oiused  by  it.  Paralysis  of  the  arm  muscles  after  zoster 
brachialis  was  noted  by  Schwimmer,  Joffroy,  Broadbent, 
and  Gibuey. 

The  characteristics  of  zoster  are  usually  so  marked  that 
little  difficulty  can  exist  in  recognizing  it.  Its  unilateral 
distribution  along  the  course  of  well-known  cutaneous 
nerves,  the  successive  appearance  of  groups  of  vesicles, 
their  cyclic  course,  and  the  concomitant  neuralgia  will 
easily  establish  the  diagnosis.  From  eczema  it  is  readily 
ditTereutiated  by  the  larger  size  of  its  vesicles  and  their 
tendency  to  persist  as  such,  whereas  in  the  former  they 
burst  very  soon  and  give  rise  to  characteristic  oozing 
(Zeissler). 

Psoriasis  is  a  disease  which  on  account  of  its  customary 
distribution  merits  a  description  among  the  cutaneous 
affections  of  the  arm.  The  lesions  of  psoriasis  are  char- 
acterized by  the  formation  of  a  thick  imbricatcnl  covering 
of  dry  scales  of  a  light  yellow,  pearly  white,  or  silvery 
color  situated  on  a  reddish,  slightly  elevateil,  well-defined 
base.  The  disease  appears  without  premonitory  symp- 
toms, and  the  first  indication  of  its  presence  is  the  appear- 
ance of  small  pin-head  sized,  ro.se-colored  spots,  which  in 
a  day  or  two  become  covered  with  silvery  .scales,  psoriasi 
])unctata.  These  spots  increase  at  the  periphery,  whil 
tile  scales  become  piled  up  into  thick  crusts  which. 
their  resemblance  to  drops  of  mortar  spattertnl  on  th 
skin,  constitute  the  form  known  as  psoriasis  guttata.  Ifl 
the  attack  runs  an  acute  eourst*.  the  patches  rapidly  in- 
crcasi'  in  size,  and  in  a  week  may  attain  the  dimensions 
of  coins,  psoriasis  nummularis.  Uenerally,  however,  th 
eruption  is  noted  for  its  chronicity,  and  months  arc 
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munity  to  the  attack  of  the  streptococcus.  This  will 
account  for  the  tendency  that  is  sometimes  manifested  in 
streptococcic  processes  to  linger  on  in  a  mitigated  yet 
protracted  manner,  continuing  to  vegetate  in  the  tissues 
in  an  obstinate  yet  less  virulent  form  than  at  the  outset 
of  the  attack.  This  is  particularly  prone  to  be  the  case 
in  cases  of  extensive  involvement  of  tissues  of  low  vascu 
larity.  The  vitality  of  the  germs  permits  their  contiuu 
ous  growth  in  tissues  of  feeble  resisting-powers.  while 
the  system,  through  the  accumulated  stores  of  antitoxin, 
can  so  far  neutralize  the  toxic  products  of  the  Iwcterial 
growth  that  the  matenals  absorbed  do  not  poison  the 
body,  as  is  shown  by  the  diminished  fever  and  the  gen- 
eral subsidence  of  general  constitutional  symptoms,  in 
spite  of  the  lingering  of  the  local  process  in  the  fascial 
layers.  Thus  arises  a  prolonged,  quasi -chronic  form  of 
the  trouble,  which  is  particularly  likely  to  supervene 
when  the  fascial  planes  of  the  extremities  are  invaded. 
The  streptococcic  invasion  of  the  fascial  planes  of  the 
arm  and  forearm  is  generally  first  along  the  deep  fascia, 
with  or  without  concomitant  involvement  of  the  superfi- 
cial fascia  and  the  skin.  Only  when  the  process  lias  been 
for  some  time  under  way  do  the  muscular  septa  become 
involved,  and  then  a  most  formidable  condition  known 
as  a  deep  dissecting  phlegmon  results. 

The  systemic  effects  have  already  been  mentioned 
above.  The  local  symptoms  are  characteristic  in  typical 
cases,  and  allow  a  ready  diagnosis.  At  a  point,  it  may 
be  bordering  on  a  wound,  but  more  frequently  at  a 
greater  or  less  distance  to  the  proximal  side  of  it,  the  skin 
will  be  seen  to  have  a  somewhat  livid  hue,  and  will  ap 
pear  somewhat  cedematous;  yet  there  will  be  lacking  the 
dense  infiltration  of  all  the  tissue  layers  which  character 
izes  a  general  cellulitis  depending  upon  infection  with 
the  staphylococcus.  Then,  too,  the  classical  signs  of  in- 
flammatory action  will  be  less  marked,  unless  the  skin 
and  superficial  fascia  are  also  involved — i.e.,  there  will 
be,  as  compared  with  the  staphylococcic  infection,  less 
redness,  less  swelling,  less  heat,  and  less  pain.  The 
original  wound  may  or  may  not  appear  to  be  involved 
in  the  infection,  or  if  the  wound  is  itself  the  seat  of  sup- 
puration, the  channel  of  communication  between  the 
original  wound  and  the  seat  of  the  secondary  suppura- 
tive process  may  be  difliicult  to  trace. 

The  limit  of  the  involved  area  is  very  indistinct,  as, 
owing  to  the  want  of  vascularity  of  the  affected  tissues. 
there  is  no  marked  inflammatory  induration  acting  as  a 
wall  of  circumvallation  about  the  focus  of  infection.  To 
the  examining  finger,  the  sensation  imparted  on  palpation 
is  rather  that  of  a  layer  of  fluid  separating  the  tis-sues, 
than  that  of  a  localized  abscess  with  indurated  borders 
^nd  softening  centre. 

When  the  skin  and  superficial  fascia  are  also  involved, 
^'hich  is  the  exception  rather  than  the  rule,  the  implica- 
tion of  these  more  vascular  structures  in  the  morbid  proc- 
ess will  lend  the  appearance  of  a  more  acutely  inflam- 
matory type  to  the  disease.     The  redness  will  be  that  of 
the  angry  blusli  of  cutaneous  erysipelas.     The  inflam- 
matory exudation  into  the  interstices  of  the  skin  will 
afford  a  more  marked  swelling,  and  a  brawny  feel  to  the 
tissues  on  palpation.     The  epidermis  may  be  lifted  in 
more  or  less  extensive  vesicles  or  blebs,  whose  original 
serous  contents  may  become  sanguinolent,  and  the  de- 
limitation of  the  focus  of  infection  may  be  more  distinct. 
the  deep  fascia  being  rarely  involved  in  these  cases  much 
beyond  the  cutaneous  blush. 

The  disease,  if  untreated  or  if  refractory  to  treatment, 
though  it  tends  to  recovery  through  exhaustion  of  the 
virulence  of  the  infecting  germ,  yet  is  likely  to  be  ex- 
tremely destructive  to  the  tissues  which  it  attacks;  and 
if  the  accumulating  pus  is  not  freely  evacuated,  the  proc- 
ess, although  residing  by  preference  in  the  layers  of 
connective  tissue  first  attacked,  yet  can  easily  transgress 
these  limits  and  by  the  erosive  and  solvent  action  of  the 
pus,  or  by  the  progressive  outgrowth  of  the  streptococci, 
mvolve  contiguous  structures  to  an  extent  that  may  be 
dangerous  to  life  through  secondary  hemorrhage,  due  to 
erosion  of  an  artery,  or  from  pyaemia,  due  to  septic 


thrombosis  in  the  veins  followed  by  "  yellow  softening  " 
of  the  clot  and  embolism. 

The  prognosis,  in  the  forms  affecting  the  fascia  alone, 
is  good,  if  opportunity  is  given  for  a  free  hand  in  the  sur- 
gical treatment  of  the  case,  and  the  patient  has  a  certain 
strength  of  constitution  behind  him.  In  the  form  more 
strictly  known  as  phlegmonous  erysipelas — i.e.,  the  form 
complicated  by  the  involvement  of  the  skin  and  super- 
ficial fascia  as  well — the  prognosis  is  grave  if  any  con- 
siderable portion  of  the  limb  is  involved.  In  that  form 
of  the  disease  in  which  the  deeper  connective-tissue  planes 
are  involved  —  i.e.,  the  intramuscular  septa  and  the 
perimysium — while  the  prognosis  as  to  life  is  fair,  the 
prognosis  as  to  restoration  of  the  limb,  or  even  as  to  life 
without  sacrificing  the  limb,  is  uncertain. 

The  diagnosis  of  typical  cases  is  not  difllcult,  the 
non-involvement  of  the  adjoining  structures  being  more 
or  less  readily  appreciable  and  characteristic.  Erysipela- 
tous infection  of  the  fascia  is  to  be  differentiated  from 
the  general  inflammatory  opdema  surrounding  a  focus  of 
deep-seated  suppuration,  from  malignant  oedema,  aod 
from  the  tuberculous  and  syphilitic  forms  of  connective- 
tissue  disease.  The  points  of  differentiation  from  deep- 
seated  and  destructive  abscess  of  staphylococcic  origin 
have  been  described  above.  They  are :  non-involvement 
of  the  skin,  or  its  involvement  under  a  strictly  erysipela 
tous  type  of  inflammation  with  the  characteristic  blush ; 
the  formation  of  blebs  and  superficial  intUtration  and 
thickening  of  the  skin  itself,  quite  different  from  the 
brawniness  accompanying  the  infiltration  of  the  deeper 
layers,  which  is  characteristic  of  a  deep  abscess.  Further- 
more, there  is  wanting  in  this  form  of  inflammation  the 
delimiting  wall  of  inflammatorv  exudate  which  marks 
ordinary  abscess  formation,  and  no  distinct  line  of  de 
marcation  separates  the  affected  from  the  healthy  tissue. 

From  malignant  oedema  an  erysipelatous  infection  of 
the  fascial  planes  is  likewise  to  be  differentiated  by  the 
less  malignant  and  acute  character  of  the  disease ;  by  the 
absence  of  the  extreme  fetor  accompanying  that  lesion, 
and  by  its  tendency  to  confine  itself  to  one  kind  or  to 
one  layer  of  tissue.  Malignant  oedema  is  a  rare  disease  in 
man,  and,  according  to  jPark,  is  essentially  a  specific 
form  of  gangrene. 

From  the  tuberculous  form  of  the  disease,  the  erysi- 
pelatous form  is  to  be  distinguished  by  its  rather  prompt 
following  upon  a  wound  on  the  distal  side  of  the  phleg- 
mon (two  to  twelve  days),  by  its  rather  rapid  rise  to  an 
acme  (four  to  six  days),  by  distinct  evidences  of  sepsis 
rather  than  cachexia,  by  the  character  of  the  evacuated 
discharge  (more  distinctly  purulent  and  often  containing 
more  or  less  extensive  sloughs),  and  by  the  pain  and  heat, 
which  are  much  more  distinct  than  in  the  cold  abscess. 

From  syphilis  of  the  fascia,  an  erysipelatous  process 
can  be  distinguished  by  the  absence  of  the  gummatous 
infiltration,  by  the  fever  and  pain,  by  the  sudden  onset 
often  consecutive  to  a  lesion  on  the  distal  side  of  the 
phlegmon,  and  by  the  absence  of  other  manifestations  of 
syphilis.  It  must,  however,  be  borne  in  mind  that  a 
syphilitic  subject  may,  quite  as  readily  as  any  other,  be 
come  the  subject  likewise  of  a  non-syphilitic  infection  of 
the  fascia. 

The  treatment  of  erysipelatous  disease  of  the  fascia 
consists  in  giving  the  freest  possible  vent  to  the  pus,  in 
vigorous  local  antisepsis,  in  stimulating  and  supporting 
the  general  system,  and  in  some  instances  in  the  intro- 
duction into  the  circulation  of  a  specific  antitoxin. 

As  long  as  the  disease  is  confined  to  the  deep  fascia, 
we  may  expect  by  free  incision  and  by  the  local  applica- 
tion of  antiseptics  to  arrest  the  infectious  process.  In- 
cisions to  this  end  should  be  made  subject  to  these  rules: 
They  should  be  parallel  to  the  long  axis  of  the  limb ;  they 
should  penetrate  down  to,  but  not  beyond,  the  deep 
fascia:  and  they  should  be  numerous  enough  and  long 
enough  to  give  easy  access  to  all  demonstmbly  affected 
tissue.  With  these  rules  in  mind  the  .surgeon  should  and 
may  incise  the  tis.sues  freely  and  extensively,  and  may 
do  so  without  great  danger  either  of  provoking  extensive 
hemorrhage  or  of  exposing  the  patient  to  sloughing  of 


459 


Arm  and  Forearm* 
Arm  and  Forearm. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


the  skin,  or  to  more  extensive  ^ngrenc  of  tlie  extremi 
ties,  as  the  main  blood  vessels  run  beneath  the  deep 
fascia,  and  the  cutaneous  branches  arc  fuily  as  likely  to 
have  been  already  obliterated  by  the  septic  process  as 
they  are  to  be  divided  by  the  knife.  It  is  well  to  avoid 
the  large  superficial  venous  trunks  of  the  forearm,  and 
particukr  pains  should  be  taken  to  avoid  the  mediana 
profunda  vein  at  the  angle  of  divergence  of  the  median 
basilic  and  median  ceplialic  veins,  as  this  is  the  main 
communicating  branch  between  the  deep  and  superficial 
sets  of  blood-vessels,  and  by  extension  along  this  vein  a 
thrombus  might  communicate  the  septic  process  to  the 
deeper  tissues. 

After  free  incisions  have  been  made,  there  comes  up 
the  question  of  whether  or  not  it  is  best  to  use  the  curette. 
This  is  generally  pretty  decidedly  to  be  answered  in  the 
negative.  The  introduction  of  the  curette,  even  of  the 
rinsing  curette,  into  the  crevices  between  the  deep  fascia 
and  the  skin,  where  the  infectious  process  is  mainly 
located,  can  hardly  serve  to  dislodge  septic  material 
spread  over  a  large  area  to  any  such  degree  of  thorough- 
ness as  will  compensate  for  the  disadvantages  attending 
the  mechanical  lifting  of  one  anatomical  layer  off  the 
other,  for  by  means  of  this  disturbance  of  the  anatomical 
layers  the  infecting  genns  are  given  more  ready  access 
to  still  uninvade<l  regions.  The  case  is  quite  aifferent 
from  that  of  a  circumscribed  abscess,  where  over  a 
region  of  comparative  small  area  necrotic  tissue  needs  to 
be  removed  to  a  considerable  depth.  In  fascial  erysipelas 
a  large  area  is  affected  to  only  a  motlerate  depth ;  and 
weighing  the  results  of  the  unavoidable  trauma  on  the 
one  hand  infiicted  by  the  instrument,  with  the  propor- 
tionate gain  in  the  removal  of  septic  material  on  the  other 
hand,  the  balance  will  in  most  cases  be  against  the  use 
of  the  curette  in  septic  fascial  disease. 

Less  damage  is  likely  to  ensue  from  the  careful  use  of 
the  probe  in  exploring  the  extent  to  which  the  purulent 
process  may  have  undermined  the  skin ;  in  fact,  a  careful 
exploration  of  this  kind  is  indispensable  to  guide  the 
surgeon  in  making  his  incisions.  It  is  particularlv  neces- 
sary to  make  at  least  one  incision  at  the  proximal  border 
of  the  suppurating  area,  so  as  to  permit  thorough  flush- 
ing of  the  infected  tract  and  to  establish  through-and 
through  drainage,  and  the  upper  limits  of  the  suppura- 
tion can  most  conveniently  be  determined  by  the  use  of 
the  probe. 

When  once  the  limits  of  the  disease  have  been  deter- 
mined and  the  necessarv  incisions  have  been  made,  a  thor- 
ough flushing  of  the  (Iisea.sed  area  with  antiseptic  solu- 
tions should  follow.  To  this  end  considerable  hydrostatic 
pressure  should  be  employed,  and  every  effort  should 
be  made  to  force  the  fluid  injected  at  one  incision  to 
escape  at  another.  If  this  does  not  readily  follow  on  in- 
trotlucingthe  tip  of  the  irrigating- tube  at  one  orifice,  it  is 
quite  in  order  to  make  a  passage  for  the  fluid  by  sub- 
cutaneous dissection  if  necessary,  either  by  dividing  the 
obstructing  tissue  bands  with  the  knife,  or  by  forcing  the 
tip  of  the  glass  irrigating- tube  imder  the  skin  until  the 
flow  is  established  from  one  incision  to  another.  A  solu- 
tion of  mercuric  chloride.  1  to  1,()00,  is  freciuently  u.sed  for 
this  purpose,  and  should  Ihj  pa.ssed  through  the  wounds 
in  large  quantities.  Stronger  solutions  of  this  same  siilt 
may  be  used:  but  if  they  are,  a  second  flushing  with  plain 
water  should  follow  on  account  of  the  poi-sonous  qualities 
of  the  saU. 

Aside  fi'om  its  value  as  an  antiseptic,  certain  merlian- 
ical  advantages  attend  the  use  of  hy(lrog<*n  peroxide  in 
septic  infection  of  the  fascial  planes — namely,  the  liber- 
ated gas  lifts  apart  the  layers  of  tissue  and  opens  up  the 
disiMis(»(l  territory  to  the  further  action  of  tlie  antiseplic, 
yet  lifts  the  superficial  layer  very  gently  and  ev<'nly 
without  carrying  septic  material  into  uninvadcd  areas. 
Furthermore,  the  development  of  the  oxygen  gas  can  be 
felt  through  the  integument,  and  the  bubbling  of  the  gas 
may  be  suificiently  appreciable  to  the  touch  of  tjje  sur- 
geon to  act  as  an  indicator  of  the  presence  of  suppuntting 
tracts,  jxrliaps  unsuspected  from  investigation  witli  the 
j)r(»lH'  alone. 


After  free  multiple  incisions  and  thorough  flashing, 
seton  drains  sliould  be  inserted,  passing  subcutaneously 
from  one  incision  to  another ;  this  is  a  far  more  useful 
form  of  drainage  than  the  mere  packing  of  the  wound 
with  gauze.  In  fact,  distention  of  the  pockets  is  to  be 
avoided  on  account  of  the  undesirable  tension  on  the 
margins  of  tlie  affected  area  where  the  process  is  likely 
to  extend.  It  is  essential  to  the  usefulness  of  the  seton 
that  the  incision  through  which  it  entcrsand  that  through 
which  it  emerges  sliould  be  suflSciently  ample  so  tliat  we 
lips  of  the  wound  shall  not  hug  tightly  the  material  of 
which  the  seton  is  composed,  otherwise  the  object  both 
of  the  seton  and  of  the  incision  is  nullified.  The  object 
of  the  seton  is  strictly  that  of  a  wick,  and  this  function 
is  much  better  fulfilled  by  a  slender  seton.  easily  mova 
ble  to  and  fro  in  its  bed,  than  by  a  large  mass  of  material 
which  chokes  the  orifices  of  entrance  and  of  exit  and  dis- 
tends the  cavity  which  it  meant  to  drain.  The  best  ma- 
terial for  a  seton  is  sterilized  absorbent  lamp-wicking,  or 
perhaps  iodoform  lamp-wicking.  A  good  substitute  for 
this  is  a  ribbon  of  plain  or  icSoform  gauze,  from  one- 
half  to  one  and  a  half  inches  wide,  folded  once  or  twice 
on  itself.  Either  tlie  seton  should  be  threaded  through 
the  eye  of  a  seton  probe,  or  through  the  eye  of  the  probe 
should  be  threaded  a  ligature  of  heavy  silk  and  this  loop 
be  used  as  the  carrier  for  the  bulkier  seton. 

After  the  incisions  are  made  and  the  wound  is  flushed 
out,  and  the  sctons  are  drawn  through,  the  question  of 
dressings  comes  up. 

Just  here  it  is  necessary  to  suggest  caution  in  the  in- 
discriminate application  of  w^et  aressings.  The  advan- 
tages in  the  use  of  wet  dressings  lie  in  the  greater  absorp- 
tive powers  of  the  wet  dressing  by  which  the  discharges 
are  more  readily  withdrawn  from  the  neighborhood  of 
the  wounds,  and  in  the  more  efficient  action  of  the  anti- 
septics with  which  the  dressings  may  be  permeated. 

The  dangere  from  wet  dressings,  however,  are  also  two- 
fold. First,  they  provoke  a  certain  amount  of  macem- 
tion  of  the  skin,  by  which  erysipelatous  dermatitis,  an 
ever-threatening  complication,  is  invited.  Secondly,  the 
relaxation  and  softening  of  the  tissues,  which  is  advan- 
tageous in  relieving  the  stasis  in  the  capillaries  where 
more  vascular  structures  are  involved,  may  prove  equally 
effective  in  furthering  the  spread  of  the  streptococci  along 
the  planes  of  soft  and  comparatively  non-vascular  tissue 
which  are  involved  in  fascial  phlegmons,  allowing  the 
process  to  extend  in  tracts  which  might  otherwise  be  less 
vulnerable  to  their  attack. 

In  view  of  these  two  objections,  I  am  convinced  that 
wet  dressings  must  be  used  with  considerable  caution  in 
phlegmons  whose  principal  seat  is  between  the  deep 
fas<^ia  and  the  skin,  to  avoid  encouraging  the  extension 
rather  than  the  arrest  of  the  disease.  The  more  free  and 
complete  the  drainage,  however,  the  less  these  objections 
hold,  and  where  the  incisions  are  ample  and  numerous, 
the  obvious  advantages  of  the  wet  dressings  may  more 
than  counterbalance  the  objections  to  them,  to  which  at- 
tention has  been  called  by  way  of  caution. 

In  any  case  the  need  of  frequent  renewal  of  the  diess- 
ings  is  imperative.  When  it  is  impossible,  through  too 
great  fatigue  and  pain  to  the  patient,  to  redress  the 
wound  sufficiently  often  to  make  headway  against  the 
persistent  suppuration,  with  the  proviso  that  the  incisions 
sliall  be  sufficient  in  number  and  in  extent,  the  constant 
drip  or  the  constant  bath  may  advantageously  be  substi- 
tuted for  the  wet  dressing.  Inasmuch,  however,  as  the 
disease  we  are  now  considering  affects  principally  non- 
vascular tis.su('s,  the  great  benefits  which  follow  this 
form  of  treatment  when  another  class  of  tissues  is 
involved,  are  not  so  conspicuous  in  cases  of  purely 
fascial  disease.  In  eases  complicated  by  cutaneous  er}'- 
sipelas.  the  constant  bath,  however,  will  be  found  of 
great  vahie. 

At  subsequent  dressings,  after  abundant  provision  has 
been  made  for  the  speedy  discharge  of  pus.  gr<.»at  advan- 
tage will  be  found  in  sjituratiug  the  wicks  which  arc  drawn 
iMMiealh  the  skin  from  incision  to  incision  with  Peruvian 
balsjun.  iehthy<^l,  or  .some  other  tissue  stimulant,  and  this 
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the  skin,  or  to  more  extensive  gangrene  of  the  extreml 
ties,  as  tlie  main  blood  vessels  run  beneath  the  deep 
fascia,  and  the  cutaneous  branches  are  fuily  as  likely  to 
have  been  already  obliterated  by  the  septic  proce^  as 
they  are  to  be  divided  by  the  knife.  It  is  well  to  avoid 
the  large  superficial  venous  trunks  of  the  forearm,  and 
part icu air  pains  should  be  taken  to  avoid  the  mediana 
profunda  vein  at  the  angle  of  divergence  of  the  median 
basilic  and  median  ce])halic  veins,  as  this  is  the  main 
communicating  branch  Iwtween  the  deep  and  superficial 
sets  of  blood -vesscrls,  and  by  extension  along  this  vein  a 
thrombus  might  communicate  the  septic  process  to  the 
deeper  tissues. 

After  free  incisions  have  been  made,  there  comes  up 
the  question  of  whether  or  not  it  is  best  to  use  the  curette. 
This  is  generally  pretty  decidwUy  to  he  answered  in  the 
negative.  The  introduction  of  the  curette,  even  of  the 
rinsing  curette,  into  the  crevices  between  the  deep  fascia 
and  the  skin,  where  the  infectious  process  is  mainly 
located,  can  hardly  serve  to  dislodge  septic  material 
spread  over  a  large  area  to  any  such  clcgn*e  of  thorough 
uess  as  will  compensate  for  the  distid vantages  attendmg 
the  mechanical  lifting  of  one  anatomical  layer  off  the 
other,  for  by  means  of  this  disturbance  of  the  anatomical 
layers  the  infecting  germs  are  given  more  ready  access 
to*  still  uninvadwl  regions.  The  case  is  quite  clifTerent 
from  that  of  a  circumscribed  abscess,  where  over  a 
region  of  comparative  small  area  necrotic  tissue  needs  to 
be  n;moved  to  a  considerable  depth.  In  fascial  erysipelas 
a  large  area  is  affected  tr)  only  a  moderate  depth :  and 
weighing  the  results  of  the  unavoidable  trauma  on  the 
one  hand  inflicted  by  the  instrument,  with  the  propor- 
tionate gain  in  the  removal  of  septic  material  on  the  other 
hand,  the  balance  will  in  most  cases  be  against  the  use 
of  the  curette  in  septic  fascial  disease. 

Less  damage  is  likely  to  ensue  from  the  careful  use  of 
the  probe  in  exploring  the  extent  to  which  the  purulent 
process  may  have  undermined  the  skin ;  in  fact,  a  careful 
exploration  of  this  kind  is  indispensable  to  guide  the 
surgiHm  in  making  his  incisions.  It  is  particularly  neces- 
sary to  make  at  least  one  incision  at  the  proximal  border 
of  the  suppurating  area,  so  as  to  permit  thorough  flush- 
ing of  the  infected  tract  and  to  establish  through-and 
through  drainage,  and  the  upper  limits  of  the  suppura- 
tion can  most  conveniently  be  determined  by  the  use  of 
the  probe. 

"When  once  the  limits  of  the  disease  have  been  deter- 
mined and  the  necessary  incisions  have  been  made,  a  thor- 
ough flushing  of  the  disc^ased  area  with  antiseptic  solu- 
tions should  follow.  To  this  end  considerable  hydrostatic 
pressure  should  be  employed,  and  every  elTort  should 
be  made  to  force  the  fluid  injected  at  one  incision  to 
escape  at  another.  If  this  does  not  readily  follow  on  in- 
troducing the  tip  of  the  irrigating-tube  at  one  orifice,  it  is 
quite  in  order  to  make  a  pas^^ige  for  the  fluid  by  sub- 
cutaneous dissection  if  necessary,  either  by  dividing  the 
obstructing  tissue  bands  with  the  knife,  or  by  forcing  the 
tip  of  the  glass  irrigating-tube  under  the  skin  until  the 
flow  is  establislied  from  one  incision  to  another.  A  solu- 
tion of  mercuric  chloride,  1  to  1,()00,  is  frecpiently  used  for 
this  purpose,  and  should  be  pa.sst^d  through  the  wounds 
in  large  quantities.  Stronger  soluti(ms  of  this  siune  salt 
may  be  used:  but  if  they  are,  a  second  flushing  with  plain 
water  should  follow  on  account  of  the  poisonous  qualities 
of  the  salt. 

Aside  fi-om  its  value  as  an  antiseptic,  ("crtain  mechan- 
ical advantages  attend  the  usi?  of  hydrogen  peroxide  in 
septic  infection  of  the  fascial  planes — namely,  the  liber- 
ated gas  lifts  apart  the  layers  of  tissue  and  opens  u])  the 
diseased  territory  to  the  further  action  of  the  antiseptic, 
yet  lifts  the  superficial  layer  very  gently  and  evenly 
without  carrying  septic  material  into  uninva(l<'d  areas. 
Furthermore,  the  development  of  the  oxyiren  gas  can  he 
felt  through  the  integument,  and  the  bubbling  of  the  gas 
may  be  sufiiciently  appreciable  to  the  touch  of  the  sur- 
geon to  act  as  an  indicator  of  the  presence  of  supj^urating 
tracts,  perhaps  unsuspected  from  investigation  with  the 
probe  alone. 


After  free  multiple  incisions  and  thorough  flushing, 
seton  drains  should  be  inserted,  passing  subcutaneoiu^' 
from  one  incision  to  another;  this  is  a  far  more  useful 
form  of  drainage  tlian  the  mere  packing  of  the  wound 
with  gauze.  In  fact,  distention  of  the  pockets  is  to  be 
avoided  on  account  of  the  undesirable  tension  on  the 
margins  of  the  affected  area  where  the  process  is  likely 
to  extend.  It  is  essential  to  the  usefulness  of  the  seton 
that  the  incision  through  which  it  enters  and  that  through 
which  it  emerges  should  be  sufficiently  ample  so  tliat  me 
lips  of  the  wound  shall  not  hug  tightly  the  material  of 
which  the  seton  is  composed,  otherwise  the  object  both 
of  the  seton  and  of  the  incision  is  nullified.  The  object 
of  the  seton  is  strictly  that  of  a  wick,  and  this  function 
is  much  Ix'ttxT  fulfilled  by  a  slender  seton,  easily  mova 
ble  to  and  fro  in  its  bed,  than  by  a  large  mass  of  material 
which  chokes  the  orifices  of  entrance  and  of  exit  and  dis- 
t(>nds  the  cavity  which  it  meant  to  drain.  The  best  ma- 
terial for  a  seton  is  sterilized  absorbent  lamp-wicking,  or 
perhaps  iodoform  lamp-wicking.  A  good  substitute  for 
this  is  a  ribbon  of  plain  or  iodoform  gauze,  from  one- 
half  to  one  and  a  half  inches  wide,  folded  once  or  twice 
on  its(.>lf.  Either  the  seton  should  be  threads!  through 
the  eye  of  a  seton  probe,  or  through  the  eye  of  the  probe 
should  be  thrt^aded  a  ligature  of  heavy  silk  and  this  loop 
be  used  as  the  carrier  for  the  bulkier  seton. 

After  the  incisions  are  made  and  the  wound  is  flushed 
out,  and  the  sctons  arc  drawn  through,  the  question  of 
dres.sings  comes  up. 

Just  here  it  is  necessary  to  suggest  caution  in  the  in- 
discriminate application  of  wet  dressings.  T^e  advan- 
tages in  the  use  of  wet  dressings  lie  in  the  greater  absorp- 
tive powera  of  the  wet  dressing  by  which  the  discharges 
are  more  readily  withdrawn  from  the  neighborhood  of 
the  wounds,  and  in  the  more  efficient  action  of  the  anti- 
septics with  which  the  dressings  may  be  permeated. 

The  dangers  from  wet  dressings,  however,  are  also  two- 
fold.    First,  they  provoke  a  certain  amount  of  macera- 
tion of  the  skin,  by  which  erysipelatous  dermatitis,  an 
ever-threatening  complication,  is  invited.     Secondly,  the 
relaxation  and  softening  of  the  tissues,  which  is  advan- 
tageous in  relieving  the  stasis  in  the  capillaries  where 
more  vascular  structures  are  involved,  may  prove  equally 
effective  in  furthering  the  spread  of  the  streptococci  along 
the  planes  of  soft  and  comparatively  non-vascular  tissue 
which  are  involved  in  fascial  phlegmons,  allowing  the 
process  to  extend  in  tracts  which  might  otherwise  be  less 
vulnerable  to  their  attack. 

In  view  of  these  two  objections,  I  am  convinced  that 
wet  dressings  must  be  used  with  considerable  caution  in 
phlegmons  whose  principal  seat  is  between  the  deep 
fascia  and  the  skin,  to  avoid  encouraging  the  extension 
rather  than  the  arrest  of  the  disease.  The  more  free  and 
complete  the  drainage,  however,  the  less  these  objections 
hold,  and  where  the  incisions  are  ample  and  numerous, 
the  obvious  advantages  of  the  wet  dressings  may  more 
than  counterbalance  the  objections  to  them,  to  which  at- 
tention has  been  called  by  way  of  caution. 

In  any  ease  the  need  of  frequent  renewal  of  the  dress- 
ings is  imperative.  When  it  is  impossible,  through  too 
great  fatigue  and  pain  to  the  patient,  to  redress  the 
wound  sufiiciently  often  to  make  headway  against  the 
l^ersistent  suppuration,  with  the  proviso  that  the  incisions 
shall  be  sufticient  in  number  and  in  extent,  the  constant 
drip  or  the  constant  bath  may  advantageously  be  substi- 
tuted for  the  wet  dressing.  Inasmuch,  however,  as  the 
disease  we  are  now  considering  affects  principally  non- 
vascular tissues,  the  great  benefits  which  follow  this 
form  of  treatment  wlien  another  class  of  tissues  is 
involved,  are  not  .so  conspicuous  in  cases  of  purely 
fascial  disease.  In  cases  complicated  by  cutaneous  erv- 
si])elas.  the  crmstant  bath,  however,  will  be  found  of 
irreat  vahi<'. 

At  siil)sei|uent  dressings,  after  abundant  provision  lias 
been  made  for  the  speedy  di.scharge  of  pus,  great  advau- 
taire  will  be  fotind  in  s:ituratingthe  wicks  which  arc  drawn 
beneaiii  the  skin  from  incision  to  incision  with  Peruvian 
balsun,  ichthyol,  (»r  some  other  tissue  stimulant,  and  this 
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the  fascia  is  almost  always  of  one  type — that  of  a  gum 
matous  deposit.  This  type  of  syphilitic  lesion  is  one  of 
the  later  manifestations  of  syphilis,  and,  except  in  the 
precocious  or  malignant  type  of  the  disease,  is  scarcely  to 
be  looked  for  imtil  after  the  second  year.  A  painless, 
though  possibly  tender  sul)cutaneous  tumor  extending 
rather  widely  beneath  the  skin,  without  the  characteristics 
of  malignancy  on  the  one  hand,  nor  the  encapsulation 
and  lobulation  of  the  lipoma  or  soft  libroma  on  the  other 
hand,  nor  yet  the  fluidity  of  an  advanced  tuberculous  or 
pyogenic  process,  will  suggest  the  diagnosis  of  fascial 
gumma.  When  the  gummy  deposits  have  likewise  in- 
vaded the  skin  proper,  and  secondary  infection  with 
pus  germs  has  taken  place,  the  differentiation  between 
syphilis  and  tulwrculosis  of  the  fascia  may  be  somewhat 
ambiguous.  Incision  into  the  mass  will  soon  reveal  the 
characteristic  appearance  of  the  gumma  if  the  diagnosis 
be  not  alrt»ady  made.  If  still  not  made  at  the  time  of  the 
incision,  the  exceedingly  intractable  character  of  the  le- 
sion under  onlinary  surgical  treatment  will  suggest  the 
diagnosis,  especially  when  contrasted  with  its  readiness 
to  heal  under  antiseptic  treatment  when  this  is  combined 
with  the  exhibition  of  antisyphilitics. 

It  has  been  well  sjiid  that  the  whole  responsibility  of 
the  surgeon  is  not  discharged  when  a  diagnosis  of  syphilis 
has  been  made,  and  gumma  of  the  antibmchial  fascia  is 
eminently  a  case  in  point.  Although  by  stimulating  the 
activity  of  the  lymphatics  with  potassium  i(xlide.  even 
an  extensive  gununatous  deposit  may  be  eventually  re- 
moved, yet  tiie  complete  and  speedy  restomtion  of  the 
arm  is  much  better  insured,  especially  when  secondary 
pyogenic  infection  is  present,  by  free  incision  and  vigor 
ous  clearing  away  of  the  gumma  with  the  rinsing  curette, 
deixMiding  on  the  constitutional  treatment  to  ccmiplete 
the  cure. 

{(I)  Contrticinre  of  the  Antihrachial  Fascia. — To  the 
diseases  of  the  fascia  which  have  thus  far  l)een  described 
must  be  added,  for  the  sake  of  completeness,  certain  rare 
cases  of  contracture  of  the  antihrachial  fascia  in  which  this 
membnine  imjietles  the  action  of  the  muscles  governing 
the  hand  by  rendering  the  member  as  it  were  **  hide- 
bound." Little  or  notliing  is  known  of  the  pathology  of 
this  rare  condition,  except  that  it  is  sometimes  seen  as*  the 
sequel,  either  tempomry  or  permanent,  of  other  forms  of 
fascial  disease.  The  affection  is  stmietimes  seen,  how 
ever,  in  a  strictly  progressive  fonn  without  tmceable 
antecedent  disease  or  injury. 

Steaming  and  niassjige  would  suirgest  themsi'lves  as 
the  most  promising  means  at  haiul  for  combating  the 
ditliculty.  and  A.  Kichft  has  recorded  one  case  which 
yielded  to  potassium  iodide,  and  was  in  consequence 
deemed  lo  be  of  syphilitic  origin. 

III.    Affections   of    thk    Bones,    the    PEiaosTEr.M. 

AND  THE  Joints. 

(a)  The  Bones. — Of  the  bones  of  the  ann  and  forearm, 
the  ulna  or  mdius  may  be  concjenitally  absent;  in 
which  ca.se  the  remaining  bone  undergoes  a  eoin]>ens}itorv 
hypertrophy,  and  this  produces  a  latenil  curvature  of  the 
wrist  awav  from  the  enlarired  side. 

The  bones  may  atkoimiy  as  a  senile  change  or  from 
disuse,  especially  in  long-standing  ankylosis,  mireduced 
dislocation,  or  pandysis.  or  their  (h^vclopnient  may  be 
arrested  in  the  later  stages  of  infantile  j^aralysis. 

In  ACUOXDROPEASIA  the  bones  of  the  forearm  often 
appear  much  thickened  and  curved. 

Rickets,  as  Park  describes  it.  is  a  constitutional  dys 
trophy  caused  by  improper  dej^osition  of  calcareous  ma 
terial  in  the  soft  and  somewhat  perverted  f(etalearlilages. 
Pathologically  it  is  marked  both  by  a  defect  in  the  cal- 
cium content  and  also  by  the  irregular  epii)hyseal  lines 
and  excessive  amount  of  va.scular  tissue.  "  On  making  a 
section  through  the  end  of  the  bone,  one  sees  tha  instead 
of  the  two  sides  of  the  epiphyseal  cartilage  being  pandlel 
to  eaeh  other,  that  next  the  diaphysis  is  (piite  irregular, 
there  are  islets  of  cartiUige  extending  into  the?  bone,  the 
epiphyseal  line  is  very  much  thickened  and  the  ossifica- 


tion is  very  irregular  "  (Cheyne).  The  result  is  that  at 
the  epiphyseal  lines  one  can  feel  a  distinct  enlargement, 
especially  noticeable  at  the  wrist,  the  low^er  end  of  the 
radius  being  as  a  rule  the  first  part  affected.  Owing  to 
the  softening  of  the  bony  tissue,  curves  and  deviations  of 
the  bones  of  the  amis  occur  in  severe  cases  in  infancy, 
secondary  to  kyphosis  of  the  spinal  column,  the  chiM 
tending  to  assume  a  frog  like  position  to  relieve  the  spine 
of  the  weight  of  his  head  and  shoulders.  In  some  in- 
stances fractures  have  been  observed  to  occur  in  rickety 
lM)nes  on  slight  provocation.  The  treatment  is  regulation 
of  the  diet  and  improvement  in  the  hygienic  conditions 
together  with  the  administration  of  tonics.  Phosphorus 
and  the  hypophosphites  are  especially  recommended. 

The  radius  is  a  common  place  for  the  commencement 
of  osteitis  deformans.  Here  tlie  bones  enlarge  and 
soften,  and  a  distinct  bowing  is  at  times  noticed,  while 
from  the  irregular  enlargement  of  the  articular  ends,  the 
hand  is  often  deflected.  This  disease,  which  is  also 
known  as  Paget 's  disea.sc  of  the  bones,  is  a  rare  affection, 
appearing  generally  after  middle  age.  The  disease  is 
essentially  a  symmetrical  one 

The  articular  ends  of  the  humerus  and  ulna  may  be  in 
volved  in  the  hypertrophy  characteristic  of  marie *s  dis- 
ease or  osteoarthropathi'e  Jiypertrophiante  pneumiquf. 

In  senile  atrophy,  osteomalacia  and  osteopsathyrosis, 
as  also  in  rickets,  in  syringomyelia,  and  in  metastatic  de- 
posits from  malignant  tumors,  e.g.,  carcinoma  of  the 
brea.st,  sroxTAXEors  or  pathological  fractures  are 
prone  to  occur  due  to  the  diminished  resisting-power  of 
the  bony  tissue.  Slight  falls,  as  from  a  chair,  or  even 
mtxlerately  severe  muscular  strain  may  be  sufficient  to 
cause  these  injuries,  and  when  once  incurred  they  often 
refuse  to  unite  properly. 

Of  the  rarer  fonns  of  inflammatory  disease  of  the 
os.seous  system  occurring  in  the  upj)er  extremities,  acting 
mycosis  occurs  as  a  secondary  deposit.  Leprosy  may  at- 
tack the  bones  directly  or  their  nutrition  may  be  inter 
fered  with  through  the  influence  of  this  disea.se  upon 
their  trophic  nerves.  Hydatid  cysts  may  also  develop  in 
the  bones,  leading  to  spontaneous  fracture  or  to  circum- 
scribed swellings.  In  scurvy,  hemorrhage,  either  of  a 
subperiosteal  nature  or  directly  into  the  epiphyseal  car- 
tilage, may  take  place  in  the  bones  of  the  arm.  especially 
at  the  distal  extremity  of  the  radius,  giving  rise  to  some 
swelling  and  much  tenderness  over  the  point  affected. 
Sepamtion  of  the  epiphy.sis  is  apt  to  follow. 

Ti'BEUcrLosis  of  the  bones  of  the  ann  may  take  place  in 
the  acute  miliary  form,  which  is  as  rapid  In  its  ravages 
in  this  ti.ssue  as  elsewhere.  This  form  is  fortunately  rare, 
and  its  symptoms  and  treatment  are  those  of  acute  osteo 
myelitis.  The  chronic  form  of  Ixme  tuberculosis  is  quite 
common,  and  most  often  occurs  near  the  epiphyseal  lines 
due  to  the  plu«xging  of  the  tenninal  arteries  (Warren). 
From  this  the  disease  spreads  by  the  formation  of  granu 
lation  tissue  with  a  tendenev  to  sclerosis  and  thickening 
of  the  i)eriosteum.  So  long  as  the  disease  is  active,  the 
tubercles  tend  to  .spread,  and  following  the  direction  of 
least  resistance,  the  shaft,  the  periosteum  (with  sinus 
formation),  or  the  j(^ints  may  be  invaded.  This  tendency 
to  invasion  of  the  joints  is  chamcteristic  of  tulMTculous 
disease,  and  usually  occurs,  as  above  stated,  by  direct 
extension  from  a  focus  in  the  bone.  It  leads  to  destruc- 
tion of  the  joint  structures,  and  is  accompanied  by  tuber- 
culous or  inflammatory  infiltration  of  the  neighboring 
parts.  Deformity  of  the  ])one  from  inflammatory  thick- 
ening with  some  local  tenderness  will  indicate  chronic 
bone  tuberculosis.  The  amount  of  pain,  as  long  as  the 
joint  is  not  involved,  may  be  slight.  A  characteristic 
afternoon  rise  of  temjx'rature  will  .serve  to  differentiate 
tuberculosis  of  the  bone  from  gumma  and  from  osteo- 
Siircoma. 

The  treatment  of  bone  tulxTculosis  is  both  constitu- 
tional and  local.  The  former  aims  to  maintain  the  best 
possible  hygiene  and  to  build  up  the  debilitated  system 
by  tonics.  The  local  treatment  consists  in  inunobilizing 
the  ]>art  by  proper  orthopaedic  appliances,  by  the  injec- 
tion directly  into  the  affected  area  of  antitubcfculous  sub- 
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stances,  notably  a  ten -per  cent,  emulsion  of  iodoform, 
the  biJsam  of  Feru,  or  a  one-per  cent,  solution  of  the 
trichloride  of  iodine  as  recommended  by  Senn.  Igni- 
puncture  is  another  measure  which  lias  been  applied 
in  the  local  treatment  of  tuberculous  bone  lesions.  The 
point  of  a  Paquelin  cautery  at  a  white  heat  is  thrust 
deep  into  the  affected  area.  The  channel  thus  made  is 
then  dressed  with  iodoform.  The  local  treatment  may 
also  include  operative  measures  by  which  the  tuberculous 
focus  may  be  removed  with  a  sharp  spoon  and  the  part 
put  up  in  an  antiseptic  dressing  and  a  fixation  splint. 

If  the  joint  is  extensively  involved,  its  resection  may 
be  necessary,  while  in  the  miliary  form  of  the  disease,  or 
when  a  condition  has  been  reached  in  which  resection 
will  no  longer  eradicate  the  affection,  amputation  of  the 
limb  may  he  required. 

Syphilis  in  its  later  stages  may  attack  the  bones  of  the 
arm,  involving  first  the  periosteum  and  leading  to  the 
formation  of  granulation  tissue  that  tends  to  become 
ossified,  or  to  the  growth  of  true  gumma  which  tends  to 
break  down.  When  the  bone  itself  is  invaded,  which  is 
rare  in  this  locality,  either  a  gumma  or  granulation  tissue 
is  formed  with  a  general  tendency  toward  ossification. 

The  differentiation  between  syphilis  and  tuberculosis 
of  the  bones  may  be  made  clear  by  observing  the  follow 
big  points.  In  syphilis  we  have  a  history  of  chancre  and 
skm  lesions.  The  disease  usually  attacks  the  periosteum. 
It  does  not  tend  to  invade  the  joint ;  does  not  tend  to 
suppurate  or  break  down ;  the  pain  is  usually  nocturnal, 
and  is  referred  at  first  to  the  points  of  attachment  of  the 
ligaments,  and  then  to  exposed  portions  of  the  bone. 
These  symptoms  yield  to  the  exhibition  of  mercury  and 
iodide  of  potassium. 

Tuberculosis,  on  the  other  hand,  may  be  secondary  to 
tuberculous  disease  elsewhere :  it  first  attacks  the  medulla 
and  as  a  rule  tends  to  invade  the  joints.  The  tuberculous 
deposit  softens  and  liquefies.  There  is  not  much  pain  ex- 
cept on  motion.  The  symptoms  do  not  yield  to  the  ex- 
hibition of  antiluetic  remedies.  There  is  a  characteristic 
pyrexia. 

The  treatment  of  bone  syphilis  is  first  the  administra- 
tion of  the  usual  antisyphifitic  remedies.  Should  second- 
ary local  pyogenic  infection  have  occurred,  it  is  proper 
to  cut  down  upon  the  part  and  thoroughly  curette. 

Acute  osteomyelitis  is  an  inflammatory  disease  of  the 
marrow  of  the  bone  terminating  in  suppuration.     As  a 
primary  disease  it  is  most  common  in  children.     It  is 
prone  to  occur  after  slight  traumatisms  followed  by  in- 
ludicious  exposure  to  the  weather  or  other  depressing 
mfluences,  particularly  when  furuncles  or  other  pyogenic 
processes  are  active  in  other  parts  of  the  body.    Thus  it 
Is  seen  after  slight  accidents  in  bathers,  skaters,  where 
sitting  on  the  ground,  or  exposure  to  the  weather  when 
incompletely  clad,  allows  the  vital  forces  to  become  de 
pressed.     It  may,  of  course,  follow  upon  more  extensive 
wounds,   especially  upon    compound    fractures,   where 
direct  access  to  the  medullary  canal  is  afforded  to  the  in 
fecting  germ.     It  frequently  follows  as  a  sequel  to  acute 
exhausting  disease — typhoia  fever,  scarlet  fever,  etc.     It 
is  essentially  a  phlegmonous  inflammation  of  the  marrow. 
The  osteal  and   periosteal   veins  are  closed    by  septic 
thrombi,  and  true  pyemia  may  result  from  their  licjue- 
f action  and  the  discharge  of  septic  matter  into  the  circu- 
lation.    The  medullary  canal  becomes  filled  with  san- 
guineous pus  that  permeates  the  bone  from  within.     On 
reaching  the  periosteum,  i^  burrows  beneath  it  denuding 
the  bone.     After  a  longer  or  shorter  period  of  restraint, 
due  to  resistance  of  this  membrane,  it  breaks  through  it. 
^nd,  if  the  septic  processes  have  not  already  destroyed 
life,  sinus  fonnation  occurs  with  profuse  and  obstinate 
discharge  of  pus.     Owing  to  the  interruption  of  its  nutri- 
ent supply,  more  or  less  extensive  necrosis  of  the  bone 
generally  occura.  and  sequestra  are  formed  varying  in 
«ize  from  that  of  a  pin-head  to  those  involving  almost 
'^he  whole  bone. 

The  disease,  as  a  rule,  is  ushered  in  by  a  chill  and  other 
^symptoms  of  an  acute  febrile  infection.  The  local  symp- 
^ms  are  an  intense  pain  of  a  diffuse,  boring  character 


and  tenderness  over  the  portion  where  the  disease  is  near 
est  the  surface.  Marked  swelling  and  redness  occur  only 
when  the  inflammation  has  spread  to  the  soft  parts.  The 
interference  with  function  is  most  pronounced.  Charac- 
teristic of  this  disease  is  the  intense  pain  which  is  caused 
by  tapping  or  lightly  jarring  the  bone.  By  careful  ma- 
nipulation it  is  usually  possible  to  exclude  disease  in  the 
adjacent  joints. 

If  left  to  itself,  the  disease  is  marked  by  most  intense 
pain  until  the  moment  when  the  restraining  periosteum 
gives  way,  yielding  an  avenue  for  the  escape  of  the  con 
fined  pus  into  the  surrounding  soft  parts.  With  the 
eruption  of  the  pus  through  the  periosteum,  the  classical 
signs  of  inflammation,  heat,  redness,  and  swelling  be- 
come much  more  marked.  A  secondary  o?deina.  how- 
ever, accompanied  with  a  more  or  less  distinct  marbleiza- 
tion  of  the  superficial  veins,  is  often  evident  for  some 
time  before  tlie  perforation  of  the  periosteum  occurs. 
High  fever,  delirium,  and  all  the  symptoms  of  most 
severe  sepsis  attend  the  disease  from  its  outset.  Spon- 
taneous fracture,  suppuration  of  the  epiphysis,  purulent 
synovitis,  thrombosis,  and  metastatic  infections  occur 
as  complications. 

Rest  and  elevation  with  the  use  of  the  ice-bag.  or  con- 
tinued fomentation  may  be  of  service  in  arresting  the 
disease  in  its  earliest  stages.  In  no  disease,  however,  is 
prompt  and  decisive  surgical  intervention  more  urgently 
demanded  than  in  osteomyelitis.  When,  after  brief  trial 
of  these  agents,  decided  subsidence  of  the  symptoms  is 
not  induced,  the  only  way  of  limiting  the  ravages  of  the 
infective  process  is  by  cutting  down  upon  and  drilling 
into  or  otherwise  opening  the  medullary  canal ;  nor  should 
the  involvement  of  the  adjacent  soft  parts  be  awaited  be- 
fore proceeding  to  these  radical  measures.  The  point  of 
greatest  tenderness  will  indicate  the  most  favorable  site 
for  incision,  and  it  is  quite  possible  that  when  through 
early  and  free  incision  relief  is  afforded  to  the  intense 
congestion  of  the  surrounding  parts,  actual  suppuration 
of  the  bone  may  be  averted.  To  this  end  the  incision 
must  extend  not  only  down  to  the  periosteum,  but  actu- 
ally to  the  bone  itself,  and  no  damage  will  be  done  and 
great  relief  may  be  affoixied  by  piercing  the  compact 
myer  of  the  bone  in  one  or  several  places  either  with  a 
bone  drill  or  with  a  small  trephine.  If  through  the 
apertures  thus  made  into  the  bone  pus  be  discovered  in 
the  medullary  canal,  it  will  be  necessary  in  almost  all  in- 
stances to  open  the  canal  with  a  chisel  throughout  the 
greater  part  of  its  length,  and  with  a  sharp  spoon  to  re- 
move very  thoroughly  its  infected  contents.  The  wound 
should  then  be  packed,  and  under  the  use  of  frequent 
dressings  and  copious  irrigation,  we  may  in  most  instances 
hope  for  the  arrest  of  the  disease  without  too  extensive 
necrosis  of  the  bone. 

Under  any  other  form  of  treatment  the  destruction  of 
the  bone  throughout  the  greater  portion  of  its  length  is 
almost  certain,  and  withal  the  danger  to  life  itself  from 
acute  osteomyelitis  is  very  great;  so  that  extensive  as 
may  seem  the  operative  measures  taken  for  the  relief  of 
the  condition,  they  are  really  to  the  last  degree  conserva- 
tive. It  is  astonishing  to  what  extent,  particularly  in 
children  in  whom  tlie  periosteum  has  survived  the  sup- 
purative process,  the  shaft  of  the  long  bones  will  be 
reproduced. 

When  extensive  portions  of  one  of  the  bones  of  the 
forearm  liave  been  removed,  either  by  disease  or  by 
operative  measures,  it  is  necessary  to  take  great  pains 
during  the  process  of  repair  and  reconstruction  of  the 
tissues,  to  maintain  the  mechanical  support  which  was 
afforded  to  the  forearm  by  the  defective  bone,  as  the 
atrophy  consequent  upon  osteomyelitis  of  the  ulna,  un- 
less proper  splints  be  provided,  will  cause  great  deflection 
of  the  hand  toward  the  affected  side.  Still  more  mark- 
etlly  is  this  the  case  when,  through  similar  disease  of  the 
radius,  the  integrity  of  the  shaft  of  that  bone  has  been 
compromised. 

The  FRACTURES  which  occur  in  the  arm  and  forearm  are 
fully  treated  of  elsewhere,  but  certain  facts  in  connection 
with  them  deserve  mention  here.    The  tip  of  the  olec- 
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ranon  process  when  fractiin*<i  behaves  in  n  manner  simi- 
lar to  the  patella.  On  account  of  the  action  of  the  triceps 
muscle  there  is  mon*  or  less  (liastiu*is  of  \hv  fragments, 
precluding  the  (lev<*lopment  of  crepitation  and  interfer- 
ing with  bony  union.  The  treatment  is  on  lines  analo- 
goiis  to  that  |)ursued  in  fractures  »)f  tin*  patella,  and  the 
surgeon  is  called  uptm  in  tlecide  as  to  the  advisability  of 
incision  for  the  purpose  of  wiring  th(t  f  nigments  together. 

The  multiplicity  of  the  muscles  attached  to  the  various 
Ixmesof  the  arm  causes  many  deformities  in  the  limb  after 
fracture  of  the  bones.  If  the  tendj-ncy  t(>  tln*se  ch'forml- 
tiesis  not  foresi'en  and  adequately  provided  against  when 
the  fmcture  is  recent,  tin*  fnigments  may  unite  at  such 
an  angle  as  to  im))e(h'  considerably  the  functicm  of  the 
lind).  This  is  particularly  the  cas<*  in  fmctures  alH)Ve 
the  ellM>w  joint,  and  especially  in  fmctures  of  thectm- 
dyles  an<l  in  s<*pamtion  of  the  lower  epiphysis  of  the 
humerus.  To  obviate  this  accident  it  is  t»fii*n  nec^'ssjiry 
to  wire  the  .sepanited  processes  to  the  shaft  of  the  bone 
and  to  each  other.  K.xubemnt  callus  ]>r(Mbice<l  during 
the  heiding  of  a  fracture  may  seriously  impede  any  or  all 
of  the  functions  of  the  en)ow  joint,  and  synostosis  be- 
tW(X'n  the  radius  and  ulna  mav  occur  to  sucii  an  extent 
as  entirely  to  tlestroy  the  functions  of  pronation  an<l 
supination.  Exuberant  callus  may  also  incbwh*  the  nerves 
and  Vessels  of  the  arm  s<»  as  seriously  to  compromise; 
their  finictions. 

(h)  Thi  Pii'inutt  iiii). — The  IxHies  of  the  arm  and  fore- 
arm are  also,  in  conunon  with  the  other  bones  of  the 
b(Mly,  fr(M|iiently  the  seat  of  diseasiMilTecting  primarily 
and  s^mietimes  excrlusively  the  periosteum;  often  of 
traumatic  origin,  but  sometimes  due  undoubtedly  to 
rheumatism  (met  with  particularly  alM)ut  the  point  of 
tendon  insert i<ms).  and  not  infre(|uently  to  direct  or  in- 
direct pyogenic  infectioji.  or  to  syphilis.  AVIh'U  ])yo 
genie  infection  has  taken  place,  tlie  ditTerential  diag- 
nosis betW(H*n  the  periosteal  and  endosteal  form  of  the 
disease  will  be  suggested  by  the  less<'ned  gmvity  of  the 
symptom.s.  by  the  ai)sen(re  of  marked  evidences  of  general 
sepsis,  together  with  the  pres<*nce  of  similar  local  signs. 
In  the  ai>st^nce  of  pronounced  suppumtion,  we  are 
justitied  in  pursuing  longer,  in  this  form  of  bone  disease? 
than  in  the  other,  our  efforts  to  check  the  process  by 
means  of  rest.  countiT-irritation,  fomentation.s.  etc.,  but 
with  the  advent  of  signs  pointing  to  pus  formation,  free 
incision  amldminage  areas  positively  in<licated  as  before. 

(r^  Th(  Joint}*. — The  articulations  of  th('Uj>perextrenu 
ties  are.  like  those  e]s<-\vliere  in  the  bodv.  liable  tr»  dis- 
location;  for  discussions  of  which  other  portions  of  tliis 
work  mav  be  considted.  It  will,  however,  be  well  to 
call  attention  hen*  to  a  somewliat  nire  atTectinn  f»f  the 
elb(»w.  (Kcnrrinir  exclusivelv  in  infants  and  vouiil*"  chil 
dren.  resulting  from  forcil>l<«  dniiriring  on  the  f<»reann. 
often  bv  the  nui*se.  or  in  plav.  In  this  condititju  the 
forearm  is  held  tlexed  in  a  ]^rone  (»r  s<'ini  proiu'  position. 
and  supination  is  very  painful.  The  condition  is  prob 
ablv  one  of  subluxation  of  the  ladius  downward,  and 
the  partial  escape  of  its  head  fn»m  tlie  iri'jisp  of  tin* 
orbicular  Mirann'nt :  the  n(»nnal  laxitv  of  the  liixanients 
in  chihlhootl  and  the  want  of  full  devel(»]>inent  <»f  the 
head  of  the  radius  contributing  to  make  the  cmidition 
possible.  The  signs  may  be  removed  by  co!ni)lete  su]»i- 
nation  followed  bv  tlexion.  under  an  ana'sthelic  if  necrs- 
sarv.  Tiie  fon*arm  slu)nltl  tln^n  l)e  placed  in  a  .slinir  and 
mas.sage  and  careful  exercise  employed. 

Of  the  primary  inflammations  in  the^e  joints,  simtif. 
SYNOVITIS  is  perhaps  the  most  common.  The  acute  fnrm 
mav  be  du(»  to  tniuma  or  tr»  over-us**.  and  irive<  risr  to 
pain  on  jm-s-sure  or  on  mov<'ment  of  the  joint,  ami  t<» 
swelling  due  to  an  increa.s*-  in  the  amount  <»f  syno^■ial 
fluid,  sometimes  to  an  elTusinn  i)f  blocnl.  A  buljzing 
tumor  is  formed  where  th<'  joint  eap^uli-  is  thin;  in  tin* 
ellM)w  joint  the  tumor  is  generally  shnwn  posteriorly. 
Purulent  infection  of  the  effusion  may  take  ]>lace. 

The  treatment  of  simple  synovitis  is  irst.  pressure. 
cold  or  heat :  in  ob.stinateor  unmanaL'"eable  cas«'s.  incision 
and  irrigation  of  the  joint  may  be  called  for. 

The  chronic  fonn  of  .synovitis  may  date  from  a  previ- 


ous acute  attack,  or  may  Ik'  chronic  from  the  start  Tbr 
\m\\  in  tliis  fonn  is  either  small  or  absent.  Fluctiiatimi 
can  usually  be?  elicited,  while  creakiu^  on  moving  the 
joint  may  Ik*  (iuit(»  a  noticeable  symptom.  Tlie  treii 
ment  here.  tix>.  will  consist  in  pressure,  reset,  niasiagf'. 
counter- irritation,  etc.  It  is  particularly  in  cajses  of 
chronic  synovitis  that  the  local  hot-air  bath  of  a  tempen- 
ture  of  from  30<)^  to  4(Hi'  F.  is  used  with  frreait  suca-SL 

TruKKCCLosisof  the  joint  is  usually  due  to  infectkn 
from  the  Inme,  though  it  may  in  some  cases  be  primirr 
in  the  synovial  membrane.  The  usual  symptoms  an- 
swelling,  due  to  effusion  and  to  the  thiokene<l  capsoW: 
there  is  always  a  Iimitati<m  of  motion,  and  usually  pain, 
due  to  the  friction  of  two  rougheucMl  joint  surfactis,  aiHi 
inarke<l  and  ]»aiuful  spasms  of  the  musi'les  surrr>undiD*r 
the  joint,  while  atmphy  of  these  muscles  is  generally  to 
be  noted.  Inmiobilizalion  of  the  joint,  to*retlier  iith 
ext(»nsion,  are  indictited  as  in  joint  tulierculosfs  elsewhere. 
This  is,  however,  difllcult  to  achieve  in  the  upper  ex- 
trenuty  by  any  portable  apparatus,  though  simple  im- 
mobili/ation  at  the  ellK>w  and  the  wrist  may  be  attaineri 
by  proper  splints.  For  thoroughly  satisfacton"  exten- 
sion, the  use  of  the  weight  and  pulley  with  recumbencr 
in  IkmI  is  es.sential,  and  even  with  these*,  satisfactory' ap- 
plictition  of  this  form  of  treatment  to  the  shoulder  joint 
is  very  difllcult,  owing  to  the  extreme  mobility  of  the 
s<apula.  On  a(?count  of  the  imperfec»tion  of  methods  of 
extension  and  immobilization  in  treating  tuberculosis  of 
the  joints  of  the  upper  extremity,  we  turn  the  more 
H'adily  to  the  use  of  itxloform  emulsion  and  other  sub- 
stances by  injecrtion  into  the  joint  cavities,  and  in  severe 
cas<*s  proceed  to  resecti<»n,  typitral  or  atypical.  In  con- 
junction with  otlier  methocls,  general  tonic  treatment 
should  not  be  fqrgotten. 

Acute  sipimk.vtive  arthritis  is  sometimes  found, 
due  to  tlie  infecticm  from  a  wound,  or  of  Inematogenous 
origin.  All  tin*  signs  of  a  severe  and  acute  inflammation 
are  present.  The  treatment  is  in  all  cases  by  incision  and 
drainage  and  by  immobilizatitm  of  the  joint.  Anky- 
losis is  often  a  result  in  spite  of  our  l)est  efforts. 

Infective  arthritis  is  seen  following  the  acute  infec- 
tious diseases.  It  has  much  the  same  clinical  character  as 
rheiunatism.  but  it  does  not  tend  to  suppurate,  nor  is  it 
migratory. 

The  wrist  is  tlu^  most  prone  of  any  of  the  joints  of  the 
u|)perextn.'mity  to  succumb  to  r.oNORRiicKAii  AUTiiRms. 
Its  Well-known  obstinacy  and  intractability  have  made  it 
an  opin->)ftiniii  intdit'oniui.  Recently  incisi<'>n  and  irriga 
tion  of  the  j<»int  have  been  made  use  of  with  gratifying 
results  in  this  form  of  arthritis. 

In  A(  iTF.  iMiKiMATisM.  iM^sides  the  systenuc  manifesta- 
tions, the  joints  are  inllamed.  painful,  and  tender,  and  the 
articular  alTections  tend  to  migrate.     Rheumatic  arthritis 
is  j)rone  to  attack  the  larger  joints.     In  casi\s  of  chnuiic 
rheumatism,  the  joints  are  stitT  and  painful  but  not  al- 
ways swollen,  while  on  j>assive  motion  a  creaking  mav 
be  elicited.     The  muscles  may  iMH'ome  gn*jitly  wasted. 
and  there  is  a  tendency  toward  fibrous  and  even  boiiv 
ankylosis.     The  treatment  of  the  acute  fc^nu  is  by  ineims 
of  alkalies  and  S{di(  ylates  and  other  appro|)riate  drugs. 
together  with  heat,  pressure,  and  n^st.     In  the  chronic 
forms  the  best  results  are   obtained  from  inassjigc*   and 
active  and  passive  motion,  the  hot-air  bath,  the  copitms 
and  huig  c'ontinu«Ml  use  of  lithia  water,  and  a  strict  anti- 
rheumatic regimen. 

RuKiMAToin  AirrnniTis.  or  arthritis  defornmns.  ischar- 
acterized  by  changes  in  the*  cartilages  and  synovial  niem- 
bnuKs  with  periarticular  fonnation  of  new  lM)ne  and 
great  deformity.  The  cartilage  is  either  thin  or  entirely 
alxorlM'd.  l.-iying  bare  the  bone,  while  at  the  ends  of  the 
joints  osteo]>hytes  lorm  that  may  cjiuse  even  complete 
ankylosis.  This  is  accomiianied  by  a  thickening  and 
contra<'iion  of  the  ligaments  an<l  great  atrophy  of  the 
muscles.  lIy])ertroi)hy  of  the  articular  ends  of  t)ic  l>ones 
is  common,  though  in  some  ca.ses  atrophy  is  observiHl. 
N«'uritis  is  ])rone  to  occur  as  a  complication.  The  trt^t- 
ment  is  by  ma.ssiige,  forced  passive  motion,  and  hot-air 
baths,  but  the  disea.se  has  a  tendency  to  become  pro- 
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gressive,  and  in  severe  cases  but  little  benefit  is  derived 
from  treatment  of  any  kind. 

A  SPRAIN  is  produced  when  the  motions  of  a  joint  are 
carried  beyond  their  physiological  limits,  but  stop  short 
of  permanent  displacement  of  the  articular  ends.  With 
this  there  is  either  a  stretching  or  rupture  of  portions  of 
the  capsule  or  ligaments,  accompanied  by  pain,  swelling, 
ecchymosis,  and  limitation  of  joint  motion  with  tender- 
ness over  the  joint.  Sprains  are  especially  prone  to  occur 
at  the  wrist,  though  the  elbow  and  shoulder  are  fre- 
quently affected.  It  is  important  to  differentiate  a  wrist 
sprain  from  a  CoUes's  fracture,  and  this  can  generally  be 
done  by  determining  the  absence  of  crepitation  and  of  an 
abnormal  point  of  motion,  and  also  by  the  fact  that  in 
Colles's  fracture  the  hand  is  drawn  toward  the  radial  side 
with  a  more  or  less  pronounced  **  silver-fork  "  deformity. 
This  last  condition  is  sometimes  better  appreciable  to  firm 
palpation  than  to  the  eye,  especially  when  some  time  has 
elapsed  since  the  receipt  of  the  injury.  The  use  of  the 
2-ray  will,  however,  in  most  cases  make  the  diagnosis 
certain. 

The  treatment  of  a  sprain  is  rest,  elevation  of  the  part, 
and  compression,  with  the  use  of  cold  followed  later  by 
hot  applications.  The  use  of  massage  from  the  beginning 
is  quite  successful  in  skilful  hands,  while  this  with 
passive  motion  is  always  indicated  after  the  subsidence 
of  acute  symptoms. 

Ankylosis  may  be  due  to  contractures  of  the  muscles, 
or  to  fibrous  or  bony  union  of  the  articular  surfaces. 
Contracture  of  the  muscles  may  in  turn  be  due  to  dis- 
turbed innervation  or  nutrition  of  the  muscle,  or  to 
myositis  followed  by  degeneration  of  the  muscle  cells 
proper.  The  secona  vanety  of  ankylosis  is  most  often 
due  to  acute  suppurative  osteitis,  joint  tuberculosis, 
chronic  rheumatism,  or  rheumatoid  arthritis. 

The  treatment  will  depend  upon  the  cause,  and  may 
consist  of  massage  and  forcible  fiexion  and  extension  of 
the  joint.  These  not  availing,  more  or  less  extensive 
tenotomy  and  myotomy  may  be  practised,  or  the  joint 
itself  may  be  excised.  At  the  elbow,  where,  on  account 
of  the  complexity  of  the  joint,  ankylosis  is  particularly 
prone  to  occur,  a  flail  joint,  the  result  of  an  excision, 
with  all  its  disadvantages,  gives  nevertheless  a  much 
more  serviceable  arm  than  can  be  obtained  l)y  any  other 
form  of  treatment  for  ex  tensive  fibrous  or  bony  ankylosis 
of  the  joint.  In  ankylosis  due  to  muscular  contracture 
it  is  less  to  be  recommended. 

Quite  a  large  number  of  cases  are  on  record  of  loose 
bodies  in  the  elbow -joint.  Their  pathological  history 
is  similar  to  that  of  loose  bodies  in  other  joints,  such  as 
the  knee.    The  only  treatment  is  removal  by  arthrotomy. 

IV.  Affections  of  the  Muscles,  Tendons,  and 

Tendon  Sheaths. 

(a)  TTie  Mu^les. — In  no  part  of  the  body  are  the  mus 
cles  and  tendons  grouped  in  such  numbers  about  the 
bones  as  in  the  forearm,  and  in  no  part  of  the  body  do  the 
affections  of  these  structures  stand  out  so  prominently  as 
in  the  upper  extremity. 

The  commonest  of  all  diseases  of  th(5  muscles,  if  indeed 
the  name  of  disease  is  applicable,  is  that  condition  of  the 
muscles  which  results  from  long-continued  use  without 
sufficient  repose  to  which  the  name  myalgia  has  been 
given.  The  pathological  condition  present  is  in  the 
main  but  an  accentuation  of  the  normal  condition  of 
muscular  fatigue,  and  is  attende<l  by  similar  symptoms, 
namely,  tenderness  on  pressure,  "lameness"  in  use,  and 
deficient  response  to  ordinary  physiological  nerve  im- 
pulse {i.e.y  weakness  in  action),  and,  finally,  involuntary 
and  painful  spasm,  "twitching."  These  symptoms  in 
turn  are  caused  by  too  great  an  accumulation  in  the 
muscle  of  the  chemical  products  of  muscular  activity, 
and  this  accumulation,  again,  may  be  the  result  of  either 
or  both  of  two  factors:  exces.sive  production  on  the  one 
band,  and  deficient  elimination  on  the  other.  As  to  the 
exact  chemical  bodies  involved,  the  reader  is  referred  to 
treatises  on  physiology;   their  exact  nature  is   still   a 
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matter  of  dispute,  but  one  of  the  best  established  of  the 
waste  substances  is  lactic  acid,  present  in  sufficient 
quantity  to  affect  markedly  the  reaction  of  the  muscle 
substance  to  delicate  alkalimetric  tests,  and  there  is  little 
doubt  that  this  clianged  reaction  of  the  muscle  substance 
induces  in  its  turn  the  precipitation  of  various  "  leuco- 
mains"  which  it  is  difficult  for  the  ordinary  blood  cur- 
rent to  remove  promptly.  So  long  as  these  decomposi- 
tion products  (uric  acid,  xanthin,  hypoxanthin,  acid 
phosphates)  are  not  removed  from  the  muscle  the  symp- 
toms enumerated  above  will  continue;  with  their  disap- 
pearance  the  normal  function  of  the  muscle  will  return. 

The  exact  locality  of  these  morbid  deposits  is  not  en- 
tirely settled,  but  many  facts  point  to  the  probability  of 
their  being  located  rather  in  the  sarcolemma  and  in  the 
perimysium  than  in  the  substance  of  the  muscle  proper. 
The  facts  which  would  indicate  this  are  the  aggravation 
of  the  tenderness  at  the  muscular  origins  and  insertion, 
and  the  spread  of  the  myalgic  affection  throughout  the 
fibrous  tissues  beyond  the  points  of  actual  muscular  in- 
sertion ;  indeed,  in  no  part  of  the  body  is  what  passes  for 
myalgic  affection,  or  as  very  closely  akin  to  it,  more  ob- 
stmate  and  troublesome  than  in  the  fibrous  tissues  just 
below  the  origin  of  the  erector  spinse  muscles,  over  the 
sacrum  and  the  sacroiliac  synchondrosis.  It  is  more 
tlian  probable  that  consecutive  upon  a  pure  myalgia  may 
occur  a  rheumatic  form  of  periostitis  from  extension  be- 
yond the  point  of  bony  origin  or  insertion  of  a  muscle  by 
"  contiguity  of  tissue.  "^  This  is  exemplified  with  peculiu* 
distinctness  in  cases  of  myalgia  affecting  the  muscles 
attached  to  the  coracoid  process  of  the  scapula,  where  the 
coracoid  process  itself  may  often  be  found  to  retain  for 
a  long  period  a  great  degree  of  tenderness  when  pain 
may  entirely  have  left  the  bodies,  or  the  tendons  of  the 
muscles  attached  to  it. 

Excessive  formation  of  waste  products  comes  from 
over-use  of  the  involved  muscle;  deficient  elimination 
may  be  caused  by  use  of  the  muscle  under  unfavorable 
conditions,  or  by  exposing  the  member  to  untoward  con- 
ditions after  its  severe  use,  thus  interfering  with  its 
prompt  rehabilitation.  An  amount  of  muscle  work 
whose  catabolic  products  would  be  speedily  provided  for 
under  other  circumstances  may  induce  a  severe  myalgia 
if  performed  when  the  patient  was  suffering  from  want 
of  sleep,  as  many  a  weary  obstretician  can  testify ;  and  it 
is  notorious  that  sitting  in  a  draught  after  active  exercise 
will  lead  to  "  the  cold  settling  in  the  limbs." 

There  is  one  form  of  this  affection  whose  sudden  and 
severe  onset  may  lead  to  confusion  in  the  diagnosis;  this 
form  more  frequently  attacks  the  erector  spinas  group  of 
muscles,  or  those  of  the  abdomen,  when  it  is  known  as 
a  "stitch  in  the  side."  This  form  of  myalgia  is  probably 
due  to  a  gradual  accumulation  of  fatigue  products  in  the 
muscle,  or  possibly  only  in  the  fibres  of  a  small  jwrtion 
of  a  muscle,  to  the  point  of  irritating  the  affected  fibres 
to  a  sudden,  painful,  and  protracted  involuntary  contrac- 
tion, the  patient  having  been  unaware  of  the  soreness  of 
that  particular  muscle  through  the  accident  of  not  having 
brought  those  fibres  into  p£y.  When  once  the  painfifl 
contraction  has  taken  place,  the  irritability  of  the  affected 
muscle  becomes  extreme  and  the  whole  muscle  is  brought 
more  or  less  involuntarily  into  repeated  action,  to  "  test 
its  soreness,"  and  a  more  or  less  persistent  myalgia  is 
found  to  be  established  until  driven  off  by  the  activity 
of  the  circulation  or  by  the  exhibition  of  suitable  remedies. 
Such  a  sudden  development  of  a  latent  myalgia  among 
the  muscles  of  the  forearm  has  led  in  one  instance  I  have 
known  of  to  an  erroneous  diagnosis  of  rupture  or  disloca- 
tion of  a  tendon.  The  patient  was  a  young  woman  en- 
gaged in  wiping  dishes;  of  a  sudden  a  severe  pain  shoot- 
ing through  the  forearm  caused  her  to  drop  the  disli  in 
her  hand,  and  certain  movements  of  the  fingers  were  from 
that  time  on,  for  many  weeks  after,  painful  and  feebly 
executed. 

The  diagnosis  of  myalgia,  as  it  appears  in  the  arm  and 
forearm,  is  not  ordinarily  attended  with  great  difficulty. 
The  history  of  fatigue,  or  exposure,  or  both,  will  gener- 
ally suggest  the  diagnosis,  while  the  presence  of  the 
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gouty  or  rheumatic  (liutlioKiH.  as  ronditions  under  whicli 
waste  products  are  imperfectly  n-moved  from  the  tissues, 
will  be  allowed  a  certain  weight  in  establishing  the 
probabilities.  In  the  uppc^r  ann  the  extensors  (tnceps) 
are  most  frequently  affected,  in  the  lower  arm.  the  flexors 
and  extensors  with  about  etiual  frtHpiency.  Occasionally 
the  coraco-brachialis  or  the  anconeus  may  Ix^  affect eJl 
alone,  giving  rise  to  rather  obscure  pains  iii  the  shoulder 
and  elbow  resp<'ctivelv.  Such  cases  are  readily  over- 
looked in  a  careless  dia^j^nosis.  Incidentally  their  deep 
location  renders  treatment  morediflicult.  The  tenderness 
over  the  affected  nuiscle,  the  painful  and  imperfwt  func- 
tion, and  the  fK*casi(»nal  tlbrillary  s})asm  are  the  positive 
factors  upon  which  we  l>ase  a  diagnosis,  while  the  absence 
of  fever,  swelling  or  redness,  the  absence  of  tenderness 
about  the  joints,  along  the  course  of  the  nerves,  or  along 
the  tendon  sheaths  will  weigh  against  rheumatism,  neuri 
lis,  and  thecitis  respectively.  The  absence  of  fibrous 
crepitation  will  also  serve  to  aid  in  excluding  this  last  af 
fection.  From  painful  affection  of  the  bone  or  the  perios- 
teum it  may  l)e  extremely  difficult  to  differentiate  a  deep- 
seatckl  myalgia;  the  absence  of  pain  on  jarring  the  limb, 
and  its  ready  yielding,  if  recent,  to  the  faradic  current 
will  serve  to  aid  in  identifying  a  myalgia. 

The  prognosis  is  goo<l  if  treatment  Ik»  instituted  early; 
if  treatment  1m*  t<K)  long  postponed,  and  atrophy  ensue, 
due  partly  to  disuse  and  partly  to  local  poisoning  of  the 
muscular  substance  by  the  "  matcries  pec<'ans  **  of  the  dis- 
ease, the  affectitm  may  prove  very  obstinate  and  intract- 
able, but  will  in  almost  all  cas<*s  eventually  yield  when* 
the  persevering  co-o|)eration  of  the  patient  can  be  securwl. 
It  is  my  finn  Ix'lief,  however,  that  simple  mj'algia.  if 
severe  and  untreated,  can  (K'casion  permanent  disability. 

The  treatment  of  myalgia  consists  in  efforts  to  throw 
again  into  solution  those  precipitates  in  the  muscles 
whose  presence  impedes  their  function  and  causes  the 
pain.  This  we  .s<»ek  to  accoin])lish  along  certain  rational 
fines,  all  tending  to  this  common  end. 

Probably  the  Hrst  therapeutic  efforts  of  suffenjrs  from 
myalgia  were  din^'ted  toward  keeping  the  affected  part 
warm.  The  ratit^nale  of  this  lies  in  inducing  a  dilatation 
of  the  blood-vessels,  which  brings  a  Uirger  supplv  of  the 
solvent  senim  into  contact  with  tlie  offending  precipitates, 
thus  promoting  their  solution.  "With  the  incn»ased  advent 
of  blood  follows  in  turn  an  increase  of  heat,  whicrh  in  con 
nection  with  the  heat  added  from  without  induces  an  act- 
ual rise  of  the  tem|>eraturc  of  the  part,  which  is  likely  to 
promote  considenibly  the  solubility  of  any  pn'cripitates. 
Recently  this  method  of  treatment  has  had  its  <»fflcacy 
greatlv  enhanced  by  the  devising  of  methods  of  exposing 
the  aftected  limb  to  dry  air  at  very  hiirh  tempenitures 
Ix>cal  hot-air  baths  may  now  be  prcK-unHt  from  instrument 
dealers  by  means  of  which  an  extremity  may  Im?  exj>osed, 
without  damaging  the  skin,  to  drv  air  at  a  temperature 
of  300^  to  5(K)   F. 

Other  ways  of  increasing  the  alllux  of  fresh  wrum  to 
aid  in  the  solution  of  precipitates  an\  first,  counter-irrita- 
tion, applied  to  the  overlying  .skin  by  the  use  of  iodine  or 
other  rubefacients,  (.anthiiridal  blisters,  or  ** tiring"  with 
the  actual  cautery :  secondly,  UMKlerate.  a(!tive  use  of  the 
muscles,  when  priicticabh*  without  causing  too  much  ]>ain ; 
every  athlete  is  familiar  with  the  dis}i])pearance  of  "mus- 
cular stiffness*'  (the  mildc*st  gnule  of  this  disi'ase)  under 
fn»sh  exercise:  thirdly,  mas.sjige  of  the  affect<Ml  parts  is 
extremely  useful,  particularly  in  the  mon^  ob.stinate  and 
chronic  forms  of  myalgia;  it'acts  partly  by  mechanically 
dishnlging  crj'stals  or  amor])hous  mas.ses  of  pnripitated 
matters,  forcing  them  into  th(^  lymphatiir  circulation,  and 
partly  by  greatly  stimulating  the  local  circulation. 

Antirheumatic  n^metlies.  and  the  antirheumatic  regime 
arc  also  of  us<i  in  controlling  the  pain  of  myalgia,  chiefly 
by  the  W)lvent  affect  of  alkalies  and  of  the  sidicylates  on 
the  nn)rbid  deposits,  and  of  thesi*  measures  there  is  none 
that  compares  in  importance  with  the  ingestion  of  very 
lar'ce  <iuantities  of  water. 

While  mas-Siige  is  our  best  weapon  against  chronic  forms 
of  the  malady,  especially  in  the  pit'sence  of  s<»condary 
atrophy,  there  is  no  agent  whatsoever  that  will  give  the 


immediate  and  lasting  relief  that  is  to  be  obtaimnl  from 
the  application  of  the  faradic  current,  and  no  mon*  grate- 
ful patients  are  encountered  than  those  who  have  been 

I  relieved  from  the  mia^y  of  a  myalgia  by  the  brief  appli- 

I  cation  of  a  mild  current. 

One  special  point  it  is  important  to  notice  in  the  treat- 
ment of  m valgia  of  the  upper  ami — namely,  this,  that  the 
muscles  which  move  the  upper  arm  Imve  their  origin  on 
the  trunk;  and  that  their  function  is  twofold,  tirst,  that  of 
imparting  voluntary  movements  to  the  upper  extremity, 
and  secondly,  tliat  of  supiH)rting  the  weight  of  the  arm. 
This  seconii  func^tion  is  not  appreciated  during  health. 
but  in  the  presence  of  a  severe  deltoid  myalgia,  the  gix 
to  ten  pounds  weight  of  the  arm  dragging  upon  the  lame 
muscle  is  a  very  ccmsiderable  factor  in  in(*reasing  the  pain 
and  a  serious  obstacle  to  recovery.  In  all  acute  myalgtea. 
therefore,  affecting  the  mus(fles  which  fmss  from  the  trunk 
to  the  ann  it  is  neccssarv  to  support  the  weight  of  the 
member  by  a  firm  Uinilage  at  the  elbow.  The  most 
effective  device  for  this  purpose  is  a  Mcx)re's  dressing  for 
fmcture  of  the  clavicle,  as  de.scrilKHl  under  the  head  of 
fractures. 

Occasionally  one  sees  cases  of  what  an?  calleil  "  chronic 
sjmiins"  or  "strains,"'  caused  by  the  overuse  of  certain 
muscles,  in  which  the  pain  is  ])rincipallyat  the  origin  or 
insertion  of  the  muscles.  Tenderness  and  stiffness  are 
pn)minent  symptoms.     Examples  of  this  are  seen  in 

the  so-called"  BASEBALL  PITCHEK's  AMM."  **TENNr8  EL- 
BOW," etc.  Such  persistent  overus<*  of  a  muscle  may 
give  rise  to  a  local  i>t»riostitis  at  one  (»f  the  points  of 
attachment  of  the  mus<'le.  pos.sibly  resulting  in  necrosis. 

AciTK  MYOSITIS is cx^casionally  encountered  in  the  mus- 
cles of  the  arm  as  a  n^sult  of  pyogenic  infection.  The 
pyogenic  type  of  this  disr^ase,  however,  is  rare,  and  when 
present  is  but  a  secondary  accompaniment  to  neighboring 
extensive  septic  pnx?es8(L*.s.  It  may  hwl  to  necroses  of 
the  muscles  en  mnMe,  or  to  fractional  sloughing,  and  solu- 
ti<m  of  the  mu.scie  fibres  in  the  purulent  effusion. 

The  most  common  forms  of  myositis  an*  those  whose 
origin  is  sypiiilitic.  indeed  it  is  more  than  pn>l)able  that 
part  of  the  rheumatic  pains  which  pivttHle  or  accompany 
the  eniption  of  constitutional  syphilis  depend  upon  a 
light  and  acute  irritative  myositis. 

A  commoner  fonn  of  syphilitic  myositis  is  the  chronic 
interstitial  variety  depending  upon  a  small  celled  in- 
filtmtion  rising  from  the  iM'rimysium,  and  extending  into 
anil  l)etwtH*n  tlie  muscle  bundles.  These  are  dt^troyed  by 
pn*ssure  atrophy,  and  iM'come  tmnsfonm*il  into  connec- 
tive tis.sue  with  gradual  loss  of  the  muscle.  It  isa  diffuse 
process  within  the  muscle,  and  is  at  first  generally  at 
tenchnl  with  pain. 

Cf  vMMATors  MYOSITIS  mav  develop  as  a  slowly  growing, 
and  |)erfectly  painless  intiltnite  in  the  muscles.  A(xx>m- 
panying  the  gummatous  pnK'ess  there  are  usually  found 
more  or  less  extensive  inflammatory'  changes.  More  com- 
monly, however,  the  growth  of  *  the  gumma  is  more 
mpid.  and  pain,  increased  by  touch  and  motion,  is  a 
marked  symptom.  The  musc'le  in  all  the  more  rapidly 
growing  gumnmta  is  in  a  state  of  con.stant  ctintraction, 
the  growth  at  first  moves  with  th(j  movements  in  the 
miis<'le.  As  it  increases  in  size  it  l)ecomes  softer  in  con- 
si.stency,  and  the  muscle  as.siunes  a  condition  of  perma- 
nent ct)ntracture. 

Ounnnatous  myositis  often  advances  beyond  the  mus> 
cle,  and  comes  to  involve  the  fascia  and  subcutaneous 
tissues.  It  becomes  more  j^rominent,  softer  and  lt»s8  mov- 
able, and  finally  breaks  throuirli  the  skin,  leaving  a  sinu- 
ous ulcer  from  which  iK'crotic  masses,  chiefly  fascial. 
are  extruded.  After  healing,  which  requires  wet^ks  or 
months,  a  cicatricial  tissue  remains  which  binds  together 
the  muscle.  fas<'ia.  and  skin  (Hartley). 

pRO<iHKssivK  MUsci'LAU  ATUcuMiY  is  a  dist»ase  which 
manifests  its^'lf  most  distinctlv  among  the  muscles  of  the 
arm.  It  is,  however,  e.«%sentially  a  nervous  disi'ase  and  not 
a  disea.se  of  tlie  muscles:  itsconsidemtion  here,  in  connec- 
tion with  tlie  mus<les,  is  for  greater  convenience  only. 
The  nerves  supplying  the  atrophied  muscles  may  be  af- 
fected anywhere  along  their  course,  but  the  principiil  dte 
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of  the  lesion  is  in  the  anterior  gray  cohimns  of  the  spinal 
cord.  However  general  the  disease  may  subsequently 
become,  it  is  at  first  localized,  and  tlie  upper  extremity  is 
by  far  the  most  frequently  involved.  Affection  of  the 
r(ght  hand  is  said  to  be  considerably  more  frequent  than 
that  of  the  left,  and  of  the  muscles,  either  the  interossei  or 
those  of  the  ball  of  the  thumb  tirst  succumb.  The  dis- 
ease, in  fact,  at  first  simulates  an  ulnar  neuritis,  but  care- 
ful study  will  indicate  the  involvement  of  certain  muscles 
which  are  supplied  by  other  nerves.  From  the  thenar 
muscles  and  the  int<*rossei.  the  disease  commonly  creeps 
up  tlie  forearm  and  thence  to  the  arm.  or  it  may  skip  the 
forearm  and  pass  into  the  arm.  although  the  triceps  ex- 
tensor muscle  is  usually  sparcil.  It  may  come  to  a  stand- 
still in  either  of  these  "two  places,  but  mav  involve  the 
muscles  of  the  shoulder,  esiK'cially  the  deltoid.  Begin- 
ning most  fretiuently  on  the  right  side,  both  upper  ex- 
tremities become  in  vol  ve<i  sooner  or  later.  In  other  in- 
stances in  which  the  extremities  are  involved  the  atrophy 
begins  in  the  deltoid  (here  again  the  right  first).  Suc- 
ceraing  the  deltoid,  the  scapular  and  trapezius  muscles 
may  be  involved  in  any  onler,  while  a  grotestjueness  of 
effect  is  often  produced  by.  reason  of  certain  adjacent 
muscles  retaining  their  natural  size  or  even  Ix^ing  hyper- 
trophied.  This  is  particularly  the  case  with  the  anterior 
part  of  the  trapezius,  which*  is  almost  never  involved. 
While  the  shoulders  remain  exclusively  affected,  the  arm 
and  forearm  may  retain  their  usefulness  and  strength. 
but  the  pow^er  of  lifting  the  arm  from  the  side,  and 
especially  of  raising  it  above  the  head,  is  lost,  and  if  the 
patient  wishes  to  lay  hold  of  anything  he  must  swing  his 
arm  forward  with  a  jerk  till  the  object  is  brought  within 
reach  of  his  fingers. 

The  muscles  of  the  tnmk  become  at  times  involvwl. 
the  pectorales,  the  lutissimi.  the  scrrati.  and  the  intercos- 
tales,  and  even  ttie  diaphragm  and  the  abdominal  and 
lumbar  muscles. 

The  muscular  atrophy  is  generally  accompanied  by  a 
corresponding  wasting  and  retraction  of  the  skin,  so  tliat 
this  continues  to  be  applied  to  the  muscles  in  the  usual 
manner.  In  some  instances,  however,  ttiis  is  not  the  case. 
and  in  these  a  b«iggy  condition  of  the  skin  is  added  which 
gives  its  subject  an  appearance  which  has  moretlian  once 
rendered  him  valuable  to  the  showman  as  the  "* elastic 
skinned  man."  etc.  It  sometimes  happens,  on  the  other 
hand,  that  the  atrophy  isobscurnl  by  an  ac^cumulation, 
between  the  muscles  aiul  skin,  of  adipose  tissue,  and  an 
appearance  of  hypertrophy  rather  than  of  atrophy  may 
be  produced  in  consequence 

A  second  muscular  symptom,  more  or  less  distinct,  is 
fibrillar  ctmtinction.  This  consists  in  wave  like  contrac 
tions  running  along  small  bundles  of  mu.scular  fasciculi. 
These  contractions  occur  spontaneously,  or  are  excited 
by  some  slight  stimulus,  as  a  brrath  of  air  or  a  dash  of 
water,  or  by  tapping  the  patient  with  the  lingers  or  pass- 
ing a  galvanic  current  through  the  parts,  and  this  too  in 
any  stage  of  the  disease,  except  that  they  do  not  ix-eur  in 
muscles  wholly  destroyed.  Sometimes  they  can  be  felt 
by  the  mtient;  at  other  times  he  is  wholly  ignorant  of 
them.  They  are  not  invariably  present,  and  often  they 
have  been  seen  in  nuiscle  atrtjphy  from  other  causes; 
they  possess,  however,  a  certain  amount  of  dia^rnostic 
value,  especially  when  si)ontaneous.  Coincident  with 
the  w^asting  of  mu.^cles  is  their  loss  of  funeti(>n.  Sensi- 
bility is  in  many  cas<*s  unchanged,  the  tactile  wnse  Iwing 
as  delicate  as  ever,  and  pain,  except  acco!iij)anying  the 
cramps  and  chronic  contractions  of  irroiips  of  alTect<*(i 
muscles,  which  sometimes  <M'cur.  is  }ii)sent.  At  times. 
however,  the  atrophy  is  preceded  by  painlul  p:iro.\ysni.s, 
which  may  or  mav  not  accorn])anv  tlic  climnic  contrac- 
tion r«'fern*d  to.  the  pain  is  sonutirncs  in  the  course  of 
nerve  trunks,  but  is  as  often  ditTusc.  as  if  the  muscles 
them.selves  were  its  seat.  At  nther  times  it  is  variably 
descril>ed  as  a  soreness,  an  aching  or  a  rlieumatic  pain. 
Morbid  seusation.s.  as  those  of  cold,  numbness,  and  formi- 
cation may  bi»  experienced.  Retlex  cxcitaljility  may  be 
increased,  while  the  knee  jerk  is  stiid  to  be  absi'nt.  Un- 
usual sensitiveness  to  cold  is  s<mietnnes  notnl,  and  so 


also  is  the  less  of  muscular  power  under  its  influence, 
which  is  again  restored  by  artificial  wannth  (Tyson). 

The  lipomatosis,  which  has  already  been  alluded  to  as 
affording,  in  some  cases  of  muscular  atrophy,  somewhat 
the  appearance  of  the  pseudo-muscular  hypi»ftrophy,  may 
to  the  casual  observer  obscure  the  diagnosis  of  this  (lis 
ease.  PsiHidohypertrophic  paralysis,  however,  almost 
invariably  tii-st  asserts  itself  in  the  lower  extremity. 

Syringomyelia  is  another  of  the  central  nervous  dis- 
eases which  finds  its  most  marked  expression  in  the  secon- 
dary changes  it  induces  in  the  sensory,  trophic,  and  motor 
functions  of  the  arms.  The  symptoms  are  almost  always 
bilateral,  but  a  few  cases  liavebeen  observed  in  which  but 
one  side  of  the  body  was  affected.  The  most  common 
type  is  that  in  which  the  most  salient  features  are  loss  of 
perception  of  pain  and  tempi'rature.  with  retention  of  the 
tactile  and  muscular  senses,  combined  with  atrophy  of 
the  arms  similar  to  that  observed  in  pmgressive  muscu- 
lar atrophy.  The  atrophy  usually  appears  in  the  small 
muscles  of  the  hand  and  gradually  extends  upward,  in- 
volving con.secutively  the  arm,  forearm,  and  shoulder 
muscles,  or  it  may  first  appear  in  the  shoulder  and  upper 
muscles  and  later  descend  to  the  hand.  The  difference 
depends  upon  whether  the  lower  cervical  gray  matter  is 
first  affected  with  extension  upwanl  of  the  process,  or 
whether  the  upper  cervical  enlargement,  in  which  are 
located  the  centres  for  the  shoulder  muscles,  is  first 
affect  hI. 

Corresponding  with  the  atrophy  there  is  naturally  a 
weakness  of  the  muscles  which  may  go  on  to  complete 
paralysis.  Trophic  disturbances  are  common.  Changes 
in  the  joints  and  Inmes.  very  similar  to  those  observed 
in  tabes,  occur  in  about  ten  per  cent,  of  the  cases.  The 
joint  changes  consist  principally  of  enlargement  of  cap- 
sular ligiunents,  loosening  of  the  joints,  thickening  of  the 
capsule,  changes  of  form  in  the  ends  of  the  l)ones.  and 
development  of  lK)ny  spicula  in  the  capsular  walls.  The 
further  changes  resemble  those  in  tal)etic  joints. 

Painless  fracture  of  the  bones  may  occur  from  very 
slight  causes,  as  in  the  case  of  a  man  who  fractured 
the  radius  while  kneading  dough.  Various  atropliic 
clianges  in  the  skin  are  fre(iuent,  such  as  herpes,  eczema, 
and  even  deep  ulceration  and  gangrene;  in  rare  cases 
amputation  of  the  hand  may  Ik*  necessary :  or  there  mav 
l)e  simply  vasomotor  changes  causing  lividity  and  cold- 
ness of  the  skin  or  the  opposite,  or  o'dematous  swelling 
of  the  hand.  There  may  be  swwiting  or  dryness  of  the 
skin.  The  nails  may  become  dry,  cracked,  and  brittle  and 
may  drop  off. 

An  obtrusive  symptom  which  is  sometimes  observed  is 
the  painless  felon,  similar  to  that  which  occurs  in  Mor- 
van's  disease.  These  felons  (x-casion  deep  idceration  and 
necrosis  of  the  distal  phalanges  of  the  fingers  so  that  they 
may  drop  olf .  Notwithstanding  this  extensive  ulceration 
the  felons  are  painless,  owing  to  the  analgesia  present 
(Prince). 

For  a  more  accurate  differential  diagnosis  of  these  dif- 
ferent secondary  muscular  dystrophies,  and  for  a  more 
exact  di.scus.sion  of  their  pathology  and  treatment,  the 
reader  is  referred  to  articles  in  this  work  on  di.<«eases  of 
the  nervous  systenj. 

Spastic  rigidity  of  the  arms  is  tjften  one  of  the  earliest 
signs  of  ciiKONic  iiYDUocKPiiAUs.  even  before  the  skull 
Ix'gins  to  eidarge,  and  convulsions  may  be  i)rcsent  from 
time  to  time.  In  congenital  spastic  rigidity .  due  to 
s<-lerosis  or  def<'C"tive  development  of  the  cortex  (cerebri, 
the  spastic  condition  is  u.sually  contined  to  tlie  legs. 

In  TAHAMYocLoNrs  M!i/ni'LK\,  as  the  nam<-  of  tlie  dis 
ease  implies,  the  contractions  of  the  niuscl«'s  appear  in  par- 
oxysms and  the  muscles  involved  are  usuallv  the  l.iceps. 
d<'ltoid.  and  triceps  in  the  arms,  and  tin-  (Hiadric<'j)s 
femoris  and  <"alf  muscle.N  of  the  lower  liiuhs.  Myoclonus 
multiplex  is  a  dis<'as<'  of  adidt  life,  and  may  be  ditferen- 
tiated  from  chorea,  uhieh  is  \iNiiallv  seen  in  childhood. 
Sometimes  the  mu.seles  in  nivodonus  are  exeeediucrlv 
irritable. 

Sometimes,  as  the  nsull  of  infantile  cerebnd  paralysis, 
or  from  reasons  devcloj)ing  later  in  life,  thi'  muscles  of 
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tlie  hand  are  affected  by  a  slow,  constant  movement,  so 
tliat  the  Angers  assume  curious  constrained  and  unusual 
postures,  bein^  moved  into  extreme  or  forct?<l  extension, 
flexion,  pronation,  or  supination.  Tliis condition  is  calletl 
ATHETOSIS,  and  is  separable  from  cliorea  in  that  the  move- 
ments are  slower,  and  arc  1imite<i  to  the  fingers  and 
wrists,  the  arm  escaping. 

Absolute  loss  of  power  in  one  hand  and  arm,  without 
the  necessarj'  development  of  substHjUent  deformity,  re- 
sults from  cerebral  or  peripheral  lesions  as  a  rule,  being 
rarely  spinal  in  origin,  and  is  called  brachial  mono- 
plegia. Although  the  onset  of  a  monoplegia  due  to  cor- 
tical, sub-cortical,  or  capsular  causes  is  sudden,  the  reac- 
tions of  degeneration  do  not  come  on  for  a  long  period  of 
time  in  such  cast»s,  b(»cause  the  muscles  in  the  paralyzed 
area  are  still  connected  with  the  trophic  centres  in  the  cord, 
and  this  affonls  us  a  valuable  point  in  differential  diag- 
nosis. In  all  ca.ses  of  brachial  monoplegia  due  to  periph- 
eral lesions  we  find  tliat  atrophy  of  the  muscles  comes 
on  very  rapidly  from  cutting  off  of  the  muscles  from  their 
trophic  centres  in  the  spinal  conl. 

(b)  The  Tendorm. — The  want  of  protection  of  the  tendons 
in  the  forearm  is  the  reason  of  their  fre(iuent  accidental 
division  from  incised  wounds  near  the  wrist.  In  the 
event  of  such  (livision  the  prr)ximal  end  will  retract  an 
inch  or  more  into  the  tis-suesof  the  forearm,  and  naturally 
the  function  of  the  accompanying  muscle  will  be  totally 
sus|>ended.  Where  sevenil  of  these  tendons  have  been 
dividwl  at  once,  there  mav  be  considerable  difficulty  in 
identifying  the  correspoiufing  proximal  and  distal  ends. 
In  any  clean  wound,  however,  union  by  sutur(>  should  be 
attempted;  nor  wouhl  the  mistaken  apposition  of  the 
proximal  end  of  one  tendon  to  the  distal  end  of  another 
prove  as  serfous  a  disaster  as  the  failure  to  unite  the 
severed  tendon  ends.  In  fact  an  intentional  transplanta- 
tion of  the  proximal  end  of  one  tendon  to  the  distal  end 
of  another  has  recently  been  pmctiseci  with  brilliant  suc- 
cess in  some  cases  of  infantile  paralysis,  with  a  view  to 
imparting  vicarious  function  to  the  paralyzed  members. 
In  uniting  multiple  sc*ctions  of  the  tendons  in  transverse 
incise<l  wounds  of  the  wrist  and  forearm,  it  is  important 
that  the  union  should  be  at  least  l>etw(Kin  tendons  travers- 
ing the  same  compartment  of  the  annuhir  ligament. 

An  occasional  result  of  a  severe  sprain  is  the  disloca- 
tion OF  THE  tendons  about  the  afft»cted  joint.  The  long 
head  of  the  biceps  is  oftenest  so  affectwl,  being  displaced 
from  its  groove  in  the  humerus.  The  flexor  carpi  ulnaris 
is  sometimes  injun»d  in  this  way.  and  the  tendon  of  the 
extensor  communis  digitorum,  which  runs  to  the  index  fin- 
ger, is  not  infreijuently  torn  from  its  bed  at  the  back  of 
the  wrist,  owing  to  the  fact  that  the  portion  above  the  an- 
nular ligament  stands  at  quite  an  angle  to  the  portion 
below.  Its  displacement  is  always  to  the  radial  .side.  In 
cases  of  di.slf)cati(>n  of  the  tendons,  the  muscles  can  still 
contract,  but  the  tendon  can  be  felt  to  move  in  its  ab 
normal  position,  while  the  extremity  suffers  a  partial  1o.ks 
of  function  from  the  mechanical  disadvantage  under 
which  the  muscle  works. 

These  accidents  ma\'  Ih^  treated  by  replacing  the  tendon 
and  keeping  it  in  position  by  a  splint.  This  not  availing, 
the  tendon  may  be  cut  down  upon  and  the  torn  sheath 
sutured  or  a  new  slieath  formed  by  diss(?cting  up  a  l>and 
of  periosteum. 

Among  the  traumatic  affections  of  the  tendons  we  oc 
casionally  meet  with  instances  of  complete  rupture. 
This  occurs  either  in  the  course  of  the  tendon  proper, 
or,  more  frequently,  at  the  attachnjent  of  the  tendon  to 
the  l>one,  but  nipture  at  the  musculotemlinous  junction 
is  almost  unknown.  When  the  tendon  is  in.<M'rted  into 
a  special  epiphysis,  as  the  triceps  into  the  olecranon 
process,  the  biceps  into  the  tubercle  of  the  radius,  an<l 
the  supinator  longus  into  the  styloid  process  of  the 
radius,  so-called  rupture  of  the  corresponding  tmdons  is 
usually  accompanied  with  tearing  oft  of  the  epiphysis 
and  more  or  less  stripping  up  of  the  adjacent  periosteum, 
constituting  what  is  known  as  a  fracture  '^par  arrache 
inent."  Although  the  tendon  is  the  part  which  usually 
gives  way  under  strain  on  a  muscle,  the  muscular  fibres 


themselv(»smay,  in  rare  cases,  \m  more  or  less  extensively 
torn  acroas,  especially  after  long  and  exhaustive  diseases, 
such  as  ty  phoid  and  s(*arlet  fever.  Contusion  of  a  muscle 
in  a  state  of  tense  contraction  may,  however,  bring  about 
a  subcutaneous  division  of  its  fibres  sufficient  to  cause  a 
pronounced  diastasis  of  the  divided  portions.  The  ten- 
dons of  the  arm  most  frequently  the  subject  of  nipture 
are  the  long  head  of  the  biceps,  and  the  pronator  radii 
teres;  the  radial  attachment  of  the  biceps,  the  triceps, 
the  deltoid,  and  the  pectoralis  major  have  lieen  reported 
as  torn  from  their  insertions.  It  is  not  likely  that  rup- 
ture of  a  healthy  tendon  can  occur  except  when  the 
muscle  is  suddenly  and  unexpectedly  exposed  to  severe 
additional  strain  when  already  in  a  state  of  contraction. 
The  accident  is  generally  accompanied  by  sudden  and 
violent  pain,  by  complete  loss  of  power  in  the  muscle, 
and  by  considerable  impairment  of  function  in  the  limb. 
When  seen  soon  after  the  occurrence  of  the  accident  a 
more  or  less  marked  depression  can  be  felt  over  the  site 
of  the  rupture;  this  depression  mav  later  become  filled 
with  extravasated  blood  or  effusecl  lymph  and  may  In 
fact  become  converted  into  an  elevation.  Where  the 
fleshy  body  of  a  muscle  is  torn  across,  unless  the  muscle 
be  one  lying  very  deep,  the  depression  will  be  likely  to 
be  quite  deep  and  quite  persistent.  Such  an  evidence 
of  an  hiatus  in  the  continuity  of  a  tendon  or  muscle  Is 
almost  pathognomonic  of  the  lesion. 

The  treatment  will  vary,  according  to  the  importance 
of  the  affected  muscle  and  the  amount  of  disability  in- 
curred, from  simple  rest  with  pains  to  keep  the  limb  in 
a  position  to  relax  to  the  utmost  the  affected  muscle, 
to  more  or  less  elaborate  oj)erative  procedures  for  the 
n»storation  of  the  continuity  of  the  lacerated  tissues  by 
suture.  It  should  be  rememberefl  that  contractures  may 
subseciuently  develop  in  consequence  of  muscular  or 
tendinous  ruptures. 

The  tendons  themselves  are  rarely  the  subject  of  dis- 
ease which  does  not  also  involve  their  synovial  sheaths 
as  well.  They  may  become  necrotic  in  suppurative  proc- 
es.ses  which  have  invaded  their  shcfaths,  and  in  this  case 
their  sc^paraticm  will  take  place  at  the  i>oint  where  their 
intrinsic  blood-vessels  have  been  destroyed.  The  tendons 
are  sometimes  the  seat  of  depr>sits  of  urates,  and  not  in- 
fre(iuently  undergo  calcareous  infiltration  in  advanced 
life.  Os.sification  of  their  distal  ends  is  also  sometimes 
observed,  and  in  some  cases  there  is  an  anomalous  de- 
velopment of  si^samoid  bones  at  the  point  where  the  ten- 
dons may  form  an  angle  in  passing  over  l>ony  promi- 
nen(*es.  Rheumatic  dei)osits  are  sometimes  found  near 
the  proximal  end  of  the  tendcms. 

{r)  The  Triift^ni  Shf/iths. — Much  more  coinm<m  than  dis- 
ease of  the  tendons  themwlves  is  disease  of  the  synovial 
mcnilmuie  which  surrounds  th(>m.     The  exact  pathology 

of  the  SIMPLE  IimiT.\TIVE  FOK.M  OF  TENOSYNOVITIS  is  not 

very  perfectly  understocxl.  From  its  etiology  and  course 
the  pathr>logical  condition  is  strongly  analogous  to  that 
which  has  lu'en  discuss<*d  under  tln^  head  of  myalgia,  and 
is  prolmbly  due  to  an  alteration  of  the  .synovial  fluid  and 
l>os.sil)ly  of  the  endothelial  cells  lining  the  sac.  It  is  ob- 
wTvod  to  occur  unthT  conditions  strictly  analogous  with 
those  which  inducre  an  attack  of  myalgia,  *.r,  e\|)osure 
to  cold  and  over-use  of  the  parts.'  It  is  gt»nerolly  ac- 
companied with  lamen<'ss  and  tenderness  over  the  course 
of  the  tendon,  and  characteristic  of  the  condition  is  the 
crepitation  which  follows  ccmtraction  of  the  muscle. 
Kest.  heat,  and  counter  irritation  are  the  best  mesms  for 
relieving  tlu?  difficulty. 

In  addition  to  the*  simple  irritative  form,  a  septic,  a 
rheumatic,  a  syphilitic,  and  a  tulwrculous  fonn  of  teno- 
synovitis are  reconle<l. 

The  sEi*Tic  FOUM  is  almost  invariably  secondary  to  sop- 
tic  process<'s  outside  of  the  tendon  sheaths,  and  m  septic 
tenosynovitis  of  the  foreann  the  locus  of  primary  sepsis 
is  most  fre<|uently  the  hands  and  fingers.  The  disease  is 
accompanied  with  a  pundent  effusion  into  the  tendon 
sheaths,  giving  rise  to  tender  oblong  swellings,  ill  defined 
on  account  of  the  distenti(m  due  to  accompanying  cellu- 
litis, and  lying  parallel  with  the  axis  of  tne  limb.    Hie 
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jurrounding  tissues  are  usually  sufficiently  involved  in 
the  pyogenic  process  to  give  rise  to  beat,  redness,  and 
swelling  of  the  surface.  Suppurative  tenosynovitis  has 
been  known  to  follow  gonorrhceal  rheumatism  of  the 
joints. 

The  treatment  of  purulent  thecitis  consists  in  laying 
open  the  tendon  sheaths  freely,  though  not  literally  from 
end  to  end  lest  the  tendon  escape  from  its  bed.  Only  in 
rare  cases  would  it  be  justifiable  to  divide  the  annular 
ligament  of  the  wrist  or  even  to  open  its  compartments. 
Great  effort,  however,  should  be  made  to  irrigate  the  sac 
most  freely  with  antiseptic  solutions  through  the  liberal 
incision  above  and  below  the  bridge  of  tissue  which  it 
may  be  deemed  wise  to  leave  to  serve  as  a  bridle  to  hold 
the  tendon  in  its  bed,  and  particular  pains  should  be 
taken  to  force  the  irrigating  fluid  to  pass  under  this 
bridge  of  tissue. 

In  dressing  wounds,  whether  operative  or  otherwise, 
of  the  tendons  or  of  the  tendon  sheaths,  it  must  be  borne 
in  mind  that  the  vascular  supply  of  these  tissues  is  limited, 
and  that  in  consequence  when  they  have  been  exposed  to 
the  air  it  is  necessary  to  provide  carefully  against  their 
desiccation  in  order  to  avoid  necrosis.  In  all  aseptic  con- 
ditions of  the  tendon  sheaths  this  mav  be  accomplished 
by  covering  the  exposed  tissues  with  impervious  protec- 
tive strips  of  gutta-percha,  rubber,  or  prepared  mackin- 
tosh. In  septic  processes  tlie  use  of  imp<Tvious  dressings 
is  contraindicated,  and  provision  against  desiccation 
must  be  ;nade  by  means  of  wet  dressings,  frequently 
renewed. 

Like  all  diseases  of  the  fibrous  system,  tenosynovitis  is 
very  prone  to  occur  in  arthritic  subjects,  and  the  kiieu 
MATic  FORM  OP  TENOSYNOVITIS  lias  a  Very  disagreeable 
tendency  to  become  chronic.  In  the  acute  stages  alkalies 
and  the  salic^iates  will  afford  relief  to  the  patient.  In  the 
later  stages  lithia  and  theimlidc  of  potassium  are  the  most 
serviceable  drugs  available;  while  the  exposure  of  the 
limb  to  high  temperatures  in  the  hot  air  l)ath,  together 
with  massage,  and  active  and  passive  motion  carried  on 
in  spite  of  tlie  soreness,  will  do  much  to  restore  the 
supple  action  of  the  arm. 

The  TUBEKcrLOus  form  of  tenosynovitis  begins  in  a 

very  insidious  fashion.     It  may  be  primary  in  the  tendon 

sheath,  but  is  frequently  secondary  to  a  tuberculous  proc 

ess  in  the  adjacent  joints.     It  is,  like  most  tuberculous 

processes,  of  very  slow  growth,  covering  a  pcri(Hl  some 

times  of  years,  with  times  of  improvement  under  rest. 

"but  with  great  prbnencss  to  recur  as  sfK)n  as  the  limb  is 

^galn  put  to  its  cusUmiary  use.     It  develops  fre(piently 

.»fter  .some  traumatism  such  as  a  sprain  or  a  contusion, 

«ind  the  differentiation  from  the  simple  irritative  or  from 

^lie  rheumatic  form  is  not  at  first  easy.     After  a  while 

^thcre  will  almost  always  be  developed  along  the  course 

'<~)f  the  tendon  the  characteristic  fiat   or  oval  swelling 

•^iiaused  by  effusion  into  the  sheath  and  thickening  of  the 

^^A'ulls  of  the  sheath  itself.     This  swellinir  nmv  take  on 

^Tiore  or  less  of  an  hour  glass  shajx'  fnun  confinement  of 

"^  he  tendon  beneath  the  amiular  ligament.     The  (lis4asi» 

"*^ay  remain  confined  to  one  portion  of  a  single  tendon 

heath,  but  tends  to  extend  both  upward  and  downward: 

Iso  to  attack  neighboring  tendons  and  even  to  invade 

nderlying  joints. 

According  to  Park,  there  are  two  ])athologieal  forms  of 

■^  lie  (lis«*ase :  one  is  a  fungous  form  distinguishable  by  the 

^iJrrowth  of  exubcnuit  gninulation  tissue  of  a  gelatinous 

**►  p  pea  ranee  surrounding  the  tendon  on  the  inner  side  of 

"5  ts  sheath.     In  the  other  form,  known  as  hygroma,  the 

^ » nuT  surfaw*  of  the  tendon  sheath  is  covered  with  small 

growths,  which  become  detached,   forming  small,  hard 

■kernels  known  as  rice  l>odies.     These  rice  bodies  are  the 

"■'t:'8ult  of  fibrinoid   degenemtion,    i.t\,    the   degenerated 

"Villous  growths  which  are  fibrinous  in  character  become 

^oo8(fne<T,  forming  free  kernels.     Until  recently,  this  form 

^f  disease  was  suppos*'d   to  have   no  connection   with 

^\il)erc-ulosis.     It  is  now  distinctly  established  that  these 

^xxlies  contain  tubercle  bacilli.     The  Siime  condition  may 

^  found  in  tuberculous  joint  disease  where  tliey  develop 

^tom  a  fibrinoid  degeneration  of  tuberculous  granulations 


on  the  synovial  fringes.  If  the  disease  is  allowed  to  run 
its  course,  suppuraticm  ensues,  fonning  sinuses  involving 
the  skin  which  eventually  breaks  down.  These  with  the 
resulting  cicatrices  greatly  impair  the  use  of  the  hand. 

The  treatment  of  tuberculous  tenosynovitis  is  essentially 
the  same  as  that  of  tuberculous  joint  trouble,  and  consists 
at  first  in  the  immobilization  of  the  arm  by  suitable 
splints,  with  moderate  pressure,  together  with  the  ad- 
ministration of  appropriate  tonics  and  c»reful  attention 
to  hygiene.  The  possible  usefulness  of  dry  air  in  the  hot- 
air  bath  is  not  altogether  settled,  though  it  might  seem  a 
rational  thempeutic  measure.  It  is  e.s.s<'ntial  to  differen- 
tiate positively  the  tuberculous  form  of  the  disease  from 
the  simple  imtative  and  the  rheumatic  form.  Massage, 
and  movements,  active  and  passive,  so  pre-eminentlv  use- 
ful in  the  treatment  of  the  two  latter  forms,  is  absolutely 
and  positively  contraindicated  in  tuberculous  synovitis. 
Failure  to  secure  improvement  by  the  above  means  would 
justify  us,  as  in  ca.ses  of  joint  tuberculosis,  in  proceeding 
to  operative  measures.  The  simplest  of  these  consists  in 
aspirating  the  fiuid  contents  of  the  tendon  sheaths  and  in 
injecting  into  them  a  ten-percent,  emulsion  of  iodoform. 
Should  tliis  fail  to  control  the  process,  the  tuberculous  area 
should  be  cut  down  upon,  the  blood  supply  to  the  arm 
bein^  first  cut  off  with  an  Esmarch  bandage,  and  any 
suspicious  granulation  tissue  scraped  away  with  a  small 
curette.  At  any  point  where  the  tendon  itself  seems 
hopelessly  affected,  it  should  be  freely  resected  and  an 
effort  should  be  made  by  splitting  and  grafting  the 
tendon  to  compensate  for  the  defect.  Even  sliould  this 
be  impossible,  the  function  of  the  tendon  may  better  be 
sacrificed  than  to  expose  the  i)atient  to  danger  of  loss  of 
the  limb  or  even  of  life. 

Syphilitic  tenosynovitis  mav  exhibit  itself  in  an  acute 
and  chronic  form,  not  easy  to  differentiate  by  symptoms 
alone  from  simple  and  rheumatic  inflammation  of  the 
tendon  sheaths.  Both  of  these  forms  of  syphilitic  thecitis 
are  seen  in  early  syphilis,  and  I  have  myself  observed 
one  marked  ca.se  ending  in  resolution  after  some  months 
of  treatment,  in  a  case  of  hereditary  syphilis  accompanied 
with  syphilitic  pachymeningitis. 

The  gummatous  form  is  almost  invariably  very  late  in 
devehjpment,  occurring  often  fifteen  or  twenty  years 
after  infection.  It  is  recognized  as  a  round  or  spindle- 
shaped  swelling  involving  the  tendons.  It  grows  slowly 
and  j)ainlessly,  remaining  as  a  gummatous  swelling, 
becoming  calcareous,  or  extending  to  the  surrounding 
tiss\ies.  the  fascia  and  the  skin. 

Synovial  cysts  of  the  tendon  sheaths,  otherwise 
known  as  weeping  sinews  or  gtrnglions,  occur  with  great- 
est fretjuency  alK)ut  the  wrist,  whether  just  above  or  just 
below  the  annular  ligament.  There  are  cases  met  with, 
however,  in  the  lower  part  of  the  forearm,  both  on  the  flexor 
and  on  the  extensor  ten(hms.  Their  exact  pathology  is  a 
matter  of  dispute,  but  it  is  fairly  well  established  that  they 
nirely  C(mHnunicat(;  with  the  synovial  sac  proper.  They 
not  infre(|uently  ccmtain  rice  bodies  such  as  are  found  in 
the  synovial  sjic  in  ca.ses  of  tuberculous  disease,  but  their 
almost  invariably  benign  coui*se  would  make  it  seem  im- 
probable that  their  origin  should  be  tuberculous.  These 
little  cysts  fre([uentlydisjipj>ear  spontaneously,  and  often 
their  disappeaninci'can  be  hastened  by  moderate  pressure 
long  continued.  More  obstinate'  cas<'s  can  be  dealt  with 
by  free  subcutaneous  punetun'  with  a  sharp  bistoury  or 
tenotome  and  the  expression  of  their  (V)ntents  by  digital 
pressure  into  the  surrounding  cellular  tissues.  Some 
cases  may  demand  free  incision  and  extirpation  of  the 
cyst  walls,  an  opemtion  which  nuist  be  eondueted  with 
careful  antiseptic  precautions,  on  account  of  the  close  as 
sociation  and  (K'casional  continuity  of  the  ( yst  with  the 
tendon  sheath  proper. 

V.  Affections  of  tmk  Blood  Vessels. 

(ft)  Thr  ArUrics. — The  blood-vessels  of  the  arm  are  sub- 
ject to  the  Siune  disea.ses  as  the  blood-vessels  elstjwhere 
in  the  body.  The  .\nato.mi(  al  position  of  the  radlvl 
artery  is  important  from  its  frcipient  use  for  taking  the 
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f)ulse,  and  it  should  be  rcmombereci  that  It  may  be  absent 
n  rare  instances;  or  it  may  be  much  smaller  tlian  normal, 
tenniuating  in  muscular  branches  alxjve  the  wrist :  or  it 
may  lie  upon  the  dwp  fascia  instead  of  In^neath  it;  or  it 
may  be  covered  by  fascia  so  thick  and  hard  that  the  pul 
sation  cannot  readily  Ik'  tninsmitted  to  the  tinker  tips; 
finally,  it  may  turn  backward  beneath  the  extensor  mus- 
cles of  the  thumb.  When  in  its  normal  positi<m  it  is 
easily  felt,  pulsating  almost  8ul)cutaneously  over  the 
liones  of  the  wrist. 

Atiiekom.\  of  TiiE  AiiTERiES  manifests  iis(»lf  thi-ough 
thickening  of  the  vessel  wall,  either  localized  or  diffuse, 
and  often  accompanie<l  by  the  deposit  of  calcareous  sjilts 
until  a  condition  of  the  vessel  is  produced  well  e.xpressetl 
by  the  term  ** pipe-stem  artery."  It  is  most  readily  ap- 
preciable in  the  radial  artery  near  the  wrist.  Its  chief 
importance  in  this  connection  is  not  with  regard  to  the 
function  of  tlie  vessi^ls  of  the  arm.  but  jls  an  indication  of 
the  condition  of  the  vascular  svstem  tlin^ughout  thelKxly. 
The  vascular  sclerosis  will  often  be  found  more  marked 
in  the  right  arm  than  in  the  left,  in  individuals  such  as 
stone  cutters  and  blacksmiths  who  habitually  perform 
much  heavier  labor  with  that  arm  than  with  tin*  left. 
When  this  condition  of  arterio-s<.'lerosis  is  found  to  be 
present,  it  is  an  important  guide  to  the  suri^(H)n  in  leading 
him  to  make  a  guarded  prognosis  as  to  the  result  of  severe 
operation  any wliere  in  the  botly. 

ANEL'KisMsoccur  in  the  vessels  of  the  arm  as  el.sewhere. 
They  may  Ix*  pn*sent  at  any  age:  indeed  Si'hmidt  rejMtrts 
an  aneurism  of  the  mdial  artery  in  an  infant  of  eight 
weeks. 

The  traumatic  fonns  afTeeting  the  ann  are  chiefly  those 
springing  from  the  axillary  artery  and  showing  in  the 
ann  pit.  The  arterio-vc^nous  form  of  aneurism  was  for- 
merly (iuite  a  common  occurrence  when  venesection  was 
more  generally  pmctised.  The  adjacent  artery  iM'ing 
wounded  by  the  incision  which  opened  the  vein,  adhe- 
sions form  between  the  two  vessels  and  part  of  the  arterial 
blo(Kl  is  thrown  into  the  vein  at  each  pulsation,  the  vein 
greatly  dilating  under  the  strain. 

Cirsoid  ankukisms  are  f)ccasionally  met  with  on  the 
forearm.  They  are  formed  of  dilated  and  tortuous 
arteries.  In  a  case  that  came  under  my  obsiTvation.  the 
tumor  extended  from  a  little  Iwlow  the  cIIkiw  almost  to 
the  wrist,  and  was  alwnit  thn-e  inches  wide.  On  opera- 
tion a  mass  of  dilated  arteries  wtis  found  lying  in  tin; 
superficial  fas^'ia.  fed  by  numerous  bmnches  perforating 
the  deep  fastda  from  below.  The  treatment  of  this  form 
of  aneurism,  which  stands  on  the  border  line  between 
tumors  and  malformations,  consists  in  thorough  extirpa- 
tion, approaching  the  mass  of  pulsating  vess<'ls  from  the 
periphery  and  tymg  all  the  feeders  at  their  point  of  emer- 
gence from  the  deep  fas<"ia.  With  careful  diss<'Cti(m. 
working  from  the  ends  toward  the  ceiitn*  of  the  tumor, 
dangerous  hemorrhage  nm  usually  Ik*  avoided.  The 
diagnosis  of  aneurism  can  usually  bv  made  by  observing 
that  the  tumor  has  an  expansile  pulsation  whi<;h  ceases  on 
application  of  firm  pn*ssure  on  its  proximal  side.  In  the 
case  of  cirsoid  aneurism  in  which  the  feeders  are  numer- 
ous and  come  fnnu  the  parts  directly  luideriK^titli  the 
tumor.  pres.sure  on  the  proximal  side  will  not  sufliee  to 
interrupt  the  pulsation  of  the  mass.  A  characteristic 
bruit  can  in  most  cas<'s  be  heanl  over  the  tumor.  The 
treatment  of  aneurism  of  the  upper  extremity  d(K'S  not 
differ  from  the  treatment  of  the  condition  <'ls<'\vhere. 

(b)  TJte  Veim. — The  veins  of  the  upper  extremity  an* 
subject  to  the  same  affections  as  thos<>  elsi'where  in  the 
bcxiy ;  such  as  wounds,  phh'bitis,  thrombosis,  and  varices. 

The  condition  of  the  veins  of  flu*  hand  and  forearm  is 
a  valuable  index  of  the  C!onditi(m  of  the  gener.il  circula- 
tion as  regards  aeration  of  the  bloo<l  and  i)ossible  obstnic 
tion  to  the  venous  circulation.  Tlies**  veins  dilate  when 
the  heart  is  weak,  or  when  then*  is  any  imp(*<liment  to 
the  return  circulation  in  the  domain  of  th(*  vena  cava 
sup<*rior. 

Phlebitis  may  be  caused  by  inflanunation  near  the 
vess«.'l,  by  thrombus  formation,  by  tniumatism,  or  by 
direct  infection.     It  gives  rise  to  pain  and  tenderness  in 


the  course  of  the  vessel,  to  cedema  and  discoloration  o< 
the  skin,  and  if  at  all  extensive,  systemic  symptoms  occur 
which  are  those  of  mild  or  severe  sepsis. 

The  treatment  of  simple  phlebitis  consists  first  of  all  in 
rest,  which  sliould  Im*  insisted  on  as  most  important  to 
prevent  the  detachment  of  emlK)li.  Next  it  is  necessary 
to  s(*cure  as  near  an  approximation  to  asepsis  of  the  in- 
testinal tract  as  may  1h'  practicable,  and  finally  some 
l)enefit  may  be  expected  from  the  use  of  antiseptic  and 
stimulating  substances  applied  along  the  course  of  the 
affectiHl  vein,  such  as  a  fifty -percent,  ointment  of  icli- 
thyol  or  Crede's  silver  ointment;  the  object  of  the  treat- 
ment being  to  maintain  the  integrity  of  the  thrombus 
within  the  inflamed  vessel  imtil  such  time  as  slirinking 
of  the  coagulat/'d  fibrin  may  allow  a  partial  restoration 
of  the  vascular  canal,  and  "to  stimulate  the  absorptive 
function  of  the  perivascular  lymph  channels.  Upon  the 
first  indication  of  8c*ptic  infection  of  the  thrombus,  as 
evi(ienced  by  chills  and  septic  fever,  or  by  local  abM^ess 
formation,  it  is  proper  and  necessary  to  incise  the  tissues 
freely  over  the  affecte<l  vessel,  to  clean  out  the  septic 
clot,  and  establish  fn*e  drainage.  During  such  an  opera- 
tion it  may  be  possible  to  restore  the  patulousness  of 
many  adjacent  veins  which  may  have  become  throm- 
l>otic.  by  extracting  from  their  lumen  long,  more  or  les» 
firm  clots  of  coagulated  bUxxl  and  fibrin.  Great  care. 
however,  must  be  used  in  manipulation  of  the  affected 
limb  to  avoid  bn>aking  loose  portions  of  tlie  blood  clot 
within  the  veins  which  might  be  carriwl  as  emboli  to  the 
lungs  or  to  the  brain,  and  give  rise  to  dangerous  or  even 
fatal  infarctions. 

TiiKOMKOsis  is  due  to  conditions  that  slow  the  blood 
stream  assoc*iated  with  abnormal  conditions  of  the  endo- 
thelial coat.  It  gives  rise  to  sudden  and  severe  pain  and 
to  QMlema  on  the  distal  side  of  the  eoagulum.  The  treat- 
ment is  essentially  that  of  the  phlebitis,  which  is  an  al- 
mo.st  invariable  attendant. 

Varices  are  rare  in  the  upper  extremity,  owing  to  the 
less  unfavorable  action  of  gravity  as  compared  with  the 
lower  extremity,  but  they  may  occasionally  be  found. 

VI.  Affections  of  the  Lymphatic  Vessels.  Glands. 

AND  Briis.E. 

in)  The  Lymph  VennteU  and  Lymph  Glands. — In  consid- 
ering the  afT(»ctions  of  the  lymphatic  system  of  the  arm, 
one  anatomical  peculiarity  sliould  Iw  borne  in  mind — 
namely,  this:  that  the  grt*ater  part  of  the  lympliatic  cur- 
n'ut  from  the  hand  and  fon*arm  passes  cfirectly  to  the 
axillary  and  subscapular  mMles  without  traversing  the 
ei>itnx'hlear  gland  and  the  other  lymphatic  nodes  at  the 
bend  of  the  elbow.  The  importance  of  this  course  of  the 
Ivmphatic  canals  is  indicateil  in  cases  of  septic  and  ma- 
lignant di.»*<*use  of  th<»  hand,  as  some  cases  on  record  tend 
to  prove  that  the  lymphatic  vessels,  as  comi^ared  with 
the  lymphatic  nodes,  may  with  considerable  impunity 
serve  in  the  transmissi(m  of  both  septic  and  malignant 
partich'S.  Thus  in  cancer  of  the  hand,  with  more  or  less 
extensive  involv<*ment  of  the  axillary  ncxles.  it  has  Ihm'U 
recorded  in  souh^  cas<*sthat  amputation  of  the  hand  and 
radical  extirpation  of  the  axilhiry  lymphatics  has  suc- 
ceeded in  leaving  the  ]>atient  fn*e  fnnn  recurrence  of 
the  disi*a.se,  and  in  a  similar  manner  we  frequently  find 
the  axillary  glands  fatally  coiiipromiwMl  and  bn^aking 
down  into  abscesses  with  the  lymphatic  ves.s<'ls.  by  which 
iiifeetion  from  the  hand  must  have  tmv<'ne<l.  remaining 
to  all  appeaninces  intact.  It  beh(H)ves  the  surgeon  in 
all  cast's  of  disease  of  the  distal  part  of  tin*  upjM*r  ex- 
tremity to  examine  with  care  the  condition  of  the  cubital 
and  axillary  glands  and  to  palpate  alst)  the  course  of  the 
(ieep<T  lymphati<!  ves.si'ls.  which  is  to  all  intents  and  pur- 
poses that  of  the  main  arteries. 

The  KriTi{(H'in.EAU  node  is  situated  in  the  bicipital 
sulcus  just  in  fn>nt  of  the  inner  epic<mdyle  of  the  hume- 
rus. It  is  one  of  the  first  glands  to  iK'Come  enlarged  and 
indumted  in  the  general  adenitis  of  svphilis. 

Elephantiasis  appears  occasionally  in  the  arms,  but 
more  rarely  than  in  the  lower  extremities.    LYMPHANai- 
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of  the*  wrist  aD(1  in  the  supinalors,  wiili  the  ocni 
sional  exception  of  the  8upinatf)r  longus.  Tlie  wrist 
drops  ami  tlie  fingers  are  flexed  at  tlieir  distal  joints. 
Some  extension  of  tlie  fingers,  however,  can  be  obtained 
through  the  action  of  the  interossei  and  lumbricales.  The 
typical  distribution  of  the  anaesthesia  after  actual  division 
of  the  nerve  above  its  cutaneous  branches  is  alon^  the 
outer  part  of  the  arm  from  the  insertion  of  the  deltoid  to 
the  lower  thinl  of  the  forearm,  and  there  is  more  or  less 
affection  of  the  sensation  of  the  dorsum  of  the  hand, 
though  in  many  cases  there  is  little  or  no  involvement  of 
8<'nsation. 

The  ULNAR  NKRVE  is  morc  exposed  to  injury  tlian  any 
other  nerve  in  the  body.  In  the  wrist,  at  the  elbow, 
and  in  the  upper  arm  the  nerve  is  liable  to  division  from 
inci8e<l  wouncla;  to  pressure  or  contusion,  or  to  involve- 
ment in  fractures  of  the  l)one.  Sometimes  an  apparently 
spontaneous  idnar  neuritis  is  observed  in  person8»other- 
wisc  in  good  health. 

One  peculiar  accident  is  liable  to  affect  the  ulnar  nerve 
as  it  passes  behind  the  inner  condyle  of  the  humerus, 
namely.  disloc.\tion  from  its  IkhI.  This  accident  is  ac- 
companie<l  with  more  or  less  neuralgic  pain  referred  to 
the  region  of  distribution  of  its  cutaneous  branches,  and 
with  more  or  less  involvement  of  the  functions  of  the 
muscles  to  which  it  is  distributcMl.  The  pain  as  well  as 
the  motor  symptoms  will  be  most  marked  when  the  arm 
is  flexed.  In  short  there  is  excited  in  the  nerve  at  this 
point  a  localized  neuritis.  The  accident,  which  is  rare, 
may  occur  spontaneously  during  violent  use  of  the  arm. 
as  in  ball-playing  and  gymnastic  exercise,  or  as  the  result 
of  a  contusion.  Pain,  numbne.ss,  and  tingling  alon^  the 
ulnar  side  of  the  forearm  and  of  the*  hand  will  indicate 
the  moment  of  its  occurrence  and  a  cord  can  be  felt  run- 
ning along  the  inner  side  of  theepicondyle  which  reveals 
itself  as  the  dLslocate<l  nerve  through  the  aggravation  of 
all  these  symptoms  when  pressed  upon  by  the  examining 
finger.  To  avoid  extension  of  the  neuritis  and  all  the 
undesirable  sequelae  of  nerve  flegeneration.  it  is  impor- 
tant that  the  nerve  should  Ih;  returned  to  its  bed  and 
securely  fastene<i  there.  For  this  purpose  a  fre(^  incision 
should  be  made  over  the  c^)urse  of  the  dislocated  nerve 
and  a  firm  flap  of  connective  tissue  should  be  dissecte<l 
up  from  the  inner  side  of  the  condyle  and  turned  out- 
wanl  over  the  nerve  so  as  to  bind  it  in  its  proper  beti. 
The  edge  of  this  flap  of  connective  tissue  should  be 
sutured  to  the  capsular  ligament  of  the  enM>w  joint  or  to 
the  periosteum  of  the  huinenis.  It  is  wis('r  not  to  allow 
the  needle  to  puss  through  the  nerve  sheath  for  fear  of 
exciting  neuralgic  pains.  The  arm  should  l>e  put  up 
and  fixed  in  exten.sion  an<i  this  position  maintaincHl  until 
the  parts  shall  have  firmly  united.  If  the  symptoms  of 
neuritis  in  the  mean  time  have  disappi^ared.  Xlw  limb 
should  be  treated  with  nutssage.  fanulization,  counter- 
irritation,  active?  and  pa.s.sive  motion,  etc. 

The  MEDIAN  NKUVE  is  (jftcu  in.iukki).  most  frequently 
in  incis(Hl  wounds  of  the  wrist.  In  the  fon'arm  it  suffers 
in  C4ise  of  fmctureof  the  ulnar  and  radius,  and  just  alK)ve 
the  elbow  its  course  to  the  bicipital  gr(M>v<'  exposes  it  to 
injur>'.  The  nerve  perforates  the  pronator  radii  teres, 
and  it  is  possible  for  it  to  be  injunMl  in  fonrihle  contrac- 
tion of  this  muscle  without  direct  external  viol(?nce. 

The  MiiscuLo-siMUAL  NEUVK  is  generally  the  sufTerer  in 
crutch  imralysis  from  pressun?  in  the  axilla.  Its  close 
connection  with  the  humerus  Icaels  to  its  fretjuent  injuhy 
in  case  of  fracture  and  to  its  frequent  involvement  in  the 
callus  or  lietween  the  fragments.  The  most  frequent 
cause  of  the  imralysis  is,  however,  damage  to  the  nerve 
during  sleep,  the  riatient  lying  upon  a  hard  ImhI  with  his 
arm  under  him.  This  is  nevn  particularly  in  drunkanis. 
In  many  cases  this  injur}-  of  the  muscuh)  spiral  nerve  is 
<lue  not  so  much  to  pnissure  as  to  stretching  of  the 
plexus  by  prolonged  extension  of  the  arm  alM>ve  the 
head.  It  is  important  for  the  surgeon  to  b(>ar  this  in 
mind,  as  it  is  the  frequent  cause  of  arm  paralysis  after 
anaesthesia.  The  prognosis  in  paralysis  of  this  descrip- 
tion is  almost  invariably  good;  the  most  potent  thera- 
peutic agent  being  faradization  of  the  affected  muscles. 


Pn)gressive  muscular  atrophv  and  syringomyelia,  to- 
gether with  the  other  spastic  and  paretic  affections  of  the 
arm,  though  more  properly  due  to  nerve  influences  thui 
to  actual  iUTections  of  the  muscle,  have  nevertheless,  for 
the  sake  of  convenience,  been  treated  above  under  the 
head  of  affections  of  the  muscles. 

VIII.  Hysterical  Lesions.. 

The  elbow  is  a  favorite  8(*at  for  hysterical  lesions,  and 
the  arm  ajB  a  whole  is  frequently  declared  by  the  patient 
to  be  powerless,  or  may  be  held  by  perverted  volition  in 
some  constrained  attitude  which  maybe  the  more  natuiml 
one  of  extension,  or  of  partial  flexion,  or  again  some 
strange  or  bizarre  position  from  which  the  patient  declares 
herself  unable  to  move  it. 

The  differentiation  of  hysterical  from  organic  disease 
of  the  arm  may  be  extremely  difficult.  Hysterical  affec- 
tions simulate  especially  disease  of  the  joints.  The  dif- 
ferential diagnosis  has  been  formulated  by  Dercum  as 
follows:  Hysterical  disease  of  the  joints  is  not  associated 
with  deformity  and  shortening  of  bone,  nor  with  the 
formation  of  pus,  nor  with  the  local  rigidity,  nor  with 
the  septic  temperature  that  is  seen  in  tuberculous  diseases. 
The  stiffness  is  caused  by  contracture  of  the  muscles, 
which  is  usually  much  morc  extensive  tlian  in  organic 
disease,  and  the  pain  is  usually  morc  diffuse  and  more 
spontaneous.  There  are,  moreover,  characteristic  mental 
and  physical  stigmata  present.  The  hysterical  patient 
dreaus  to  move  or  assist  in  the  examination  of  the  limb, 
and  obviously  dwells  upon  each  symptom,  while  she  is 
very  apt  to  have  segmental  anaesthesia  in  the  affected 
limb  or  even  hemiana'sthesia  of  the  body.  A  very  cdg- 
nificant  symptom  is  paralysis  of  the  limb,  which  is  never 
present  in  tuberculous  joint  disease*.  Finally,  under  full 
etherization  the  hysterical  joint  is  found  to  be  freely 
movable  in  all  directions.  It  must  not  be  forgotten, 
however,  that  hyst<»rical  symptoms  may  be  added  to 
those  of  genuine  organic  disease  of  the  joint. 

Hysterical  paralysis  may  be  caused  by  emotion,  such 
as  fright,  anger,  chagrin,  or  disappointed  love.  It  may 
vary  in  degree  from  slight  loss  of  power  to  total  palsy. 
The  deep  reflexes  of  the  affected  side  are  usually  in- 
creased and  the  skin  reflexes  abolished.  The  tendency 
to  contract  ure  is  often  marked ;  some  cases,  however,  pre- 
sent a  flaccid  type.  In  mild  cases  the  nutrition  of  the 
limb  is  not  affected,  but  in  s(»vere  cases  of  long  duraticm 
slight  but  distinct  loss  of  volume  may  be  nott»d.  True 
atrophy  with  reaction  of  degeneration  is  practically  un- 
known, and  when  pn'sent  must  thn)w  a  doubt  over  the 
exactness  of  the  diagnosis.  Hysterical  paralysis  is  often 
ac(rompanied  also  with  anaesthesia  or  hy pera?sthesia.  The 
amesthesia  is  likely  to  be  sharply  defined  and  limited  to 
the  paralyzed  fwirt.  The  boun<lary  of  the  anaesthetic  area 
will  Ije  at  right  angles  to  the  long  diameter  of  the  limb. 
The  paraiyziMl  part  may  lH?<!ome  (edematous  and  blue  or 
m(»ttl<'(i.  The  hypem*sthesia  accompanying  hysterical 
paralysis  is  usually  hy  p<*ralgesia.  This  hyperalgesia  may 
be  attendcfi  with  contnu'ture.  The  painful  cramp-like 
.state  of  the  muscles  causes  tlnf  patient  to  cry  out  and  to 
shed  tears.  Hystcricjil  paralysis  is  not  as  a  nde  confined 
to  the  (li.stribution  of  particular  nerve  trunks;  in  other 
words,  it  is  central,  not  ]M'nplieral.  Contracture  is  very 
likely  to  (*oe\ist  with  paralysis  in  hyst'i^ria,  still  this  is 
not  a  constant  rule.  Neither  is  the  reverse  true:  that  a 
contracted  limb  or  nius<'le  is  always  paralyzed.  Hys- 
teri<'al  contracture  is  most  obstinate  and  n*.sisting,  l)efng 
very  difficult  to  overcome  even  with  gn*at  fortv.  More- 
over, th(»  antagonistic  inusch^s  are  involve<l;  in  other 
words,  the  limb  is  drawn  into  a  vise-like  immobility. 
The  contracture  is  sometimes  so  persistent  that  it  does 
not  relax  even  in  sl(H?p.  It  doi'S  relax,  however,  imder 
ether  or  chloroform. 

The  <luration  of  hystericjil  paralysis  may  be  greatly 
prolonged.  Scmie  cases  recover  promptly,  but  others 
persist  so  long  and  simulate  so  closely  the  effects  of 
organic  disease  that  even  the  most  careful  observer  may 
come  to  distrust  the  exactness  of  his  diagnosis.     The 
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pitul.  aiitl  ccrtniii  iiirmlKTs  of  tlir  iixilicul  and  hospital 
corps  wcH'  li'ft  with  the  troops  to  trnit  thv  liirhtfTCiisi'S.  to 
^iv<'  iniiiKMliatc  as'^istaiicc  in  fincrgi*ncy  ojist's.  and  t()Rcn<l 
to  the  hospital  thos<»  who  rouhl  not  he  trcatf*d  toad- 
vantaL^r-  in  thc'ir  company  (juart^-rs.  With  a  sulliciency 
of  f>\pi'ri4'nc<'d  nu-dictil  officers  an<l  woll-trainwl  mcndK-rs 
of  the  hospital  c«»rps.  there  is  no  difiiculty  in  organizin*? 
the  in<'<li(iii  and  liospital  forces  of  various  detachments 
of  re«jrnlar  tniops  iiiti*  a  liospital  service  competent  to 
nie^'t  all  the  ne<'«|H  of  such  a  s|M'cial  expcilition;  but  if  in 
the  opinion  of  the  chief  sur^reon  the  avaiUihle  i>ersonnel 
and  supplies  are  insufllcient  for  the  purfxise,  a  rcipiisition 
is  made  on  the  sur^ecm-genend  of  the  army  to  supply 
d<'ticieneies. 

In  tim<*  of  war.  however,  the  re^j^iment  is  the  unit  of 
orpiin/ation  for  mass4>s  r>f  men.  Onlinarily  it  consists 
of  ten  or  twelve  companies  of  about  KM)  men  in  each: 
liut  the  nund>er  of  comjianies  and  of  men  varies  in  ac- 
eordance  w  ith  Con|rressional  acts  afTecting  the  organiza- 
tion of  the  army.  At  i)restfnt  the  re«riment  of  infantry 
c(»nsists  of  three  battalions  of  four  com]mnie8  each.  The 
company  has.  when  full,  an  enlisted  strength  of  111  to 
128  men,  and  the  regiment  aggregates  1,418  to  l,ttl7 
conunissiomil  an<l  enli.sted.  The  regiments  of  volunteer 
infantry  now  s<*rving  in  the  Philippine  Islands  also  are 
three-bat tjdion  regiments,  aggn'gating,  when  full.  1,342 
olliwrs  and  men.  Congress  has  autliorized  to  each  a 
surg<*on  and  two  assistants,  the  surgeon  having  the  rank 
of  major  and  the  }i>;sistants  that  of  (raptain  and  tirst  lieu 
tcfnant.  respectively.  This  medical  force  is  insutticient 
for  the  p<?rformance  of  all  the  duties  incidental  to  the 
ciire  of  so  large?  a  conunainl.  There  should  be  at  least 
three  assistants,  one  for  each  of  the  battali<ms.  As  the 
strength  of  the  reginx'ut  varies  from  time  to  time,  ac- 
cording to  existing  h'gislation,  the  medical  provision 
autliorize<l  for  it  is  also  variable.  At  the  present  tinu^ 
there  are  allowifl  to  each  regiment  one  hospital  steward, 
three  acting  hospital  stewards,  and  twelve  privates  of  the 
hospital  corps.  Two  four  horse  wagons  are  allowed  for 
each  hospital  and  three  or  four  ambulances,  or  at  the  rate 
of  one  ambulance  for  every  four  humlred  men  of  the  efTec- 
tive  forc<*.  If  mendH^rsof  the  hospital  corps  cannot  be 
obtained  as  drivers,  the  Quartermast(T's  Department  is 
authorized  to  bin*  civilians  for  this  purpose.  The  tentage 
con.sists  of  four  hospital  tents,  two  of  which  are  U8(?<i  as 
wartls.  one  as  disiiensary  ami  for  st^mige,  and  on<?  as  a 
mess  tent.  Each  hospital  tent  is  fitted  up  for  the  care  of 
five  patit'Uts.  There  ant  in  addition  to  the  hospital  tents 
two  connnon  tents  for  non-c<mnnis.sioned  officers.  thre<* 
conunon  tents  for  privates,  and  one  comnum  tent  as  a 
cook  tent.  Tin*  allowance  of  medical  supplies  and  hos- 
l)itnl  pi-operty  isvi-ry  libenil,  and  istixwl  by  the  surgeon- 
genenil.  It  eousists  of  two  medictd  and  two  surgical 
chests,  a  sterili/rr.  a  filter,  and  hospital  corps  and  onh-rly 
pouches;  rlilorid<' of  ]im<> as  a  disinfectant ;  cream,  farina, 
whiskey,  and  castile  soap  as  hospital  stores;  folding  field 
furniture  with  desk.  f<NHl  an<l  m<>ss  cliest.s,  and  an  ample 
.supply  of  bedding  for  ten  patients,  tog^-ther  with  the 
many  miscellaneous  articles  that  are  needful  in  the  dis- 
p<*n.siiry  and  ward.  The  i»urpose  of  the  regimental  hos- 
pitid  in  field  .s^Tvice  is  to  furnish  j)rotection  and  care  t(» 
the  sick  of  the  conunand  while  on  a  march  or  in  the 
field,  or  to  tlio.se  temponirily  sick  in  camps  of  instruc- 
tion. It  is  an  emergency  hospital  in  i\\v.  one  case  and  a 
detention  hosi)ital  in  the  other,  but  is  not  intended  for 
the  treatment  of  s<*riously  ill  patients  who.  in  the  event 
of  a  move,  woidd  prove*  to  be  an  incunibnuice  to  the 
regiment.  When  such  cases  are  found  they  are  to  be 
tninsfe'rH**!  promptly  to  some  hospital  less  ex*pose<l  to  the 
vicis.situ(h*s  of  war.  But  in  certain  cases  when  regi- 
ments are  isolate<l.  or  when  the  sick  cannot  be  sent  to 
another  hospital,  the  regimental  hospital  may  beexpan<h'd 
to  meet  the  necessities  of  the  case. 

But  when  troops  aiv  aggregated  in  large  cnm|>s  for 
war  purposes  the  n-irimentsare  brigaded  anil  the  brigades 
organized  into  divisions  and  corps  to  facilitate  the  <'0- 
ordination  of  their  movenjcnts  in  active  service.  The 
geneml  commanding  cannot  liuudle  a  large  anny  by  n»gi 


nients,  nor  can  tin*  chief  surgeon  of  such  au  army  liave  a 
comi>etent  field  hospital  organization  on  a  n'gimental 
luisis.  On  this  ImvsIs  theri*  are  as  many  small  hospitals  as 
there  are  regiments.  But  these  regiments  aa*  in  c*ainp 
for  Hehl  s<Tvice.  and  as  s<Km  as  the  onlers  to  nmrch  are 
published,  the  inaptitude  of  their  h<ispitals  to  nu*et  the 
new  conditions  becomes  manifest.  Military  policy  dic- 
tates that  a  column  of  tn)op8  on  the  inarch  slioulii  be  a 
column  of  fighting  men.  unbn)ken.  at  regim<*ntul  inter- 
vals, by  ambulances  carrying  sick  men  and  by  wagons 
with  me<li(ral  or  other  supplies.  The  ambulances  with 
the  sick  are.  therefon*.  aggn*gate<l  into  a  single  train. 
w  ith  position  in  rtmr  of  the  last  regiment,  forming  prac- 
tically a  genend  ambulant  hospital  for  the  cmnmand. 
The  wagons  containing  the  t<'nts  and  hospital  stores  form 
part  of  the  general  supply  tndn,  which  follows  the  com- 
mand under  th(?  protection  of  the  n*ar  guanl.  On  arriv- 
ing at  the  site  sekrted  as  the  camp  ground  for  the  night, 
the  ambulances  which  have  travelled  as  an  aggregate 
hospital  during  tlie  day  beccmie  sepanite<l  into  their 
regimental  elements,  eiich  cam]>ing  in  the  vicinity  of  its 
own  conunand ;  ami  as  the  regiments  may  be  'wi<lely 
scatten*d,  many  of  them  at  considemble  distances  from 
the  direct  line  of  march,  the  day's  march  for  the  sick 
men  may  l)e  thus  needlessly  lengthened.  The  troops, 
who  carry  their  shelter  tents  and  mtions  with  them,  are 
able  to  make  themselves  comfortable  as  soon  as  the 
camping  ground  is  niiched,  but  the  hospital  attendants 
must  await  the  arrival  of  the  rear  guard  and  the  wagon 
train  b<*fore  thev  can  place*  the  tired  and  suffering  sick 
under  shelter  and  refresh  them  with  appropriate  nourish- 
ment. Delays  of  this  kind  are  es])ecially  frequent  in 
wet  and  inclement  wwither,  when  the  condition  of  the 
rcNids  impedes  the  progress  of  the  supply  train. 

But  it  is  chiefly  during  and  after  a  l3attle  that  the  in- 
competency of  the  regimentid  system  of  hospital  organi- 
zation is  manifest(Hl.  The  hospitals  am  scattx'riii  at 
various  distances  fn>m  one  another  ahmg  the  rear  of  the 
line  held  by  the  troops.  They  are  inconspicuous,  and 
not  easily  reache<l  by  such  wounded  as  come  rearward 
without  as.sistauce  or  guide.  No  satisfactory  supiTvision 
can  Iw  exercistnl  over  them.  Some  of  the  regiments 
suffer  mon?  than  others.  Their  and)ulances  and  stret<rlier 
bcuirers  are  unable  to  remove  the  wounded  with  prompt- 
itude from  their  expownl  position  in  the  field.  The 
medical  officers  are  overworked  yet  cannot  accomplish 
all  that  should  be  done.  Their  liospital  shelters  are  in- 
sufficient, and  their  supplies  |HThaps  ina<h*quate.  Mean- 
while the  nu^lical  officers  of  those  n'giments  that  have 
not  Iwcome  engjiged,  or  have  not  suffered  severely,  are 
at  their  posts  awaiting  developments  on  the  line  of  l!aftlc. 
If  there  seems  to  Ik'  no  i»rospect  of  an  imm(K:liate  «ill  to 
action,  thes<»  officers  may  as.sist  their  overworked!  com- 
nides;  but  they  may  show  some  lusitancy  in  sliaring 
their  stores  and  dressings  with  others  if  there  is  a  likcli- 
ImmmI  of  their  own  conunands  liecoming  engage<l  Ix'fore 
opportunity  is  afforded  for  replenishing  thesi*  at  a  pur- 
veying depot.  In  fact,  a  n'giment  may  at  any  time  have 
nn)n'  wounded  men  than  can  be  provided  for*  within  the 
limits  (»f  a  n'gim(>ntnl  hospital. 

If  a  brigade  of  two  or  three  regiments  is  oix'mtinff  as 
an  ind<'pendent  command,  a  brigade  field  hospital  is 
established  by  consolidating  the  medical  and  hospital 
<'(|uipm<*nt  of  the  regiments.  "When  the  line  of  march  is 
taken  up  the  ambulances  and  tninsport  wagons  of  the 
liospital  follow  in  rear  of  the  marching  column.  Two 
nu'dical  otlicers  are  i>lac<'d  on  duty  witii  this  ambulant 
hosj)itaI.  while  the  others  remain  with  their  resjX'Ctive 
regiments  to  give  care  to  new  ca.ses  until  their  transfer 
to  the  hospital  is  effected.  This  brigjide  hospital  is  not 
broken  up  into  its  n'gimental  elemenlson  reaching  camp, 
but  preserves  its  organization  under  cjinvas  as  on  Uie 
march.  In  the  event  of  an  encounter  with  the  enemy 
the  hospital  stall  is  strengthened.  Standing  onlers  in 
this  event  pres<*ribe  the  special  duties  of  every  medical 
officer  of  the  command.  These  an*  issued  on  the  recom- 
mendation of  the  briga(U'  surge(»n.  One  surgeon  is  as- 
8igue<l  to  duty  as  the  operator  for  the  command.     Three 
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contingencies  probable  during  their  absence,  or  without 
an  onler  from  superior  authority,  wliicli  is  ecjuivalent  to 
such  knowledge.  Usually  tlie  wagon  trains  of  llie  supply 
departments,  after  unloading  at  the  front,  may  be  secured 
for  the  removal  of  the  wounded  to  the  base  or  to  railwaj' 
communication  with  it,  when*  accommodations  for  their 
treatment  or  special  means  of  transportation  to  other 
points  have  lK»en  providtnl.  If  more  wagons  are  required 
tlmn  have  been  furnished  by  the  departments,  an  effort 
should  lie  made  to  obtain  them  by  further  issues  to  the 
tnK)p8. 

If  the  division  is  operating  asan  independent  command 
the  hospital  follows  the  rc»ar  of  the  maix*hing  column ; 
but  if  it  is  a  part  of  a  larger  command,  the  order  of  march 
may  direct  a  temporary  partition  of  the  hospital  train. 
It  may  be  imperative,  from  the  military  point  of  view,  to 
have  the  various  divisions  of  the  army  well  closed  up 
and  unbroken  by  baggage  or  other  heavy  wagons.  The 
ambulances  are  then  pennitted  to  follow  m  the  immediate 
rear  of  the  command  U)  which  they  belong;  while  the 
heavier  transport  wagons  of  the  hospital  fall  into  position 
with  the  regimental  Imggage.  ordnance,  subsistence,  and 
forage  wagons,  in  rt»ar  of  the  whole  lighting  force  except 
the  rear  guard,  or  the  command  specially  detaikni  for 
their  pn)t<»ction.  In  this  column  the  hospital  wagons 
are  generally  accordetl  the  lead.  On*^  of  the  ambulance 
officers  is  assigned  to  duty  with  the  portion  of  the  train 
thus  detached.  This  s<*paration  is  usually  temporary, 
tlie  completion  of  the  day's  march  bringing  the  wagons 
into  canjp  shortly  after  the  troops  and  their  ambulances 
have  rear he<l  it,' the  time  of  their  arrival  depending  on 
the  length  of  the  marching  column  and  the  character  of 
the  roads,  the  weather,  etc.  Occasionally,  however,  the 
conditions  of  tlie  campaign  may  continue  the  detachment 
of  these  wagons  for  a  longer  jieriml. 

On  the  march  the  ambulances  constitute  the  division 
field  hospital.  Following  in  rear  of  the  troops,  it  picks 
up  thow^  who  have  fallen  out  of  the  column  fn»m  ac- 
cident or  the  development  of  disease.  Usually  each  of 
these?  men  has  lM>en  examined  by  his  regimental  nuHiical 
officer  and  furnished  with  a  cird  of  authorization  to 
await  the  passage  of  the  ambulances.  One  of  the  officei*s 
on  duty  with  the  ambulances  receives  the  canis.  admits 
the  patients,  and  pnK'ures  such  articUfS  as  may  be  neinl 
ful  for  their  immediate  treatment.  This  admission  by 
card  Is  needful  to  save  the  energies  of  the  hospital  sur- 
geons and  preserve  the  ambulance  transportation  for  tlu* 
more  urgent  cases.  The  regiment^il  officer  knows  the 
men  of  his  command,  and  can  arrive  at  an  accurate  esti- 
mation of  the  conditions  in  a  given  case  in  less  time  than 
the  hos]>ital  surg<*ons,  who  liave  no  previous  knowledg<*. 
and  who  must  conduct  their  examinations  while  on  the 
move.  If  the  troops  are  raw  and  undisciplined,  men 
may  drop  out  of  the  mnks  in  large  numbers  without  the 
sanction  of  the  regimental  surgeons,  an<l  l)esiege  the  am- 
bulances for  admission.  There  is  no  time,  while  being 
pushed  forward  by  the  troops  in  rear,  to  make  a  discrimi- 
nating examination,  and  these  appli(rants  are  permitted 
to  enter  tht?  ambulances.  At  the  next  halt  ff)r  rest  a  few 
of  the  unwarmnted  entries  may  be  weeded  out,  if  the 
time  of  the  officers  is  not  wholly  <K'cupied  in  examining 
other  candidates  for  adnns.sion;  but  ultimately,  if  the 
march  is  long,  the  roads  ImuI,  or  the  weather  oppressive. 
every  seat  is  in  use,  and  the  surgeons  are  importuned  for 
the  accommodation  which  they  can  furnish  only  by  dis- 
criminating between  one  fagged-out  man  and  another. 
The  preliminary  examination  bv  the  regimental  surgeon. 
and  admis.sion  to  hospital  on  his  authority,  prevent  this 
strain  on  the  energies  of  the  ambulant  hospital. 

The  march  has  its  suiTerers  as  well  as  the  Iwittletield. 
and  these  must  be  carried  along  and  cared  for;  but 
simple  exhaustion  must  be  met  by  the  general  principle 
of  halting  the  column  at  intervals  for  rest.  If  the  mili- 
tary n«*ci»8sity  requires  a  forced  march,  the  commanding 
general  must  accept  the  loss  of  men  which  his  line  will 
suffer  as  the  price  of  the  |>osition  which  he  s<»curcs.  The 
ambulances  are  an  hospital,  not  a  m(>ans  of  transporta- 
tion for  a  jaded  army.     The  sick  and  injun>d  an*  to  be 


carried,  not  the  merely  exhauste<l.  who  by  a  short  period 
of  rest  will  \w  rt»<'ruited  and  enabled  to  push  forward  to 
the  end  of  their  march. 

At  the  conclusion  of  the  day's  journey,  when  not  im- 
mediatelv  in  front  of  the  enemy,  the  h<>spital  camps  in 
.some  suitable  place  in  rear  and  not  distant  from  the 
c(mimand.  While  awaiting  the  arrival  of  the  baggage 
wagons  the  sick  are  examined  and  treated.  Such  as  are 
consider(»d  fit  for  duty  are  din'cted  to  report  to  tbeir 
regiments.  A  notification  should  be  sent  to  n'gimental 
surgeons  in  the  cases  of  men  admittc^l  during  the  march 
without  their  knowledge,  and  n>tained  as  unfit  for  duty 
at  its  conclusion,  that  these  men  imiy  Ik*  accounted  for 
on  the  n^gimental  reports.  In  the  m(*an  time  the  surgeon 
in  charge  indicates  to  the  hospital  attendants  who  have 
iK^en  detailcMl  as  piimeers  tlH>  position  which  he  desires 
the  tents  to  cHrupv.  WtMxl  and  water  are  procured, 
and  the  kitchen,  ana  .such  other  fires  as  the  season  and 
climate  may  re<iiiin*,  are  lighted  in  frr>nt  of  the  position 
to  be  (K'cupied  by  the  tents. 

On  the  arrival  of  the  heavy  wagons,  the  pioneers  un- 
load and  pitch  as  much  of  the  hospital  canvas  as  may 
be  required  for  the  accommodation  of  the  sick,  and  suli- 
s<H]uently  the  tents  of  the  officers.  The  nurses  unload 
and  fit  into  the  rais(?<l  canvas  such  cots,  bedding,  and 
other  articles  as  may  he  nwessary.  and  thereafter  the 
litter  bearers  transf<*r  the  sick  fnmi  the  ambulance 
wagons. 

The  cooks  obtain  their  kitchen  utensils,  and  fumisli 
tea  and  coffee  by  the  time  the  sick  are  in  their  cots. 
I^ater  in  the  evening  dinner  is  prepannl.  Pending  the 
preparaticm  of  this  meal  the  ambulances  and  wagons  are 
parked  in  rear  of  the  tents  and  the  horses  fwl,  watered, 
and  groomed,  while  the  litter  Warers  pitch  their  shelters 
b(*tween  the  wagcm  park  and  the  hospital  tents,  and  the 
pioneers  trench  an>undtlH>  wanls  to  keep  their  floors  dry 
in  case  of  possible  rain.  When  rain  is  prolmble  the  tent 
rop(>s  should  he  relaxed.  lest  their  contraction  dislodge 
the  pegs  and  endanger  the  stability  of  the  canvas. 

In  th(;  establish  men  t  v.f  camp  each  num.  by  drill  and 
experience,  knows  his  particular  duty,  and,  by  doing  it 
heartily,  the  whole  is  accomplished  with  ease  and  rapid- 
ity. Ij<>ss  than  an  hour  suffices  to  transfonn  a  deserted 
field  int^)  an  hospital  st»ttlement  as  onlerly  and  perfect 
in  its  appointments  as  if  it  had  existcHl  there  for  weeks. 
With  dinner  the  labors  of  the  day  are  at  an  end.  save  for 
the  campguani  over  the  wagons  and  horw»s,  the  liospital 
guard,  and  the  special  work  of  the  doctor  and  nurse  in 
particular  cases. 

Under  certain  conditions  it  is  Ix'tter  to  make  the  sick 
pass  the  night  in  the  ambulance  wagon$a  than  to  pitch 
canvas  for  their  shelter.  Thus,  when  the  cam])  ground 
is  reached  late  at  night  and  an  earlv  start  is  anticipated, 
if  the  c'vening  is  wet  and  dis<'omfort  would  attend  the 
transfer  of  the  sick  to  the  tents,  or  even  if  the  UMids  are 
miry  and  it  is  undesinible  to  have  the  hospital  canvas 
marie  so  much  heavier  by  the  min.  the  patients  may  be 
m.'Kh*  to  pass  tin?  night  in  the  ambulances,  these  vehicles 
thus  constituting  the  division  field  ho.spital  in  camp,  as 
well  as  on  th<'  march.  Under  such  conditions,  if  the 
nmnber  of  sick  is  larger  than  can  be  accomnKHlated  in 
the  ambulances,  tents  may  be  pitched  for  the  slighter 
cases,  while  those  of  a  more  si'rious  character  remain 
undisturbed  under  the  ambulance  covers. 

When  rertiUe  is  sounded,  the  teamsters  groom,  feed, 
and  water  their  horses  or  nudes,  the  litter  Inuirers  pack 
up  their  blankets  and  shelters,  and  fill  the  ambulance 
kegs  with  fresh  water:  breakfast  is  eaten;  the  sick  are 
examined,  and  medicines  prescribe<l  and  providetl  for 
their  use  during  lhe<lay,  after  which  they  are  transferred 
to  tin*  ambulances,  while  their  recent  quarters  and  bed- 
ding are  packed  uji  and  placed  in  the  wagons,  which 
have  by  this  time  reported  for  their  loads.  When  the 
tr(M)ps  fall  in.  the  ambulances  are  in  line,  ready  to  move 
otf  in  rear  of  their  command;  but  the  transport-  wagons 
remain  in  camp  until  all  the  troops  have  passed,  and 
then  join  the  column  of  the  supply  train.  Thus  another 
day's  march  is  commenced. 
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leaderahip  as  foragers.  During  inclement  weather  tlie8<* 
slighter  cases  niay  ))e  housed  in  the  hospital  tents  uutil 
their  special  camp  is  prepareii.  When  thus  systemati- 
cally camped,  the  wants  of  the  wounded  are  not*  likely  to 
be  overlooked,  as  each  ward -master  has  his  duties  aggre- 
gatf^d  and  defined. 

But  in  the  mean  time  the  ambulances  arrive  from  the 
field,  and  the  whole  staff  of  the  hospital  becomes  at  once 
actively  engaged.  Should  the  news  from  the  front  in- 
dicate that  the  tents  will  be  insufficient  for  the  accommo 
dation  of  the  wounded,  tlie  flies  are  removed  and  pitchwi 
as  extensions  of  the  wards,  and  the  betlsacks  filled  with 
such  suitable  material  as  may  have  been  collected  in  the 
neighborhood.  If  the  extension  of  the  wartis  by  means 
of  the  flies  is  insufficient  for  the  shelter  of  the  incoming 
wounded.  n»coursi»  may  be  had  to  the  accommodation 
offen*<l  by  the  neighboring  dwelling  or  its  outhouses; 
but  with  the  hospital  establishment  organized  as  stateii, 
this  will  be  needful  only  on  exceptional  occasions. 

Should  the  enemy  retire  under  pressure  of  the  attack, 
it  is  not  n(?ces.sar)''for  the  hospital  to  follow  the  conse- 
quent a<lvance  of  the  command.  The  ambulances  will 
have  to  make  a  longer  journey  to  reach  it ;  but  it  will  be 
better  for  them  and  for  the  recently  wounded  to  under- 
take this  than  for  the  whole  establishment  to  make  a  for- 
ward mov(!.  Should  the  advance  in  pursuit  carry  the 
lines  so  far  from  the  hospital  as  seriously  to  impair  the 
usefulness  of  the  latter,  a  forwani  move  may  l)e  ordered, 
pn)V!ded  the  wounded  and  sick  can  be  carried  in  the 
anibulanc(*s  and  other  wagons  at  the  disposal  of  the  sur- 
geon in  (rharge;  but  if  the  wounded  cannot  \)C  thus  trans- 
I>orted,  the  orders  should  direct  the  hospital  to  be  ready 
to  move  at  a  given  hour,  by  which  time  all  operations  are 
expectitl  to  be  perfonned  and  the  wounded  to  be  in  con- 
dition to  undertake  a  n»arwartl  journey  in  wagons  spe- 
cially provided  for  their  transportation.' 

The  surgeon  in  charge  suiH'rintcnds  the  loading  of 
these  wagons,  and  provides  for  the  comfort  of  the  woun(l(»d 
by  supplying  the  medical  officer  who  is  detailed  frrmi  his 
regimental  duties  to  accompany  them  with  such  articles 
of  f<Kxl  and  medicine  as  may  Ih»  needful.  He  mav  have 
to  part  with  some  of  his  mattresses,  bedsacks,  and  bfankets 
in  fitting  out  this  train;  but.  if  nwd  be,  a  call  may  be 
made  by  telegraph  to  have  them  replaced  fmm  the  pur- 
veving  depot  at  the  base  of  supplies. 

Should  the  onlers  transmit te(l  bv  the  medical  director 
recjuirea  forward  movement  of  the  hospital  establishment, 
while  no  provision  is  made  for  the  removal  in  the  opposite 
direction  of  the  woundeil  aln^ady  accumulateil,  rations 
must  Im*  drawn  from  the  g(>n<ral  supply  train  and  left 
with  tliem,  together  with  the  necessary  supply  of  medi- 
cines, stimulants,  dressings,  etc.,  recjuired  for  the  prob- 
abli'  ]>(>rio<l  of  their  stay  and  subs4>(|uent  journey.  I  nder 
these  circumstances  much  of  the  hospital  material  may 
have  to  b<^  left  behind  for  the  time  being,  under  charge 
of  an  ambulance  officer,  with  the  wagons  needful  to  in- 
sure its  return  to  the  hospital  on  the  departure  of  the 
wounded  to  thebas(>  of  supplie.**.  The  hos])ital  may  thus 
Ik^  temporarily  disabled ;  but  the  grt»ater  its  disability,  the 
less  is  the  likeliluxHl  of  its  being  again  called  into  serious 
action  without  time  being  afTord<*d  for  nfcuperation;  for 
tlur  disability  from  this  cause?  is  ]>n)portioned  to  the  loss 
inrtictecl  on  the  conunnnd  to  which  it  is  attached.  If  the 
command  has  sufTen-d  considerably,  it  will  probably  be 
placwl  in  re«?rve  for  a  few  days,  liy  which  time  the  hos- 
pital material  will  have  ntunuHl  tothe  front. 

But  should  a  fiercely  contested  battle  be  fought,  giving 
ten  or  twelve  hundn'd  wounded  to  each  of  the  divi.sion 
]ios])itals.  the  lines  Iw^come  so  broken  and  the  trcH)ps  so 
exhaust(Hl  that  time  must  elapse  beft»re  either  party  is  in 
condition  for  a  n'newal  of  the  contest:  ammunition*  food, 
forage,  and  p<*rhaps  chithing  wagons,  have*  to  be  ordered 
up  ifor  u.se.  The  resum]ition  of  hostilities  is  a  gradual 
priwess  pn'ccnh'd  by  feints  and  inano-uvres  to  develoj) 
the  antagonist's  .strt-ngth,  gjsin  posit  if  »n.  or  await  n-in- 
forcenients.  The  existence  of  the  hospital  on  the  ground 
selectetl  at  the  beginning  of  the  balth*  may  thus  Iw  pro- 
longed, and  ample  time  may  be  ullorded  the  surgical  staff 


for  tlu<  «)mpletion  of  its  bilM>rs;  but  the  uucertaiDtv 
which  is  inhen'nt  in  all  l>attlefield  conditions  reudcra  it 
itni>ortant  that  every  effort  should  bo  made  to  have  the 
woundnl  in  condition  for  removal  at  the  earlii>8t  possible 
moment.  As  srx)n,  therefore,  as  the  battle  has  ceased, 
certain  mr-<lical  officers  who  have  hitherto  l)een  on  duty 
at  the  front  are  dire<*ted  to  report  to  the  surgeon  in 
charge  for  assignment  to  temporary  duty  at  the  hospital, 
where  the  progress  of  the  operative  work  is  correspond- 
ingly liastened;  or,  the  extra  surgical  help  may  be  de- 
rivcfl  from  the  base  or  general  hospitals,  especially  if 
telegraphic  and  railroad  connections  have  been  kept  up. 
The  aid  required  under  these  cinnimstances  is  skilled  sur- 
gical assistance,  to  enable  the  hospital  to  complete  its  field 
operations.  It  is  providcni,  as  has  be<^n  8(H.*n,  with  the 
needful  shelters,  supplies,  and  appliances  for  a  large  ag- 
gregation of  wounde<l.  and  with  the  surgical  aid  requisite 
for  the  operative  work.  pn)vidwitime  isafforded  inwhidi 
to  acconiplisli  it;  but  as  this  important  element  is  not 
always  available,  surgical  aid  from  the  front  or  rear  is 
always  of  value. 

Should  the  troo])s  in  the  line  of  Uittle  be  driven  back, 
and  the  hospital  establishment  U^'ome  exposed,  the  sur- 
geon in  charge  must  take  prompt  mea.sures  to  prevent  its 
capture  by  the  enemy.  All  the  woundeil  who  have  been 
brought  in  should  In'removnl,  with  the  hospital  material, 
to  a  suitable  site  in  the  rear  of  the  position  newly  assumed 
by  the  troops.  The  woundnl  left  upon  the  field  must  be 
cared  for  by  the  medical  de|>artment  of  the  opposing 
forct%  but  such  jis  have  reached  the  shelters  prepared  by 
friends  should  not  be  given  up  without  the  strongest 
efforts  on  the  part  of  those  in  charge  to  save  them.  If 
there  is,  unfortunately,  no  time  to  effect  the  removal  of 
all,  such  as  must  be  pc^rmitted  to  fall  into  the  liands  of 
the  enemy  sliould  be  left  with  as  comfortable  surround- 
ings as  if  they  were  still  within  the  lines.  Hospital  can- 
vas, iKHlsteads  and  bedding.  me<lical  and  surgical  sup- 
])lies,  and  food  mu.st  bo  left  with  them,  and  such  medical 
attc>ndance  as  their  number  may  require  should  be  de- 
taiknl  to  remain  with  and  surnMider  them.  Shelter  and 
furniture  thus  lost  to  the  hospital  sliould  be  renewed  by 
immediate  riMiuisition  on  the  supply  depots. 

If  the  disaster  is  so  serious  that  none  of  the  wounded 
can  be  removal,  the  surgwm  in  charge  should  endeavor 
to  preserve  the  hos]>ital  orgimization  by  withdrawing 
the  ambulances,  wagons,  surplus  stores,"  and  personnel 
not  specially  detailed  to  remain  with  the  wounded. 
When  the  hos])ital  establishment  is  thus  disabled,  an  im- 
mediate renewal  of  hostilities  neci'ssitates  the  occupation 
of  the  available  buildings  in  the  neighborlMxxl  of  the  new 
site:  but  this  utilization  of  pre-existing  slielter  would 
have  been  iKcessarv  if,  without  the  repulse,  the  wounded 
had  by  their  numlHT called  for  increased  accommodation. 
The  graver  cas«'s  are  received  and  beddtnl  in  the  dwellinn 
or  their  outhouses,  and  the  slighter  cases  camp  in  their 
canvas  shelters  as  b<*fore.  F<kk1,  medicines,  surgical  ap- 
pliances, etc.,  an*  furnishiKl  from  the  wagons  which  have 
been  sjived.  and  the  operating  staff  is  reorganize<l  if  it 
has  sutTerod  loss. 

If  th<?  disaster  involves  the  capture  of  the  transporta- 
tion and  supplies,  while  mon*  or  less  of  the  officers  and 
men  have  escapetl.  to  undertake  the  duty  of  aiding  the 
wounded  wlu>  may  fall  in  the  skinni.shes  of  a  subfteijuent 
retrrat,  a  work  is  presenteil  to  these  memlx'ra  of  the  hos- 
pital establishment  which  will  be  accomplished  with  an 
etlici^'ncy  depending.  rnU-rh  jninhun,  on  their  previous 
(lis<'ipline.  Notwithstanding  breaks  in  their  ranks,  their 
training  holds  them  togctlu  r  as  a  machine  constituttnl  for 
a  sp<'eilic  purpose.  Wagons  for  the  transport  of  the 
woundeil,  and  of  supplies  obtained  fr^m  the  hospitals  or 
purveying  d<'p<)ts.  may  oftin  be  ohtaiiifd  from  the  army 
trains.  The  IiL'"Iit  lieadciuarters'  wag<ms  were,  on  several 
occasions  durinir  our  civil  war.  tninsfem»d  to  the  hos- 
l»ilals,  to  form  the  nucliMisof  an  e\temporizc*<l  ambulance 
system,  ami  ilie  work  (»f  collecting,  treating,  and  provid- 
ing for  the  woun<led  has  thus  gone  on  with  more  or  less 
of  pre<'ision  and  elliciinev. 

When  the  army  goes  into  winter  quarters,  and  occa* 
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departmHit  a  frt^e  afrent  to  sustain  its  pn»at  rfsponsibility 
and  |a:avc  it  the  Quartermastor's  Dcpartiiu'iit  for('(»llalK)ra 
tion  and  assistance.  In  this  thoy  were  in  advance  of  the 
methods  of  all  other  armies;  hift  the  Uegulat ions  issue<l 
onetliinl  of  a  century  hiter  fettered  the  tnedittil  deiwrt- 
ment  with  the  bonds  of  slavery.  The?  surf?eon  dropped 
to  the  status  hehl  by  liim  in  f(^reij;n  armi<*s  as  the  mere 
attendant  on  the  wouudiHl  when  permiit<*d  by  the  oHlcers 
of  another  department  tocome  into  jH'rsonal  contact  with 
tlieni.  Even  the  medical  din'ctor,  a  dircH'tor  in  name 
only,  was  onlen'd  to  take  his  post  for  professional  work 
at  tlie  principal  depot. 

The  Regulations  of  1861  found  us  engaged  in  a  gri'at 
war.  with  tlie  army  medical  deimrtment  responsible  Ik*- 
fore  public  opinion  for  the  care  of  the  w<mnded.  yet  un- 
able to  accomplish  anything  without  the  consent  and 
active  cooperaticm  of  ofhcers  who  were  not  hehl  to  this 
R'sponsibility.  Many  of  tlu'se  offlct'rs  were  volunte<*rs 
ignorant  of  their  power  under  the  Regulati<ms.  but  all 
were  actuatetl  by  the  patriotic  desire  of  accomi)lishing 
the  end  in  view,  of  doing  the  iK-st  for  the  woundtil  under 
the  conditions  of  the  time.  The  medical  work  on  the 
battlefields  of  the  civil  war  progressf»d,  therefore,  under  an 
intelligent  appreciation  of  what  the  I{<»gulations  slumld 
have  i)een  nit  her  than  of  what  they  were,  and  as  a  re- 
sult, the  excellent  system  of  firld  hospitals  and  associated 
ambulance  trains  was  developed. 

Although  at  the  close  of  the  civil  war  the  medical  de 
partment  of  the  anny  was  trained  into  elllciency  by  its 
long  experience,  and  although  later,  in  1887, "it  was 
strengthened  by  the  formation  of  a  trained  hospital 
corps,  wholly  under  its  comnumd,  the  conditions  exist- 
ing at  the  outbreak  of  the  Spanish- American  war  in  1898 
were  most  unfavoniblefor  elHcient  service.  At  this  time 
the  medical  staff  and  the  hospital  corps  of  the  regular 
anny  were  insuflicitfut  for  the  proper  care  of  a  command 
of  twenty-five  thousand  men  in  time  of  i)eace.  Suddenly 
the  strength  of  the  army,  regular  and  voluntwr,  wiis 
mised  to  two  hundred  and  eighty-five  thousiuul  njen. 
Surgeons  from  civil  life  were  appointed  by  the  Presi 
dent  as  chief  surg^'ons  of  coq^s,  divisions!  and  brig 
ades.  and  by  the  governors  of  States  jis  regimental  sur 
geons  and  assistants.  Most  of  these  ofiieers  were  able 
surgeons  and  physicians,  but  few  of  them  had  had  any 
experience  of  tlu;  duties  j)ertaining  to  the  medical  depart  • 
ment  of  a  large  army.  Some  had  seen  service  in  the 
national  guards,  but  this  was  nitlier  detrimental  than 
otherwise,  as  it  gav(»  them  an  exagir<*r:il<'d  idea  of  the 
imi)()rtance  of  the  regiment  as  a  unit  of  organization. 
The  law  authorizing  the  muster  in  of  volunte^T  troops 
provide<l  for  a  surgeon  and  two  assistants  fi^r  eaeh  regi 
ment,  but  there  was  no  pn)vision  for  any  privates  of  th<' 
hospital  eorps.  Tnuisfers  from  the  line  of  the  volunteer 
army  to  the  reu^ular  hospital  corps  were  autliori/ed.  Imt 
the  volunteer  soldiers  (lidn(»t  caw  to  leave  their  comnides 
in  the  State  regiments  to  aectpt  service  in  the  re^rular 
army;  and,  moreovt-r,  com])any  and  re;rim»'ntal  oflic«Ts 
did  not  look  favonibly  u])onsu(li  tntnsters.  The  medical 
department  of  the  army  was  therefore  met  at  the  outset 
with  theditlicult  task  of  niising  an<l  edueating  a  lH»spital 
force  of  about  fivethousjind  men  ^^  hen  it  should  have  i>een 
organizing  such  a  force  for  lield  service.  As  troops  were 
being  concentrated  for  an  immediate  invasion  of  Cuba 
and  Porto  Rico,  instructions  wen-  issued  I<M>king  to  the 
organization  of  field  hospitals  and  ambulance  companies 
for  divisions,  bv  the  consolidation  of  the  rejfiinental 
medical  force  and  equi])ments.  (Jreat  ditliculty  was  (»x 
perienced  by  chief  surgeons  of  corps  and  divisir)iis  in 
elTecting  this  organizati<»n.  tlrst.  by  thr-  o]>iM»sition  of 
regimental  medical  and  line  ollicers  to  the  hnakinir  up 
of  the  regimental  hospitals;  second,  tin*  regulation  al 
lowance  of  one  ambulance  to  each  fimr  innidred  men 
and  one  four  horsi*  wagon  to  each  six  hundii  d  men  of 
the  etTective  forc(»  had  to  be  built  before  beinir  issued; 
and.  third,  the  nine  hundred  ho-;pital  cor|>>!  privates  re 
(piirerl  to  man  the  division  hospitaU  an<l  amltulance  com- 
j)anies  of  each  army  corps  had  to  l)e  enlisted  or  trjuis 
f erred  from  the  line  before  their  services  could  become 


available.    To  perfect  the  field  hospital  organizaticni  of 
the  army  wliich  invad(*<l  Porto  Rico,  the  hospital  person- 
nel and  equipment  of  comniauds  renminiug  in  the  home 
camps  liad  to  be  drawn  upon,  greatly  to  the  detriment  of 
the  latter.     Leas  difficulty  was  experienced  in  organiz 
ing  the  hospitals  of  the  divisions  of  the  Fifth  Army 
(^)rps  which  inva«le<)  Cuba,  as  most  of  the  regiments  of 
this  cori)s  were  regular  regimen  t.s.  each  of  which  brought 
some  hospital  corns  men  and  ambulances  to  the  point  of 
emlMirkaticm  at  Tamf^a.  Fla.     Long  before  the  emlxirk- 
ation  of  this  corps  its  field  hospitals  were  in  condition 
for  efficient  ser^'ice.  and  although  its  ambulance  com- 
panies were  not  filled  up  to  their  intended  strength, 
nor  fully  equipped  with  wagons,  horses,  and  harness, 
those  sections  which  had  their   equipment  completed 
were  well  drilled  in  hrispital  corps  work  and  ready  for 
active  service.    Each  hospital  had  about  eight  six-mule 
wagons  to  liaul  its  tentagc  and  supplies.      OperatiDp 
tents  were  provided  with  enamel  led -stwl  folding  operat- 
ing tables,  steam  steiilizers  and  water  hcniters,  bath  tubs, 
and  other  necessary  furnishings.      Sul)sequent  events, 
however,    render(»d    these    preimrations   comiiaratively 
valueless.     When  the  command  enil)arked  on  the  trans- 
ports, the  baggage  wagons  and  mules,  the  ambulances 
and  hors<^.  and  a  large  part  of  the  equipment  of  each  of 
the  hospitals  w«»re  left  Ix'hind  by  order  of  the  militan* 
authorities,  to  be  forwardeil  after  the  troops  on  lat^ 
transports.     With  the  exception  of  a  few  ambulances, 
none  of  this  medical  provision  thus  left  behind  succeeded 
in  reaching  the  anny  investing  Santiago  de  Cuba     Even 
the  small  regimental  medical  and  surgical  chests  were 
not  available  at  the  time  the  enemy  was  encountend 
liecause    the    transports,  in   accordance  with  militanr* 
orders,  stood  out  to  sea  after  landing  the  tnM)ps.    The 
medical  oflflcers  of  the  command  recognizing  the  impos- 
sibility, under  existing  onlers,  of  giving  any  systematic 
aid  tothe  wouud(»d  of  a  proTiable  engagement,  made  the 
most  stn»nuous  eflforts  to  recover  w>me  of  their  hospital 
supplies  and  equipment  from  the  transports,  and  liadsuch 
articles  as  thev  succe(r<letl  in  obtaining  carried  by  hand 
litters   from  the  landing  place  towartl  the   fwnt.   hi 
this  way  a  |>art  of  the  equipment  of  the  division  hospitals 
was  land(Nl  and  utili/.ed  at  the  front  as  a  field  hospital 
and  at  Sil)on<'y  as  the  nucleus  of  a  ba.se  hospital.    The 
tents  of  the  reserve  divisi<mal  hospital  wen*  landed  to 
increase  the  shelter   at  Siboney,   while  the   operating 
(•(luipment  and  stores  were  n-tained  on  one  of  the  trans 
])orts.  the  Oh'ntti',  to  outfit  her  as  a  hospital  ship.    Tho 
medical  department  of  the  army  was  severely  critimtl 
at  the  time  of  the  attack  on  Santiago  for  its  failun'to 
have  on  hand  all  the  material  and  equipment  of  its  divi- 
sion hospitals  in  n*ar  i>f  the  firing  line  of  the  divisions 
engaged;  but  this  failure  was  in  no  part  due  to  the  care- 
li'ssness  or  inetfieiency  of  medicid  officers.     The  respon- 
sibilitv  lav  with  the  militarv  authoritv  which  onliTwl 
and  superinten(h'd  the  end)arkation  at  Tampa,  the  land- 
ing at  Uaiquiri,  and  the  immediate  advance  on  Suntiagt^. 
Militarv   neeessitv   mav  require  an  assault  Ix^fore  the 
metlieal  st<^res  are  on   the  ground,  but  the  m(*<liou  de- 
partment is  no  more  responsible  for  the  consecpient  failure 
to  have  every  comfort  provided  for  the  wounded  than  it 
is  for  th(«  nunduT  kilh'd  and  disabh'd  in  the  attack. 

M(»anwhile  in  the  home  camps,  the  camps  in  the  United 
States,   the  condition  of  the  division  hospitals  Ix^came 
eliangj'd  to  meet  changed  conditions  among  the  tnxips. 
Tile  sudden  ending  of  the  campaigns  in  Cuba  and  Porto 
WWo  rendered  fnrtluT  pn-panUion  for  liat  tie  field  service 
unneeessjirv.     The  division  hospitals  were  then-fon*  fitted 
lip  as  stationary   hospitals   for  the  care    of    the  sick, 
lieginiental  medical  otlieers  were  returne<l  to  their  n^iti- 
nienfs.  while  acting  assistant  surireons  were  as.signetl  to 
(Infy  in  the  wards:  tniined  female  nurses  wen*  employi-d 
on  contract;  tent  wards  were  fmmed,  rt(K>red.  autl   fur- 
nished with  many  articles  of  comfort  which  cimld  not 
be  earrit.'d  with  a  field  hos])ital  in  the  prcs<^nce  of  an 
enemy.     In  the  camps  regimental  hospitals  of  ten  1hx1<v 
each  were  established  for  the  treatment  of  .flight ailments 
until  cured,  and  for  the  care  of  serious  cases  until  their 
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transfer  to  the  division  hospital  was  effected.  This 
system  was  continued  until  the  return  of  the  volunteer 
regiments  to  their  homes  for  muster  out. 

The  troops  forming  tne  army  of  occupation  in  Cuba 
and  Porto  Kico  were  distributed  at  various  military  sta- 
tions, at  each  of  which  a  post  hospital  was  organized  as 
in  the  medi(»l  service  of  the  army  in  the  United  States 
in  times  of  peace. 

In  the  Philippine  Islands  a  field-hospital  organization 
based  on  that  of  the  civil  war  was  organized  as  soon  as 
the  men  and  materials  were  landed  from  the  transports. 
The  delay  involved  in  accumulating  near  IVIanila  a  mili- 
tary force  sufficient  for  a  successful  attack  on  the  city 
gave  time  for  the  medical  department  to  have  its  supplies 
available  and  its  hospital  corps  men  efficient.  The 
wounded  in  the  engagement  w^ere  comfortably  provided 
for  by  7  p.m.  of  the  day  of  the  advance  on  Manila.  After 
the  occupation  of  the  city,  regimental  hospitals  were 
established  near  the  quarters  of  each  regiment,  while  the 
field -hospital  equipment  was  utilized  as  the  nucleus  of 
what  became  afterward  a  large  general  hospital. 

During  the  subsequent  insurrection,  lightly  equipped 
field  hospitals  followed  the  troops  to  care  for  the  wounded 
and  put  them  in  proper  condition  for  transportation  by 
rail  to  Manila.  Later,  when  the  advance  reached  San 
Fernando,  afield  division  hospital  was  established  at  that 
place,  to  which  the  wounded  from  the  columns  pursuing 
Uie  enemy  were  brought  by  rail.  Later  still,  when  the 
troops  moved  in  comparatively  small  commands  after 
detached  bodies  of  the  insurgents,  small  field  hospitals 
accompanied  the  expeditionary  forces  to  bring  the 
woimoed  back  to  San  Fernando,  or  to  the  station  on  the 
nulway  constituting  a  temporary  base.  Ambulances 
sent  from  the  Unit^  States  proved  to  be  too  heavy  for 
the  soft  muddy  roads  in  the  field  of  operations.  Re- 
course was  therefore  had  to  light  native  wagons,  car- 
romatas,  and  to  litters  carried  by  hired  coolies,  with  an 
intelligent  hospital  corps  man  in  charge  of  each  litter. 
Our  medical  officers  were  prompt  to  adapt  their  methods 
to  the  conditions  confronting  them  and  the  facilities  at 
command. 

In  the  armies  of  all  civilized  nations  special  provision 
is  now  made  for  the  care  of  the  sick  during  campaigns, 
for  the  prompt  removal  of  the  wounded  from  the  battle- 
field, and  for  their  transportation  with  despatch  and  in 
comfort  to  well-appointed  hospitals  distant  from  the  field 
of  hostile  operations.  This  provision  includes  field  hos- 
pitals, with  litter  bearers  and  ambulances  operating  be- 
tween the  hospitals  and  the  front.  The  establishment  of 
collecting  stations  and  ambulance  stations  is  required  by 
Regulations,  the  former  at  some  sheltered  point  near  the 
fighting  line,  the  latter  in  a  more  distant  and  less  exposed 
position.  Battlefield  conditions  vary  exceedingly,  chiefly 
owing  to  topographical  features.  Hence  no  regulation 
distance  between  these  establishments  can  be  adhered  to. 
In  some  armies  four  men  of  each  company  of  the  line  are 
trained  as  litter  bearers,  to  aid  the  wounded  of  their  own 
company  or  regiment  to  the  collecting  or  first-aid  stations, 
where  they  transfer  them  to  the  care  of  the  hospital 
corps.  In  other  armies  the  bearer  companies  of  the  hos- 
pital corps  are  responsible  for  the  care  and  transportation 
of  the  wounded  from  the  front  to  the  ambulance  stations, 
to  the  exclusion  of  all  assistance  from  the  men  engaged 
with  the  enemy.  In  reading  accounts  of  medical  organi- 
zation for  battlefield  service  a  distinction  must  be  made 
between  the  terms  company  heurers  and  hearer  companies. 
The  former  applies  to  the  few  men  in  the  fighting  line  of 
each  company  who  are  detached  as  temporarv  aids  to 
the  medical  department,  the  latter  to  the  men  of  the  hos- 
pital corps  who  liave  been  specially  trained  for  this  ver}* 
purpose.  There  is  no  question  as  to  which  is  the  better 
method.  To  detach  a  percentage  of  the  fighting  force 
for  hospital  corps  duty  at  a  time  when  the  whole  strength 
of  the  line  of  battle  may  be  required  against  the  enemy 
is  a  dangerously  expensive  way  of  providing  the  medical 
department  with  the  necessary  number  of  litter  bearers. 

The  field  medical  service  of  the  German  army  was 
perfected  during  the  war  of  1870.    Its  regimental  ser* 
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vice  is  well  defined,  ct^nsisting  of  two  medical  officers  to 
each  battalion  of  about  one  thousand  men,  with  a  hos- 
pital assistant  and  two  company  bearers  for  each  com- 
pany and  a  medical  supplv  wagon  for  each  regiment  of 
three  battalions.  Their  field  of  duty  in  battle  is  between 
the  skirmish  line  and  the  collecting  stations.  Besides 
the  special  aid  on  the  fighting  line  the  Germans  have  a 
bearer  company  of  about  two  hundred  and  fifty  men  to 
each  division  and  a  similar  company  as  a  reserve  to  each 
corps.  To  thirty-six  thousand  troops  forming  a  corps 
of  two  divisions  they  have,  therefore,  about  seven  him- 
dred  and  fifty  men  for  bearer  duty ;  but  the  field  hos- 

f)itals  of  the  corps  are  manned  by  about  six  hundred  en- 
isted  men,  so  that,  exclusive  of  company  bearers  loaned 
from  the  line,  the  strength  of  the  hospital  corps  on  the 
field  is  equal  to  3.75  per  cent,  of  the  fighting  force. 
Each  bearer  company  has  attached  to  it  eight  ambulance 
and  five  store  and  baggage  wagons.  For  each  division 
six  field  hospitals  are  provided,  each  of  which  has  a 
capacity  of  two  hundred  beds  and  may  be  divided  into 
two  sections.  The  enlisted  force  attached  to  each,  in- 
cluding the  drivers  of  eight  or  nine  store  and  baggage 
wagons,  consists  of  about  fifty  men. 

In  the  French  army  there  are,  first,  a  regimental  service 
to  give  aid  to  the  troops  in  camp,  on  the  march,  and  dur- 
ing an  engagement;  second,  an  ambulance  hospital 
system  to  supplement  the  regimental  service  during 
marches  and  in  camps,  to  receive  the  wounded  from  the 
battlefield  and  to  prepare  them  for  further  transporta- 
tion ;  and,  third,  a  system  of  field  hospitals  to  relieve  the 
ambulance  hospitals,  to  continue  the  preparation  of  the 
wounded  for  transportation  to  the  rear,  to  treat  the  sick 
and  wounded  on  the  spot,  and,  occasionally,  to  reinforce 
the  ambulance  hospitals  on  the  battlefield. 

The  regimental  service  consists  of  the  medical  staflP 
with  a  hospital  orderly  for  each  company,  a  force  of 
company  bearers,  and  a  wagon  for  the  transportation  of 
medical  supplies.  The  bearers  consist  of  a  sergeant  from 
the  regiment,  a  corporal  from  each  battalion,  and  four 
privates  from  each  company.  The  hospital  orderlies 
care  for  the  sick  when  the  command  is  on  the  march  or 
in  camp.  During  action  they  are  at  the  collecting  sta- 
tions, to  which  the  wounded  are  brought  by  the  regi- 
mental bearers.  When  a  battle  is  imminent  the  latter 
report  to  the  surgeon  for  duty ;  after  the  action  is  over 
thev  return  to  the  ranks. 

l^he  ambulance  hospital  of  each  division  has  a  large 
medical  staff,  with  thirty  hospital  orderlies  and  ninety- 
eight  litter  bearers,  while  the  train  is  manned  by  two 
officers  and  eighty-eight  men,  sixty-four  of  whom  are 
teamsters  and  the  others  orderlies,  workmen,  blacksmiths, 
saddlers,  etc.    This  hospital  is  divided  into  two  sections. 

The  field  hospitals  have  no  ambulances,  their  wheeled 
transportation  consisting  only  of  heavy  wagons  for  sup- 
plies. The  number  of  these  hospitals  attoched  to  an 
army  is  determined  by  the  Minister  of  War. 

During  the  campaign  against  Napoleon  the  medical 
officers  of  the  British  army  were  well  aware  of  the  ad- 
vantages accruing  to  the  wounded  from  the  methods  in- 
troduced by  Barons  Larrey  and  Percy,  and  made  many 
appeals  to  the  government  to  be  permitted  to  organize 
companies  of  ambulance  corps  men  and  litter  borers: 
but  these  were  uniformly  disapproved,  as  the  Duke  of 
Wellington  objected  to  having  the  movements  of  his 
troops  hampered  by  these  wagons.  Wounded  French- 
men were  succored  while  the  din  of  battle  was  yet  in 
their  ears,  while  their  British  opponents  had  to  lie  ex- 
posed, not  only  during  the  continuance  of  the  struggle, 
but  during  the  long  watches  of  the  night,  until  arrange- 
ments were  perfect^  for  their  removal.  The  available 
wagons  of  the  supply  department  and  such  as  could  be 
hirei  or  impressed  into  service  were  brought  up  along 
with  the  bandmen,  camp  followers,  and  hired  laborers  to 
give  the  long-delayed  aid  and  transport  the  suflferers  to 
the  hospitals.  The  stretchers  used  in  loading  consisted 
of  a  canvas  bed  between  two  pikes  or  poles,  with  no  cross 
pieces  to  keep  them  apart.  The  long-continued  wars  of 
this  period    improved    the    organization   and  internal 
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ecoDomy  of  the  British  field  hospitals,  but  effected  no 
immediately  beneficial  cliange  in  their  methods  of  trans- 
portation. Nor  was  anything  done  until  the  outbreak  of 
the  Crimean  War,  when  a  hospital  conveyance  corps 
was  hastily  organized  and  shipped  with  the  troops.  This 
was  so  decid^  a  failure  that  the  work  of  transporting 
the  wounded  liad  to  be  transferred  to  the  subsistence  de- 
partment. Tlie  wagons  of  the  conveyance  corps  were 
too  heavy ;  no  provision  was  made  for  n»pair  in  case  of 
accidents;  and  the  men  were  old,  broken-down,  and  often 
dissipated  soldiers  weeded  out  of  the  regimental  ranks 
rather  than  selected  on  account  of  special  fitness  for  im- 
portant duties.  A  medical  staff  corps  was  then  organized, 
but  this  failtKi  on  account  of  its  being  composed  of  hired 
civilians.  In  1H73  a  liospital  corps  of  enlisted  men  was 
authorized.  During  the  military  operations  of  recent 
years  in  many  parts  of  the  empire,  Bntish  me<liciil  officers 
have  had  opportunities  of  improving  their  methods,  and 
have  so  profited  by  them  that  much  commendation  has 
been  bestowed  upon  the  army  medical  department  for  its 
eflficiency  during  the  war  now  in  ])rogress  in  South  Africa. 
Sir  William  MacC'ormack  and  Mr.  Frederick  Trev(?s,  who 
were  sent  by  the  British  government  to  the  st*at  of  war 
as  consultants,  have  testifiwl  to  the  succes.sful  organiza- 
tion and  eflicient  work  of  the  department  from  the  first- 
aid  stations  with  the  troops  actually  engaged  to  the  gen- 
eral hospitals  at  the  base  of  su])plies.  Ofiicers,  enlisted 
men,  newspaper  reporters,  and,  in  fact,  all  who  have 
written  of  this  subject  have  !)onie  testimony  to  the 
bravery  and  efticiency  of  medical  ofticers  and  men  and 
the  abundancre  of  their  supi)lies.  Lord  Methuen,  after 
the  battle  of  Modder  River,  called  attention  to  the  splen- 
did hospital  arrangements,  stating  that  on  the  afternoon 
of  the  day  after  the  battle  all  his  wounded  were  on  their 
wav  to  C-ape  Town. 

An  infantry  division  of  the  British  army  comprises 
two  brigades,  with  three  attached  field  lotteries  and  a 
company  of  engineers.  Each  brigade  consists  of  four 
battalions,  or  ab^ut  four  thousand  men.  Each  battalion, 
artillery  division,  and  engineer  company  has  assigned  to 
it  a  medical  ofiicer,  who  accompanies  it  into  action  with 
his  orderly,  to  give  first  aid  to  the  woundeti.  while  the 
regimental  iK'arers  arc  ready  to  carry  the  first  ca.ses  to 
the  collecting  or  dressing  stations. 

To  each  brigade  is  attached  one  bearer  company  con- 
sisting of  three  officers,  one  sergeant-major,  twelve  ser- 
geants and  corporals,  one  bugler,  and  forty-four  privates 
of  the  rovalannv  medical  corps,  with  thirtv-eiirht  men  of 
the  army  service  corps  for  tmnsport  (lutie.s.  1  lie  men  of 
the  bearer  company  reli<'ve  the  regimental  bearers  and 
bring  the  woimchnl  to  an  advanced  ambulance  post,  wliere 
there  are  wagons  to  carry  them  to  tlie  dressing  station. 
This  stati(m  is  organized  in  some  building  out  of  the  line 
of  fire,  or  if  no  building  is  available  the  opemting  tent  is 
pitclied.  The  major  of  the  bearer  company,  with  one 
other  medical  otficcr.  four  non-commissioned  ofiicers,  and 
four  privates,  one  of  whom  is  a  cook,  are  on  duty  here. 
to  examine  and  dress  wounds,  administer  nieflical  com- 
forts, and  place  the  wounded  in  ambulances  to  be  carried 
to  the  field  hospital. 

Twelve  field  hospitals  are  attached  to  the  corps  of  three 
divisions  and  attached  troops,  mmibering  in  all  about 
thirty-four  thoustmd  fighting  men.  Each  is  ecjuipped 
for  one  hundred  beds,  but  is  so  organized  that  sections 
of  twenty-five  beds  may  be  unpaekecl  and  used  sepamt<'ly. 
The  personnel  of  each  is  four  medical  ofttcoi-s,  f>n<'(iunrter- 
niaster,  one  sergeant-major,  eleven  serireants  anrl  cor- 
porals, and  twenty-three  privates  of  tin*  nudiral  corps. 
with  a  sergcjint  and  nineteen  privat<'s  of  the  army  scrvicf 
corps.  As  these  hospitals  have  to  acc<)ini>any  tlie  troops, 
the  wounded  are  sent  as  soon  as  possi]>le  to  u  post  ou  ili<* 
lines  of  communication.  F'or  service  in  the  bearer  com- 
panies and  field  hospitals  an  enlisted  streiiirtli  is  provided 
e(|ual  to  four  J >er  cent,  of  tlie  ti.irhtiiig  force.  Tliis  per- 
<"enta£:e  does  not  include  the  temponirv  services  of  tlie 
regimental  bearers. 

The  lines  of  ccmimunication  in  the  present  campaiLni 
in  {South  Africa  are  long.    For  the  wounded  who  are 


unable  to  bear  the  fatigue  of  a  long  journey  to  the  base 
of  supplies,  stationary  hospitals  have  been  provided  along 
the  line  of  rail.  Each  of  these  is  equipped  for  one  hun- 
dred beds  in  two  sections  of  fifty  beds.  The  personnel  is 
similar  to  that  of  the  field  hospital,  but  without  the  army 
service  men.  Buildings  are  used  when  available,  other- 
wise tents  to  form  a  camp  are  forwarded  from  the 
base. 

General  hospitals  at  the  base  of  supplies  have  each 
accommodations  for  twenty  officers  and  five  hundred 
wounded  men.  Four  of  these  were  mobilized  and  sent 
with  the  first  troops  to  Africa.  Suitable  buUdings  are 
selected.  The  staff  of  each  consists  of  a  colonel  and  seven 
ofilcers,  including  a  quartermaster,  with  eleven  civilian 
surgeons,  a  woman  superintendent  and  eight  nurdng  sis- 
ters, two  Avarrant  officers,  twenty -six  sergeants  and  cor- 
porals, and  one  hundred  and  fifteen  privates  of  the  medi- 
cal corps.  Supplies  of  medical  stores  are  establiriied  at 
the  base  and  advanced  depots  are  thrown  forward  to 
positions  where  the  field  hospitals  and  bearer  companies 
can  draw  on  them.  Systematically  equipped  hospital 
trains  bring  the  sick  ana  wounded  from  the  field  and  sta- 
tionary hospitals  to  the  base.  Hospital  steamers  cany 
those  mvalkled  to  England. 

These  brief  sketches  of  the  field -hospital  organization 
of  the  German,  French,  and  British  armies,  supplement- 
ing what  has  been  said  c*oncemin^  our  own  exp>eriences 
in  this  line  of  military  service,  wdl  enable  the  reader  to 
appreciate  the  great  advance  tliat  has  been  made  since 
the  time  of  the  Napoleonic  wars.  Field  hospital  organi- 
zation is  now  so  well  understoood  tliat  with  a  medical 
and  hospital  corps  of  sufficient  numerical  strength  for 
the  needs  of  the  command,  with  liberal  appropriations 
for  the  purc^haseof  equipment  and  supplies,  and  with  full 
control  over  its  transportation,  there  need  be  and  would 
be  no  failure  on  the  part  of  the  medicaal  department  to 
care  for  the  wounded  under  the  most  severe  strain  of  the 
trying  times  of  war.  Charles  StnarL 

ARMY  HOSPITAL  CORPS.— For  many  years,  during 
and  after  the  revolution,  the  selection  of  the  personnel 
of  hospitals  was  left  to  the  surgeons  in  charge.  The 
stewards  and  ward  masters,  nurses  and  cooks  were  either 
detailed  soldiers  or  civilians  at  the  option  of  the  sur- 
geon. 

The  Army  Regulations  of  1821  for  the  first  time  dis- 
tinctly provided  that  cooks  and  nurses  in  hospitals  should 
be  taken  from  the  privates  of  the  arm}',  although  such 
had  doubtless  been  the  usual  practice  before  that  date. 
During  the  civil  war  civilians,  lH)th  men  and  women, 
were  lar^elv  employed  as  nurses,  especially  in  the  gen- 
eral hospitals.  They  may  also  have  Iwen  employed  to  a 
limited  extent  in  the  war  with  Mexico.  "With  these  ex- 
ceptions, hospital  attendants  were  obtained,  from  1831 
until  the  organization  of  the  hospital  corps  in  1887, 
wholly  hy  the  detail  of  soldiers  of  the  line,  an  arrauge- 
inent  which  was  always  unsatisfactory,  for  it  was  diffi- 
cult to  se(nire  the  best  men  of  the  command  for  such 
duty,  and  the  length  of  the  detail  being  uncertain  and 
pnmiotion  practically  unknown,  there  was  little  to  stimu- 
late the  ambition  of  the  attendant. 

The  employment  of  civilians  as  hospital  stewanis  for 
post  and  regiments,  as  well  as  for  general  hospitals,  wjis 
still  authorized  in  1821 ;  but  as  in  the  Indian  wars  which 
resulted  from  the  spread  of  civilization  westwanl,  the 
activity  of  the  army  was  transferreil  to  the  frontier,  it  no 
doubt  became  increasingly  difiicult  to  bin.*  suitable  civil- 
ians, while  experience  showed  tliat  it  was  desirable  that 
the  incnm])ent  of  this  position  should  be  amenable  to 
military  discipline  and  held  to  a  definite  term  of  ser- 
vice. 

It  t  here  fore  soon  became  the  rule  that  hospital  stewards 
should  be  detailed  from  the  line,  as  is  shown  by  the  fact 
that  in  \S'X\  an  order  from  the  War  Departnieut  gave 
authority  for  the  enlistment  of  a  hospital  steward  at 
])r»sts  where  a  suitable  man  could  not  be  obtaincni  from 
the  connnand.  Hut  even  though  specially  enlisted  as 
hosi)ital  steward  he  was  still  mustere<l  with  a  company 
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imd  regarded  as  a  deUilcd  soldier  of  tbe  Mae,  and  in  1842 
the  ad julanl- general  decided  Itiat  tn  case  of  emergency 
he  could  be  required  to  perform  mitilory  duty  as  such. 
fiince  the  hospital  stewara  could  be  returned  to  the  line 
.  at  any  time  at  the  caprice  o(  the  commanding  officer, 
the  neciMisity  of  securing  for  him  a  more  permanent  status 
was  felt,  and  Congress  in  1S56  authorized  the  appoint- 
ment of  lioapital  stewards  from  the  enlisted  men  of  the 
ftrmy  who  should  be  permanently  attached  to  the  medi- 
cal and  hospital  department.  Commanding  ofBcers  were, 
however,  still  perniittcd  tn  detail,  upon  the  recommenda- 
tion of  the  medical  olQcer.  a  soldier  to  act  as  hospital 
Steward  for  field  duty  or  at  stations  where  there  was  no 
hospital  BMward.  These  men  were  at  first  known  aa 
ftctlng  hospital  stewards.  Aflcr  1664  Uiey  were  called 
hospital  stewards  of  the  second  claaa  if  detailed  for  duty 
tit  posts  of  more  than  four  companies,  and  hospital 
Stewards  of  the  third  class  if  at  posts  of  four  or  less  com- 
|)anlea. 

In  1S63  the  employment  of  civilians  as  cooks  and 
nuises  in  the  general  hospitals  having  been  autEiorized, 
the  Burgeon-eeneral  published  regulations  for  the  "  Hos- 
pital Corps,  U.  8.  Amy, "  which  was  to  be  composed  of 
Civilians  hired  under  contract  for  the  period  of  one  year, 
unless  sooner  disclurged.  Except  in  name  this  organi- 
sation bears  no  resemblance  to  tlie  present  hospital  corps, 


Served  at  least  twelvemonths  as  acting  hospital  stewards. 
find  have  passed  a  satisfactory  examination  under  the 
authority   of    the    Burgeon-general.      It    provided   that 

tiriTates  of  the  bospitafcorps  should  he  enlisted  or  trans- 
erred  from  the  line,  tliat  acting  hospital  stewards  sliould 
be  appointed  by  the  detail  of  suitable  privates,  and  that 
the  corps  thus  created  should  be  permanently  attached 
lo  the  medical  department,  and  should  not  be  included  in 
tbe  effective  strength  of  the  army. 

The  number  of  men  allowed  in  each  grade  was  not 
fixed  by  this  act.  In  1896  tbe  number  of  hospital 
Blewanls  was  limited  by  act  of  Congress  to  one  hundred, 
which  number  constituted  the  allowance  until  the  out- 
break of  the  war  ivith  Spain,  when  an  Increase  of  one 
hundred  hospital  slewarda  was  autliorized  for  tbe 


seventy  slill  remained  in  service  on  >larch  31,  1900. 
By  Act  of  Congress  of  May  96.  1900,  the  maximum  al 
lowaace  of  hospital  stewards  was  permanently  fl.ied  at 
two  hundred. 

There  is  no  definite  allowance  of  acting  hospital 
Stewards  and  privates,  their  number  being  regulated 
■olely  by  tbe  needs  of  the  service. 

The  size  of  tbe  hospital  corps  and  the  latio  of  non- 
commissioned officers  to  privates  will  depend  not  only 
upon  the  actual  size  of  the  army,  but  upon  the  con- 
ditions existing  at  the  time  as  respects  active  opera- 
tions and  Ilie  size  of  the  commands  in  which  the  army 
is  divided. 

The  high  percentage  of  non-commissioned  officers  be- 
fore the  war  with  Spain  was  due  to  the  lurce  number  of 
small  post«,  eacli  of  which  was  provided  with  a  hospital 
Steward,  but  required  only  a  small  detachment  of  privates. 
'That  the  relative  number  of  non-commissioned  officers  is 
leas  at  the  present  time  Is  due  partly  to  the  large  numlier 
of  privales  stationed  at  general  hospitals,  at  which  the 
number  of  non-commissioned  officers  needed  is  compara- 
tively small,  and  partly  to  the  ditHculty  of  securing  a 
sufficient  number  of  acting  hospital  stewards  and  the 
limitation  by  law  of  the  number  of  hospital  stewards. 

For  an  army  in  active  service  or  nnder  the  conditions 
which  oblainai  in  the  Philippines,  an  allowance  of  hos- 
pital corps  men,  including  non-commissioned  officers,  of 
--' t.of  th( 
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ic  combatant  strength  is  neces- 


i  that  acting  hospital 
stewards  in  the  proportion  of  one-half  of  one  per  cent. 
and  privates  in  the  proporiion  of  three  and  one-half  per 
cent,  of  the  strength  of  the  army  should  be  provided  for 


his  department.     Hospital  stewards  ai 
this      ■ 
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Armv  Regulations  provide  tliat  there  shall  be  a  hospital 
steward  and  three  privates  of  the  hospital  corps  at  every 
military  post,  four  privates  if  the  garrison  consists  of 
two  companies,  and  an  additional  private  for  each  addi- 
tional two  companies.  If  the  garrison  consists  of  six 
companies,  there  will  be  two  hoapilat  stewards  and  on 
additional  hospital  steward  for  every  additional  six  com- 
panies. At  every  post  of  two  companies  there  will  also 
be  an  acting  hospital  steward. 

Tbe  needs  of  foreign  service  have  made  it  necessary  of 
late  to  diminish  this  allowance  of  non-commissioned  offi- 
cers at  posts  within  the  United  States.  In  view  of  the  in- 
creased size  of  the  companies  at  tbe  present  time,  Uie 
Secretary  of  War  has  authorized  an  allowance  of  four 
privates  of  the  hospital  corps  for  one-company  posts, 
live  for  lwo-com|>any  posts,  and  one  additional  private 
for  every  two  additional  companies.  In  the  Volunteers, 
as  at  present  organized,  each  regiment  has  three  hospital 
stewards  who  are  regimental  nbn-commi.ssioned  officers. 
There  being  no  provision  of  law  for  a  Volunteer  hospital 
corps,  one  acting  hospital  steward  and  twelve  privates 
of  the  hospital  corps,  all  of  whom  belong  to  the  regulol 
army,  arc  assigued  to  each  regiment.  Regular  regiments 
serving  without  the  United  Stales  are  allowed  one  hos- 
pital steward,  three  acting  hospital  stewards,  and  twelve 
privates.  On  March  31,  1898,  there  were  in  service  100 
hospital  stewards,  103  acting  hospital  stewards,  and  580 
privates,  a  total  of  733  men.  The  following  table  shows 
the  strength  and  the  distribution  of  the  hospital  corps  on 
March  31,  1900: 
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The  hospital  steward  is  of  the  same  grade  of  nnk  as 
ordnance  sergeants,  post  quartermaster  sergeants,  chief 
musicians,  principal  musicians,  first-class  sergeauts  of 
the  signal  corps,  chief  trumpeters  and  saddler  sergeants, 
and  is  only  ranked  among  noncommissioned  officers  by 
the  regimental  sergeants  major  and  quartermaster  ser- 
geants. 

The  duties  of  hospital  stewards,  as  defined  in  the 
tnanual  for  the  medical  department,  are  to  look  after 
and  distribute  hospital  stores  and  supplies,  care  for 
hospital  property,  compound  and  administer  medicine, 
supervise  the  preparation  and  serving  of  food,  maintain 
discipline  in  hospitals,  watch  over  their  general  police, 
prepare  rcporis  and  returns,  supervise  the  duties  of 
members  of  the  hospiial  corps  in  the  hospital  and  in  the 
field,  and  perform  such  other  duties  aa  may  by  proper 
authority  he  required  of  them. 

No  other  non-commissioned  officer  requires  so  much 
special  knowledge  for  the  proper  discharge  of  his  duties. 
or  has  such  a  variety  of  duties  to  [lerform,  as  the  haspiUil 
steward.  Like  the  first  sereeant  of  a  com|Mny  the  hos- 
pital steward  must  be  a  good  disci ]ilinariau.  drill  master, 
and  general  supervisor  of  the  duiit^  nf  the  men  under 
his  control.  He  prepares  or  supervises  the  preparation 
of  the  numerous  reports,  retimia,  and  other  official  papera, 
some  of  tliem  voluminous  and  complicated,  which  must 
be  made  not  only  to  the  surgeon -general,  but  lo  the  ad- 
jutant-general, the  quart  ermaater-general,  the  chief  ol 
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ordnance,  and  tbo  paymaster- fi:cneral,  and  keeps  a  record 
of  official  corrc»spon(lence.  He  must  l)e  unwearying  in 
his  care  for  tlie  multiplicity  of  articles  embraced  under 
the  name  of  hospital  property.  He  must  be  an  expert 
pharmacist,  and  have  sufficient  knowledge  of  nie<licine 
and  surgery  to  be  able  to  act  intelligently  in  emergencies 
in  the  absence  of  the  surgeon. 

It  is  yery  commonly  sup]><)Ref1  that  skill  in  pharmacy 
is  the  essential  qualification  of  the  lu»spital  steward,  ami 
pharmacists  often  confidently  apply  for  api>ointment  as 
hospital  stewards,  referring  to  their  knowledge  of  drugs 
as  evidence  of  their  fitness  for  the  position.  But  such 
knowledge,  while  important,  is  by  no  means  the  most 
important  requisite. 

It  is  very  wisely  provided  that  the  candidate  for  the 
position  of  hospital  steward  must  have  served  at  least 
three  months  as  private  of  the  liospital  corps,  and  at  least 
one  year  as  acting  hospital  steward  (the  great  majority 
of  hospital  stewanls  serve  much  longer  tlian  this  in  the 
lower  grades),  before  he  becomes  eligible  for  examina- 
tion for  promotion,  since  familiarity  not  only  with  army 
regulations  but  also  with  the  unwritten  niles,  usually 
known  as  the  **  customs  and  usages  of  the  service.  ** 
which  should  govern  his  conduct  in  his  relations  with 
superiors  and  inferiors  in  the  military  hierarchy,  is  ab- 
solutely essential  to  his  usefulness,  and  such  knowledge 
is  to  be  acquireil  only  by  actual  service  with  troops  m 
garrison  and  in  the  field.  * 

A  candidate  for  the  position  of  hospital  steward,  as 
has  already  been  stated,  must  have  serve<i  at  least  one 
year  as  acting  hospital  steward.  Application  for  ex- 
amination must  be  accompanied  by  an  affidavit  that  the 
candidate  is  not  married.  Examination  is  held  by  a 
board  of  three  medical  officers  or  such  number  less  than 
three  as  may  be  on  duty  at  the  post.  Tlie  board  inves- 
tigates and  reports  upon  the  applicant's  physical  con- 
dition, character,  and  habits,  especially  as  to  the  use  of 
stimulants  and  narcotics,  discipline  and  control  of  men, 
knowledge  of  regulations,  nursing,  dispensary  work, 
clerical  work,  principles  of  cooking  and  mess  manage- 
ment, hospital  corps  drill,  minor  surgery  and  first  aid, 
including  the  extraction  of  teeth. 

A  written  examination  is  also  held,  questions  being 
prepared  in  the  office  of  the  surgeon -general  upon  the 
following  subjects:  arithmetic,  materia  medica,  phar- 
macy, care  of  sick  and  ward  nmnagement.  minor  surgery, 
and  first  aid  and  clcinentary  hygiene.  Efficiency  in  pen- 
manship and  orthogmpliy,  which  is  alsr)  taken  into  ac- 
count, is  estimated  from  the  papers  submitted,  l^^plies. 
whi(rh  are  certified  to  by  the  board  as  having  been  made 
without  recourse  to  books,  nienioninda,  or  other  sources 
of  assistance,  are  forwanhnl  with  reports  of  tlie  board 
direct  to  the  surgeon-general,  in  whose  office  the  written 
examinations  are  marked. 

The  candidate,  if  su(?cessful,  takes  rank  in  his  class  in 
accordance  with  the  percenta^^e  which  he  lias  obtained 
on  the  examination.  A  re-exaniiuation  before  a  first 
re-enlistment  as  hospital  steward  may  not  be  re([uired  if 
the  surgeon  at  the  post,  or  chief  surge<)n  of  th<*  d<'part- 
ment,  states  that  the  steward  has  j^erfonned  his  duties 
efficiently,  but  is  held  before  a  second  re  enlistment.  No 
subsequent  re  examination  is  ordinarily  reiiuired. 

Hospital  stewards  may  be  (lischarired  ])y  sentence  of 
court  martial,  but  cannot  be  redueed  to  the  ranks. 

As  we  have  already  seen,  acting  hospital  stewanls  are 
historically  the  successors  of  the  hospital  stewanN  of  the 
second  and  third  class,  also  knr)wn  as  actinii  hos]^ital 
stewards,  who  were  sohliers  of  the  line  simply  detailed 
for  duty  in  the  mwlical  dej>artinent.  As  tlie  name  im- 
plies, the  acting  hospital  steward  may  be  called  u\um  to 
perfonn  all  of  the  duties  ot  the  hospital  stewanl.  Since 
the  expansion  of  the  army,  due  to  tlie  war  with  Spain, 
the  insufilcient  number  of  hosjiital  stewards  hn<  niaile 
it  necessiirv  to  use  manv  actinir  lH>spital  stewards  as 
stewards  at  the  smaller  j>osts.  Before  tlie  late  war.  tla 
actinic  stewanls  were  genendly  asMirncd  as  a^^istaiit 
stewards  in  posts  of  two  or  more  companies. 

Owing  to  the  unfortunate  wonliug  of  the  act  of  March 


1. 1887,  which  speaks  of  the  detail,  not  tlie  appointmeot, 
of  privates  as  acting  hospital  stewards,  it  was  long  held 
that  the  acting  hospital  steward  is  not  a  true  non-com- 
missioned officer,  that  his  office  is  not  a  grade  but  a  detail 
which  lapses  upon  discharge,  so  that  he  then  reverts  to 
the  status  of  private.  Practically,  however,  he  has  al- 
ways been  regarded  as  a  non-commissioned  officer,  and 
indeed  is  ranked  with  sergeants  by  Armv  Regulations, 
and  a  recent  decision  of  the  Comptroller  ol  the  Treasmy 
grants  liim  travel  pay  upon  discharge  and  retired  pay  as 
an  acting  hospital  steward,  not  as  a  private. 

A  service  of  one  year  as  private  in  the  hospital  corps 
was  formerly  necessary  before  the  examination  for  detidl 
as  acting  hospital  steward  could  be  taken.  This  time 
was  reduced  to  three  months  in  1899,  because  of  the 
great  need  of  additional  acting  hospital  stewards,  and 
the  desii'e  to  utilize  the  services  as  acting  hospital  stew- 
ards of  privates  who  had  recently  enlisteii  and  who  were 
to  a  certain  extent  qualified  for  the  position  by  previous 
training  in  medicine,  pharmacy,  or  nursing.*  The  ex- 
amination for  detail  as  acting  hospital  stewi^  embraces 
the  same  subjects  as  the  hospital  steward  examination, 
but  is  less  difficult.  As  in  the  case  of  hospital  stewaids, 
application  for  examination  must  be  accompanied  by  an 
affidavit  that  the  candidate  is  not  married.  Acting  bos- 
pi  tal  stewards  may  be  reduced  to  the  grade  of  private  of 
the  hospital  corps  by  the  commanding  officer  for  ineffi* 
ciency  or  bad  conduct. 

In  time  of  peace  privates  are  obtained  either  by  direct 
enlistment  or  by  the  voluntary  transfer  of  enlisted  men 
who  have  served  at  least  a  year  in  the  line.    Enlistments 
of  civilians  for  the  hospital  corps  are  made  preferably 
by  medical  officera.    The  term  of  service  is  three  years. 
Authority  for  the  transfer  and  enlistment  is  in  all  cases 
obtained  from  the  surgeon -general.     The  physioU  ex- 
amination for  the  hospital  corps  is  the  same  as  for  the 
line,   except  tliat  applicants  may  be   accepted  whose 
vision  is  below  the  normal,  provided  that  the  defect  is 
due  solely  to  comparatively  slight  errora  of  refraction 
(less  than  ten  twentieths),  which  are  not  progressive  cht 
accomi>anied  by  ocular  disease,  and  which  can  be  entirely 
corrected  with  glasses.     As  membera  of  the  hospital 
corps  are  not  taught  to  shoot,  acuity  of  vision  is  not  as 
important  for  them  as  for  men  of  the  line,  but  it  is  («6en- 
tial  that  they  shall  he  able  to  see  sufficiently  well  not  to 
be  helpless  if  they  lose  their  glasses  in  the  tleld. 

In  addition  to  the  physical  examination,  the  applicant 
for  admission  to  the  hospital  corps  is  required  to  give 
evidence  that  he  can  read  and  write,  and  that  he  possesses 
intelligence  and  aptitude  for  the  duties  which  he  will  be 
called  upon  to  perform  He  nuist  also  prest»nt  satisfac- 
tory testimonials  as  to  his  character  from  his  late  em- 
ployer or  other  reputable  citizens.  After  enlistment  the 
recruit  is  usually  sent  to  a  hospital  cor])s  school,  where 
he  is  given  a  course  of  instruction  in  nursing,  first  aid, 
etc.,  an<l  in  drill,  preparatory  to  his  assignment  to  a 
military  post. 

The  duties  which  privates  of  the  hospital  corps  are  re- 
quired to  perfonn  at  military  posts  naturally  vary  some- 
what with  the  size  of  the  hospitals.  At  large  hospitals, 
wIktc  the  detachment  consists  of  one  hundred  or  more 
men.  the  duties  of  each  man  are  narrowly  definetl  and 
sjK'cialized.  There  an^  nurses,  cooks,  dispensers,  clerks, 
operjiting  room,  dead  house,  and  laboratory  attendants. 
watchmen,  gardeners,  even  buglers,  carpenters,  plumb- 
eis.  and  perhaps  painters.  At  the  .smallest  posts  there 
may  be  but  a  nurse,  a  cook,  and  an  outside  man  who 
niisis  vegetables,  milks,  supplies  fuel,  and  on  oirasion 
helps  with  the  nursing. 

IIo<]>ital  stewards  receive  $45  per  month,  acting  lios- 
]Mtal  stewards  $5.")  per  month,  and  privates  §18  per  month. 
Tin*  monthly  i)ay  is  increast^d  with  the  length  of  S(»rvice, 
as  sh(»wn  in  the  subjoincnl  table.  S2  por  month  after  five 
years'  continuous  service,  and  an  additional  increase  of  Si 
I  ]V'r  month  for  each  subsequent  periinl  of  five  years.  To 
■  i»c  entitled  to  this  inerease  the  service  must  l>e  e<Mitinu- 
!  ous.  that  is.  the  soldier  must  re-enlist  within  three  months 
after  the  date  of  discharge. 
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an.-  «(  niss.-t  leatht-r.  Id 
till-  West  Iiiilii-H  and  the 
Phil!  |i|  lines   a    blouiio   and 

(lrilliii;^or''l<haki''an-  used 
insti-ailof  thew(H>ll(mclolh- 
iiip.  The  lim-ward  of  the 
hiMpitnl  Ntewnnl  and  act- 
ing' hospitid  etuwnnl  chev- 
upon    this 


blrm 


&.TV 


The 

the  si'rviet'  in   deiioti'd   hy 

sjjoiilder  straps  of  emerald 

)rr.'.>n. 

The 


f  privates 
of  tlii>  litter  sliDf.  c»dI<-<'ii 
nii<I  Rtrap.  IiHversai'k  and 
strap,  with  iDPnt  ean,  tin 
eiip.  knife,  forlt.  spoon,  Biul 
hdspiial  rorpsponrh:  when 
wrvinc  as  orderlya  nKilical 
I  nnlerty  piiitch  iii- 
I  steuil  of  tlic  hoxpilal  corps 
The  tield  equip- 
>r  noil -com  missioned 
offleers  Is  tlie  same  as  for 
privatifl  with  the  omission 
of  the  litter  sling  and  hos- 
pital corps  noiicli.  The  following  articles  are  contained 
n  tbe  orderly  and  hospital  cor]>s  pouches. 


0.2:T.— t!iilfoniiri 


No  side  HI 
firearms  may  be  ci 

Indian  wftrs,  or  wiien  ine  ni:ii(fi  oi  ii 
nun -combatants  under  the  Geiievii  coi: 
rcco^lzed. 

When  on  active  service,  tiie  clotli 
rolled  np  in  Ihe  shelter  ten!  siipplti-il 
'-  -  red  by  straps.  It  i:«cirdinurily 
DiK  can  lie  nwde  fs.^t  behind  llie  miiIi 
monnted. 

Dlunket  tiags,  or  knapsacks,  such 
infentry,  were  formerly  caiTicil  liy 
hospital  corps.     Their  use  has  lic'cii 
reason  tliat  they  could  not  l)e  us<'<l  liy  uien 
servlee,  ami  tluit  when  on  foot  the  hiwpiiiil  c 
niii<t  be  unencumbered  bv  lieavv  wejul 
to  III'  culled  upon  at  any  time  to  render  i 
wounded. 
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The  mnial  and  mental  qualiflcatioQS  of  the  caadUatc 
for  transfer  from  the  line  to  the  hospital  corps  are  or 
sh[>u1il  be  known  in  advance  by  the  ntedical  olDcer.  He 
sboukl  investigate  personally  in  making  the  sclectfainof 
men  for  transfer,  for  many  company  commanders  oppue 
the  transfer  of  good  men  on  tlie  ground  tlutt  they  caa- 
not  be  S|>are(l,  and  are  on  the  other  hand  not  unwilling  la 
rid  themselves  of  men  who  have  shown  Ihcniselves  ud- 
able  or  unwilling  to  Icam  or  are  otherwise  objectionable. 
The  hospital  corps  is  a  picked  corps.  Its  membeis  h«ve 
higher  respoosibilities  than  privates  of  the  line  and  an: 
properly  given  hiijher  pay.  There  is  a  danger  that  men 
will  be  attracted  by  Ihe  pny  alone  or  by  the  notion  thil 
the  work  of  the  hospital  corps  prii-ato  is  easier  than  thit 
which  fulls  to  the  private  of  the  line.  The  hospital 
corps  private  lias,  it  is  tnie,  no  guard  dutv  to  pcrfonn 
anil  when  no  severe  sickness  prevails  is  not  Euinl  worlied. 
On  the  other  hand,  he  is  always  on  duty,  and  his  care  of 
the  sick  may  involve  protracted  watching  and  much  dis- 
agreeable and  possibly  dangerous  work,  to  perform  which 
in  the  proper  spirit  he  sliould  liave  a  reul  love  for  Us 

The  transferred  man  of  the  line  is  well  diwiplined. 
familiar  with  the  conditions  of  army  life,  and  at  home  ta 
field  service.  Qood  gardenersand  clerks  and  bandynwn 
for  out  of-doorwork  are  easily  obtained  by  transfer.  To 
secure  gotMl  cooks  in  this  way  is  not  so  easy.  They  are 
treasures  with  wliicli  the  offlcera  of  the  line'are  reluctant 
to  part.  On  the  other  hand,  men  enlisted  from  civil  life 
are  generally  better  educated  and  arc  more  apt  to  be  sl- 
Iturted  to  the  hospital  corps  berause  of  fondness  for 
study,  natural  aptitude  for  nuraing,  or  inten?st  in  medi- 
cine or  pharmncy.  Very  few  men  excel  in  all  the  de- 
partments of  the  work  which  the  hoapilal  corps  man  is 
called  upon  to  perform,  and  Ihe  most  useful  hospital  corps 
detachment  is  not  necessarily 
that  one  tn  which  all  the 
members  are  most  highly 
educatal.  There  will  always 
be  need  of  hewers  of  wood 
and  drawers  of  water.  At 
the  same  time  while  speciali- 
zation is  necessary,  it  is  es- 
sential tliat  all  hospital  corps 
men  should  have  a  knowl- 
edge of  nursing  and  of  first 
Hid.  inelu<iing  litter  and  am- 
bulance drills. 

The  Army  Regulations 
provide  that  "members  of 
the  hosiiltal  corps  will  be  in- 
struclecl  by  a  niciiieul  otllcer 
of  Ilie  post  for  at  least  eight 
hours  in  eiiHi  month.  This 
ilistruelicm  will  consist  of  lec- 
tures and  demonstrattims  in 
the  nietliods  of  rendering 
first  aid  to  ihe  sick  and 
wovindcd,  nnd  of  drills  in 
the  amlmhince  i 
■   beat 


e   with   Ihe   (irill   regula- 


lie  IhH 


Fin.  K».-i 


n  ror  Field 


in  seen  to  be  de- 
li lie  should  pnr- 
:icip;Uf  in  this  instriiclion. 
iiid  till'  .Vriuv  Itegulnlions 
.f  IMMO  theri-fon^  direcleil 
hilt    then'  should  Iw    fonr 

jirivatis  in  each  company  designateil  for  in t<l ruction 
n  li1t<'r  lii'an-rs.  They  wen'  to  be  instructiil  at  li<aat 
ir  hours  carh  mouth,  together  with  all  nvaljahle 
M  (if  the  hospiiul  corps,  in  tite  duties  of  litu^r  bcur- 
niirl  Ihe  methods  of  rendering  firet  aid  to  the  sick 
I  wounded,  the  oliject  of  this  special  inslniction 
Mg  dctiiied  to  be  "to  insure  the  constant  pn^sencc  in 
'h  company  of  a  number  of  men  who  can  in  eoier- 
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gencies  render  temporary  aid  to  the  sick  and  wounded  of 
their  organization,  and  to  constitute  a  reserve  or  school 
of  instruction  from  which  the  privates  of  the  hospital 
corps  can  be  drawn. " 

The  effect  of  the  presence  of  the  company  litter  bearers 
at  the  lectures  was  naturally  to  lead  to  special  promi- 
nence being  given  to  first  aid  in  the  instruction  of  the 
membei*s  of  the  hospital  corps,  and  the  subject  was  gen- 
erally treated  from  the  piirely  military  standpoint.  This 
course  of  lectures  was  supplemented  by  lectures  to  mem- 
bers of  the  hospital  corps  (at  hours  when  they  alone  were 
expected  to  attend)  upon  nursing  and  such  other  subjects 
as  come  especially  within  their  province. 

The  lectures  were  illustrated  by  the  free  use  of  charts, 
blackboard  sketches,  and  microscopic  preparations,  as 
well  as  by  practical  demonstrations,  and  generally  proved 
interesting  to  the  men  of  the  corps  and  the  more  intelli- 
gent of  the  company  bearers. 

In  1896  it  was  decided  to  extend  the  benefits  of  this 
instruction  to  all  enlisted  men.  The  company  bearers 
were  done  away  with  and  the  regulations  were  amended 
to  provide  that  all  enlisted  men  of  the  army  shall  be  in- 
structed by  their  company  olttcers,  for  at  least  four  hours 
in  each  month,  in  the  duties  of  litter  bearers  and  the 
methods  of  rendering  first  aid  to  the  sick  and  wounded. 
That  the  officers  may  be  prepared  for  this  duty,  the  sur- 
geon of  the  post  is  required  to  instruct  all  company  offi- 
cers serving  with  troops  in  the  professional  knowledge 
required.  This  instruction  will,  it  is  directed,  consist 
chiefly  of  practical  demonstrations,  utilizing  for  this 
the  prescribed  drills  of  the  hospital  corps,  especial  atten- 
tion being  given  to  the  instruction  in  first  aid.  These 
practical  aemonstrations  are  to  include  methods  of  arrest- 
ing hemorrhage,  of  applying  the  dressings  contained  in 
the  first  aid  packet,  of  immobilizing  a  fractured  limb,  of 
resuscitating  those  apparently  drowned,  etc.,  and  are 
supplemented  by  lectures  designed  to  convey  all  essen- 
tial information  with  reference  to  the  anatomy  of  bones 
and  blood-vessels ;  the  causes  and  treatment  of  syncope 
and  of  beat  exhaustion;  the  differential  diagnosis  and 
treatment  of  sunstroke;  the  rationale  of  the  various 
measures  of  first  aid  to  the  sick  and  wounded,  etc.  Ex- 
cept 80  far  as  it  leads  to  better  instruction  of  the  officers 
of  the  line  in  first  aid,  the  plan  above  mentioned,  which  is 
still  in  force,  is  regarded  as  of  doubtful  utility.  Unless 
an  officer  is  especially  interested  in  surgery  and  medicine, 
he  can  hardly  be  expected  to  acquire  a  sufficient  compre- 
hension of  first  aid  from  a  few  lectures  to  enable  him  to 
give  instruction  which  will  be  of  much  interest  and 
value.  In  the  present  connection  the  regulation  above 
cited  is  of  interest  inasmuch  as  it  defines  officially  the 
scope  of  the  lectures  upon  first  aid. 

In  addition  to  the  formal  lectures  to  the  hospital  corps, 
much  is  done  in  imparting  information  at  the  bedside 
and  in  the  operating  room  and  the  laboratory  and  the 
dead-house. 

Each  post  hospital  is  supplied  with  a  library  of  stand- 
ard medical  books  and  some  current  medical  periodicals, 
which  the  studious  and  careful  hospital  corps  men  are 
permitted  to  use  in  their  leisure  hours.  The  intelligent 
man  who  makes  good  use  of  his  opportunities  for  read- 
ing and  observation  can  soon  qualify  himself  for  promo- 
tion, or  if  he  does  not  desire  to  remain  in  the  army  will 
find  that  his  term  of  service  has  been  a  valuable  prepara- 
tion for  the  study  of  medicine. 

Such  a  course  of  instruction  as  the  one  above  outlined 
is  the  only  one  possible  at  ordinary  posts  when  the  de- 
tachment is  small  and  every  man  is  constantly  on  duty. 
With  fairly  ambitious,  intelligent,  and  wcil-educated 
men  much  can  in  time  be  accomplished  by  it.  But  there 
are  manifest  advantages  in  a  more  rapid  attainment  of 
proficiency  in  the  knowledge  necessary  for  the  members 
of  the  hospital  corps,  and  it  is  desirable  that  men  enlisted 
from  civil  life  should  be  subjected  for  a  term  to  a  rigid 
military  drill  and  the  strict  discipline  of  a  large  detach- 
ment to  beget  the  habit  of  prompt  unquestioning  obedi- 
ence which  is  the  first  requisite  of  the  soldier.  In  order 
to  receive  such  military  training  it  was  at  first  provided 


that  recruits  for  the  hospital  corps  who  had  not  had  at 
least  one  year's  service  in  the  army  should  be  attached 
for  a  year  to  a  company  stationed  at  one  of  several 
specified  posts,  and  **  be  subject  to  all  the  drill  and  dis- 
cipline required  of  privates  in  the  organization  to  which 
thejr  are  attached." 

This  plan,  which  made  no  provision  for  instruction  in 
the  special  duties  of  the  hospital  corps,  was,  however, 
soon  given  up,  and  in  1891  a  hospital  corps  company  was 
organized  at  Fort  Riley,  Kansas,  on  lines  similar  to  that 
of  companies  of  infantrj'^  with  an  allowance  of  eight 
non  commissioned  officei-s  (three  hospital  stewards  and 
five  acting  hospital  stewards).  Soon  afterward  a  second 
company  of  instruction  was  organized  at  Fort  D.  A. 
Russell,  Wyoming.  The  Secretary  of  War  authorized 
the  transfer  to  these  schools  of  men  who  had  had  only 
three  months*  service  in  the  line.  The  time  of  the  mem- 
bers of  the  hospital  corps  companies  at  these  schools  was 
fully  occupied  with  drills,  lectures,  and  various  forms  of 
practical  iustioiction.  The  course  was  six  months  in 
length,  but  was  extended  to  eight  months  in  the  case  of 
men  under  instruction  in  pharmacy  and  clerical  work. 
Very  ^ood  results  were  obtained  at  these  schools,  but 
objection  was  made  to  their  location  on  the  ground  of 
expense  in  matters  of  transportation,  for  the  majority  of 
the  men  who  composed  these  companies  were  enlisted  in 
the  East,  and  after  the  completion  of  the  course  of  in- 
struction a  considerable  percentage  were  returned  to  the 
East  again  for  duty.  Accordingly  the  school  at  Fort  D. 
A.  Russell  was  given  up  in  1894  and  a  school  was  organ- 
ized at  Washington  Barracks,  District  of  Columbia.  In 
1896  the  school  at  Fort  Riley  was  also  discontinued  and 
the  thirty  privates  there  were  distributed  to  several  of  the 
larger  garrisons,  generally  those  situated  nearest  to  the 
headquartere  of  territorial  departments,  where  they  were 
given  a  course  of  instruction  and  kept  as  a  reserve  to  fill 
vacancies  in  hospital  corps  detachments  as  they  occurred. 
These  posts  ai*e,  with  one  exception,  still  authorized  to 
maintain  an  increased  number  of  hospital  corps  privates 
for  the  purpose  above  indicated,  but  the  great  demand 
for  well  instructed  men  since  the  beginning  of  the  war 
with  Spain  has  made  it  impossible  to  leave  privates  under 
instruction  for  a  sufficiently  long  period  to  obtain  results 
of  much  value. 

Systematic  teaching  in  the  hospital  corps  school  of  in- 
struction at  Washington  Barracks  was  practically  sus- 
pended during  the  war,  not  only  because  the  time  of  the 
medical  officers  was  so  completely  taken  up  by  the  care 
of  the  large  number  of  patients  in  the  general  hospital 
which  was  established  at  that  post  as  to  leave  them  no 
opportunity  for  the  giving  of  instruction,  but  also  be- 
cause the  need  of  hospital  corps  men  was  so  urgent  in 
Cuba,  Porto  Rico,  the  Southern  camps  within  the  united 
States,  and  in  the  Philippine  Islands,  that  time  could  not 
be  spared  for  preliminary  education.  The  school,  there- 
fore, became  liardly  more  tlian  a  depot  at  which  recruits 
were  collected,  uniformed,  and  sent  to  the  front.  With 
the  return  of  more  settled  conditions  the  school  was  re- 
organized and  expanded,  and  the  course  of  systematic  in- 
struction was  resumed.  After  the  close  of  the  war  with 
Spain  the  large  armv  collected  in  the  Philippine  Islands  de- 
manded extensive  drafts  of  hospital  corps  men.  Washing- 
ton Barracks  Avas  selected  as  the  rendezvous  for  recruits 
from  the  Eastern  United  States  destined  for  tliat  service, 
and  a  similar  school  was  established  at  Angel  Island  at 
which  hospital  corps  men  enlisted  in  the  West  were  col 
lected  and  instructed  before  they  were  sent  to  Manila. 
The  course  of  instruction  in  these  schools  was  arranged 
with  a  view  to  especial  preparation  for  Philippine  service. 

Since  the  conditions  there  have  been  such  that  women 
cannot  live  with  safety  at  the  interior  posts,  and  since 
the  number  of  small  posts  at  which  it  would  not  be  ex 
pedient  to  employ  female  nurses  in  any  case  is  very  large, 
it  appeared  especially  necessary  that  members  of  the 
hospital  corps  should  be  familiar  with  the  methods  of 
preparation  of  food  for  the  sick. 

Instruction  in  cooking  is  therefore  a  prominent  feature 
in  the  work  of  these  schools.     The  immediate  charge  of 
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the  courses  is  entnistwl  to  feiiiaU*  nurses,  who  liave  ren- 
den^i  exeellent  service. 

The  following  Is  the  course  of  dietetics  as  at  present 
conducted  at  the  Hospital  Corps  ScIum)!  of  Instruction, 
Washington  Barracks: 

Liquid  diet:  milk,  sterilized,  albuminized,  and  pep- 
tonized, whey,  junket,  milk  punch,  gruels  of  oatmeal, 
farina,  rice,  hard  bread,  and  arn>wroot.  Drinks:  lemon- 
ade, orangeade,  egg  nog.  lemonade  sherry  and  egg,  toast 
water,  coffee,  and  tea.  Bn)ths:  beef  juice,  lieef  tea 
bottled,  beef  tea  with  hydrocliloric  acid ;  beef,  mutton, 
and  chicken  broth. 

Light  diet:  canned  soups,  toast,  oatmeal,  farina,  rice, 
rice  flour,  preparations  of  gelatin,  lemon,  coffee,  and 
wine  jellies;  driwl,  canned,  and  fresh  fruits:  various 
modes  of  cooking  ^gg^*  potatoes,  beef,  and  chicken. 

Hospital  stores:  beef  extnict,  malted  milk,  chocolate, 
arrowroot,  and  condensetl  milk. 

The  ration ;  field,  travel,  and  emergency ;  modes  of  pre- 
paring hanl  bread,  bacon,  canned  roast  and  salt  beef, 
baked  beans,  peameal.  and  tomatoes. 

The  co\n"se  comprises  fifteen  lessons  of  one  hour  each, 
and  covers  three  weeks.  The  class  is  divided  into  squads 
of  ten  to  eighteen  men  each,  the  numlKT  of  sc^uads  vary- 
ing with  the  strength  of  the  command,  and  each  squad  is 
subdivided  into  sections  of  three  or  four  men  each  for 
purposes  of  instruction.  If  more  than  fifty  men  are 
present,  four  s(|uads  are  formed,  and  the  hours  are  rotated 
acconling  to  the  accompanying  schedule,  which  a\f^)  ex- 
hibits the  gentjral  course?  of  instruction. 


Days. 

\  Lenon  7.— Jofnts  and  dtolocadons,  methods  of  redudnf  dfskxa- 
4-;  tkMis. 

r  Lesson  8.— Antiseptic  treatment  ot  wounds. 
5  I  Review  twci  bouni. 
g  3  Lesson  10.— Emeraendes ;  sprains,  trostrbltes,  and  Imms. 

t  Lesson  11.— Tbe  circulatory  system. 

4  Lesson  12.~£meiigeDoies ;  drowning,  sunstroke,  and  beat  exbsiii- 
7".  tlon. 

r  Leason  13.— Tbe  dmilatoiT  svatem  (concluded). 

5  Lesson  U.— Hemorrtiages  and  tbelr  treatmenL    Tbe  tourniquet 
1  Lesson  15.— Tbe  respiratory  system. 


8 


Q  \  Lesnn  Id.— General  flrrt  aid.    Tbe  triangular  bandage. 
^)  Lesson  17.— Tbe  respiratory  system  (concluded). 


12 


1.) 

15  1 


Revleiir  two  bours 

Lesson  19.-  Genend  flnt  aM.    Xetbods  of  carrrlng  tbe  wounded. 

Lesson  :iO.— Tbe  alimentary  system. 

Lesson  21.— Contents  of  medical  and  surgical  cbesta. 

Lesson  22.— Tbe  alimentary  system  (concluded). 

Lesson  fSk—OmteatB  of  medical  and  surgical  cbests  (oondoded). 

Lesson  24.— Tbe  fundamental  bandages. 

Lesson  25.— Contents  of  Oeld  operating  case.    Oare  and  disliifeo- 

tlon  of  instruments, 
lieeson  2S.— Tbe  fundamental  bandages  (concluded). 
Review  two  bours. 


In  the  strictest  sense  of  the  term  a  hospital  corps 
school  of  instruction  is  an  institution  in  which  memben 
of  the  hospital  corps  arc  received  primarily  as  pupils, 
such  practical  work  as  they  may  do  in  connection  wiUi 
the  sick  being  subsidiary,  and  to  be  regarded  as  a  part 
of  their  eilucation.  The  small  ]>ost  at  which  each  n>em- 
ber  of  the  hospital  corps  detachment  has  his  regular 
daily  task  and  receives  only  an  hour  or  more  of  systematk: 
theoretical  and  practical  teaching  each  week  represents 
the  other  extreme  as  regards  instruction.     But  between 
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6:30-7:15. 
7:25-7:4(1. 
8K)0-9K)0. 

9:15-10:15. 

10:30-11:30. 
1K)0-2HW. 
2:15-3:15. 

8:30-4:3a 


Monday. 


Tuesday. 


WtHlnesday. 


(General  police i 

Setting  up  exerclsen. 
Cooking  squad,  1  . . .  ! 
Drill  squads.  2,  3.  i  . . 
Cooking  squad.  2  . . 
Study  squads,  1,  :i,  4. 
Anatt>my  and  first  aid 
Nuninfr  and  hygiene. 
(■oi)klng  squad,  3 . . . . 
Study  squads,  1, :!,  4. 
(\M)king  squad,  4  — 
Study  s({uads,  1,  'J,  3. 


(General  police 

Setting  up  exen'ises. 
('oc»king  squad,  4  . . . . 
Drill  squads.  1,  2,  3. . 
('(K>king  squad,  1  .  . 
Study  squads,  2,  3,  4  . 
Anatomy  and  first  aid 
Nureing  and  hygiene. 
Cooking  squad,  2  ....  I 
Study  squads,  1,  3,  4.  j 
Cooking  squad,  3  — 
Study  wiuads,  1,  2,  4.  ' 


(ieneral  police 

Setting  up  exerciaes . 
C<x)king  squad,  3  — 
Drill  squads,  1,2,4.. 
Cooking  squad.  4  . . . . 
Study  squads,  1,  2,  3. 
Anatomy  and  first  aid 
Nursing  and  hygiene. 
Cooking  squad,  1 . . . . 
study  squads,  2,  3,  4. 
Cooking  squad,  2 . . . . 
Study  squads,  1,  3,  4. 


Thursday. 


(ieneral  police 

Setting  up  exerciaes . 
(^)oking  aquad,  2 . . . . 
Drill  squads.  1,3,  4.. 
Cooking  aquad,  3  — 
Study  squads,  1, 2, 4 . 
AnaUHny  and  first  aid 
Nursing  and  hygiene. 
Cooking  squad,  4  ... 
Study  squads.  1, 2, 3. 
Cooking  squad,  1  — 
study  squaiLs,  2,  3,  4. 


Friday. 


General  police 

Setting  up  exerciaes. 
Ckwking  aquad,  1 . . . 
Drill  squads,  2, 3. 4 . . 
Cocking  aquad,  2 — 
Study  squads,  1,  8,  4 . 
Anatomy  and  first  aid 
Nursing  and  hvgiene. 
Cooking  squad,  3  . . 
Study  squads,  1, 2, 4 . 
Cooking  squad,  4  — 
Study  aquads,  1,2,3.. 


Saturday. 


(ieneral  police. 

Inspection. 
AiUclea  of  war. 


If  the  exigencies  of  the  service  pennit,  the  recruit  is 
retained  at  least  one  montli  at  the  school.  During  the 
first  week  he  is  given  four  hours  of  drill  each  day  in  the 
school  of  t lie  soldier  and  in  coin])any  drills  and  one  half 
hour  of  "setting-up"  drill,  by  which  is  meant  a  series  of 
calisthenicexerciseswhicli  are  designed  to  ke<]>  tlie  body 
supple  and  impart,  an  erect  and  soldierly  carriage.  If 
the  weather  is  inclement  the  hours  which  are  designated 
for  drills  an*  devoted  to  elenientary  iiistriictiou  in  first 
aid.  After  the  preliminary  traii\ing  the  recruit  begins 
the  three-weeks  course  the  schedule  of  which  has  already 
been  given.  To  indicate  the  scope  of  the  instruction  in 
what  is  called  in  the  table  "anatomy  and  first  aid  "  and 
"nursing  and  hygiene."  a  syllabusof  the  lecturer  recently 
given  is  appended.  In  such  a  brief  <*ourse  it  is  ])ossible 
to  deal  with  so  wide  a  rang<*  of  subjects  only  in  the  most 
elementary  fashion,  and  it  is  much  to  be  regretted  that 
the  conditions  of  the  service  have  n(»t  i>ermitted  a  longer 
period  of  instruction. 

Lectures  o.n  "anatomy  and  Fni.«*T  Am*'  and  ••Ncrsing  and 


Hycjiknk. 


Days. 

r  Lesson 


1.— Hospital  corps  pouch,  orderly  jKHnh,  lli>t-al(l  packet 
contents  and  uses. 
Ij  Lesson   2.— Hospital  ward,  cleunliiieys  an«l  on Ut,  record  b<>f)ks, 

'.  property,    ventilation,     temiKTalure,   t*-niiM*r.iture 

I  charts. 

:  Lesson  3.— Anatomv  of  the  skeleton. 
oJ  Lesson   4.— The  patient,  observation  of  M>inptonis.  olw^n'ani'e  of 
"I  surgeon's  directions,  fee<ling  and  Imthin^.  admlnis- 

I  tration  of  medicine. 

\  I^esson  5.— Fractures  and  their  treatment. 
3-  liessfni   0.--DiMinfe<-ti(>n  and  antiseptl<*s,  pni>aration  of  dtsinfc<'t- 

f  uiit  and  antiseptic  .nolutiuus. 


these  two  extremes  are  the  large  hospitals  at  which  are 
collected  a  numerous  body  of  hospital  corps  men  who  have 
well-defined  hours  of  duty  and  of  rest,  so  that  a  consider- 
able detachment  can  be  bn)ught  together  for  instruction 
every  day.  At  such  institutions  much  gootl  work  has 
been  accomplished  in  the  education  of  the  members  of 
the  hospital  corps.  A  school  was  established  in  the  Sec- 
ond Army  Corps  in  189^^  at  Camp  Alger  and  afterward 
at  Augusta,  Ga.,  at  which  al>out  two  hundred  and  fifty 
Ix^spital  corps  men  were  trained  and  at  the  completion 
of  their  course  given  diplomas  in  due  fonu  at  public 
graduation  exercisi's.  In  the  f^evcnth  Army  Corps  the 
large  hospital  corps  detachments  at  division  hospitals 
were  organiz<*d  into  companies  of  about  sixty  men  each, 
and  each  company  was  given  daily  instruction  in  drill 
and  ill  first  aid  when  the  numluT  of  sick  permitted. 
When  the  hospital  known  as  the  I'nited  States  Military 
llosi>ital  No.  1.  at  Havana,  was  opened  a  large  number  of 
iminsiructed  recruits  were  received,  the  great  majority  of 
them  entirely  ignorant  of  their  duties  as  memlK?rs  ofthe 
hos])ital  corps  and  as  soldiers.  The  chief  surgeon  directed 
the  establishment  of  the  school  in  connection  with  the 
hos])ital  at  which  was  given  a  course?  of  discipline  and 
instructi(m  which  residted,  to  (piote  his  words,  "in  giA*- 
ing  \is  as  soldierly,  prompt,  and  well-disciplined  a  body 
of  men  as  I  have  ever  seen  in  the  service.  "  and  in  demon- 
stniting  that  "th(»  medical  officers  may  take  raw  re- 
cruits and  make  them  well-drilled  and  efficient  soldiers 
as  well  as  proficient  in  sjX'cial  duties  of  the  hospital 
corps," 

As  showing  what  may  be  accomplished  in  the  heat  of 
a  Cuban  summer  by  a  zealous  and  efficient  medical  offi- 
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cer,  a  more  deUilcil  report  of  the  course  of  InBtruciion  Is 
vt  Interest, 

In  the  periofi  from  June  15,  1899,  to  November  25.  1899. 
■one  liundred  and  forty  seven  privates  and  seven  acting 
hospital  stewards  were  instructed  id  this  school.  In- 
struction was  given  (o  all  who  could  be  spared  from  tlie 
care  of  the  sicK  by  daily  drills  and  lectures  for  five  days 
in  the  weeli  in  detachmcDt  drill,  litter  drill,  ambulance 
drill,  first  Hid.  ward  work,  care  of  animals,  nursiug. 
bandaging,  cooking  and  sanitary  methods,  and  tent  drill. 
Also  general  instruction  with  a  view  to  preparation  for 
field  service.  Numerous  lectures  were  given  on  nursing, 
especial  stress  being  laid  upon  the  preparation  of  the 
operator,  patient,  Instruments,  dresHings.  tables  and 
room  before  an  operation,  asepsis  and  antisepsis  being 
thoroughly  explained,  and  on  ilie  treatment  of  bemor* 
rbsgcs.  gunshot  wounds,  the  nursing  of  typhoid  fever, 
•etc.  The  men  were  detailed  to  the  wards  in  succession, 
and  were  tlius  enabled  to  put  theory  into  practice.  An 
especial  feature  was  the  tent  drill.  "  In  the  l«Dt  drill  the 
knen  became  very  proficient,  pitching  tents  for  a  field 
hospital,  putting  up  the  beds,  filling  the  bcdsacks  with 
hay,  making  the  beds,  putting  In  bedside  tables  and 
chain,  etc.  The  time  occupied  from  the  command 
* Pitob  hospital  tents,  march!'  (the  tentage  being  on 
wagons,  and  the  men  detailed  as  patients  lying  on  the 
ground)  until  patients  were  in  ber*  ■"  •'■"  "■ — '"' — 


.  ■  IcKTUitkiii  In  alBiv, 


Notwithstanding  the  hard  work  done,  the  sick  report 
of  the  hospital  corps  company  was  exceedingly  low.  be- 
ing for  considerable  penods  less  than  two  per  cent,  of 
those  present.  A  similar  school  has  been  under  opera- 
tion with  excellent  results  at  the  Third  Reserve  Hospital 
at  Manila. 

The  surgeon  of  this  hospital  report*  as  follows  under 
date  of  December  23,  1899,  as  to  the  duties  and  the  in- 
stniction  of  the  hospital  corps  detachment: 

""The  present  personnel  ot  the  institution  consists  o( 
4  oHlcets.  4  non-commissioned  officers.  40  privates.  283 
patients,  (J  native  Tagalog  laborers,  ami  T  Chinese  laun- 
drymen.  The  following  are  the  departments  with  the 
Dumbt-r  attached  to  each: 


pvi.). 


Flllen  and  bollen  ()}. 


PiO.?Te.—H*Dd  Utter. 


being  twenty  minutes  for  the  first  tent,  the  others  being 
completed  almost  immediately  after,  in  quick  succession, 
the  time  varying  from  twenty -one  to  twenty -six  minutes; 
fires  were  made  on  the  ground  and  several  gallons  of 
water  were  boiling  in  seventeen  minutes  from  the  time 
the  command  'Aurch!'  was  given  and  three  minutes 
before  the  patients  were  in  bed. 

"At  the  command  '  Strike  tents,  march] '  the  patients 
were  very  carefully  carried  out  and  laid  upon  the  grass 
the  blauKets  folded,  l>cdsacks  emptied  and  folded,  IhcIs 
folded,  tents  struck  and  loaded  on  the  wagons,  the  time 
occupied  from  the  command  '  March!'  until  (he  wagons 
were  ready  to  drive  off  being  fourteen  minutes  In 
these  drills  the  intervals  between  the  tents  were  perfect 
the  tents  perfectly  erected,  and  the  tent  pegs,  as  well  as 
the  tents  themselves,  carefully  aligned." 

A  school  was  also  established  for  non-com  missioned 
officers  in  which  two  hospital  stewards,  seven  acting 
hospital  stewards,  and  nine  privates,  all  of  whom  sub- 
■equently  passed  the  examination  for  detail  as  acting 
hospital  steward,  were  Jnstructetl.  The  hours  of  instruc- 
tion In  this  school  were  as  follows: 


"  The  duties  of  the  four  non-commissioned  ofllcers  are 
as  follows:  1.  Superinlendeut  of  hospital;  in  charge  of 
property,  3,  In  charge  of  office  and  records,  3.  In 
charge  of  dispensary,    4.  Commissary-, 

"In  addition  to  its  first,  and  always  paramount  object, 
the  tare  of  the  sick,  another  important  funclion  of  the 
hospital  IS  the  instruction  of  the  enlisted  men  of  the  hos- 
pital corps.  This  is  systematically  carrieil  on  in  four 
dinctious  The  whole  hospital  is  regarded  as  a  schMil. 
and  each  department  is  put  in  charge  of  a  soldier,  who 
IS  held  responsiUle  for  its  condition.  His  orders  are 
written  in  the  plainest  language,  verbal  ones  being 
avoided  as  mucli  as  possible.  At  the  end  of  each  month 
an  entire  change  takes  place,  so  that  by  means  of  a 
regular  rotation  every  man  becomes  ac<|iiainled  with 
the  working  of  the  entire  system.  By  this  means  no 
man  is  allowed  to  stagnate  in  one  place  to  the  detriment 
of  his  general  efficiency  as  a  sanitury  soldier. 

"Lectures,  or  more  properly,  informal  didactic  in- 
struction, supplemented  by  questions  and  answers,  are 
held  Ave  times  weekly,  the  present  course  being  as 
follows : 

"Mondays — Discipline,  regulations,  and  drill. 

"  Tuesdays — Minor  surgery  and  first  aid. 

"Wednesdays — Nursing  and  ward  management 


Army  Hospital 
Corps. 
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"  Thursdays — Materia  modica  and  practical  dispensary 
work. 

**  Fridays — Clerical  work,  the  ration  and  its  manage- 
ment. 

••This  course  is  varied  from  time  to  time,  as  seems  de 
sinible,  examinations  are  held,  and  men  showing  sutll 
cient  proficiency  are  recommended  for  promotion. 

"  Drill  (foot,  st^ttin^f-up,  and  litter)  is  held  five  times  a 
week,  the  hour  Ix'iug  immediately  after  reveille.  As  a 
means  of  instilling  discipline,  as  necessary  phvsical  exer- 
cis<.*,  and  espi-cially  for  the  formation  of  the  liahit  of  in- 
stant and  soldierly  olKHlience.  this  porlitm  of  the  instruc- 
tion is  considered  indisiu'nsable,  and  no  one  is  excusi'tl 
from  it  unless  he  l)e  upon  sick  report.  Regular  roll  calls 
ani  also  considered  necessary. 

'^The  last  form  of  instruction  is  not  very  tangible,  but 
is  of  no  .small  moment — the  formation  of  an  esprit  de 
corps  in  the  detachment.  For  this  purpose  the  men  are 
encouraged  to  form  an  a.«Mociation  of  their  own.  the 
squad  room  is  furnished  with  electric  lights  and  a  score 
of  perio<licals,  an  interest  is  manifested  in  their  bas(>ball 
club  and  athletic  sports,  and  the  men  are  given  to  un 
derstand  that  their  detachment  is  an  orpmization  well 
meriting  pride  in  its  soldierly  etliciency  " 

The  hospital  corps  j)rivate  receives  the  same  instruc- 
tion in  the  elements  of  drill,  such  as  facings,  salutes, 
the  setting-up  exercises,  etc.,  as  other  soldiers.  The 
detachmeni  drill  without  litters  is  es.sentially  that  of  in 
fantry  without  arms.  The  utilitv  of  such  drill,  so  far  as 
the  liospital  corps  is  concerned,  is  chiefiy  in  the  promo 
tion  of  discipline  and  of  a  soldierly  carriage. 

The  following  is  a  description  of  the  litter  (model  of 
1H99)  as  at  present  constnicted  (Fig  279): 

Side  poles  are  (►f  well-dres.se<l,  straight  grained  ash, 
seven  feet  six  inches  l<»ng.  one  and  one  half  inches  wide, 
and  two  inches  deep  The  upper  part  of  the  outer  sur- 
face of  each  pole  at  the  attachment  of  the  canvas  is 
shaved  away  one  eighth  of  an  inch.  The  surface  of  the 
applied  canvas  and  of  the  heads  of  the  nails  attaching 
it  is  flush  with  the  lower  and  unshaved  part  of  the  said 
surface.  The  ends  of  the  i>oles  are  rounded  into  handles 
nine  inches  in  length. 

The  canvas  is  of  strong,  twelve-ounce  cotton  duck, 
dyed  fast  dark  brown,  six  feet  two  inches  long  by  two 
feet  tAvo  inches  wide.  At  each  end  an  inch  is  turned 
under  and  sinveddown.  and  at  each  side  an  inch  is  turned 
under  and  Uicked  to  the  shaved  surface  of  the  side  bar, 
so  that  the  ui>per  surface  of  the  canvas  is  six  feet  by 
twenty  two  inches  in  the  clear. 

The' legs  or  feet,  which  are  of  malleable  iron,  stirrup 
shaped,  raise  the  under  surface  of  the  poles  four  inches 
from  the  ground  level.  The  pole  plate  of  each  leg  is 
three  and  three  eighths  inches  long,  and  has  on  the  outer 
part  of  the  end  towanl  the  mid-length  of  the  pole,  a  pro- 
jection to  keep  the  braces  in  position  when  the  poles  are 
approximated.  The  plate  is  turned  up  at  the  sides  one 
quarter  of  an  inch  to  grasp  the  j)ole  which  is  here  coun 
tersunk.  so  that  the  metal  is  flush  with  its  outer  surface. 
The  pole  jilate  has  two  apertures;  one,  thre<'  eighths  of 
an  in(!h  in  diameter  for  the  bolt  on  which  the  brace  or 
traverse  iron  i)lays,  the  other,  three  eighths  of  an  inch 
in  diameter  bet  ween  the  blades  of  the  stirrup  for  the  bolt 
which  secures  the  whr)le  to  the  pole.  The  loop  of  the 
stirru])  is  one  and  three  (piarters  inclffs  wide  near  the 
pole  i)lale,  widening  out  to  three  and  five-eighths  inches 
at  its  widest  part,  alM)ut  thn'e  (piarters  of  an  imrh  from 
the  footplate.  The  blades  forming  the  loop  are  each 
seven  eighths  of  an  inch  broad  at  the  neck,  expanding 
to  one  and  seven-eighths  inches  where  they  conjoin  to 
form  the  f(K>tplate,  which  is  .somewhat  convex  in  every 
din»etion,  to  give  a  brojid  support. 

Th(*  braces  are  of  .steel  forging,  each  consisting  of  two 
piece's  j)laying  by  their  outer  entls  on  tin;  bolt  in  their 
respective  pole  plates  and  hinged  by  a  l>olt  at  the  junc- 
tion of  their  inner  ends.  Each  piec(?  is  formed  of  a  bar 
of  .steel  fori^ing  <me  half  an  inch  wide  and  fiveeiirhths 
of  a  iiM'h  deep.  The  outer  end  is  flattened  to  facilitate 
movement  on  the  pole  plate.     The  inner  end  of  one  pro- 


jects about  one  inch  beyond  that  of  the  other,  which  it 
embraces,  thus  strengthening  the  joint  when  the  braces 
are  on  the  stretch,  arid  this  joint  is  fenestrated  on  the 
back  to  prevent  choking  by  mud  and  dirt.  The  head  of 
the  Imlt  or  i)ivot  by  which  the  brace  is  attached  to  pole 
))lates  is  one  inch  in  diameter  and  one-eighth  of  an  inch 
thick.  Frcmi  the  centre  of  this  pole  plate  bolt  to  the 
centre  of  the  rivet  which  hinges  the  pieces,  each  metisures 
ten  and  a  quarter  inches,  and  the  whole  when  on  the 
stretch  makes  the  litter  twenty-two  inches  wide  from 
ouLside  to  outside  of  the  canvas-covered  bars.  AVhen 
the  litter  is  closed  the  braces  project  lengthwise  toward 
the  centre  of  the  litter  immediately  beneath  the  approxi 
mated  poles. 

The  fastening  for  theclose<i  litter  is  provided  by  means 
of  two  leather  straps,  eleven  inches  long  anA  three- 
quarters  of  an  inch  wide,  one  attache<l  to  the  under  sur- 
face of  one  pole,  one  inch  toward  the  handle  from  the 
pole  plate,  the  other  to  the  corresponding  part  of  the 
opposite  end  of  the  other  pole.  When  the  litter  is  open 
the  strap  is  under  the  pole  ard  fastened  to  a  stud,  but 
when  the  litter  is  closed  the  strap  is  passed  aroun(l  the 
two  poles  from  its  point  of  attachment  on  the  one  pole 
to  a  stud  in  the  corres]K)nding  part  of  the  other. 

The  weight  of  the  litter  is  twenty  pounds. 

The  regulation  litter  sling  which  is  issued  to  each  pri- 
vate of  the  hospital  corps  as  a  part  of  iiis  equipment  is 
made  of  blue  w(?bbing  two  and  one  half  inches  wide, 
with  a  leather-lined  loop  at  each  end,  and  a  slide  to  regu- 
late its  length,  so  that  it  can  be  adjusted  to  the  size  of 
the  individual  to  whom  it  is  i.ssued.  During  drill  when 
not  in  use  the  sling  is  carried  over  the  shoulders  and  the 
l(K>p8  are  secured  under  the  belt;  when  the  litter  is  to  be 
lifted  the  loops  arc  drawn  from  the  belt  and  slipped  over 
the  handles  of  the  litter. 

In  the  drill  with  the  open  litter  the  littere  may  be 
marched  by  the  usual  commands  given  to  infantry,  sub 
stituting  "littere"  for**foure."  Military  situations  can 
be  imagined  in  which  it  would  be  of  advantage  that 
littere  loaded  with  patients  should  be  marched  in  line  or 
in  column,  and  in  which  it  might  be  necessary  to  change 
the  formation  from  line  to  column  or  the  reverse;  but  in 
actual  warfare  the  more  complicated  evolutions  will  al- 
most never  be  needed. 

The  chief  object  of  litter  drill  is  to  familiarize  each  of 
the  four  men  who  constitute  the  individual  litter  squad 
with  his  duties  so  that  he  can  perform  them  without  con- 
fusion or  hesitation  and  to  the  best  advantage  of  the 
patient.  The  drill  is  made  as  nearly  as  possible  like  ser- 
vice in  actiial  warfare.  Men  are  used  as  "dummy  "  pa 
ticnts.  A  diagnosis  tag  having  been  attached  to  their 
clothing  to  indicate  the  nature  ami  location  of  the  injury 
to  l>c  dre.s.sed.  before  l(»ading,  they  are  directed  to  take 
positi(ms  such  as  would  Ik^  expected  on  the  battlefield. 
At  the  command  "  Search  for  wounded ! "  each  leader  as 
sumes  charge  of  his  stpiad  and  proceeds  inde])endeutly. 

The  membera  of  the  litter  squad  are  numbered  from 
one  to  four  consi<»utively.  The  litter  when  closed  is 
carried  on  the  shoulcler  of  No.  8,  who  acts  as  rear  bearer 
of  the  op(?n  litter.  No.  2  being  the  front  bearer.  The 
positi(ms  of  No.s.  1  and  4  are  opposite  the  centre  of  the 
litt<'r  on  the  right  and  left  respectively.  When  ap- 
proaching a  patient,  they  run  in  advance  of  the  litter,  in- 
vestigate the  nature  of  the  injury,  and  apply  splints, 
check  hemorrhagj',  or  render  such  other  servict^  as  the 
nature  of  the  case  may  demand.  When  the  patient  has 
been  j>laced  upon  the  litter,  th<*v  resume  their  positions 
opj)Osite  the  eentre  of  the  litter.  They  relieve  Nos.  2 
and  :{  as  bearers  when  tlu^  latter  are  fatigued.  The 
ehan;i:e  of  bearere  may  be  elTected.  if  necessary,  with- 
out interrupting  the  march.  No.  1  has  command  of  the 
S(piad,  what<*ver  his  position  with  respect  to  the  litter 
mav  Im'. 

VVhile  the  loaded  litter  is  usually  carried  by  two 
bearers,  when  the  ground  is  unusually  difficult  of  when 
obstacles  nnist  be  surmounted  it  is  carried  by  all  four 
of  tli<*  iNiirers.  ono  man  at  each  handle.  In  ascending 
stairs  r>r  steep  inclines  the  front  bearer  retains  his  hola 
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able  tlut  one  bearer  sliould  altcinpt  to  carry  a  patient 
uuauli'd.  but  einer|r<-nck'S  may  arise  in  wliich  litis  is 
Decussary.  For  short  clislant'es  a  pallent  ma^'  bu  canitrd 
in  the  arms  of  a  stmng  nian,  or  udo  tliat  is  cooscious 
and  abk'  to  Iielp  liiinstif  to  a  certain  extent  may  be 
carried  astride  c!  the  Itearer's  back. 

Ft*  unconscious  |>alieiils  two  meliiods  may  be  em- 
I  ployi^ :  carrying  across  tlie  back  and  acniSH  Ike  slioulder. 
For  the  tlrst  method,  the  bearer,  turuitig  the  patient  on 
his  face,  steps  aatriilc  of  kim,  facing  toward  llie  bead, 
and  nitli  liaods  in  liis  armpits  lifiH  1dm  to  his  knees,  then 
clasping  bandR  over  tlie  alidomcn.  lifts  him  to  his  feet; 
he  then  with  tlie  kfi  han.l  seizes  the  imilent  by  the  left 
wrist  and  drawinir  the  left  arm  alxxit  his  (the  bearer  h) 
neck  liulds  it  against  bis  left  cliest,  the  [lalient's  left  side 
resting  against  bis  iHxly,  and  aupporta  him  witli  his 
right  arm  about  the  waist. 

Tlie  luarer  with  bis  left  hand  next  seizes  the  right 
wrist  of  the  jiatjent  anddmws  the  arm  over  lilabead  and 
down  upon  his  k'ft  shoulder,  then  shifting  hiniself  in 
front,  stoops  and  clasps  the  right  thigh  with  hix  right 
arm  passed  between 
the  legs,  his  right 
hand  seizinn:  the  pa- 
tu-nt's  right  wnst; 
lastly,  he.  with  his 
left  liand.  grasps  the 
patient's  left  and 
steadies  it  against  Ids 
side,  wlien  lie  rises 
(Fiir  281). 

Tn  the  second 
method,  the  imiieiit 
being  raised  and  sup- 
portt-d  ii)  the  erect 
poHllinnasin  thellrst 
method,  the  bearer 
clasps  his  hanils 
alMiiit  the  patient's 
waist,  shifts  hinm'lf 
to  llie  fnml.  faeiug 
him,  and  stooping 
places  hin  right 
shoulder  against  the 
alKlonteii:  lie  passes 
his   right   hand   and 

,  arm  between  the 

thigki — wcuring  the 

Fig.  283.— i*stl(int  airnes  SboulUer.         right   t  h  i  g  li-^nd 

with  his  left  gnisjis 

palienl's  right  liiiiid.  lirinj-'ing  it  from  behind  under  his 

(bearer'Ht   lefl   iiriupit.   when,   tlie  wrist    iK'ing    firmly 

gnispiHl  by  his  right  hand,  he  ri>ies  (l'"i;r.  '2>''2}. 

The  first  mi'tlHMl  is  more  cijnifi.rtiible  for  the  pulient. 
but  tlie  second  itieihod  has  tiii'  i;r<-iiT  advitntiigi-  that  the 
bearer's  left  liaiid  is  fni'  so  that  he  ivm  ili-H'eml  il  liiddcr. 
ltislnfaetaar<'man'smHlic>d.iimlL'.iiLu<'lilH'iieriidii]ited 
for  carrying  a  patient  whn  is  asplis'.xiiiiid,  liut  iiilterwi.se 
uninjurctl.  than  a  woiiiidetl  man. 

The  anibulauce  is  a  foiir-whei-lt'tl  vi-hieh-,  which  pro- 
Tides  transportation  for  eight  men  Kitting  or  f»r  two  ri'- 
cumlx-iit.  In  wmie  umliuiaiKTS  Ihi-iv  an'  two  lii'is  of 
lilters  so  that  four  reeiimbent  jinliciits  ui:iy  U-  inins- 
ported.  In  the  nuire  aiiprnvnl  uniUuliiucis,  lln-  regiilu- 
tiou  litter  Is  used,  tJie  litter  upnn  which  Ihi-  iwirieNt  wns 
originally  jilaci-d  being  pii>'lu-<l  iiilo  lli<'  IiikIv  uf  tlic 
vehicle  from  the  rear.  A  viiriety  <if  siylrs  is  m.iv  in  use, 
and  since  a  bniinl  is  sitting  at  the  iiine  at  which  Mils 
article  is  written  for  the  purpost'  of  deciding  whiii  ii!i«iel 
shall  Ik-  finally  adopted,  no  alt<'ni|it  will  Iw  made  to 
ttescribe  in  detail  the  present  vehicles. 

For  a  fall  account  of  the  drill  of  ihehoi](itai  d'H"'  "i'' 
reader  is  referred  to  the  manual  of  drill  eniiik-d  "nrlli 
Regulatinns  for  tlie  Hospital  Cori>s.  United  Slates  Ami  v," 
edition  of  IWKi. 

TIh'  methods  wliich  are  practically  employed  in  the 
transport  at  ion  of  the  wounded  are  dcserilied  Itl  the  artiele 
upon  that  subject.  Gevrge  K.  Buahiiell. 


ARMY  MEDICAL  DEPARTMENT.— Admission  to  Uk 
medical  corps  of  the  Coiled  States  army  U  by  uHnptH- 
live  examination.  Any  medical  graduate  of  a  college  in 
eoix]  standing  may  appear  for  examination,  provklea  he 
IS  a  dtiEen  of  the  United  States,  between  twenty -two  and 
twenty-nine  years  of  age,  aiid  of  sound  heftlth  and  good 
diameter.  He  must  present  evidence  that  he  baa  hiti]  at 
least  one  year's  hospital  experience  or  the  equivalent  oi 
this  in  practice  subsequent  to  his  gmduation.  The  ap- 
plicant should  write  to  the  Secretary  of  War  requesting 
authority  to  present  himself  before  an  examining  boajd. 
giving  the  dale  and  place  of  his  birth  and  the  place  and 
Male  of  which  he  is  a  permanent  resident,  and  enclosinf 
certilicstes  as  to  ills  citizenslilp,  ctiaracter.  and  babEla 
from  at  least  two  reputable  peraona.  He  will  then  be  in- 
formed when  and  where  the  examination  will  probably 
take  place.  Examining  boards  arc  convened  from  tirrie 
to  time  to  fill  vacancies  as  they  occur.  For  aoTne  yeare 
before  Ike  Spanisli- American  war  a  board  waa  in  aesaton 
annually  in  September  and  October,  in  the  Army  Medical 
Museum  building  at  Washington.  D,  C.  to  fill  ihc  vacao- 
cies  occasioned  by  deaths,  retirements,  or  resignations 
during  the  year.  Boards  may.  however,  be  convened  in 
other  cilws.  One  has  now  (Februao'.  IWO)  been  ap 
pointed  to  meet  in  Manila.  Pliillpplne  IsUnds.  to  afford 
an  opportunity  of  entering  the  regular  service  to  votus- 
teer  metlical  tiHlceis  and  physicians  on  contract  now  aerv- 
tng  with  troops  in  those  islands.  When  a  board  is  con- 
vened ill  the  I'niteil  Slates,  due  nolice  is  published  in  the 
medical  JouiTials.  and-  candidates  whose  applications  are 
already  on  file  in  the  War  Deiiartment  are  notified  by 
lelter  lo  report  In  person  to  the  president  of  the  board  mi 
a  given  date.  The  expenses  of  travel  and  other  peisoiial 
expenses  incident  to  the  period  occupied  by  tlie  cxamfna- 
tion  must  lie  borne  b^  the  candidate. 

Tile  iibysical  examinaiion  comes  first  in  order,  and  is  as 
carefully  made  as  if  the  caudktates  were  applicanta  for 
enlistment  in  the  ranks.  Those  who  fall  below  sixty  funr 
inches  in  height  are  rejected.  Each  camlidate  is  required 
to  certify  that  he  labors  imder  no  mental  or  physinl  io- 
flrmity  or  disubilitv  which  can  interfere  with  the  efflcicnt 
discharge  of  any  duty  wliich  he  mav  be  required  to  per- 
form, bilight  errors  of  refraction  wfdch  can  be  corrected 
byglassesand  whichare  unaccompanied  by  ocular  disease 
do  not  cause  rejection.  The  preliiaiaary  or  mental  ex- 
aiidiittlk)n  is  ronducted  bv  qiiestlons  written  and  oral  on 
arithnielte  and  jiliyiw's,  tlie  tiLslory  and  geography  of  the 
Uniteil  Slates,  aiii-H-nt  and  iiio<iern  history,  and  ^'netal 
lilerature.  (Simlklat(«  claiming  special  knowU>3ge  of 
the  higher  iiutllieiiiatks.  ancient  or  modern  languages, 
dmwiiig,  analytical  chemistry,  or  branches  ol  the  natural 
scicnn'S  are  csuiiiiDed  in  tlicse  subj<-cis  as  acconipliah- 
iiu-nts  ami  ren'etve  due  credit  according  to  their  profl- 
eieiicv-  Tile  professional  examination  includes  anatomy, 
physiohigy,  clicniistry.  Iivgiene.  path<ilogy.  and  Iiarieri^ 
ogy.  miUerin  tmilica  ami  therapeutk*.  surgery,  practice 
of  medicine,  olMletrics  and  the  diseases  of  w'Hiien  aitd 
cliildren.  F:xuniiiiHth>na  etv  also  conducted  at  tiielH-il- 
side  in  elinieiil  iiu-dicineaiid  surgiTV,  and  demonstrations 
anil  operations  on  the  cadaver  arc  reiiuireil  to  1h'  made 
by  the  iiiudidates.  At  llie  conclusion  of  the  examina- 
tion, whieli  lasls  six  or  eight  days,  the  merits  of  the  can- 
didates In  eaek  of  the  hniiiebes and  their  relative  merit 
lis  de term i lied  by  the  results  of  the  whole  exainiuatlon 
iLiv  fporlcd  by  the  Imard,  and  in  aeeonhincc  with  Ihb 
report  Ihe  siirginngi'iierai  recoinnienils  the  appointment 
lA  the  siici'e»'[ul  ciiiidiilates  to  (ill  existing  vacanrles. 
Tltoscwho  fail  at  tiiis  exiimination  may  l>e  allowed  to 
iipjieiir  iigiiin  nfler  one  year,  but  no  liiinl  trial  is  per- 
mitted. 

Ordiimrily  Ihe  llrst  duly  ri'ipiiredof  the  young  medical 
ofbccr  Is  a  Item  111  nee  at  Ihe  army  medical  soboiil  during 
a  session  of  live  luonlhs.  November  to  SLirch.  to  fit  him 
for  Ills  fiiuin'  duties  and  respousihililies.  The  school 
WHS  orgjiiii/i-d  in  l^ifla  by  Surgeon -General  Sternberg. 
The  fiiriiliy  eiiusistsof:  (1)  A  president  who  Is  responsible 
for  iIk'  disc'tpliiie  of  the  school  and  who  deliveraa  course 
of  lei'tiiri-s  upon  the  duties  of  medical  officeia  in  war  and 


492 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


Army  medical 
Department. 


peace,  including  the  requirements  of  Army  Regulations 
regarding  property  responsibilities,  recruits,  discharges 
for  disability,  sick  reports,  rights  and  privileges  of  offi- 
cers and  customs  of  the  service ;  (2)  a  professor  of  mili- 
tary surgery  who  teaches  operative  surgery,  the  care  and 
transportation  of  woundecl  in  time  of  war,  and  the  ad- 
ministration of  hospitals;  (3)  a  professor  of  military 
hygiene  who  gives  practical  instruction  in  the  exaniina- 
iton  of  air,  water,  food,  and  clothing  from  the  sanitary 
point  of  view;  (4)  a  professor  of  military  medicine;  (5) 
a  professor  of  clinical  and  sanitarv  microscopy  who  gives 
laboratory  instruction  in  bacteriological  work,  and  (6)  an 
instructor  in  hospital  corps  drill  and  company  manage- 
ment. 

After  graduating  at  this  school  the  young  medical  offi- 
cer is  assigned  to  duty  at  some  military  station.  His 
nmk,  pay,  and  emoluments  are  those  of  a  first  lieutenant 
of  cavalry  for  the  first  five  years  of  his  service  and  of  a 
captain  of  cavalry  for  the  remaining  years  of  his  service 
in  the  grade  of  assistant  surgeon.  In  addition  to  the 
fixed  pay  of  his  rank  he  is  entitled  to  an  increase  of  ten 
per  cent,  for  every  completed  period  of  five  years'  service 
until  a  maximum  of  forty  per  cent,  has  been  reached. 
Thus  the  pay  of  a  newly  commissioned  assistant  surgeon 
is  $1,600  per  year,  or  $1H3. 83  monthly.  At  the  end  of  five 
years  he  is  promoted  to  the  rank  of  captain  and  receives 
92,000  per  year,  but  as  he  is  entitled  to  a  ten  percent, 
increase  of  this  by  virtue  of  his  five  years  of  service  he 
receives  $2,200  per  annum,  or  $183.33  monthly.  At  the 
end  of  ten  years  the  service  percentage  entitles  him  to 
^,400  per  annum  and  after  five  years  more  to  $2,600. 
By  this  time  deaths,  resignations,  and  retirements  among 
those  above  him  will  have  brought  him  up  towanl  the 
head  of  the  list  of  assistant  surgeons.  On  his  promotion 
to  the  grade  of  surgeon  with  the  rank  of  major,  the  pay 
of  which  rank  is  $2,500  per  annum,  he  receives  $3,250  if 
he  has  been  fifteen  years  in  the  service  and  $3,500  if  he 
has  completed  twenty  vears  of  service.  The  monthly 
pay  of  the  lieutenant-colonel,  colonel,  and  brigadier- gen- 
eral is  respectively,  $333.33,  $375,  and  $458.33.  These 
sums  include  the  forty  per  cent,  increase  for  length  of 
service. 

At  the  present  time  the  medical  corps  consists  of  one 
surgeon  general  with  the  rank  of  brigadier-general,  six 
assistant  surgeons-general  with  the  rank  of  colonel,  ten 
deputy  surgeons-general  with  the  rank  of  lieutenant- 
coK)ue),  fifty  surgeons  with  the  rank  of  major,  and  one 
hundred  and  twenty -five  assistant  surgeons  with  the  rank 
of  captain  or  lieutenant,  according  to  their  length  of  ser- 
vice. When  an  officer  reaches  the  age  of  sixty-four  years 
he  passes  from  the  active  to  the  retired  list,  and  each  of 
those  formerly  below  him  on  the  active  list  gains  a  step 
upward  in  lineal  rank  toward  the  next  graae.  Retired 
pay  is  seventy -five  per  cent,  of  the  pay  received  by  offi- 
cers of  the  same  rank  on  the  active  list. 

Medical  officers  in  addition  to  their  pay  proper  are 
furnished  witli  an  allowance  of  quarters  according  to 
rank  either  in  kind  or  by  commutation  if  there  is  no  suit- 
able government  building  available.  When  travelling  on 
duty  without  troops  an  allowance  of  four  cents  per  mile 
is  provided,  with  reimbursement  of  money  actually  ex- 
pended for  railroad  or  other  fare.  In  changing  station, 
transportation  is  provided  also  for  professional  liooks  and 
papers  and  for  a  reasonable  allowance  of  baggage. 
Forage,  stabling,  and  transportation  for  two  horses  are 
allow^  to  each  officer.  Groceries  and  other  articles  ma}' 
be  purchased  from  the  subsistence  department  and  fuel 
from  the  quartermaster's  department  at  about  cost  price. 

The  hospital  at  every  permanent  military  post  is  well 
provided  with  books,  instruments,  and  apparatus  for 
chemical  and  bacteriological  work. 

The  stations  of  medical  officers  are  changed  every  two 
or  three  years  or  according  to  the  re(|uirements  of  the 
service.  The  surgeon-general,  in  making  assignments, 
considers  the  record  of  each  officer  so  fliat  no  undue 
share  of  arduous  duty  or  service  at  stations  remote  from 
the  United  States  shall  fall  to  any  one  officer. 

Leave  of  absence  on  full  pay  is  allowed  at  the  rate  of 


one  month  per  year,  and  this  when  not  taken  during  the 
year  may  be  allowed  to  accumulate  to  a  maximum  of 
four  months,  which  at  the  end  of  four  or  more  years  may 
be  utilized  as  one  continuous  leave.  Absence  from  duty 
on  account  of  sickness  does  not  involve  loss  of  pay. 
Permanent  disability  incurred  in  the  line  of  duty  entitles 
an  officer  to  be  placed  on  the  retired  list. 

Toward  the  end  of  his  fifth  year  of  service  and  prior  to 
his  promotion  to  the  rank  of  captain  the  young  medical 
officer  is  examined  on  his  knowledge  of  Anny  Regula- 
tions, and  the  practical  work,  medical,  surgical,  sanitary, 
and  official,  involved  in  serving  with  troops.  Again, 
when  medical  officers  with  the  rank  of  captain  approach 
the  head  of  the  list  of  officere  of  their  grade  they  are  usually 
assigned  to  duty  as  attending  surgeons  and  examiners  of 
recruits  in  the  principal  medical  centres  of  the  United 
States  to  enable  thein  to  become  familiar  with  the  prac- 
tice of  the  leading  physicians  and  surgeons  and  to  attend 
medical  lectures,  meetings  of  medical  societies,  etc. 
These  assignments  are  made  for  one  year  only  in  order 
that  as  many  medical  officera  as  possible  may  be  enabled 
to  avail  themselves  of  the  advantages  thereby  afforded. 
An  examination  follows  to  test  their  knowledge  of  the 
advances  made  in  medicine  and  surgery  during  the  years 
which  have  elapsed  since  their  promotion  to  the  rank  of 
captain.  Surgeons  and  officers  of  higher  grade  are  not 
subjected  to  examination  for  promotion. 

A  brief  resume  of  the  history  of  the  army  medical 
department  finds  an  appropriate  place  in  this  article. 
The  anny  of  the  Revolution  had  at  first  only  regimental 
surgeons  and  their  mates  or  assistants.  The  Provincial 
Congress  of  Massachusetts  Bay  required  each  candidate 
for  a  position  in  the  medical  department  of  the  army  to 
be  subjected  to  a  close  examination  by  qualified  menical 
men;  and  there  was  noXhm^  pro  forma  in  these  examina- 
tions, for  it  is  on  record  that  no  less  than  six  of  a  set  of 
fourteen  were  rejected  on  account  of  failure  to  come  up 
to  the  standard.  This  system  of  examination  for  ap- 
pointment has  continued  throughout  the  intervening 
years  and  is  in  force  at  the  present  time.  After  the  fight 
at  Breed's  Hill  a  general  hospital  was  established  at 
Cambridge  for  the  care  of  the  wounded.  Subsequently, 
general  hospitals  were  established  at  Ticonderoga.  N. 
Y.,  and  at  WiHiamsburg,  Va.  To  provide  these  with 
the  requisite  medical  officers,  surgeons  were  appointed 
who  belonged  to  no  regiment,  but  to  the  hospital  depart- 
ment in  general  as  staff  surgeons.  This  arrangement 
aroused  a  strong  feeling  on  the  part  of  the  regimental 
surgeons,  who  protested  against  the  removal  of  their  sick 
and  their  reduction  to  the  level  of  dispensary  surgeons 
for  the  slighter  ailments  of  camp.  They  claimed  the 
right  to  take  care  of  their  own  sick,  and  they  were  sup- 
ported in  this  by  a  majority  of  the  regimental  and  com- 
pany officers.  It  is  interesting  to  observe  how  mankind 
forgets  its  experiences.  More  than  one  hundred  and 
twenty  years  afterward,  during  the  Spanish -American 
war,  the  same  clamor  was  raised  by  regimental  surgeons 
of  volunteers,  their  colonels  and  company  officers,  against 
the  establishment  of  division  hospitals  and  the  necessary 
disestablishment  of  regimental  hospitals  as  incompetent 
to  meet  the  exigencies  of  active  field  service,  although 
this  incompetency  had  meanwhile  been  proved  during 
the  long  years  of  the  civil  war. 

To  allay  the  jealousies  between  the  two  sets  of  oflicers. 
a  bill  was  passed  for  the  establishment  of  a  medical  de- 
partment based  on  the  organization  of  the  British  service. 
It  provided  for  so  many  officers  with  high-sounding  titles 
that  General  Washington  is  reported  to  have  criticised 
the  proposition  thus:  **The  number  of  officers  mentionetl 
in  the  enclosed  plan.  I  presume,  are  necessary  for  us  be- 
cause they  are  found  so  in  the  British  hospitals."  Ex- 
perience during  the  remaining  years  of  the  war  of  the 
Revolution  simplified  the  organization  by  removing  many 
of  the  high-titled  functionaries:  and  there  seems  no 
reason  to  doubt  that  had  a  little  longer  time  been  given, 
the  establishment  would  have  been  rc*solved  into  a  corps 
of  medical  officers  taking  rank  each  by  seniority  in  his 
grade  and  assigned  to  duty  in  accordance  with  his  rank. 
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For  some  years  subsequent  to  the  successful  close  of 
this  war  the  anuy  of  the  Uiiitwl  States  consiste<l  of  troops 
enlisted  for  short  pericxls,  with  no  provision  for  medical 
service  other  than  tliat  afforded  by  regimental  medical 
officers. 

In  1802  a  new  departure  was  taken  in  appointing  army 
medical  officers.  The  army  at  this  time  was  so  small  that 
it  was  not  possible  for  thefew  medical  officers  pn)vid€Hl 
on  a  regimental  basis  to  care  for  the  sick  of  their  com 
mands,  scattered  as  these  commands  were  at  various 
posts  along  the  frontiers.  Medical  officers  were  there 
fore  appointed  to  garrisons  instead  of  to  regiments. 
Additional  trfK)ps  levied  in  an  emergency  brought  with 
them  their  n*ginient«l  medical  officers,  and  if  the  needs  of 
the  service  rcciuiretl  the  establishment  of  general  hos- 
pitals, surgeons  of  higher  grade  and  rates  of  pay  than  the 
regular  post  surgeons  were  appointed  for  temporary 
service.  In  this  manner  the  medical  department  was 
enlarged  to  meet  the  necessities  of  the  army  in  the  year 
1812.  During  this  war  the  only  legislation  materially 
affecting  the  department  was  a  nuich  need(fd  increase  of 
I)ay  for  the  regimental  medical  officers.  Dr.  James  Til 
ton,  uho  had  been  a  iKWpital  surgeon  during  the  Revolu- 
tion, was  the  chief  of  the  department  at  this  time  with 
the  title  of  "  physician  and  surgeon -general."  His  man- 
agement of  alfaii's  during  the  war  appears  to  have  given 
univei-sal  satisfaction.  Many  hospitals  were  established 
and  broken  up  during  the  course  of  events,  but  all  were 
well  kept,  fully  provided  with  necessaries  and  competent 
for  all  the  work  thrown  upon  th(?ni.  Some  indeed,  as 
that  at  Hurlington,  Vt.,  under  the  superintendence  of 
Surgeon  Lovell,  Ninth  Infantry,  appear  from  the  reports 
to  have  been  model  establishments.  The  n^gulations  of 
thesi*  are  e.vtant.  and  it  is  readily  s«?en  that  their  high 
chamctter  was  due  to  efficient  administration,  discipline, 
and  cleanliness. 

In  1818  a  bill  which  organized  the  general  staff  of  the 
army  gave  to  the  medical  department  for  the  tiret  time 
in  it's  history  a  piTmaneut  chief  under  the  title  of /*Mr5'«;/i- 
geiwral.  To  this  position  Surgeon  Joseph  Lovell  was 
promoted  on  account  of  his  excellent  record.  Hospital 
and  garrison  siirgeons'were  consolidated  under  the  title 
of  ptjst  ifurgeons,  and  as  these  took  rank  after  the  surgeons 
of  regiments,  certain  of  the  hospital  surgcM^ns  who  had 
siTved  in  high  po3itions  on  important  occjisions  had 
cause  for  dis.satisfaction  with  the  inferior  status  to  wliich 
they  were  consigned  by  this  arrangement. 

The  medical  department  was  fortunate  in  having  so 
able  a  man  as  Dr.  Lovell  appointwl  as  its  chief.     He  de 
fined  the  duties  of  his  subordinates,  established  an  ex 
cellent  system  of  aeeouiitability  for  i)ropcrtv,  impn)ved 
the  character  of  the  medical  reports,  inspired  his  officei"s 
with  the  idea  that  as  stmitarv  <;flieers  thcv  had  greater 
responsibilities  than  mere  i)ractising  physicians  and  sur 
geons.  and  labored  earnestly  to  have  ilu-ir  pay  increased 
and  their  official  status  raised  in  j)roporti<)n  to  his  views 
of  the  importance  of  their  duties.     He  also  established  an 
equitable  system  of  exchange  of  posts  so  that  no  officer 
would  be  retained  untluly  at  an  undesirable  station. 

In  1821  the  finishing  touches  were  given  to  the  or 
ganization  of  the  dei)artment  by  consolidating  the  regi 
mental  siirgeons  with  the  stall  surg<'oiis  so  that  the  corps 
consisted  simply  of  one  surgeon-^eneml.  eight  surgeons 
with  the  rank  and  pay  of  regimental  surgeons,  and  f(>rty- 
five  assistant  surgeons  with  the  pay  (/f  i)ost  surgecuis. 
but  as  this  number  was  insufficient  to  provide  one  niedi 
cal  officer  to  each  of  the  military  ])osts.  the  system  of  em 
ploying  civilian  phvsieians  on  eontraet  was  instituted. 

Surgeon -General  Lovell  died  in  iSiO  and  wjis  succeeded 
by  the  .<«enior  surgeon  Thomas Lawson.  then  serving  with 
troops  in  Florida. 

Litth*  of  g<?neral  interest  occurred  durinir  the  next  ten 
years.  The  papers  filed  in  the  ofliee  of  the  surgeon  iren- 
end  during  this  peri<Kl  were  arguments.  opini«>ns.  and  de 
cisions  (»n  points  connected  with  unitorm^.  rank,  and  prec 
edenee  of  medical  officers  and  their  right  to  enter  into 
private  ])nictice  in  the  vicinity  of  their  stations.  At  last 
the  c<>ncentration  of  troops  on  the  Rio  Grande  and  the 


probability  of  war  with  Mexico  led  to  some  changes. 
Two  surgeons  and  twelve  assistant  surgeons  were  aimed 
to  the  me<lical  staff,  and  ten  new  regiments  were  raised, 
each  provided  with  one  surgeon  and  two  assistant  sur- 
geons. These  were  intendra  to  be  merely  provisioDil  • 
appointments  to  be  vacated  at  the  close  of  the  war. 
Lltimately,  however,  not  only  were  the  staff  appoint- 
ments made  permanent,  but  ten  additional  assistant  sur- 
geons were  authorized  on  account  of  the  increasing  needs 
of  the  department  after  the  acquisition  of  California  and 
New  Mexico. 

During  the  Mexican  war  tlie  senior  surgeons  were  as- 
signed as  medical  directors  and  in  charge  of  general  hos- 
pitals; certain  of  the  juniors  w^ere  on  duty  at  the  hos- 
pitals and  purveying  depots,  while  the  others  served  in 
the  field  as  rc*gimental  officers  with  regular  troops.  Vol 
unteer  surgeons  were  on  duty  with  their  regiments,  but 
some  were  occasionally  detailed  to  hospital  duties. 

The  additions  to  the  numerical  force  of  the  medical 
department  during  and  after  the  Mexican  war  proved 
insufficient  for  the  neiHls  of  the  many  small  garrisons  into 
which  our  army  l)ecame  broken  up;  but  although  the 
surgeon -geneml  reiK>ate<lly  called  attention  to  this,  no  in 
crease  was  made  until  1856,  when  four  surgeons  and  eight 
assistants  were  added  to  the  corps. 

Surgeon  General  Lawson  died  in  1861,  shortly  before 
the  outbR»ak  of  the  civil  war.  From  the  calls  Jor  large 
levies  of  tnx^ps  and  the  feeling  North  and  South  that  a 
desperate  struggle  was  before  the  country  it  was  evident 
that  without  large  reinforcements  the  medical  depart- 
ment Avould  be  unable  to  do  its  work  successfully.  At 
this  time  it  consisted  of  one  surgeon-general  with  the 
rank  of  colonel,  thirty  surgeons  with  the  rank  of  major, 
and  eighty-three  assistant  surgeons  with  the  rank  of  first 
lieutenant  and  of  captain  after  five  years'  service.  In 
August,  1861,  the  addition  of  ten  surgc^ons  and  twenty 
assistant  surgeons  was  authorized.  Some  of  this  small 
staff  corps  took  charge,  as  mc*dical  directors,  of  corps  and 
annies,  instructing  the  volunteer  officers  in  the  duties 
pertaining  to  camps  and  field  hospitals;  others  acted  as 
medical  inspectors,  aiding  the  directors  in  their  work  of 
supervision  and  education;  some  organized  general  hos- 
pitals for  the  sick  that  had  to  be  carra  for  on  every  move 
of  the  armic*s.  while  others  kept  these  hospitals  and  the 
armies  in  the  field  pn)vided  with  medical  and  hospital 
supplies;  the  remainder  were  assigned  to  field  service 
with  the  regular  regiments  and  batteries. 

Each  volunteer  regiment  brought  with  it  a  surgeon 
and  two  assistants  apix>inted  by  the  governor  of  the  State 
after  examination  by  a  State  medical  board.  The  senior 
regimental  surgeon  of  each  brigade  became  invested  with 
authority  as  on  the  staff  of  the  brigade  commander,  but 
as  seniority  in  many  instances  was  determined  by  a  few 
days  or  weeks,  it  often  happened  that  the  best  man  for 
the  position  was  not  securetl  by  this  method.  Congress 
therefore  authorized  a  corps  of  brigade  surgeons  of  vol- 
unteers, who  were  examined  for  the  position  by  a  board 
of  regular  medical  officers.  One  hundi'ed  and  ten  of  these 
brigade  surgeons  were  comnussioneil. 

In  April.  1862.  a  bill  was  passed  by  Congress  to  meet 
the  pressing  needs  of  the  medical  "department.  This 
gave  the  ivgular  army  an  addition  of  ten  surgeons  and 
ten  assistant  surgeons,  and  provided  for  a  temp)orary  in- 
( rease  in  the  nuik  of  those  medical  officers  who  were 
holding  positions  of  great  responsibility.  It  gave  the 
surgeon  general  the  nmk,  pay,  and  emoluments  of  a 
brigadier  general :  it  providcnl  for  an  assistant  surgeon - 
.i:eneral  and  a  me<lical  insp<"ct(>r-general  of  hospitals,  each 
with  the  rank  of  colonel,  and  for  eight  medical  inspectors 
with  the  niidv  of  lieutenant  colonel.  These  original 
xaeancies  Avere  tilled  by  the  President  by  selet^tion  from 
the  army  medical  officers  and  the  brigade  surgeons  of 
the  v«)lunteers.  having  regard  to  qualifications  only,  in- 
stead (»f  to  seniority  or  previous  nmk.  At  the  end  of 
their  service  in  these  positions,  ofticers  of  the  regular 
lore*' reverted  to  their  former  status  in  their  own  cori>s 
with  such  promotion  as  they  were  entitled  to  by  the 
casualties  of  the  siTvice  during  their  temporary  'oocii- 
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pancy  of  these  war  positions.  About  the  time  of  this 
enactment  Surgeon-General  Finley,  Lawson's  successor, 
was  retired  at  his  own  reuuest  after  forty  years'  service, 
and  Assistant  Surgeon  William  A.  Hammond  was  ap- 
pointed the  first  surgeon-general  with  the  rank  of  brig- 
adier-general. In  December  following  eight  more  inspect- 
ors were  authorized.  Their  duties  were  to  supervise 
all  that  related  to  the  sanitary  condition  of  the  army, 
Whether  in  transports,  quarters,  or  camps,  as  well  as  the 
byffiene,  police,  discipline,  and  efficiency  of  field  and  gen- 
enuf  hospitals ;  to  see  that  all  regulations  for  protecting 
the  health  of  the  troops  and  for  the  careful  treatment  of 
the  sick  and  wounded  were  duly  observed ;  to  examine 
into  the  condition  of  supplies  and  the  accuracy  of  medi- 
cal, sanitary,  statistical,  military,  and  property  records 
and  accounts  of  the  medical  department;  to  investigate 
the  causes  of  disease  and  the  methods  of  prevention. 
They  were  required  also  to  be  familiar  with  the  methods 
of  the  subsistence  department  in  all  that  related  to  the 
hospitals  and  to  sec  that  the  hospital  fund  was  judicious- 
ly applied.  Finally,  they  reported  on  the  efficiency  of 
medical  officers  and  were  authorized  to  discharge  men 
from  the  service  on  account  of  disability. 

Shortly  after  this  the  corps  of  brigade  surgeons  was 
reorganized  to  give  its  members  a  position  on  the  general 
staff  similar  to  that  of  the  army  medical  officer  and  to 
render  their  services  available  to  tlie  surgeon -general  at 
any  point  where  they  might  be  most  needed,  irrespective 
of  regimental  or  brigade  organizations.  They  henceforth 
became  known  as  the  carps  of  surgeons  and  assistant 
mtrgeoru  of  volunteers;  and  the  appointment  of  forty 
such  surgeons  and  one  hundred  and  twenty  assistants 
was  authorized. 

In  the  military  service  promotion  should  be  the  reward 
for  duty  well  performed,  but  during  the  War  of  the  Re- 
bellion little  incentive  of  this  kind  was  offered  to  medical 
officers.  Surgeons  with  the  rank  of  major  had  nothing 
to  look  forward  to.  They  saw  their  comrades  of  the 
line,  formerly  their  equals  or  inferiors  in  rank,  mount 
upward  step  by  step.  They  saw  at  the  same  time  that  a 
medical  officer  on  duty  as  a  me<lical  director  had  only 
this  same  rank  of  major,  although  responsible  for  the 
work  of  five  or  six  hundred  officers,  one -third  of  whom 
had  the  same  rank,  pay,  and  emoluments  as  himself. 
Not  until  toward  the  close  of  the  war  did  Congress 
recognize  the  responsibilities  of  certain  medical  officers 
bv  giving  the  rank  of  lieutenant-colonel  to  medical 
d&ectors  of  corps  and  of  colonel  to  the  director  of  an 
army. 

During  this  great  war  the  work  of  the  medical  depart- 
ment was  performed  by  the  regular  medical  officers  and 
the  corps  of  volunteer  surgeons  and  assistant  surgeons, 
both  conmiissioned  by  the  Pi'esident,  and  by  the  large 
body  of  regimental  medical  officers  commissioned  by  the 
governors  of  States.  In  addition  to  these,  civilian  phy- 
siciiftis  were  emploved  under  contract,  mostly  in  the 
wards  of  the  general  hospitals  established  in  the  vicinity 
of  Waaiiington,  D.  C. ,  and  other  cities.  Just  before  the 
dose  of  the  war  another  class  of  medical  officers  was 
authorized.  Regimental  surgeons  whose  regiments  had 
been  mustered  out  on  the  expiration  of  their  term  of  ser- 
vice were  offered  positions  as  acting  staff  surgeons  as  an 
Inducement  to  continue  in  the  service. 

The  latter  part  of  the  year  1865  was  devoted  to  the 
breaking  up  of  the  depots  and  general  hospitals,  and  next 
year  the  medical  department  was  again  placed  on  a 
peace  footing  with  a  personnel  consisting  of  a  surgeon- 
general;  an  assistant  surgeon-general  with  the  rank  of 
colonel;  a  chief  medical  purveyor  and  four  assistants, 
lieutenant-colonels:  sixty  surgeons,  majors,  and  one  hun- 
dred and  fifty  a.ssistants,  captains  and  lieutenants.  In 
1872  provision  was  made  for  a  chief  medical  purveyor, 
with  the  rank  of  colonel ;  but  in  the  mean  time  promotions 
and  appointments  were  interdicted,  so  that  at  this  time 
the  reports  of  the  surgeon-general  speak  in  urgent  terms 
of  the  crippled  condition  of  his  department.  In  1878 
there  were  fifty-nine  vacancies,  and  to  meet  the  require- 
ments of  the  service  one  hundred  and  eighty -seven  sur- 


geons  had  to  be  employed  on  contract.  At  this  time 
ongress  authorized  the  appointment  of  assistant  sur- 
geons, but  cut  off  two  of  the  assistant  medical  purvey or- 
^ips  and  ten  of  the  sixty  surgeons,  prohibiting  promo- 
tion until  the  number  became  mus  reduced. 

In  1876  the  arguments  in  favor  of  increased  rank  for 
the  medical  corps  were  favorably  considered  by  Con- 
gress, for  in  addition  to  the  existing  grades  there  were 
authorized  four  surgeons,  colonels,  and  eight  lieutenant- 
colonels,  but  the  number  of  assistants  was  cut  down  to 
one  hundred  and  twenty-five.  No  change  has  taken 
place  since  then  except  that  of  conferring  on  the  lieuten- 
ant-colonels and  colonels  the  respective  titles  of  deputy 
and  assistant  surgeons-general,  to  correspond  with  similar 
titles  in  the  other  staff  departments. 

During  the  Spanish- American  war  the  medical  depart- 
ment of  the  army  consisted  of  the  regular  establishment, 
with  United  States  Volunteer  surgeons  appointed  by  the 
President,  regimental  surgeons  and  assistant  surgeons 
appointed  by  the  State  governors,  and  surgeons  under 
contract  with  the  surgeon-general.  At  the  present  time 
(February,  1900)  the  regular  establishment  remains  un- 
changed. The  medical  officers  of  the  United  States  Vol- 
unteer regiments  now  serving  in  the  Philippine  Islands 
are  appointed  by  the  President,  the  State  officers  having 
all  been  mustered  out  with  their  regiments.  The  insuffi- 
ciency of  the  present  organization  is  such  tliat  over  three 
hundred  and  fifty  medical  men  are  now  serving  under 
contract.  It  is  hoped  that  the  present  Congress  in  legis- 
lating for  the  army  will  provide  for  the  netful  increase 
of  the  medical  department.  Charles  Smart. 

ARMY  MEDICAL  STATISTICS.— Broadly  speaking, 
the  main  causes  affecting  the  health  of  troops  are  the 
manner  of  living,  the  environment,  and  the  food  supplied. 
The  first  relates  to  the  occurrence  of  overcrowding,  im- 
perfect ventilation,  want  of  cleanliness,  and  inattention 
to  personal  hygiene.  The  second  is  typified  in  the  ac- 
cidents arising  from  atmospheric  or  telluric  influences, 
such  as  rapid  death  from  heat  and  cold,  the  compara- 
tively transient  influences  of  the  seasons,  and  the  slower 
and  more  durable  effects  of  climate  as  modifying  diseases 
of  a  restricted  habitat.  The  last  cause  concerns  the  dis- 
eases brought  about  directly  or  indirectly  by  vicious 
alimentation.  There  are  no  diseases  peculiar  to  the  sol 
dier;  but  military  conditions  are  frequently  such,  par- 
ticularly during  a  campaign,  that  the  germs  of  disease 
are  widely  disseminatea  among  an  especially  susceptible 
body  of  men — and  hence  a  larger  number  are  attacked 
and  succumb  than  would  probably  have  been  the  case  in 
civil  life.  In  character,  the  diseases  developed  in  the 
military  establishment  call  for  no  remark  unless  it  be 
their  unusually  severe  type,  the  regularity  with  which 
outbreaks  of  some  affections  recur,  and  the  frequent 
tendency  of  others  to  become  endemo-epidemic.  The 
prevailing  diseases  in  armies  are,  naturally,  largely 
acute ;  and  a  large  proportion  of  them  are  zymotic  and 
hence  theoretically  preventable. 

The  purpose  of  army  medical  statistics  is  to  define  the 
influence  of  military  life  upon  health  and  to  permit  the 
ready  appreciation  and  accurate  comparison  of  varying 
conditions  of  service  and  environment  in  their  relation 
to  the  well-being  of  the  soldier.  Since  each  case  of  sick- 
ness in  the  military  establishment  at  once  becomes  a 
matter  of  official  record  at  the  hands  of  competent  ob- 
servers, it  follows  that  statistics  so  obtained  are  not  only 
more  comprehensive  but  more  accurate  than  those  bear- 
ing on  the  occurrence  of  disease  among  civilians.  Un- 
fortunately for  their  general  utility,  however,  they  are 
based  upon  a  physically  superior  class,  always  existing 
under  restricted  and  unusual  conditions  and  frequently 
in  unfavorable  surroundings,  and  hence  deductions  which 
may  be  drawn  from  them  cannot  be  legitimately  applied 
outside  the  limits  of  the  military  service.  Unfortunately, 
also,  owing  to  the  different  systems  of  nomenclature  and 
classification  of  diseases  which  have  prevailed  in  the 

East,  as  well  as  to  other  causers  which  will  be  referred  to 
iter,  it  is  not  always  possible  accurately  to  compare  the 
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sickness  and  mortality  from  special  causes  occurring  in 
different  armitrs,  or  even  for  the  military  establishment 
and  civilian  classes  of  the  same  nation.  The  committee 
on  international  militar}'  medical  statistics  which  met  at 
Budapest  in  181^  lias,  however,  formulated  a  plan  which 
overcomes  in  great  measun-  the  difficulties  with  which 
army  statisticians  have  had  to  contend,  leads  to  a  com- 
mon basis  of  (romparison,  and  will  ultimately  be  the 
means  of  affording  a  large  amount  of  information  hither- 
to not  available. 

In  the  British  army,  statistics  with  reganl  to  sickness 
and  mortality  were  first  compiled  shortly  after  the  close 
of  the  Peninsular  war,  but  wen*  published  at  long  and 
irr€>gular  intervals.  They  gave  much  information  with 
n*gard  to  the  health  fulness  of  various  stations,  but  the 
advent  of  the  Crimean  war  caust^l  their  temporary  dis- 
continuance. In  1859  their  publication  was  again  re- 
sumed and  they  have  since  lx*en  issued  annually.  Army 
statistics  have  been  collected  in  France  and  Germany 
since  the  Napoleonic  wars,  but  have  n(»t  been  regularly 
made  available  for  general  use,  frequently  lM?ingis.sue<l 
only  in  part  or  not  at  all.  Of  late  years,  France  has  not 
given  out  full  information  as  to  the  occurrence  of  disease 
and  death  among  her  military  forces.  In  the  United 
States  army,  satisfactory  data  for  the  period  prior  to 
1840  are  not  available,  and  it  is  only  since  1884  that  figures 
sufficiently  elaborate  to  he  of  any  great  value  to  the 
statistician  have  been  compiled  and  published.  At  pres- 
ent the  official  returns  show  not  only  the  amount  of  loss 
the  army  annually  incurs  from  disease,  but  also  the  causes 
leading  thereto;  as  influenccnl  by  race,  age,  length  of 
service,  arm  of  service,  season,  station,  and  other  factors. 

Little  information  is  gained  by  reconling  the  statistics 
of  disease  as  a  whole,  since  so  man}'  factors  combine  in  the 
production  of  the  final  result  tliat  they  mu.st  be  separately 
studied  to  arrive  at  a  proper  understanding  of  the  whole. 

The  main  points  upon  which  army  medical  statistics 
arc  based  are  as  follows: 

1.  The  number  of  admissions  to  sick  report  as  com- 
pared with  the  number  of  persons  furnishing  the  sick. 
This  is  accomplislied  by  taking  the  actual  numbers  in 
both  classes  and  reducing  them  to  a  comparable  standard 
in  rates  per  thousand.  The  numbers  furnishing  the  sick 
are  reduced  by  those  sick  in  (juarters  or  hospital;  but  as 
a  general  rule" an  equivalent  numl)er  of  men  are  returned 
to  duty  or  are  enlisted  to  replace  the  losses  through  death 
or  disability.  In  our  servic<*  statistics  are  based  on  the 
total  strength. 

2.  The  rate  of  deaths  per  thousand  strength.  This  is 
obtained  by  the  division  of  the  total  number  of  deaths 
occurring  during  the  year  by  the  mean  annual  strength, 
including  the  absent  as  well  as  those  serving  with  the 
colors.  The  figures  thus  obtain(?d  are  then  reduced  to 
rates  per  thousand. 

3.  The  rate  of  discharges  for  disjibility  from  disease, 
per  thousand  strength— obtained  by  dividing  the  losses 
from  discharge  by  the  mean  strength  and  tlien  reducing 
to  the  above  standard  of  comparison. 

4.  The  total  losses  from  disease;  as  determined  by  the 
sum  of  the  rates  for  mortality  and  for  discharge  for  dis- 
ability from  this  cause. 

5.  The  rate  of  constant  sickness,  or  constant  ineftl- 
cienc}'.  This  is  given  by  adding  the  numbers  ])ut  down 
as  remaining  under  treatment  at  tlio  end  of  racli  day. 
week,  or  month  and  dividing  by  the  number  of  days. 
weeks,  or  months  in  the.'  period  desired,  again  reducing 
to  the  comparable  standard. 

C.  The  number  of  davs  of  service  lost  by  each  soldier. 
This  is  found  by  adding  together  tlie  total  nunilx-r  of 
sick  days  in  a  given  period  and  dividing  by  the  mean 
strength  of  the  command  for  that  period. 

In  all  computations  the  figures  are  reduced  to  common 
terms  of  one  year  and  one  thousand  strenirth. 

('(nnjHiratire    LitHS    in     t\nn]Mn''jii   fnnu    S/rl'tnss    and 

\V(>HU(h. — Since  the  great  military  ei)ideinics  of  jinliijuitv 

— tlie  destructi<ni  of  the  Assyrians  under  Sennnclierib; 

the  plague  descrilK*d  as  occurring  during  the  Pcl«)ponn(;- 

sian  >var;  the  pestilences  wiiich  ravaged  the  Roimm  and 


Carthaginian  armies;  the  great  losses  sustained  by  the 
army  of  Scvcrus  in  the  marshes  of  Caledonia — it  has  been 
established  as  a  general  rule  tliat,  in  protracted  wars, 
armies  suffer  much  less  from  wounds  than  from  disease. 
The  constant  advance  in  sanitation,  however,  based  upon 
an  accurate  knowledge  of  etiological  factors,  lias  exerted 
a  marked  effect  in  diminishing  military  morbidity  and 
mortality:  and  while  in  the  future  a  comparatively  high 
sick  and  death  rate  among  troops  engaged  in  war  is  al- 
ways to  be  expected,  it  is  scarcely  possible  that  such  dis- 
astrous epidemics  as  liave  prevailed  in  times  gone  by 
could  be  repeated  in  the  future.  Wars  become  shorter 
as  they  become,  through  modem  refinements,  more  ex- 
pensive; and  troops,  particularly  in  an  aggressive  and 
decisive  campaign,  are  not  now^  exposed  to  unhealthful 
influences  to  as  great  a  degree  as  was  the  case  when 
hostilities  were  more  protracted.  With  improvement  in 
the  effectiveness  of  arms,  both  as  regards  range  and 
rapidity  of  action,  the  proportion  of  casualty  for  any 
peri(Kl  of  action  must  naturally  be  increased — knd  hcDoe 
there  is  a  constant  tendency  toward  the  approximation 
of  the  rates  from  wounds  and  disease. 

From  the  records  of  the  past,  however,  many  valuable 
lessons  can  still  be  drawn.  In  1809,  during  the  Walcheren 
expedition,  the  mortality  in  the  British  army  from  disease 
was  346.9  per  thousand  effectives,  while  only  16.7  per 
thou.sand  were  killed  by  the  enemy.  A  few  years  later 
the  British  army  in  Spain  lost  three  times  as  many  men 
by  disease  as  by  the  result  of  conflict,  and  the  sick  rate 
mounted  to  such  proportions  that  more  than  twice  the 
number  of  men  composing  the  army  passed  through  the 
hospitals  during  a  single  year.  In  the  Russian  campaign 
a^inst  Turkey,  in  1828,  it  was  estimated  that  80,000  men 
died  of  disease  and  20,000  in  consequence  of  wounds. 
During  General  Scott*s  campaign  in  Mexico  the  losses 
from  (liscase  alone  exceeded  83  per  cent,  of  the  effective 
strength  of  the  forces  under  his  command,  and  in  a  single 
regiment  of  Indiana  voluntcere  which  entered  the  senfioe 
1,000  strong  only  400  returned  to  the  8tatc  for  muster 
out.  Laveran  states  that  in  the  Crimean  war  the  allies 
lost  52,000  men  in  six  months,  of  which  number  50,000 
men  were  unharmed  by  the  Russians;  while  during  the 
entire  war,  according  to  Viry,  the  French  lost,  in  round 
numbera,  out  of  a  total  force  of  800,900  men,  no  less  than 
95,000,  of  whom  75,000  died  of  disease  and  only  20,000 
died  on  the  field  or  succumbed  to  wounds.  In  this  cam- 
paign nearly  one-fourth  of  the  French  medical  officereare 
said  to  have  succumbed  to  sickness.  During  the  war  in 
Italy,  in  1859.  a  period  of  hostilities  of  only  short  dura- 
tion, there  were,  from  the  French  force  of  200,000  men, 
129,950  admissions  to  hospital.  In  the  war  carried  on 
by  France  in  Mexico  the  mortality  from  gunshot  and 
that  from  sickness  was  as  10  to  29. 

The  mortality  among  the  United  States  forces  in  the 
civil  %var  was  di\ided  as  follows; 


Mortality 

Killed  Intwittle 

Died  of  wounds 

DitHl  (»f  dlsea«»e 

Died,  eau.se  unknown . 

Total , 


White. 

Colored. 

42,724 

47,914 

157,0IH 

23,;i47 

1,514 

1,K17 

29,212 

KJ7 

270,989 

33,3H0 

ToCaL 

44JMr 
49.731 

inuie 

24,184 


From  the  most  reliable  data  ayailable  the  deaths  in  the 
armies  of  the  Confechrate  States  during  this  struggle 
(lid  not  fall  short  of  2(M>.(MK),  thrt>e  fourths  of  which  num- 
ber were  dne  to  disease  and  one-fourth  to  the  casualties 
of  battle. 

In  1SG6,  in  the  war  against  Austria,  out  of  a  total 
strength  of  4^^7,260,  the  Prussians  lost  in  an  unusually 
brief  and  deeisiye  campaign  0,427  men  by  sickness  and 
4.450  at  the  hands  of  the  enemy.  The  Praneo-German 
war,  in  1?<7<)-71,  furnishes  the  only  exception  to  the 
general  rule  that  more  men  are  killed  by  disease  than  by 
the  weapons  of  the  enemy,  since  of  the  German  army 
3;3.7  per  thousand  strength  fell  in  battle  while  only  iy.*6 
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per  thousand  died  of  disease.  This  admirable  result  was 
largely  due  to  the  proper  observance  of  sanitary  precau- 
tions; assisted,  no  doubt,  by  the  brevity  of  the  campaign, 
the  rapidity  of  the  movements,  and  the  fact  that  active 
operations  were  conducted  during  the  most  healthful 
season  of  the  year.  In  the  Russo-Turkish  war  of  1878, 
according  to  Viry,  the  Russians  lost  102, 7d9  men,  of 
whom  only  16,578  were  killed  by  the  enemy.  During 
the  Spanisli  American  war  of  1898.  for  the  five  months 
which  included  the  total  period  of  hostilities,  of  the 
274,717  officers  and  men  enrolled  in  the  United  States 
forces  there  were  only  845  men  killed  by  the  enemy 
while  2,565  succuml)ed  to  disease.  For  the  whole  year 
of  1898  the  deaths  from  wounds  in  our  service  gave  a 
rate  of  0.62  per  thousand  strength,  the  killed  in  battle 
amounted  to  2.79  per  thousand  strength,  while  the  deaths 
from  all  causes  aggregated  30.81  per  thousand.  Even 
in  July,  the  month  in  which  aggressive  operations  against 
Santiago  were  conducted,  the  killed  in  a(:tion  amounted 
to  only  1.25  per  thousand  while  the  deaths  from  disease 
were  1.78  per  thousand. 

An  interesting  side  light  on  the  later  results  of  hard 
campaigning  is  given  by  Rosse,  in  his  statement  that  of 
the  old  soldiers  carried  on  the  United  States  pension  rolls 
those  disabled  by  disease  are  more  than  four  times  greater 
in  number  than  those  pensioned  for  wounds. 

Deaifi  Bates  in  Ci til  and  Military  Life. — The  difficulties 
attending  an  accurate  comparison  of  death  rates  for  the 
military  service  and  those  of  civil  life  are  necessarily  very 
neat.  Owing  to  the  rejection  of  intending  recruits  many 
mdividuals  are  at  once  returned  to  private  life  whose 
early  demise  would  otherwise  have  gone  to  swell  the 
military  death  rates.  Further,  the  army  is  maintained 
as  a  select  body  of  physically  sound  men,  and  its  weak- 
lings are  constantly  undergoing  elimination  from  the 
service  ultimately  to  increase  the  mortality  of  ci  vil  life. 
Hence  the  civilian  rates  are  unduly  increased,  while  army 
statistics  fail  to  show  all  the  deaths  presumably  due  to 
military  service — and  it  is  obvious  that  the  more  rigor- 
ously the  standard  for  the  soldier  is  maintained  as  regards 
physical  excellence,  the  more  favorable  the  showing 
apparently  made  for  a  military  life.  Vallin,  in  France, 
in  1871,  placed  the  probable  error  due  to  the  above  causes 
at  as  much  as  9.19  per  thousand,  thus  practically  doub- 
ling the  figures  for  the  military  death  rate  of  his  time. 
Viry  considered  this  allowance  to  be  too  high,  but  be 
lieved  that  a  rate  of  8.60  per  thousand«for  such  as  leave 
the  colors  with  incurable  disease  should  be  added  to  the 
military  and  subtracted  from  the  civilian  death  rates; 
thus  making  a  difference  of  7.20  per  thousand.  The 
estimates  of  Marvaud  placed  the  probable  error  at  4  per 
thousand.  While  it  is  probably  correct  for  the  French 
service  to  add  3.60  or  even  4  per  thousand  to  the  military 
death  rate,  to  deduct  the  same  number  from  the  civilian 
rate  involves  the  broad  assumption  that  the  numbers  in 
each  class  exactly  correspond.  For  our  own  service  the 
immense  disproportion  existing  between  the  present  small 
army  of  65,000  men  and  the  large  number  of  males  of 
the  military  age  living  in  the  United  States  renders  the 
influence  of  the  comparatively  small  number  of  soldiers 
who  may  be  discharged  for  incurable  disease  upon  the 
civilian  death  rate  of  so  little  importance  that  it  may 
practically  be  disregarded.  The  census  returns  for  18)SiO 
give  the  annual  death  rate  for  disease  as  6.97  per  thou- 
sand for  all  males  between  the  ages  of  twenty  and  forty- 
flve  years.  During  the  same  year  the  mortality  from 
disease  in  the  United  States  army  was  5.88  per  thousand 
— apparently  a  distinct  advantage  in  favor  of  the  military 
service.  If,  however,  Viry's  factor,  above  mentioned, 
be  accepted  as  correct  for  our  service,  the  true  military 
mortality  becomes  9.48,  or  2.51  per  thousand  in  excess  of 
the  civilian  rate  for  the  same  period.  As  it  is  probajble 
that  since  that  time  the  death  rate  in  the  military  service 
has  diminished  in  proportionately  greater  degree  than 
has  been  the  case  in  civil  life,  it  may  be  fairly  assumed 
that,  under  conditions  of  peace,  the  death  rate  in  our 
army  is  at  present  but  slightly  in  excess  of  the  mortality 
for  the  same  class  in  civil  life.     The  results  obtained  by 
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Farr  in  his  comparison  of  the  death  rate  in  the  British 
army  with  the  corresponding  classes  of  civil  life,  made  a 
generation  ago,  arc  as  follows : 

A  ,-o  Death  rate 

^^-  per  1,000. 

20-25.— Soldiers 17.0 

CivlUaDs. 8.4 

2&-30.— Soldiers 18.3 

Civilians 9J5 

30-35. -Soldlere 18.4 

Civilians   10J8 

35-40.-8oldler8 19J8 

Civilians 11.6 

According  to  Notter  and  Firth,  the  present  death  rate 
of  the  civil  male  population  in  England,  at  the  soldier's 
age,  is  as  follows: 

*«p  Mortality 

^^-  per  1,000. 

20-25 5.4 

25-35 7.4 

35-45 12.8 

Between  the  ages  of  20  and  34  the  mortality  is  in  favor 
of  the  soldier,  but  after  85  the  mortality  is  reversed  and 
the  civil  rates  are  lower. 

For  the  British  service  the  death  rate  for  the  home 
stations  was  8.42  per  thousand  in  1897  and  4.68  per  thou 
sand  for  the  decade  1887-1896.  If  the  civilian  death  rate 
for  all  males  of  the  military  age  be  accepted  as  about  7 
per  thousand,  the  showing  made  compares  favorably  with 
similar  figures  for  the  German  army  and  is  superior  to 
the  French  mortality  rates.  This  is  certainly  a  great  im- 
provement over  the  conditions  existing  in  1856,  when  it 
was  shown  that  the  mortality  in  the  army  at  large  was 
twice  as  great  as  among  the  civilian  population,  and  in 
the  case  of  the  Foot  Guards  three  times  as  great. 

As  regards  the  German  army,  it  was  recently  stated  by 
its  surgeon -general  that  during  the  early  part  of  this  cen- 
tury the  death  rate  of  the  male  civil  population  of  Prussia, 
between  20  and  30  years  of  age,  was  lower  than  tliat  of  the 
military  death  rate,  the  figures  being  14  per  thousand  for 
the  army  and  10  per  thousand  for  the  civil  population. 
This  condition  is  now  reversed,  and  in  1893  the  death  rate 
in  Prussia  for  the  civil  male  population  from  20  to  30 
years  of  age  was  6.38  per  thousand,  while  at  the  same  time 
the  mortality  for  the  German  army  was  3.00  per  thousand. 
While  these  results  are  certainly  admirable  and  are  un 
doubted ly  in  large  part  due  to  careful  observance  of  sani- 
tary regulations,  it  should  be  remembered  that  soldiera 
unable  to  maintain  the  required  physical  standard  are 
probably  more  thoroughly  eliminated  in  the  German 
army,  and  at  an  earlier  period  in  their  military  training, 
than  in  other  services. 

In  the  French  anny,  on  the  home  stations,  the  average 
annual  death  rate  from  1882  to  1890,  inclusive,  was  7.88 
per  thousand  strength',  while  Bertillon  fixed  the  annual 
mortality  among  the  civilian  male  population,  between 
the  ages  of  20  and  25,  at  10.60  per  thousand.  Aforvaud, 
however,  believed  that  the  estimate  made  by  Bertillon 
was  too  low,  and  placed  the  annual  death  rate  for  civil- 
ians of  the  military  age  at  12  per  thousand.  Using  Mar- 
vaud's  coefl3cient  of  error,  given  above,  the  corrected 
rate  for  the  French  militarv  service  would  become  11.88, 
while  it  would  be  8  per  thousand  for  the  same  class  in 
civil  life.  Marvaud  concludes  "tliat,  in  spite  of  all 
ameliorations  which  have  been  introduced,  chiefly  of  late 
years,  into  the  hygienical  surroundings  of  the  French 
soldier,  his  mortality  rate  is  still  elevated  and  certainly 
exceeds  that  of  the  same  sex  and  age  in  civil  life.  " 

Loss  of  Time  from  Sickness. — In  the  United  States  ser- 
vice the  annual  average  number  of  days  lost  per  man, 
for  the  decade  1886-1895.  was  14.64.  I-Vr  the  year  1896 
it  was  12.43,  and  in  1897  it  was  13.08.  In  comparing  the 
number  of  days  lost  by  white  soldiers  with  those  lost  by 
colored  troops,  the  showing  is  slightly  in  favor  of  the 
latter.  For  the  entire  British  army  during  the  decade 
1887-1896,  the  number  of  days  lost  per  man  was  21.38. 
while  during  1897  it  was  22.72.  Among  the  British 
troops  at  the  home  stations  the  number  of  sick  days  per 
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man  did  not  differ  very  grc»ally  from  those  of  our  own 
army  for  the  same  perir3s,  being  only  a  fraction  of  one 
day  in  excess.  According  to  Rosse/in  a  statement  of 
the  morbidity  of  various  armies  issued  about  1884,  the 
lowest  rates  given  were  those  of  the  Portuguese,  Austro- 
Hungarian.  Italian,  and  German  armies,  the  sick  days  of 
each  man  in  the  effective  force  being  from  18  to  15  yearly 
among  the  troops  of  these  nations,  while  in  the  French 
and  English  armies,  prior  to  that  date,  the  rate  had  been 
16  to  17  annually. 

As  compared  with  the  time  lost  by  the  corresponding 
classes  in  civil  life,  Rosse  noted  that  for  the  period  1862 
to  1892  the  average  annual  number  of  days  of  sickness 
was  6  to  8  for  each  workingman  belonging  to  various 
mutual  aid  societies;  he  fixing  the  general  military  mor- 
bidity for  the  same  jK'riod  at  figures  two  and  one-half 
times  greater  than  those  of  the  corresponding  civil  classes. 
According  to  Paget  the  following  rate  of  sickness  may 
Ih?  expected  for  different  ages  for  males  of  the  English 
working  classes,  such  as  incapacitates  for  work:  at  20 
years  expect  4  days  of  sickness  yearly ;  at  20-30  years 
expect  5  to  6  days  of  sickness  yearly:  at  45  years  ex- 
pect 7  days  of  sickness  vearly. 

Marvaud  states  that,  in  1894,  the  French  soldier  lost  18 
days  annually— 9  in  hospital  and  4  in  barracks — while  his 
civilian  compatriots  of  corresponding  age  lost  on  an 
average  only  about  half  that  time;  notwithstanding  the 
fact  tluit  the  hygienic  surroundings  in  the  military  ser- 
vice were  much  superior  to  those  of  civil  life.  While  in 
time  of  war  or  active  operations  the  existence  of  a  high 
rate  of  ineffi(.-iency  and  the  loss  of  a  greater  amount  of 
time  are  to  be  anticipated,  such  ccmditions,  as  companKl 
with  those  of  the  corresponding  classes  of  the  male  civil 
population,  should  not,  theoretically,  obtain  in  time  of 
peace.  Their  actual  existence  under  the  latter  condition 
is  probably  due  to  the  fact  tliat  the  workingman  dot»s 
not  feel  able  to  stop  his  daily  task  except  for  serious  ill- 
ness, while  the  .soldier — whose  pay  and  living  are  assured 
and  whose  medical  attendance  is  gratuitous — is  inclined 
to  abuse  his  privileges,  often  endeavoring  to  get  his  name 
on  sick  report  for  the  slightest  indisposition,  or  none  at 
all,  and  to  have  it  retained  there  for  as  long  a  period  as 
])ossible;  this  l)eing  particularly  attemptf»a  when  any 
imusually  irk.some  or  disagreeable  task  is  to  be  performed. 
That  such,  indeed,  is  the  case  is  demonstrated  by  the 
fact  that,  according  to  Billings,  it  may  l)e  estimated  that 
for  every  case  of  death  there  is  an  average  of  two  years 
sickness  in  the  civil  community;  while  in  the  United 
States  army,  for  the  absolute  number  of  deaths  occurring 
and  days  of  service  lost  during  the  year  1H97,  the  pro- 
portion was  such  as  to  show  a  total  of  3,867  days  of  sick- 
ness to  each  death  reportcnl.  This  gives  a  total  of  10.6 
years  sickness  for  each  death ;  a  rate  more  than  five  times 
greater  than  tliat  obtaining  in  civil  life  and  one  which 
can  be  explained  only  by  the  above  hypothesis.  In  vi(;w 
of  the  unfavorable  showing,  in  this  rt'spect,  made  by  mili- 
tary statistics  it  would  appear  that  grc»ater  discretion  and 
severity  should  be  exercis<»d  in  admitting  the  soldier  to 
sick  report;  and  tliat,  if  once  admitted,  his  earlier  return 
to  his  duties  would  usually  be  productive  neither  of  in- 
jury nor  hardship. 

Aice  as  Influencing  Military  Mortality  and  Morfndity. 
— While  satisfactory  <lata  on  this  subject  as  n^gards  for- 
eign armies  are  naturally  not  available,  the  several  rates 
from  disease  in  our  own  service,  with  its  heterogeneous 
personnel,  have  been  calculated  according  to  nativity. 
For  the  seven  years  1890-1896,  they  were  determined,  per 
thousand  strength,  to  be  as  follows : 


United  States 

Ireland 

Germany  . . . . 

England 

Canada  

ScandinaYia . 


Admissions 

to 

hospital. 


1,043.43 
902.05 
810.10 
fl07.11 

1,083.14 
888.08 


Constantly 

non* 
elTectlve. 


an.74 
9i.87 
24.ff7 
23.58 

as.8i 

86,56 


DlHCharges 

for 

Deatbs. 

disability. 

12.98 

3.98 

U.ii2 

6.46 

13.20 

4.U 

12.46 

4JM 

18J7 

4.16 

18^ 

6.17 

ToUl 
losses. 


16.94 
19.98 
17.34 
16.72 
23.03 
18.60 


Scotland.... 
Switzerland 

Austria 

Denmark . . . 

France 

All  otbera. . , 


Admissions  Constantly    I>iscbarge8 


bospltal. 


&V2.38 
803.76 
807.14 
836.93 
1,049.43 
821.42 


non- 
elTectlve. 


26.64 

27.82 
21.63 

30.89 
23.90 


for 
disability. 


Deatbs. 


Total 


]2J)0 
12.31 
16J0 
13J» 
10.56 
13.66 


1.47 
2.90 
2.67 
5.66 
7.04 
3M 


13.97 
16.U 
10J80 
18J8 
17.60 
17JS8 


It  should  be  noted,  however,  that  the  figures  given  for 
the  countries  named  in  the  latter  lialf  of  the  above  table 
are  not  to  be  considered  as  absolute,  since  they  are  not 
based  upcm  a  sufficiently  large  number  of  men  to  avoid 
the  possibility  of  error.  These  rates  are,  how^ever,  of  par- 
ticular interest,  since,  so  far  as  they  go,  they  tend  to 
l)ear  out  the  popular  belief  that  the  native-bom  Ameri- 
can possesses  a  greater  proportion  of  vital  force  and 
greater  power  of  resistance  against  death  than  does  the 
fon'igner. 

Race  proclivity,  as  regards  sickness,  is  well  shown  by 
the  reeonls  of  the  British  forces  in  the  West  Indies,  in 
which,  for  the  ten  years  1876-1885,  the  admissions  per 
thousand  of  strength  for  the  whites  were  898.5,  colored 
1,074.1;  discliarges,  white  18.95,  colored  26.79;  con- 
stantly non-effective,  whites  44.68,  colored  58.88;  deatlis, 
whites  15.42,  colored  15.88.     (See  also  chart  on  p.  499.) 

In  the  United  States  service,  for  the  decade  1877-86. 
the  death  rate  among  the  whites  per  thousand  was  9.97 
and  for  the  colored  12.91.  There  has  iK'cn,  however,  a 
constant  tendency  for  the  past  twenty  years  toward  the 
approximation  of  the  rates  for  the  whites  and  blacks  in 
our  service;  and  the  relative  rates  per  thousand  for  the 
white  troops  of  all  nationalities  as  compared  with  those 
for  the  colored  troops,  during  the  year  1897,  were  as  fol- 
lows : 


Admissions 

to 
bospltal. 

Constantly 

non- 
effective. 

Discharged 

for 
disability. 

Deatbs. 

Total 
losses. 

Whites 

Colored 

.3?>.72 
37.2* 

11.04 
10.80 

9.63 
9J51 

5.06 
6.88 

14.07 
16.40 

In  the  distribution  of  diseases  according  to  nativity, 
typhoid  fever  and  rheumatic  fever  had  their  greatest 
prevalence  in  our  service,  for  the  years  1890-1896,  among 
t  he  Canadians  and  Scandinavians.  The  highest  admission 
rates  for  consumption  were  5.70  among  the  French  and 
4.76  among  the  Scotch;  the  lowest  rates  were  1.^  among 
the  English  and  1.49  among  the  (Germans,  the  rate  among 
the  natives  of  the  United  States  being  8.88.  Pneumonia 
was  more  frequent  among  Canailians,  5.18,  and  Scotch, 
4.76.  than  in  men  of  other  nativities.  The  rate  for  this 
disease  for  the  natives  of  the  United  States  was  8.90. 
Venereal  disease  prevailed  more  among  men  bom  in  the 
United  States  and  Canada  than  among  the  others,  the 
admission  rates  for  these  two  classes  being  98.98  and 
91.92  respectively;  the  Irish  and  Swiss  had  the  lowest 
rates,  47.66  and  f)0.96.  The  Irish,  however,  had  by  far 
the  largest  relative  numl)er  •f  cases  of  alcoholism,  90.96. 
The  smallest  rates  for  this  cause  were  given  by  the  Danes, 
12.59,  and  Austrians,  19.00;  the  admission  rate  for  the 
native-born  American  soldier  liaving  been  28.51  for  this 
cause. 

SirAnfM  and  Death  Bate  as  Affected  by  Season. — Military 
morbidity  and  mortality  are  to  a  certain  extent  inAuenceil 
by  seasonal  changes:  varying  according  to  the  climatic 
conditions  prevailing  in  each  country  or  locality,  by 
which  the  propagation  of  certain  affections  is  either 
favored  or  retarded].  In  the  French  army  the  admissions 
to  hospital  for  disease,  in  time  of  peace,  reach  the  maxi- 
mum of  57  or  58  in  January  and  fall  to  the  minimum  of 
about  88  p<T  thousand  in  S<*ptember.  In  the  Italian 
army, for  the  period  1872-1892.  the  greatest  amount  of 
sickiiess  occurred  in  March  an(l  the  least  in  November. 
In  the  United  States  service  the  mid-summer  period  Is 
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the  most  unhealthful,  while  the  late  fall  and  early  winter 
gives  the  least  sickDess.  The  monthly  prevalence  of  dis- 
ease in  our  army,  in  time  of  peace,  as  given  in  the  figures 
for  the  year  1892,  is  shown  in  the  following  table. 


January . . 
February. 
March .... 

April 

May 

June 

July 

AufiTUst... 
Seiitember 
October. . . 
November 
December. 


Total  admlAslons  to 
boBpital,  per  tbou- 
MiDd  of  mean 
strengtb,  for  dla- 
eaae  nnd  injury. 


148.65 

1(17.87 

108.08 

92.58 

98.66 

101.94 

108.26 

108.37 

108.57 

97.48 

91.97 

98.84 


Constantly  non-ef- 
fecdve,  per  thou- 
sand oi  mean 
8trengtb«from  dis- 
ease and  injury. 


49.54 
41.69 
89^37 
87.34 
37.67 
88.34 
37.46 
86.86 
88.42 
38.79 
88.88 
40.44 


For  the  year  1898,  when  the  army,  if  not  entirely  en- 
gaged in  active  military  operations,  was,  after  the  month 
of  I^Iarch,  still  in  the  field  and  on  a  war  footing,  the 
monthly  rates  per  thousand  strength  were  as  follows: 


January 

February 

Mareb 

April 

May 

June   

July 

August 

September 

October 

November 

Deceml)er 


Admissions 

Dischargees 

Deaths 

Total  losses 

from 

from 

from 

from 

disease. 

disease. 

disease. 

disease. 

68.11 

0.40 

0.33 

0.73 

50.68 

.40 

.18 

.58 

66.75 

.50 

.21 

.71 

&5.13 

.95 

JZi 

1.19 

80.91) 

.31 

JZi 

.52 

68J25 

.29 

.36 

.65 

150.15 

.31 

1.81 

2.12 

254.61 

.41 

6.14 

6J» 

271.79 

.35 

4.73 

5.08 

200.48 

.79 

2.06 

2.a5 

186.06 

1.11 

1.07 

2.18 

212.63 

1.14 

.84 

1.98 

Branch  of  Sei^ice  as  Afferting  Health. — It  has  long  been 
noted  that  troops  of  certain  arms  are  more  pnmc  to  dis- 
ease and  death  than  are  others;  this  being  explainable  by 
the  character  of  the  duties  each  is  required  to  perform, 
as  well  as  by  the  diverse  conditions  of  environment  under 
which  they  are,  throu^rh  military  necessity,  forced  to 
exist.  As  compared  with  infantry  and  artillery,  the  cav- 
alry service  mav  be  considered  to  be  somewhat  more  un- 
healthful  and  (dangerous  to  life;  this  being  due  to  the 
more  arduous  nature  of  the  service,  to  the  greater  oppor- 
tunity for  accident,  and  to  the  uncleanly  nature  of  a  hirge 
part  of  the  duties  of  the  m(>unt<*d  soldier.  In  time  of 
peace,  for  all  armies,  the  mortality  and  sickness  in  the 
infantry  is  usually  less  than  in  any  other  of  the  main 
branches  of  the  service,  but  in  war  this  favorable  show- 
ing does  not  continue. 

In  the  United  States  army,  for  the  seven  years  1890- 
1896,  the  rates  for  dist*a.s(»  alone,  per  thousand  enlisted 
men,  according  to  branch  of  service,  were: 


Infantry 

Cavalry 

Artillery 

Ordnance 

En^neere 

Medical   depart- 
ment   

All  others 


Admissions 

to 
hospital. 


916.27 
1.076.56 
1.163.61 
1,007.15 
1,371.55 

468.85 
941.51 


Constantly 

non- 
effwtlve. 


w<  .ytt 
30.H7 
31. HI 
25.WJ 


l)is(^harg:es 

for 
disability. 


14.90 


13.67 

V.iM 

15.ni 

0.79 

7.56 

11.24 
10.15 


4.:u 

3.W 

7.21) 
2.H4 

5.14 
5.07 


ToUl 
losses. 


IK.Ol 
17.34 
18.55 

10.40 


The  high  death  rate  noted  in  the  enlisted  streni^th  of 
the  Ordnance  Dei^artment  is  probably  largely  dependent 
on  the  greater  age  of  these  men;  many  Iwing  old  sol(li(*rs, 
superannuated,  unfit  to  stand  hard  .service  and  broken  in 
constitution  by  the  hardships  of  a  former  active  life. 


For  the  period  above  noted  the  nttes  for  all  causes 
were  : 


Infantry 

(^▼alry 

Artillery 

Ordnance 

Engineers 

Medical   depart- 
ment   

All  others 


Admlnloiis 

to 
hospital. 


1,154.21 
1,464.10 
1,457  J$7 

1,187.38 
1,684.92 

527.04 
1,100.02 


Goostantly 

non- 
effectlYe. 


86J6 
43.92 
41.11 

88.45 

17.06 
34.77 


Dlflchargea 
dtaablUty. 


16.72 
17.61 
18.47 
11JB3 
7.88 

12.19 
12.12 


6.48 
7JB 

&ao 

10.05 
4.73 

6.0B 
ft.13 


Total 


28.77 

run 

1&28 

lass 


The  high  rate  of  admissions  among  the  engineer  troops 
was  due  to  injuries  and  malarial  fevers,  witu  a  consider- 
able excess  of  alcoholism,  bronchitis,  diarrhoea,  and  liieu- 
matism.  The  disabling  causes  which  produced  the  high 
rate  in  the  cavalry  as  compared  with  infantry  were  in- 
juries, which  gave  a  rate  of  887.54  as  compared  with  the 
infantry  rate,  287.94;  but  the  excess  of  admissions  among 
the  cavalry  was  not  thus  entirely  accounted  for.  since 
disease  also  gave  a  slightly  higher  death  rate.  Malarial 
affections  were  the  principal  causes  of  this  excess,  but 
diarrhoea,  boils  and  abscesses,  and  conjunctivitis  also 
aided  in  making  up  the  total. 

Among  the  officers^for  the  above  period,  the  sick  rate 
was  largest  in  the  artillery,  080.11  per  thousand.  Nod- 
eflflciency  was  greatest  among  ofHcrcrs  of  the  cavalry  and 
artillery — 53.90  and  52.57  respectively.  Medical  officers 
had  a  higher  rate  (47.07)  tlian  infantry  officers  (46.05). 
The  death  rate  per  thousand  among  officers,  according  to 
branch  of  service,  was  as  follows: 

Infantry SJf^l 

Cavalry lOM 

Artillery 0X8 

Ordnance 17.41 

EnjTlneerB 11.07 

Medical  department 10J80 

All  others 12.38 

Death  from  injury  was  relatively  more  frequent  among 
ordnance  officers  than  in  those  or  other  corps. 

3Iarvaud  gives  the  following  figures  as  showing  the 
comparative  mortality  in  different  branches  of  tiie  French 
service  for  the  six  years  1880-1885,  inclusive. 


Deatlirate. 


Enfrineere 

lAght  infantry 

Artillery 

Cavalry 

Infantry  of  the  line  . . 
African  light  infantry 
Foreign  legion 


5.2 

7.0 

7.4 

8.8 

10J3 

17.2 

19.8 


Loss  by 
invaliding. 


14.4 
11.7 
12.9 
13J2 
16.6 
14.5 
8.7 


Total 


19.6 
18.7 
20.3 

se.0 

218 
31.7 
28.5 


In  the  English  service,  in  1897,  the  following  rates  per 
thousand  obtained  for  troops  on  the  home  stations. 


Infantry 

Royal  engineers 

Cavalry 

Royal  artillery.. 
FiKit  guunls 


Deaths. 


2.78 
3.64 
3.98 
4.00 
4.20 


Constantly 
non-elfectlTe. 


44.79 
17.75 
42.39 
32.49 
63.08 


The  Infuenre  of  Length  of  Sertiee  ^ipon  Morbidity  an(f^h%  at 
Mnitoh'tjf. — The  most  extensive  figures  for  the  Vnitedfi>-E* 
States  army  upon  this  subject,  compiled  to  include  ac* 
p('ri(Kl  of  s<^*ven  years,  merely  divide  the  men  into  thost**^*: 
who  have  had  less  and  those  who  have  had  more  thanr.^'^j 
one  year  of  service — and  these  show  that  recruits  durin;^  «^k 
their  tirst  vear  with  the  colors  are  especially  liable  t»  :^ 
sickness,     tor  the  entire  periml  (1890-1896),  the  admissior ^~»  1 
rate  to  hospital  of  this  first  class  was  2,122.17,  while 
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The  vounger  men.  both  officers  and  soldiers,  appear 
particularly  susceptible  to  disease  as  well  as  prone  to  in- 
jury. For  the  period  noted  above  typhoid  fever  was  ob- 
served to  be  much  more  prevalent  among  those  under  30 
years  of  age.  The  rate  for  this  disease  in  men  from  20  to 
ii  years  of  age  was  10.31:  from  25  to  29  years,  5.74; 
from  80  to  34  years,  2.58.  Enlisted  men  under  25  years 
of  age  suffered  more  from  malarial  fevers  than  did  officers 
of  the  same  age;  but  with  the  advance  of  years  the  rates 
of  the  men  came  to  differ  but  little  from  those  of  their 
superiors.  The  higher  rates  for  venereal  disease  were 
ffiven  by  men  under  80  and  particularly  by  those  under 
26  years  of  age ;  but,  on  the  other  hand,  the  rates  for 
alcoholism  increased  with  age.  Tuberculosis  appeared 
to  be  equally  distributed  among  men  between  the  ages  of 
20  and  50  years,  but  the  excess  of  diarrhoeal  troubles  was 
confined  to  soldiers  under  25  years.  Rheumatic  fever 
was  not  specially  prevalent  among  young  men,  suscepti- 
bility being  incr^sed  after  the  age  of  40  or  50  years. 
The  rates  for  pneumonia  wen?  considerably  larger  after 
45  years  of  age — ^as  were  also  those  for  kidney  disease. 

In  the  French  army,  for  the  decade  1875-1884,  per 
1,000  strength,  the  average  annual  death  rate  for  all 
causes,  as  given  by  3Iarvaud,  was : 

Under  20  years  of  a^^ 6.7^ 

From  aO  to  28  years  of  a«:e 10.03 

From  23  to  23  years  of  age 9.38 

From  23  to  26  years  of  age 8.59 

From  26  to  30  years  of  age 7.14 

From  30  to  35  years  of  age 8.51 

The  class  less  than  20  years  old  is  not  only  a  very  small 
one,  amounting,  accoixiing  to  Beitillon.  to  only  about 
three  per  cent,  of  the  whole,  but  the  young  men  compos- 
ing it  are  all  volunteers  and  iK'fore  enrolment  are  sub- 
jected to  an  exceptionally  severe  physical  examination, 
so  that  only  the  best  lives  are  accepted.  Hence  for  the 
French  army  at  large  the  first  year  of  service  may  be 
considered  to  begin  at  the  age  oi  20-22  years.  In  com- 
'mentingon  the  excessive  mortality  of  tlie  younger  sol- 
diere,  Marvaud.  says:  "It  is  during  the  first*  year  of  ser- 
vice that  the  number  of  deaths  attains  its  maximum,  a 
fact  which  proves  the  dangers  provoked  by  acclimation 
to  a  military  life."  The  influence  of  age  upon  sickness, 
in  time  of  war,  is  even  more  marke<i  than  during  peace. 
According  to  Gayet,  in  the  campaign  of  Benin  the  total 
losses  by  deaths  and  disease  from  repatriation  were  as 
follows : 

Per  CVnt. 

Foreign  legion 9.7 

Artillery  of  the  marine 23.3 

Engineers 24.3 

Infantry  of  the  marine 39.0 

African  battalion 47.9 

In  the  two  last  classes  the  men  were  young  and  illy  de- 
veloped, ranging  from  19  to  22  years  of  a^v ;  in  the  foreiirn 
legion  the  men  were  older,  being  between  the  ages  of  2o 
and  35  years. 

Influence  of  Military  Rank  as  Affect iwj  Health. — The 
report  of  the  surgeon- general  for  1897  gives  statist ies  for 
our  army  to  include  the  seven  years  189(>-1890.  this  being 
equivalent  to  a  total  strength  for  one  year  of  14.8.")9  ofli- 
cers  and  174,988  enlisted  men.  Tlies<*  li^niresshow  a  sick 
rate  of  765.69  per  thoustind  for  the  otlicers  and  l.'ioS.iM) 
for  the  men;  but  the  inetfieienev  rate  of  the  former  cla.ss 
was  much  greater  than  that  of  the  latter,  heinL*^  44.27  per 
thousand  as  compan'd  with  87.0:5  ]>er  thousiuui  in  the 
case  of  the  enlisted  force.  The  aveniire  death  nite  for 
ofiieers  was  9.56  per  thousand,  while  ainonir  t Ik*  enlisted 
men  the  annual  mortalitv  was  onlv  ({.52  per  thousiind. 
Siieh  an  unfavorable  showing  made  by  the  oOieers  as 
regjirds  the  rates  for  death  and  inetlieiencv  is  larirely  to 
be  explained  by  the  fact  that  the  military  life  of  tin-  en- 
listed soldier  practically  ceases  at  the  aire  «»f  44  years. 
oj)ly  0.50  per  cent,  of  this  class  remaininir  in  .s«'rvice  after 
that  age;  while  of  the  oflicers  included  in  the  tabulation 
referred  to,  37.25  per  cent,   were  over  44  years  of  age. 


The  latter  class,  then,  while  sharing  largely  with  the  en- 
listed men  in  the  hygienic  disadvantages  of  immaturity, 
had,  in  addition,  the  diseases  of  beginning  old  age  and 
the  results  of  long  years  of  hard  service  to  increase  its 
death  rate.  It  is  to  be  noted  that  during  this  same 
period  young  oflScers  under  25  years  had  only  784.20  ad- 
missions per  thousand  for  disease,  where  the  soldiers  of 
the  same  age  had  an  admission  rate  of  1,859.68;  while 
the  non -efficiency  rate  of  the  former  was  29.61,  as  com- 
pared with  the  rate  of  89.52  for  the  latter.  This  would 
indicate  that  if  the  same  attention  was  given  to  sanitary 
details  by  the  younff  soldier  as  by  the  young  officer,  his 
rate  of  constant  sickness  would  be  correspondingly  re- 
duced. 

The  influence  of  petty  rank  and  len^h  of  service  on 
sickness  in  the  French  army  is  shown  in  the  subjoined 
table,  constructed  from  data  given  by  Marvaud  covering 
the  year  1888: 


admissions  pkr  1,010 
Strkxgth. 

Detention 
rooms. 

HoapUalt. 

Non-oommlisioned  ofllcerB ,  ^  ■•-■,■,            t  -  -  t 

Ill 
900 
687 

248 

Men  having  more  than  one  year  of  service  . . 
Men  baving  len  ttian  one  year  of  lervioe. . . . 

1T2 

aw 

The  proportionately  large  number  of  non  commissioned 
oflicers  treated  in  hospital  is  explained  by  Marvaud  as 
l)eing  due  to  lack  of  suitable  acconunodations  in  the  de- 
teution  rooms  for  this  class. 

Health  of  Troops  in  Peace. — The  individual  significance 
of  the  several  factors  which,  taken  top^ther,  determine 
the  sanitar>'  condition  of  our  army  in  time  of  peace  will 
be  r(»dily  appreciated  by  reference  to  the  subjoined 
table.  Diarrhceal  affections  have  the  highest  admission 
rate  for  sickness,  but  the  mortality  from  tliis  cause  is  not 
great.  Malarial  diseases  rank  second  in  frequency,  but. 
as  shown  by  statistics,  they  are  not  of  severe  type  and 
are  readily  amenable  to  treatment.  Venereal  diseases 
occupy  third  place  in  importance  as  regards  admissions, 
but  the  constant  non  efficiency  through  their  influence  is 
much  greater  than  that  from  any  other  cause.  Rheuma- 
tism and  myalgia  together  furnish  a  large  proportion  of 
admissions  and  disc4iarges,  as  does  also  bronchitis.  The 
admissions  for  alcoholism  are  slightly  above  the  general 
mean,  but  the  nites  for  death  and  non-efficiency  fn>m  this 
cause  are  small.  All  the  nites  for  typhoid  fever  are  low. 
As  to  injuries,  the  s(-vcnd  figures  for  contusions  and 
sprains  are  all  large — those  for  wounds,  excluding  gun- 
shot injuries,  being  considerably  lower  than  those  for 
contusions,  but  still  somewhat  in  excess  of  the  general 
average.     (See  Table  A,  p.  503.) 

"NVitii  regjird  to  sickness,  deaths,  and  non-efficiency  in 
the  British  service  for  the  home  stations,  the  fact  which 
at  once  attracts  attention  is  the  high  ratio  given  by 
venereal  atT(*ctions;  the  admissions  from  this  cause  being 
more  than  half  again  as  high  as  from  any  other  alTection 
or  group  of  diseases.  For  gonorrha?a,  primary  and  ter 
tiary  syphilis,  the  individual  rates  for  non-efficiency  are 
much  higher  than  for  such  diseases  as  are  summarized  as 
alTections  of  the  respiratory  and  digestive  systems.  The 
rates  for  rheumatism  and  influenza  are  high,  while  dis- 
eases of  the  skin  and  of  the  connective  tissue  are  common. 
Alcoholism  is  a  minor  factor  in  increasing  the  rates  for 
sickness,  deaths,  and  non-efliciency.   (See  Table  B.  p.  r)04. ) 

Jhmase  in  Ratin  under  Omditiomt  of  Peace. — That  im- 
provement in  the  sjinilnry  administration  and  state  of 
armies  is  constantly  being  made  will  be  unhesitatingly 
admitted,  but  few  are  aware  of  the  stupendous  progress 
in  this  r«sp«'Ct  which,  parti(!ularly  during  the  past  gener- 
ation, has  been  accomplished  by  military  hygiene.  Not 
■  only  is  this  the  case  in  our  o^n  service,  but  in  foreign 
armies  also,  and,  cm  reviewing  the  sanitary  conditions 
which  for  their  time  were  considered  to  be  excellent,  it 
is  apparent  that  still  further  decrease  in  the  several  rates 
may  justly  be  anticipated  for  the  future. 
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For  tlie  U.  B.  armj  the  accompanying  cbarts  (see  pp. 
SOS  and  SOS)  so  well  Illustrate  the  remarkabk'  dixrease 
In  ficknew  aod  death  wlilcti  baa  occurred  duritig  the 
past  threc-acore  years  thai  any  extended  discuuion  of 
the  matter  would  seem  to  be  supcrQuoiis.  Suftlre  it  to 
my  tbftt  the  death  rate  for  tlie  five  years  preceding  the 
Spaaiflh -American  war  woe  about  three  and  oae-half 
tunes  less  than  that  for  Ibe  five  years  preceding  the  war 
with  Mexico,  while  the  rate  for  eickness  underwent  a 
diminution  of  about  two  and  one-third  times  durinB  the 
period  included  by  these  dates.  Since  1872  the  death 
rate  from  all  causes  has  dwindled  to  about  forty  per 
cent,  of  what  It  was  at  that  time,  while  the  death  rale 
from  sickness  alone  has  fallen  almost  as  much ;  and  dur- 
ing the  same  period  the  rate  for  admissions  to  sick  report 
has  diminlBhed  more  than  one-half. 

In  the    Oerman  army,  according  to   official  flgurea 


recently  submitted  to  the  Ri'ichstnfr.  the  number  of  ad- 
missions to  hospital  from  disease,  per  thousand  strength, 

._j  __    _.  _   J ,.__.    .  ,^.  ,_   ..  ^   iBftf  to 

.  per  t 
19,  3.34  in  1888.  anil  onlv  3.60  in 


sand  was  6.9,  4.B2  in  1 
1806 — a  magnificent  n 
the  due  observance  o 


the  altuinnient  of  which 
litar^'  detail.  an<l  expecially 
the  careful  selection  of  recruits,  were  main  factors. 
Military  epideniics,  in  this  showing  of  the  OerniaD 
army,  have  bIk>vp  all  lost  ground.  Smallpox  is  rare,  and 
caused  only  two  deaths  during  the  twenty  years  1873- 
1893.  Dysentery  was  reduced  from  6.8  per  thousand 
strength  in  I8T4  to  0.39  In  1894.  Typhoid  fever  gave  a 
rate  of  sickness  of  33,8  per  thousand  glrenglh  in  1868 and 

2.4  per  thousand  in  18H4.     The  typhoid  death  rate  waa 

2.5  per  thousand  in  1868  and  0.81  per  thousand  in  1894. 
Malaria  showed  a  rate  of  sickness  of  3T.6  in  1868  and 
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— Tablb  SHiiwiHa  THB  AvKRAQK  Stsehotb,  Admusiohr  ucto  Hospital,  Dkaths,  Nombbks  Ihtalidkd  amd  Cmt- 
STAHTLT  Sick  xmoho  the  British  Troofs  Statiohbd  ih  thb  Uhitu>  Kimodoii  ddbinq  thk  Tsar  1887, 
WITH  THE  Ratios  pbr  1,000,  tub  Stbbnoth,  add  the  Avbraob  Ratios  for  Tmt  Ybau. 

Average  SlrenfftA  in  Annual  Beturm,  96,SS6.    Aeengt  StrtnsfOi,  Imdudinff  Men  Ddaehai,  SS,i90. 
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According  to  Boissnaii  tlic  iiiortiilily  of  tlie  Brillsli 
artiiy  oq  the  hnmi;  station  prior  In  !*<■'>:(  wiiB  17.5  piT 
tliotisauil  strength.  After  llii;  itnprovenient  In  llic  aiiii- 
tiiry  siirrtuindiDga  of  tbc  soldier  in  tliul  gcrvicc  fiilloivini; 
the  Crimean  war.  the  mtes  fonlciitli  uiul  sicknesx  wcri' 
miK-li  tliniinished.  uml  for  tlic  (litiidi-  1!jT'i-1t4H4  liiul 
fallen  to  T.30  deaths  per  Uiousaud  strength.     In  imO  tlic 
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iltiilh  rale  WHS  4.57,  tlie  8ickncs.s  730.4.  In  1S90  the 
deitllia  rose  to  5..'>3aiu)  llie  nick  rate  to  810.  For  the 
ileciuU'  l!«*7-lf!96  the  admissions  were  73.'>.9  and  the  ratio 
of  deattis  per  thousand  strength  n-as  4.6S.  In  1897  there 
dii:d  only  3,4'i  per  tlioiisand  of  Mrength,  nhile  the  ad- 
mission rate  had  fallen  to  64(1.8  jicr  thousand  strength. 

The  reiliicllon  in  the  rates  for  niekness  and  death  in  the 
Italian  army  during  the  past  twentj  five  years  lias  iicon 

"  "idily  progressi ""    "'  — '   " 
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Viry  gives  the  following  rat«8  for  mortality  in  tlie 
FreDch  army  as  illustrating  tbe  progress  of  military 
hygiene; 


Period. 

.-oTtK. 

Fcrlod. 

Honalltf  per 

1,000  •UBDRIh. 

E7.e 

1' 

184»-6B 

bM 

creased  death  rate  is  naturally  consequeat  to  a  lessened 
amount  of  sickDeas,  as  the  following  figures  from  Mar- 
vaud  illustrate: 


bcaplul  per  1.000  MreosUi  <kdni1s- 
I  iniinnu1«  abd  cam  treaud  In  qnar- 

Included) 

loslant  DOD«ffecUTea  per  1.000  itrenKUi. 


Lindley,  writing  in  1893,  states  that  during  the  pre- 
ceding forty  years  the  death  rates  In  the  Prussian  and 
Belgian  armies  liad  shrunk  to  two-fifths,  the  English  and 
Russian  rates  tiad  fallen  to  one-half,  and  the  French  rate 
bad  diminished  U> one-third.  These  Hguresmay  probably 
be  accepted  as  being  approximately  correct. 

The  lamentable  conditions  revealed  by  tbe  above  statis- 
tics as  existing  until  even  within  the  present  generation 
were  undoubtedly  largely  due  to  Ignorance  of  first  causes 
of  disease,  by  which  measures  for  its  prevention  could 
not  be  inttilllgeDt)^  applied,  aa  well  as  to  au  insufficient 
knowledge  of  hygiene  and  lack  of  appreciation  as  to  its 
value  from  a  military  standpoint.  An  additional  factor 
of  no  mean  Importance,  however,  was  to  be  found  in  the 
former  anomalous  and  inferior  condition  of  the  medical 
officer,  his  lack  of  authority  to  recommend  in  sanitary 
matters,  and  his  power lessneas  to  control  or  remedy  ex- 
istlnir  conditions.  It  was  Ion?  held  Ibat  his  duties  were 
merely  to  care  for  the  sick  and  wounded,  and  any  recom- 
mendations bearing  on  the  general  care  or  management 
of  the  men  were  deemed  intru.sive  and  as  such  usually 
disregarded  and  resented.  The  comparatively  recent 
conferring  of  advisary  powers  upon  the  surgeon  for 
sanitary  purposes  has  undoubtedly  been  a  potent  factor 
in  the  gradual  betterment  of  the  sanitary  condition,  and 
hence  efficiency,  of  the  soldier;  and  when  the  mtKllcal 
officer  is  Invested  with  actual  authority  upon  all  matters 
bearing  upon  the  health  of  troops,  with  executive  powers 
as  wellas  advisory  privileges,  a  still  further  improvement 
in  this  direction  may  be  expected. 

AlthouEh  during  the  |mst  one  or  two  generations  a 
marked  diminution  has  occurred  in  the  sickness,  mortal- 
ity, and  non-efficiency  among  the  troops  of  the  United 
8tat«B  and  those  of  European  nations  u|)od  the  home 
stations,  the  same  unfoi-tunatcly  cannot  be  said  with  re- 
gard to  white  troops  doing  colonial  duty  In  tropical 
climates.  For  them  these  ratt's  continue  to  be  hif;h.  and 
no  great  improvement  in  their  sanitary  stale,  as  evidenced 
bv  statistics,  appears  to  have  resulted  for  many  years. 
Since  the  hygienic  requirements  for  each  military  estab- 
lishment, wherever  its  troops  may  be  stationed,  must  be 
accepted  as  being  the  same  for  all  circumstances,  the  con- 
clusion is  obvious  ttiat  climatic  conditions  in  the  tropics 
furnish  a  potent  obstacle  against  a  constant  reduction  in 
rates  proportionate  to  those  which  liave  occurred  on  the 
borne  stations.  While  undoubtedly  much  has  been  done 
during  the  past  generation  to  render  military  service  in 
hot  countries  less  inimical  to  life  and  health,  the  fact 
none  the  less  remains  that  sanitary  progress  in  the  low 


latitudes  Itas  fallen  far  short  of  that  obtaining  in  more 
temperate  climates.  It  is  evident  that  figures  illustret- 
iug  this  point  are  best  furnished  by  the  records  of  the 
British  service,  and  these  are  briefly  compared  as  follows; 


Period. 
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From  these  flgiirea  It  is  evident  that  while  there  was  a 
considerable  diminution  in  the  morbidity  and  mortality 
rates  for  the  West  Indies  and  Ceylon  during  the  past 
twenty  years,  but  little  improvement  has  occurred  in  the 


one  in  which  the  greatest  improvement  might  reasonably 
be  expected  to  have  occurred,  the  rates  are  practically 
what  they  were  two  decades  ago— the  death  rate  of 
British  troops  at  home  having  fallen  from  7.20  to  8..% 
per  thousand,  while  the  same  rate  for  India  only  fell  from 
17.48  to  15.29  during  the  same  period.  Further,  the 
several  rates  for  the  Straits  Settlements  have  actually  in- 
creased during  the  past  ten  years. 

In  this  respect  the  experience  of  Great  Britain  is  dupli- 
cated by  that  of  the  French  service;  in  which  in  1863 
the  mortality  for  troops  throughout  France  was  9.43  and 
for  those  in  Algeria  12.31  per  thousand;  while  in  IH9I) 
the  death  rat«  for  troops  at  home  was  6.S1  and  for  those 
in  Algeria  11.94  per  thousand. 

War  a*  AWtetiiig  the  Htalfh  of  Armiet. — The  rates  of 
sickness  anddeath  of  troops  in  campaign,  independently 
of  the  circumstances  which  accompany  confiict.  aruchieflv' 
influenced  by  tlic  standard  of  hygiene  maintained :  and. 
as  is  stated  elsewhere,  it  is  difflcuk  to  cite  campaigns  In 
which  the  death  rate  from  sickness  has  not  been  greater 
than  that  from  casualty. 

Tbe  diseases  observed  during  continued  warfare,  ac- 
cording to  Lavcran.  are  largely  brought  about  by  four 
chief  influences;  atmosphenc,  exhalations  from  the  soil, 
evil  condition  of  the  latrines,  and  poor  food.  TheatmoS' 
pheric  exposure  to  which  tlie  soldier  is  often  subjected 
IS  one  of  the  greatest  hardships  of  a  campaign.  Sleeping 
on  the  bare  ground  and  often  drenched  witli  rain.  stan<f 
ing  in  trenches  exposed  to  snow  and  cold,  or  making 
long  marches  under  a  tropical  sun.  are  a  few  of  Ilie  in- 
fiuences  by  which  be  is  debilitated  and  his  constitution 
impaired.    Service  in  a  malarious  country  is  notoriously 

groductlve  of  disease,  while  illy-policed  sinks  ai'e  potent 
ictors  in  tlie  occurrence  of  typhoid  and  dy.sentery.  The  ■ 
inSuence  of  insufficient  or  improper  food  m  loweiing  the 
resisting  powers  of  the  soldier  is  well  recognixed.  Exces- 
sive fatigue  and  moral  influences  also  play  an  important 
pari  in  iletermining  the  sick  rate,  it  lieing  well  establlsheil 
that  victorious  forces  have  less  sickness  than  armies  which 
have  been  beaten  and  dcmoralir.ed.  The  eudemic  and 
epidemic  diseases  of  an  occupietl  country,  together  with 
the  influence  of  a  change  of  climate,  aggravate  also  to 
a  considerable  degree  the  thickness  and  mortality  of  an 
expeditionary  corps. 

For  our  own  service  the  influence  of  hostilities  upon 
mortality  from  disease  i.s  welt  illustrated  in  the  accom- 
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[Muijrbig  chArt  (p.  508).  showing,  as  it  itoes.  tbe  ratca  for 
CNtaIn  affections  in  the  Unit«r  States  army,  during  ilie 
cfTll  vw.  for  periods  b<?forc  and  aubsequeiit  to  that  war. 
uid  also  OS  compared  with  the  death  rates  for  the  corre- 
sponding clasa  in  civil  life.  As  compared  witli  the  mor- 
tality from  continued  fevere— wliith  affections  may  be 
considered,  in  tiie  light  of  present  knowledge,  as  of  ty- 
phoid nature — war  brought  about  an  increase  of  tenfold. 
U^rial  diseases  were  doubled  and  diairliu-a  and  dyseii- 
teiy  tripled.  Deaths  from  eruptive  fevers  iH'came  atmul 
twenty-two  times  as  frequent  ua  tliey  were  before  the 
war,  while  those  from  diseases  of  the  respiratory  organs 
were  more  than  quadrupled.  Camp  life  ap|ieared  to 
have  little  Influence  in  affi-cting  the  mortality  from 
ueTToua  affections.  Deaths  from  diseases  of  the  eircula- 
toiy  and  digestive  orguns  were  praclically  doubled  In 
frequency,  as  was  also  the  mortality  from  consumption. 
Rheumatism,  as  regards  a  fatal  temiinatlon,  and  contrary 
to  expectation,  was  not  increased;  but  arurvy — the 
fonner  bane  of  armies  in  the  Held — was  doubled.  Tlie 
average  anntial  death  rate  from  disease  during  the  entire 
war  was  58.48  per  thousand  strength  among  wliile  troops. 
while  it  was  18.98  for  these  troops  during  the  eighteen 
jean  before  the  war,  excluding  the  two  years  of  hostili- 
tiea  against  Mexico,  and  somewhat  over  0  per  thousand 
for  ^c  decade  subseoueot  lo  the  war. 

The  following  table  shows  tiie  influence  of  the  war 
with  Spain  upon  the  rates  for  sickness  and  death,  as 
regards  the  prevalence  of  certain  classes  of  diseases; 


Erogresa  of  disease,  by  months,  is  quite  dissimilar.  It 
.  particularly  noticeable  that  not  only  was  the  dcalh 
rate  during  the  war  with  tjpain  reduced  by  43.9  per  cent, 
as  compared  with  the  struggle  of  the  previous  genera- 
tion, but  the  amount  of  epidemic  typhoid,  largely  result- 
ing from  the  inexperienre  of  the  volunteer  troops,  rapidly 
decreased  as  a  result  of  scientitic  sanitary  measures  en- 
forced as  soon  as  tlie  magnitude  of  the  typhoid  outbreak 
was  fully  understood. 
Coupisiso;*  or  Hontult  Dkath  Rims  (rrjt  l.riOO)  from  disease. 
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All  things  being  eoniiidered.  it  is  safe  to  assume  that 
the  outbre^  of  hostilities  will  be  followed  by  a  vast  in- 
crease In  tbe  death  rale,  probably  from  six  to  twelve  or 
more  times  that  normally  occiirring  in  peace;  the  pro- 
portion naturally  varying  with  the  character  of  llic 
campaign,  the  climatic  conditions  to  be  encountered,  tlic 
local  diseases  to  \tc  undergtme.  the  efllciency  of  tiie  coni- 
misMry  and  transportation  departments,  the  em))loyuu'nt 
Af  seasoned  or  unseasoned  troops,  and  many  other 
factors.  The  rate  of  admissions  to  sick  n-port  from  dis- 
eaae  in  lime  of  war  is  not,  however,  increased  jiropor- 
t(onal«ly  to  the  death  rate — a  fact  sultieienllv  proving 
the  more  serious  nature  of  diseases  wlien  iifTeellng  tnsips 
Id  the  field.  As  to  the  rate  for  non-ellteieiiey,  lliis  is  ,  Mt^unn 
largely  dependent  upon  the  ratio  for  adinissioiiK,  and  na(-  i  J;p,"'"" 
nially  bears  in  its  fluctuations  a  elosi-  relationship  to  the  |  f'|J|^'^„ 
prevalence  and  character  of  diseuse.  If  the  records  of  ,  ^■^y^]  wt 
the  Spanish- American  war  ho  accepted  as  typinil  in  tliis 
respect,  no  great  difference  in  the  rates  for  discharge  liv 
reason  of  disatiility.  in  peace  or  war.  nmv  Iw  uiiticlpati'il. 
(See  chart,  p.  5111.) 

In  comparing  the  results  of  the  Sin inish- American  war 
with  the  corresponding  p<-rii"l  of  the  civil  wiir  the  ad- 
vantage la  mucn  in  favor  of  tlie  former,  altlioiigh  the 


attempt  at  the  <'loac  comparison  in  this  respect  of  differ- 
ent wars — rani(-d  on  under  entirely  different  condjtlona 
— can  yield  only  misleading  results.  General  deductions 
can  of  courno  l>e  dtuwn,  anil  hence  the  following  figures 
may  he  of  a<lvantagc  as  well  as  interest : 


dpeiviaxt.. 
AfKhaniMsii. 
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Witli  ri'gftrd  to  tbe  rcaulls  of  campalgniDg  under 
tropica)  conilitiona,  the  moxt  satlataetorv  oala  are  naliinil- 
Iv  furnished  by  tile  two  great  colonizing  tMUVcr*.  Great 
BrilaJD  and  France.     Tbe  figures  given  for  these  ser- 
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vices  ore,  however,  so  wliieiy  dissiinilur  as  lo  furnish  n( 
foundation  for  any  general  c'oucliisions  based  upon  tlii'ir 
both.     Fur  purpiisea  of  comparison  merely,  they  are  ter 


Table  op  Mobtai.it' 


Brtllah  Eipertlllnna 

rr.™.h  E»p. 

d.,.™. 

1W5 
ll«»-HII 

it: 

B 

llW»-85 
1WB 

1? 

1! 

T     k1 

INHI 

K.::: ::;.:,:.. 

-10 

Cnrbln-riiliiB 

S<.udin 

i;i-*in-t;j)inB 

#Sf«^^;^ 

?:!! 

.^U'l"" 

Mulugasi'iir 

SXWn::::; 

Kllleil  bj  the  eoemj T 

Wounderl W 

DcbUk  tmm  Mcko^n  -     -. .,  5,0111 

SIcK,  more  IbaD  l5.Urirj ,  or  H5  per  itqC.  ut  tlie  wbiiJc. 

From  the  above  tabic  it  will  he  oliwrvt^l  thai  with  Ibi- 
CM'cption  of  tbe  Afghanistan  cumpiiipi,  in  wliit'b  the 
hiirli  mortality  wag  largdv  llie  ri'snit  of  (in  oiiibri'iik  of 
choltra,  tbe  most  unhealfliful  of  si'venlei^ii  English  c.\ 


peditiODs  in  warm  climates  bad  a  tower  death  rate  Uih 
the  healthiest  of  an  ecjual  number  of  French  campdnu 
under  presumably  similar  climatic  conditiotia.  TIk 
British  expedition  a^inst  the  Aahantis,  in  mT4.  certainly 
demonstrated  the  eniciency  of  milfla,ry  hygiene  undn 
notoriously  uuhealthtul  conditions:  and,ia  tlie  ciccllent 
reRiill4  obtainedithe  second  expedition  against  this  bum 
tribe,  in  1306.  even  surpassed  tbe  first.  In  our  owu  ex 
pedition  against  Manila,  during  tbe  war  with  Spain,  tbe 
results  were  admirable,  only  8  per  thousand  dyine  from 
disease.  During  tbe  Cuban  iasurrecHon  theBpaQuhsn 
reported,  for  the  year  18B7,  to  have  bad  a  death  rale  of 
SB  per  thousand  from  all  causes.  The  admiadoos  to 
hospital  for  the  same  period  were  l.BOO  pet  Ibouaaod.  of 
which  430  per  thousand  were  for  nialaria.  During  1887 
the  Spanlsli  troops  appeared  to  have  suffered  but  little 
from  yellow  fever;  this  being  probably  due  to  ao  im- 
munity to  this  disease  acquited  through  previous  rjii' 
lations. 

That  constant  exposure  to  infectious  disease  of  aQ 
kinds,  and  not  only  yellow  fever,  does  actually  eiert  i 
seanoning  inlluence  on  the  survivors  and  reduce  their 
mortality  is  well  known.  As  Illuatiating  this  point  H 
may  be  noted  that  the  sick  rate  of  colored  troops  during 
the  civil  war  fell  from  4.002  per  thousand  during  tlw 
first  year  of  their  service  lo  2,797  in  the  last,  while  their 
death ratedropped  from  311  to  M  per  thousand stteogtb. 
The  total  rates  for  sIckncKs  during  the  civil  war  under- 
went considerable  dimiuution.  as  follows: 


In  this  connection  (be  chart  already  given  in  tbe  secCioii 
showing  the  iiiHueuce  of  race  as  attecling  the  prevalence 
of  disease  is  of  interest. 

It  is  not,   however,  during  active  wara  or  on  expedi- 
tions that  the  highest  mort&lUy  is  observed  amons  trrapg 
in  the  field.     When  an  army  is  condemned  to  uiaetion 
through  a  siege,  for  purposes  of  mobilization,  or  even  [n 
cant^nmenta  after  a  laborious  expedition,  sickness  rtgei 
with  the  greatest  violence.    The  typhus  that  tried  tlw 
Crimean  army  occurred  in  the  winter  after  tliecaptunof 
Sebaslopol  and  after  conclusion  of  the  armistice;  ud 
examples  might  be  indefinitely  multiplied  in  our  own 
service  to  show  that  the  slutiouary  force,  during  war,  ii 
an    uuh<«Iihy    force.     In  January.   1B«2,   the  m«lic»l 
director  of  the  Army  of  the  West,  then  in  winter  quit- 
ters, n-ported  13..1  jht  cent,  of  the  totnl  strength  as  being 
excused  from  duty,   and  a  little  over  12   per  cent,  in 
March  of  tbe  Mine  year.      In  August,   1361.  of  Knie 
troo|)a  encamped  on  t'lie  Arlington  flats  on  the  Potonur, 
Sit  percent,  were  reported  sick  with  diarrha'a  andtm- 
Ifirial  fever.     During  the  war  with  Spain  the  typli"i'-l 
epidemics,  as  is  well  known,  occurred  m  the  large  fisi**- 
camps.     An  excellent  instance  is  found  in  the  coaditiiiK^ 
of  the  French  troops  during  the  Crimean  War.  a  siniggl-  ^ 
from  which  so  many  sanitary  lessons  have  been  drsvc:^* 
According  to  Rawliiison.  reliable  eatiinales  as  lo  the  sieW-— 
ncKs  among  these  troops,  for  the  winter  of  lB54r-5S,  wc^^ 
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their  statistical  tables  are  often  differently  constructed, 
the  physical  requirements  for  recruits  are  not  identical, 
and  diverse  regulations  as  to  discharges  for  disabilitj' 
prevail. 

In  attempting  to  institute  such  comparisons  it  is  well 
to  appreciate  at  the  outset  that  a  sick  rate  can  be  kept 
low  by  excluding  the  doubtful  or  milder  cases  from  the 
benefits  of  quarters  or  hospital,  and  so  preventing  them 
from  appearing  on  the  official  records ;  that  the  sick  rates, 
mortalitijr,  and  constant  non-efficiency  can  be  held  down 
by  a  searching  system  of  discharge  for  disability,  and 
that  the  total  loss — as  shown  by  the  sum  of  the  rates  for 
death  and  discharge — is,  in  determining  the  sanitary 
state  of  an  army,  of  much  more  importance  than  either 
of  its  complementary  factors. 

In  comparing  the  rates  of  our  service  with  those  of 
foreign  armies  the  admission  rate  is  the  one  which,  by 
its  magnitude,  attracts  attention.  This  higher  rate  of 
admissions,  however,  does  not  in  itself  imply  a  greater 

Srevalence  of  disease  among  the  troops  of  the  United 
tates;  since  with  us,  in  contradiction  to  the  practice  in 
other  armies,  the  soldier  is  officially  taken  on  sick  report 
whenever  he  is  excused  by  the  medical  officer  from  any 
part  of  his  duty,  whatever  be  the  cause.  When  it  is 
observed,  as  was  the  case  in  the  year  1888,  that  796.89 
admissions  per  thousand  strength  from  the  Italian  army 
resulted  in  a  death  rate  of  9.31,  while  1,270.73  admissions 
for  each  thousand  United  States  troops  for  the  same 
period— divided  into  621.61  cases  admitted  into  hos- 
pital and  649.12  treated  in  quarters — had  a  mortalitv 
of  only  8.15  per  thousand,  it  is  evident  that  the  ad- 
missions in  the  two  instances — the  rates  for  discharge 
for  disability  not  varying  greatly — do  not  constitute 
facts  of  equal  gravity  and  are  tiierefore  not  available 
for  comparison. 

The  rate  for  constant  non-efficiency  is  obviously  largely 
dependent  upon  the  admission  rate  and  that  of  discharge 
for  disability,  and  retlects,  to  a  considerable  degree,  their 
variations.  Taken  bv  itself  the  rate  is  misleading,  and  it 
acquires  a  certain  vafue  only  when  considered  in  connec- 
tion with  other  rates,  particularly  that  for  admissions. 
As  between  services,  for  the  reasons  already  given,  it  is 
evident  that  non-efficiency  rates  are  not  susceptible  of 
proper  comparison. 

The  death  rate  alone,  as  a  means  of  comparison  be- 
tween several  armies,  is  wholly  unreliable  and  merely 
productive  of  error;  since,  as  above  stated,  it  can  be 
markedlv  reduced  by  the  removal  from  the  service  of 
those  subject  to  or  predisposed  to  disease. 

Of  all  the  ratios  which  go  to  determine  the  healthful- 
ness  of  an  arm^',  as  shown  by  statistics,  that  giving  the 
discharge  for  disability  is  of  the  greatest  Importance.  In 
its  relation  to  military  morbidity  it  is  at  once  evident  that 
the  admissions  to  hospital  will  be  largely  furnished  by 
the  physically  less  sound,  and  that  a  prompt  and  propor- 
tionate diminution  in  the  sick  rate  must  follow  the  elimi- 
nation of  these  weaklings  by  their  discharge  from  the 
service.  In  addition,  the  number  of  men  withdrawn 
from  the  aggregate  strength  of  the  command,  the  rate  of 
non-effectiveness  from  disease  or  injury,  is  not  a  factor 
of  equal  importance  in  all  armies  and  cannot  be  justly 
used  for  purposes  of  comparison.  It  undoubtedly  em- 
bodies the  number  of  admissions  and  the  gravity  of  the 
cases  so  admit^d:  but  it  is  obvious  that  the  constant 
non-efficiency  as  well  as  the  admission  rate  varies  in- 
verselv  with  the  rigor  of  the  system  of  discharge.  As  to 
mortality,  this  too  depends  upon  the  physical  standard 
maintained,  and,  as  shown  in  the  German  army,  a  low 
death  rate  is  naturally  consequent  to  the  early  elimina- 
tion of  those  soldiers  who  are  predisposed  to  or  actually 
affected  with  disease.  Hence  the  rate  of  discharge  for 
disability  is  the  controlling  factor  in  the  determination 
of  the  rates  of  admissions,  deaths,  and  constant  non-effi- 
ciency ;  while  it  is  itself  largely  dependent  upon  the  phys- 
ical standards  to  which  the  recruit,  before  enlistment,  is 
required  to  conform.  To  institute  accurate  comparisons, 
therefore,  a  constant,  unvar^yring  standard  for  discharge 
for  disability  should  obtain  m  the  several  military  forces 


to  be  compared ;  and  such  a  constant  standard  does  not — 
and  practically  cannot-— exist.  Requirements  as  to  dis- 
charge for  disability  necessarily  vary  with  the  customs 
of  each  military  service,  and,  to  a  certain  degree,  with  the 
personal  equation  of  each  medical  officer.  As  an  instance 
of  the  former,  it  may  be  noted  that  the  Germans  are 
especially  assiduous  in  promptly  removing  the  tubercu- 
lous from  their  armies:  we,  on  the  other  hand,  maintain- 
ing a  sanitarium  for  soldiers  affected  with  this  disease ; 
and  this  single  source  of  error,  to  which  might  be  added 
many  other  less  aggravated  instances,  prevents  a  com- 
parison of  sick  rate,  mortality,  and  non  efficiency  upon 
anything  like  equal  premises.  If  it  be  admitted,  how- 
ever, that  the  physical  requirements  for  the  recruits  of 
various  armies  are  approximately  the  same,  the  total 
losses,  irrespective  of  either  non-efficiency  or  admission 
rate,  should  afford  a  somewhat  inaccurate,  but  still  the 
most  available  and  satisfactory  method  of  determining 
the  comparative  health  and  physical  efficiency  of  various 
services. 

The  following  figures,  taken  from  Marvaud,  show  the 
annual  sick  rates,  mortality,  loss  by  discharge,  and  total 
losses  in  various  European  armies  tor  a  peri^  about  ten 
or  twelve  years  ago : 


Name. 


Belgium  

Austria 

Great  Britain  (borne  sta- 
tions)   

France  (home  stations)  . . . 
uennany  ....•••.•...•. .. 

Italy 

Russia 

Spain 


"8 


g 


1887-«8 
1887 

1884-«6 

1888 

1883-«4 

1887 

1880-64 

1886 


338* 
9d5i 

877 
500 
849 
700 
845 


I 


2 


3.9 
6.9 

6JZ 
6.1 
3.9 
8.7 
8.9 
13.5 


17.0 
15.0 1 

ao.o 

21.0 
29.0 
28.0 
31.3 
30.8 


20.9 
21.9 

25.2 
27.1 
32.9 
86.7 
4a2 
44^ 


*  General  hospitals  only,    t  Including  detention  In  barracks,    t  Not 
Including  temporary  invalids. 

During  the  year  1888  the  total  admissions  per  thousand 
strength  in  the  United  States  army  amounted  to  1,270.78, 
the  deaths  were  8. 15  per  thousand,  the  constantlv  non- 
effectives were  41. 91  per  thousand,  the  discharges  for  dis- 
ability 27.75  per  thousand.  These  figures  give  a  total 
annual  loss  of  35.90 — thus  making  our  sanitary  showing 
for  that  time  inferior  to  that  of  the  above-named  nations 
except  Italy,  Russia,  and  Spain ;  all  countries  notoriously 
the  least  acfvanced  in  matters  pertaining  to  hygiene.  It 
can,  however,  scarcely  be  believed  that  our  men,  under 
equal  conditions  of  selection,  broke  down  nearly  twice 
as  readily  as  the  Belgian  or  Austrian  soldiers  and  half 
again  as  rapidly  as  the  British  soldiers,  and  hence  the 
conclusion  would  seem  to  be  inevitable  from  the  above 
figures  that  our  troops  were  at  that  time  examined  on 
enlistment  with  a  laxity  as  to  their  physical  condition 
which  did  not  obtain  in  foreign  services.  This  idea  is 
further  strengthened  by  the  fact  that  during  the  same 
year  (1888)  out  of  742  men  discharged  on  certificates  of 
disability,  in  129  instances  the  disability  was  specifically 
declared  to  have  existed  prior  to  enlistment.  About  this 
time  the  large  number  of  discharges  for  disability  at- 
tracted the  attention  of  the  authorities,  and  recruiting 
oflflcers  were  warned  to  be  more  strict  in  their  examina- 
tions for  enlistment ;  while  a  general  order  required  that 
all  men  recommended  for  discharge  on  account  of  dis. 
ability  be  sent  to  the  headquarters  of  each  military  de- 
partment for  observation  by  the  chief  surgeon  pending 
final  action  in  their  cases.  As  a  result  of  these  require- 
ments the  rates  for  discharge  were  decreased  by  nearly 
one-half  in  a  single  year,  since  which  even  further  dimi- 
nution has  taken  place.  For  the  year  1897  the  rate  for 
discharge  on  account  of  disability  was  only  9.61  per 
thousand  as  compared  with  27.75  during  1888.  On 
comparing  the  statistics  of  the  above  armies  for  a  more 
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It  is  tvident  from  the  aborc  (hat  much  has  bt'eu  ac- 
Gomptiahed  during  tlie  past  decade  toward  improving  the 
saniCar)'  t»nditton  and  cITi-ctivcnem  of  our  army,  and  It 
is  safe' to  asBume  tbat  at  tlie  pn-sriit  time  tlTc  United 
Slati'S  soldier  is  l>elter  ctavd  for  than  is  the  nuui-at-anng 
of  neiirij-  every  olhtT  military  serviec. 

Although,  as  stati-d,  atlompls  at  the  cnmpariRon  of 
Btatisllrs  of  dllTcmit  armies  are  at  best  nti^'SRHrily  laac- 
cuiate  and  UDMiIiHfaettiry,  within  I  he  limits  of  the  same 
service  snoli  action  is  txitli  feasible  and  ileslrable:  the 
Standard  for  the  tieaUli  of  an  army,  as  expressed  t)y 
Smart,  belnfr  its  own  tH'St  annual  record.  Outside  tit 
unusual  vIciEsltudeH.  exnosure.  andepiilemics,  and  of  the 
unBanilary  ctMiditions  whicli  bring  disease  and  death  Into 
the  ranks  of  a  military  conmisnd  during  campaign,  the 
Banilary  surrouodings  of  the  soldier  do  not  vary  much 
from  year  to  year  except  as  they  are  mndiScd  by  intelli- 
gent efforts  for  tlieir  improvement.  What  has  been  ac- 
complished in  the  past  should  therefore  be  effected  in  the 
present:  or  sBtlsfaclDrr  explanation  sliould  be  given  of 
the  cause  of  failure,  wuieh  would  thus  be  converted  into 
B  source  of  protection  for  the  fulure. 

As  to  military  rates  as  affected  by  the  geographical 
dint  ribiit  Ion  of  troops,  the  following  table  shows  the  rela- 
tive sickness  among  the  forces  Htntioned  in  the  various 
inllltar\-  departments  within  the  limits  of  the  United 
Stales  during  the  year  1897 : 


Europeui  Troops. 


M 


•  For  el«til  yHoni  odIj.  isge  to  Itas. 

It  is  readily  seen  tliat  the  total  losses  vary  from  the 
minimum  of  13.26  ])er  thousand  at  Gibraltar  to  the  maxi- 
mum of  r>T.S8  oil  the  west  coast  of  Africa:  while  the 
death  rate  of  troops  at  home  Is  only  about  half  that  of 
the  entire  army.  The  discharges  for  disability  in  tlw 
latter  instance  are  slightly  higher,  the  con  slant  non^effec- 
live  considerably  lower,  as  is  also  the  number  of  days 
lost  by  each  soldier. 

The  miirtality  among  the  European  troops  of  the 
French  army  on  foreign  service  per  thousand  stteDKlh 
is.  according  to  Oayet,  thus  proportioned  among  tite  fol 
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While  statistics  with  regard  to  our  own  tmops  on 
foreign  service  an;  not  as  vet  available,  it  is  probable  tbat 
thry  will  not  gn-atly  difter  from  the  rales  of  the  Britisb 


From  the  al>ove  il  is  sc-i^n  ilml  Ihe  IVpiu-tim'nt  of  ('jili 
fomla  is  the  most  heallhful.  with  the  I>i'|mrinient  of  the 
Columbiaand  Dakolu  closi'ly  following.  The  Depart- 
ment of  Texas  has  long  Is-c-n" recognized  as  the  mosi  uu- 
healthful  mililarv  division. 

The  statistics  for  the  iiilire  British  nntiy  In  time  <)f 
peace  are  of  particular  ini  purl  a  nee.  covering  aK  they  ilo 
a  targe  uumber  of  geogm|ilii<-al  divisions  under  diversi' 
climatic  conditions  and  ennliliug  the  making  of  accumte 
co[nnarisons  throuch  Ihe  similar  snidtury.  niililary.  ami 
admnilslralive  conditions  pn-vailing  Ihronghoul  Ihe 
wlmle.  The  figures  for  llial  service,  for  llu-  leii  years 
IWT  to  mm.  are  given  below. 
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?ol.  1.    (PirBt  edition.) 
Smart :  Medical  and  Surgical  History  of  the  War  of  the  Rebellion. 
Sternberg :  Sanitary  Lessons  of  the  War.    Journal  of  the  American 

Medicau  Association,  June  10, 1809. 
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ARMY  NURSE  CORPS.— In  the  days  of  peace,  be- 
tween the  civil  and  the  Spanish  wars,  nursing  in  the 
army  was  done  entirely  by  men.  At  the  end  of  March, 
1808,  there  was  a  body  of  520  hospital  corps  men  in  all 
degrees  of  training  as  nurses  for  army  work,  as  well  as 
208  hospital  stewards  and  acting  stewards  who  may  be 
considered  the  equivalents  of  graduate  nurses  in  civil 
hospitals.  This  number,  barely  adequate  for  an  army 
of  25,000  men  in  time  of  peace,  was,  of  course,  wholly 
inadequate  in  time  of  war  for  an  army  of  ten  times  that 
size,  and  although  it  was  planned  greatly  to  increase  the 
hospital  corps,  it  was  evident  tliat  the  raw  material  ob- 
tainable could  not  do  the  work  of  trained  nurses.  There- 
fore, to  supply  the  approaching  necessities  of  the  army, 
the  United  States  Congress,  in  April,  1898,  at  the  request 
of  tbe  surgeon-general,  autftorized  him  to  employ  nurses 
under  contract  and  made  an  appropriation  for  their  pay- 
ment. No  restriction  was  made  as  to  sex,  but  at  that 
time  it  was  the  opinion  of  the  War  Department  that  but 
few  women  nurses  would  be  needed  and  that  their  ser- 
vices would  be  limited  to  the  general  hospitals.  Several 
hundred  women,  largely  untrained,  had  already  applied, 
but  the  force  of  the  surgeon-general's  office  was  too  lim- 
ited to  permit  of  any  examination  of  their  qualifications. 

Knowing  these  facts,  the  writer  suggested  to  the  Na- 
tional Society  of  the  Daughters  of  the  American  Revolu- 
tion (of  which  she  was  a  vice-president-general)  that  that 
organization  should  act  as  an  examining  board  on  women 
nurses  for  the  Government.  The  surgeons- general  of 
both  the  army  and  navy  promptly  accepted  this  offer  of 
the  Daughters,  and  in  April  the  "D.  A.  R.  Hospital 
Corps"  was  organized,  with  the  writer  as  director. 

The  standard  adopted  for  appointment  to  army  service 
was  that  of  graduation  from  a  training  school,  combined 
with  suitable  indorsements,  the  chief  reliance  being 
placed  on  a  recommendation  from  the  superintendent  of 
nurses  under  whom  the  applicant  had  graduated.  Wom- 
en physicians  were  also  considered  eligible,  although  but 
few  were  appointed. 

The  first  nurses  were  appointed  on  the  10th  of  May, 
1898,  and  ordered  to  the  general  hospital  at  Key  West, 
and  before  the  15th  of  July,  forty -seven  nurses  had  been 
asked  for  bv  surgeons  at  different  general  hospitals  and 
had  been  sefected  by  the  **  Daughters  "  for  appointment  by 
the  surgeon -general.  About  this  time  yellow  fever  ap- 
peared among  the  Santiago  troops,  and  nurses  were  ur- 
gently needed  there.  The  surgeon-general,  therefore,  em- 
ployed the  wife  of  the  superintendent  of  a  Washington 
hospital  and  sent  her  to  New  Orleans  to  secure  the  ser- 
vices of  immunes,  both  male  and  female.  The  majority 
of  the  nurses  so  appointed  were  colored  women  without 
hospital  training,  a  considerable  number  of  whom  were 
sent  to  Santiago  in  July  and  August.  The  **  Daughters  " 
also  supplied  a  few  trained  immune  nurses  for  this  service. 

During  the  month  of  August  an  epidemic  of  typhoid 
fever  broke  out  in  the  camps  which  liad  been  established 
as  temporary  places  of  instruction  for  the  volunteer 
troops.  It  also  became  evident  at  that  time  that  these 
camp  hospitals  had  lost  their  original  diameter  and  be- 
come practically  stationary,  and  consecjuently  the  objec- 
tion to  the  employment  of  women  nurses  in  them  had  dis- 
appeared. During  that  month,  therefore,  and  especially 
in  its  latter  half,  the  demands  for  women  nurses  grew  to  an 
entirely  unexpected  amount,  and  the  roll  of  army  nurses 
reached  about  a  thousand  names.  Not  only  did  they  go  to 
general  and  field  hospitals,  but  whenever  the  surgeon  in 
charge  of  a  division  or  post  hospital  so  requested,  trained 
nurses  were  assigned  to  duty  under  him.     During  the 
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fall  it  became  not  imcommon  for  regiments  or  larger 
divisions  of  troops,  when  they  moved  to  Southern  camp» 
or  to  Cuba,  to  take  with  them  the  trained  nurses  attached 
to  their  hospitals,  and  no  inconvenience  or  difficulty  has 
been  reported  as  having  ensued. 

It  is  needless  to  refer  to  the  great  value  of  the  work 
rendered  by  these  trained  assistants  to  the  medical  depart- 
ment of  the  army,  since  surgeons,  patients,  and  the  public 
at  large  have  b^n  most  enthusiastic  in  their  expressions 
of  appreciation.  There  was  scarcely  a  training  school  in 
the  United  States  which  did  not  send  some  of  its  best  rep- 
resentatives for  this  work,  and  the  women  adapted  them- 
selves to  camp  conditions  and  to  many  sorts  of  discom- 
fort in  a  manner  that  quite  altered  many  preconceived 
opinions. 

During  the  greatest  stress  of  the  work  valuable  assist- 
ance in  securing  the  services  of  nurses  was  rendered  to 
the  goveiTiment,  through  the  "Daughters,"  by  a  number 
of  or^nizations.  The  Sistei*s  of  Charity  merit  prominent 
mention  in  this  connection,  as  they  furnished  from  their 
order  two  hundred  Sisters,  many  of  whom  had  much  hos- 
pital experience.  A  few  of  the  Sisters  from  four  other 
Catholic  organizations  and  from  one  Protestant  Episcopal 
Sisterhood  also  served  for  a  time.  The  Society  for  the 
Maintenance  of  Trained  Nurses,  which  was  Auxiliary 
No.  3  to  the  American  National  Red  Cross  Relief  Com- 
mittee of  New  York,  in  August,  and  for  a  month  or  two 
thereafter,  examined  the  credentials  of  a  large  number  of 
applicants,  and  certified  to  their  having  conformed  to 
the  standard  established  by  the  "Daughters."  This 
society  was  unique  in  its  work  of  furnishing  money 
for  the  transportation  of  many  nurses  and  for  their 
comfort  while  waiting  orders  in  New  York  City  and 
while  serving  at  certain  army  hospitals.  Much  val- 
uable aid  was  rendered  by  the  superintendents  of  train- 
ing schools,  although  it  is  an  interesting  fact  that  no 
organization  of  trained  nurses  has  rendered  any  note- 
worthy assistance.  In  spite  of  the  overcrowding  which 
had  previously  been  complained  of  in  the  nursmg  pro- 
fession, there  was  much  difficulty  at  the  time  of  greatest 
stress  and  need  in  securing  enough  suitable  applicants  to 
till  the  demands  from  the  camps.  The  chief  surgeons  at 
Montauk,  Jacksonville,  Lexington,  and  San  Francisco 
were  therefore  authorized  to  secure  women  nurses  with- 
out regard  to  training,  and  in  this  way  a  few  undesirable 
appointees  unavoidably  crept  in. 

In  addition  to  the  army  nurses  temporary  help  was 
accepted  at  a  few  hospitals  from  women  who  were  not 
connected  with  the  medical  department.  That  such 
should  have  been  the  case  is  much  to  be  regretted,  as 
irregular  nurses  are  not  subject  to  control  and  discipline 
and  do  not  hold  the  same  honorable  position  as  do  women 
who  have  governmental  authority  for  their  presence  with 
the  army. 

As  the  women  who  were  assisting  the  government  on 
behalf  of  the  Daughters  of  the  American  Revolution,  and 
of  the  societies  which  were  co-operating  with  them,  held 
no  official  positions,  their  work  was  necessarily  limited 
to  the  selection  of  nurses  for  appointment.  By  the  end 
of  August,  1898,  it  became  necessary  to  establish  an 
army  nurse  corps  division  of  the  surgeon -general's 
office,  and  Mrs.  Anita  Newcomb  McGee,  >1.D.,  was 
thereifore  appointed  an  acting  as.sistant  surgeon  and  as- 
signed to  duty  in  charge  of  that  division. 

After  the  middle  of  September,  at  which  time  about 
twelve  hundred  nurses  were  in  service,  there  was  a  grad- 
ual decrease  resulting  from  the  control  of  the  t^'phoid  fe- 
ver, and  later  from  the  mustering  out  of  the  volunteer 
army.  At  the  close  of  1898  there  were  nearly  seven 
hundred  women  nurses  in  the  army,  the  largest  number 
at  any  one  place  being  one  hundred  with  the  Seventh 
Army  Corps,  near  Havana,  Cuba.  A  large  number  had 
also  been  taken  to  Matanzas  and  a  few  to  Puerto  Prin- 
cipe, Cuba,  and  many  others  vere  scattered  through  the 
camps  in  the  Southeni  States  in  preparation  for  possible 
transfer  to  that  island.  About  thirty  nurses  were  in 
the  province  of  Santiago,  including  the  remnant  of  the 
untrained  immunes  sent  there  in  July  and  August,  1898. 
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The  work  of  sii1)stitutiii^  gnwluatc  nursc*s  for  such  of 
these  as  were  iintraim*il  had,  however,  lKt»u  well  begun. 
The  beginnin*^  of  the  year  also  found  seventy  nurses 
scattered  through  Porto' Rico. 

On  the  first  of  July,  181H),  there  were  2<)2  women  nurses 
in  service,  since  which  time  the  number  has  mnged  b<;- 
tween  200  and  225.  The  total  number  of  women  who 
served  as  anny  nurses  prior  to  July  1,  1800.  was  1,563, 
and  the  number  of  applications  at  that  date  had  almost 
reached  6.000. 

The  mortality  among  the  trained  nurses  has  been  ex- 
tremely small,  the  d«ithsnumlM*ringonly  5.  Five  of  the 
2")0  Catholic  Sisters  also  ditnl.  as  did  3  of  the  untraininl 
(immune)  nurses.  All  except  two  deaths  were  from  ty- 
I)hoid  fever. 

Side  by  side  with  the  general  improvement  of  the 
standard  of  army  nurses,  made  ]>ossible  by  th(;  reduction 
in  numbers,  has  gone  the  organization  of  the  **Amiy 
Nurse  Corps"  as  a  whole.  Under  dat^*  of  NovemlxT  7. 
1808,  the  fii*st  rules  governing  tliis  Ixxly  were  issued  by 
the  surge()n-g(?neml.  This  circular  contained  barely 
three  pages,  and  was  practically  a  preliminary  draft  of 
rules,  which  grew  and  underwent  modification  with 
wider  experience.  The  constant  changes  in  the  organi- 
zation of  t  lie  army  itself  rendcreil  it  impossible  to  organize 
at  one  step  its  nursing  department,  but  during  the  winter 
and  spring  of  1800  ev(*rv  fact  was  fitted  into  its  appn)- 
priate  place  as  a  precedent  and  guide  for  rules  which 
w^ere  to  be  of  permanent  value. 

The  complete  organization  circular,  after  several 
months  of  consideration,  wtm  finally  a])proved  by  the 
Acting  S(.'cretary  of  War  on  July  20,' 1800,  and  issued  as 
Circular  No.  1  from  the  surgeon-general's  oflice.  In  this 
the  term  ** Nurse  Corps"  was  first  made  ofticial.  These 
niles  were  reissued,  after  slight  modification,  as  Circular 
No.  1,  Surgeon -General's  Ofiice,  March  0,  1000,  which 
reads  as  follows: 

Circular  No.  1,  8urge(m -General's  Office.  June  20, 
1800,  promulgating  regulations  governing  the  Army 
Nurse  Corps  (female),  is  amended  to  nrad  as  follows,  and 
is  republished  for  the  information  and  guidance  of  all 
<'onccmed : 

The  nurse  corps  shall  consist  of  chief  nurses,  nurses, 
and  reserve  nurses. 

The  surgeon-general  may  assign  female  nurses  to  duty 
at  all  army  hospitals  where  the  cases  treated  are  of  sucli 
character  as  to  retjuire  the  cjire  of  trained  nurses.  Vnder 
ordinary  conditions  not  more  than  two  will  hd  assigned 
to  a  hospital  having  less  than  twenty  beds. 

A  medical  officer  requiring  the  services  of  female 
nurses  at  a  hospital  will  make  application  to  the  surgeon- 
general  through  the  chief  surgeon  (see  paratrraph  on 
•*  Transfers"). 

At  each  hospital  to  which  nurses  are  assigned  one  of 
them  shall  be  a  chief  nurse,  appointed  by  the  surgeon- 
general. 

Women  not  under  anny  contract  will  not  be  permitted 
to  serve  as  nurses  in  army  hos])itals  unless  in  an  unfore- 
seen emergency,  and  in  such  case  the  medical  officer  in 
charge  of  the  hospital  will  immediately  report  the  fact  to 
the  surgeon -general  for  his  action. 

Appointment. — To  b(^  a])poinle(l  in  the  ariTiy  a  nurse 
must  be  (pialified  therefor  ])liysically,  mentally,  and  mor- 
ally, as  hereinafter  provi<led : 

i.  She  must  present  a  ])liysi('ian's  certificate  of  health 
on  a  blank  form  which  will  be  furnished  by  the  surgeon- 
general. 

2.  She  must  be  a  graduate  from  a  training  school  for 
nurses  which  gives  a  tliorough  jirofessional  education. 
both  theoretical  and  practical,  and  recpiires  at  least  two 
years'  residence  in  a  hospital. 

3.  She  must  be  indorsed  by  the  present  superintend- 
ent of  nurses  at  the  hospital  from  which  she  graduated 
and  also  by  the  one  under  whom  she  was  trained.  Blanks 
for  these  indorsements  will  b»»  furnished  by  the  surgeon- 
general  and  are  to  be  returned  directly  to  him. 

4.  She  must  l>e  a  citizen  of  the  United  States. 


These  provisions  ma}'  be  waived  in  part  in  the  caa« 
of  dietists,  of  immunes  to  yellow  fever,  and  of  nuran 
who  luive  rendea'd  satisfactory  army  service  daring  the 
Spanish-Ameriean  war. 

[Note. — Nurses  art*  not  appointed  under  the  age  of 
twenty-five,  but  in  order  to  receive  correct  information,  it 
has  been  found  n(*cessary  not  to  publish  this  rule  in  the  cir- 
cular. Tlie  application  card  blank,  which  is  furnished  all 
trained  applicants,  asks  the  name,  address,  date  and  plice 
of  birth,  color,  height,  weight,  whether  siuele.  married, 
or  widow,  and  other  questions,  the  principal  ones  beine: 
Are  you  a  graduate  of  a  training  school  for  nurses?  If 
so,  what  school  and  what  year?  What  other  hospital 
experience  have  you  had  ?  liave  you  nursed  continuoiulj 
since  graduation?  If  not,  what  has  been  your  occupa- 
tion ?  Wliat  experience  have  you  had  in  Invalid  cookeiyp 
and  have  you  had  yellow  fever?] 

Tirm  of  Scrrice  and  Annulment  of  Contract. — ^Whena 
nurse  on  the  eligible  list  is  appointed  for  active  service, 
she  signs  a  contract  to  serve  for  at  least  one  year,  unle» 
sooner  discharged. 

When  appointed,  a  nurse  is  considered  as  on  probatioii 
reganling  her  fitness  for  army  dut}',  and  if  not  found  ac- 
ci'ptable  will  be  recommendefl  for  annulment  of  contnct 
by  the  chief  nurse.  Such  recommendation,  approved  or 
disapprov(*d  by  the  me<lical  #flicer  in  charge  of  the  hos- 
pital, will  be  forwarded  to  the  surgeon-general. 

The  contract  of  a  nurse  will  not  be  annulled  at  her  own  re- 
quest except  for  good  rt>ason,  presented  in  writing  and  for- 
wanledtothe  surgiKm -general  through  the  chief  surgeon. 

When  a  medical  officer  has  more  nurses  tlianare  needed 
at  his  hospital  he  will  report  the  fact  to  the  surgeon-gen- 
eral, if  the  hospital  is  in  the  United  States;  otherwise  he 
will  report  it  to  the  chief  surgeon  of  the  department  If 
the  surge<m-general  or  chief  surgeon  does  not  transfer 
the  surplus  nurses  to  another  hospital,  they  will  not  be 
grant(Ki  a  leave  of  absence,  but  will  be  ordered  to  their 
liomes  to  report  to  the  surgeon-general  for  annulment  of 
contract.  The  medical  oflBcer  requesting  or  issuing  sudi 
ord(?rs  will  immediately  forward  a  copy  to  the  surgeon- 
general,  stating  in  full  the  reason  for  his  action,  and  he 
will  also  forwanl  the  special  efficiency  report  prepared 
by  the  chief  nurse. 

*He  will  indoi-se  on  the  nurse's  contract  the  date  of  her 
departure  from  the  hospital  and  the  date  to  which  she 
was  last  paid,  and  direct  her,  on  arrival  home,  to  forward 
it  to  the  surgeon -gencrral  and  n*port  for  annulment  of 
contract  or  orders.  All  contracts  will  be  annulled  by 
the  surgeon -general  (or  by  his  order),  who  will  ^x  the 
date  thereof.  A  nurse  will  not  be  entitled  to  commuta- 
tion of  rations  while  awaiting  annulment  of  contract. 

If  a  nurse  prefers  to  have  her  contract  annulh^d  with- 
out returning  home,  no  orders  will  be  issued  in  her  case 
and  no  transportation  will  be  funiished.  as  she  cannot 
receive  or  use  transportation  orders  after  annulment. 

Pa  If. — For  s(»rvice  in  the  United  States  a  nurse  will  be 
paid  $40  a  month,  and  in  Culm,  Porto  Rico,  the  Ha- 
waiian Islands,  or  Philijijiine  Islands,  $oO  a  month. 

All  cluj'f  nurses  receive  the  same  allowances  as  nurses. 
and  where  less  than  five  nurses  are  constantly  serving  at 
a  hospital,  the  chief  nurse  does  not  receive  increased  pay. 
Where  five  or  more,  and  less  than  ten,  are  constantly 
serving,  the  chief  nurse  receives  $10  a  month  more  than 
the  nurses.  Where  ten  or  more  are  constantly  serving, 
she  receives  $25  a  month  more  than  the  nurses.' 

Accrounts  for  the  ]iay  of  nurs<'S  under  contract  will  be 
]irepared  by  the  officer  under  whose  direction  they  may 
l>e  serving,  upon  vouchers  (Form  4)  in  duplieate,"  prop- 
erly certified  by  the  officer  in  charge  and  signed  bv  the 
nurse  and  forwarded  to  a  disbursingoflicer  for  settlement. 
No  payments  to  nursc^s  will  be  made  on  pay  rolls. 

Vouchers  will  be  ]ire]mred  and  forwarded  at  the  end 
of  each  month,  upon  the  annulment  of  contract,  upon 
transfer  to  another  station  and  upon  departure  on  leave 
of  absence  or  by  order:  the  date  of  last  payment  and  by 
whom  paid  will  l>e  stated  on  each  vouclier,  and  upon 
final  voucher  the  date  of  annulment  of  contract. 

In  preparing  vouchers  the  officer  will  certify  only 
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to  time  of  service  aod  amount  due  the  nurse  while  said 
Durse  has  been  on  duty  at  the  hospital  under  his  charge ; 
•except,  that  upon  the  presentation  of  an  order  for  trans- 
fer to  said  hospital,  or  a  leave  of  absence  from  which  a 
nurse  has  returned  (if  said  leave  of  absence  is  with  pay), 
the  officer  will  take  up  on  the  voucher  and  credit  the 
nurse  with  the  amount  due  for  the  period  covered  by 
said  order  or  leave  of  sbsence. 

The  nurse's  copy  of  her  contract  will  in  all  cases  ac- 
company vouchers  when  presented  for  payment,  and  will 
be  returned  to  her  with  the  check  when  received  from 
the  disbursing  officer. 

Disbursing  officers  will  note  all  payments  on  the  con 
tracts  of  nurses,  and  will  forward  to  this  office,  on  in- 
formation slip,  the  name  and  amount  paid  to  each,  and 
for  what  period  paid. 

Disbursing  officers  must  be  careful  not  to  make  pay- 
ments in  advance. 

New  contracts  (in  quadruplicate)  will  be  made  with 
each  nurse  when  for  any  reason  the  rate  of  pay  is 
changed,  two  copies  to  be  forwarded  to  this  office,  with 
the  oath,  one  copy  to  be  given  to  the  nurse,  and  one  to 
be  retained  by  the  officer  making  the  contract.  The 
Christian  names  and  surname  of  the  nurses  must  be  given 
in  the  contract,  and  her  signature  must  correspond  there- 
with. The  new  contracts  will  be  exact  copies  of  the  old 
contracts,  with  the  exception  of  the  change  in  the  rate 
of  pay. 

Transportation. — A  nurse  cannot  leave  her  station  ex- 
cept when  ordered  to  do  so,  or  when  granted  a  leave  of 
absence. 

Before  starting  on  a  journey  at  public  expense  she 
must  receive  a  written  order  from  the  proper  authority, 
together  with  an  order  for  her  railway  ticket  and  sleeper 
(or  accommodations  on  a  transport  or  other  vessel).  She 
must  also  have  the  date  of  her  departure  and  the  time  to 
which  she  was  last  paid  indorsed  on  her  contract. 

Wlien  travelling  under  orders  no  delay  in  starting  and 
no  stop-over  privileges  are  allowed. 

A  nurse  returning  from  service  outside  of  the  United 
States  will  usually  be  furnished  transportation  to  New 
York  or  San  Francisco,  On  arrival  in  either  city  she 
will  proceed  to  the  Army  Building,  where,  on  presenta- 
tion of  her  travel  order,  she  will  be  furnished  transporta- 
tion to  her  destination. 

Transportation  will  not  be  furnished,  nor  will  travelling 

•expenses  be  allowed,  for  any  journey  which  a  nurse  may 

take  w^hile  on  leave  of  absence,  except  tliat  if  she  goes  to 

and  from  the  United  States  she  may.  if  practicable,  be 

-authorized  to  travel  on  a  Government  transport. 

Nurses,  whether  still  in  the  service  or  not,  will  be  re- 
imbursed either  by  the  Quartermaster's  Department  or 
by  the  auditor  for  the  War  Department  for  incidental 
expenses  incurred  in  any  journeys  under  orders.  An 
itemized  account,  not  to  exceed  $2  for  each  day  of  travel, 
must  be  prepared  in  duplicate  and  certified  to  before  a 
notary.  Blank  No.  13,  Quartermaster-General's  Office, 
may  be  used  for  this.  When  possible,  receipts  for  ex- 
penditures are  to  be  appended,  and  the  whole  is  to  be 
lorwarded  to  the  Quartermaster  General,  War  Depart- 
ment, Washington,  D.  C,  or  to  the  nearest  quarter- 
master, for  settlement.  In  all  cases  the  nurse  must  fur- 
nish her  copy  of  the  order  in  obedience  to  which  she 
travelled,  and  if  she  was  not  given  such  copy  (or  has  mis- 
laid it),  she  must  obtain  it  by  application  to  the  officer 
who  directed  her  return  home.  This  application  may  be 
enclosed  in  an  envelope  addressed  to  the  surgeon -general 
of  the  army,  who  will  forward  it  to  the  officer  for  com- 
pliance with  her  request. 

Leave  of  Absence. — The  total  duration  of  leave  of 
absence  with  pay  granted  a  nurse  shall  not  exceed  thirty 
days  in  each  calendar  year,  regardless  of  length  of  service. 

The  surgeon-general  or  chief  surgeon  of  a  military  de- 
partment or  of  an  army  corps,  or  the  commanding  officer 
of  a  general  hospital,  or  surgeon  in  charge  of  a  hospital, 
may  grant  leaves  of  absence  to  a  nurse  when  it  can  be 
done  without  detriment  to  the  service.  No  leave  of  ab- 
-aenoe  will  be  granted  unless  requested  by  the  nurse  in 


writing.  The  nurse  must  furnish  her  cop}'  of  contract, 
on  which  the  length  of  leave  of  absence,  if  granted,  and 
whether  with  or  without  pay,  will  in  all  cases  be  in- 
dorsed. The  officer  will  give  to  the  nurse  the  paper 
granting  the  leave  of  absence,  but  will  not  furnish  her 
orders  on  which  she  may  secure  transportation.  The 
facts  will  be  reported  to  the  surgeon-general  on  informa- 
tion slip. 

When  a  leave  of  absence  is  granted  to  a  nurse  on  insular 
service,  the  time  which  may  be  spent  in  travelling  to  and 
from  the  United  States  will  not  be  counted. 

A  nurse  on  leave  of  absence  in  the  United  States  will 
report  the  fact,  in  writing,  to  the  surgeon-general  at  least 
one  week  prior  to  the  expiration  of  said  leave. 

At  the  close  of  her  leave  of  absence  a  nurse  must  re- 
port in  person  at  her  station,  if  in  the  United  States, 
otherwise  to  the  Army  Building  at  the  port  from  which 
she  is  to  embark  for  her  station. 

Special  leaves  of  absence  without  pay  may  be  granted 
under  exceptional  conditions,  but  shallnot  exceed  thirty 
days  at  any  one  time,  unless  by  authority  of  the  surgeon 
general.  At  places  where  the  services  of  trained  nurses 
are  not  otherwise  obtainable  a  nurse  may,  if  she  so  de- 
sires, and  with  the  approval  of  the  medical  officer  in 
charge  of  the  hospital,  be  granted  leave  of  absence  with- 
out pay  in  order  to  take  a  private*  case. 

An  extension  of  leave  of  absence  may  be  granted  by 
the  same  officer  and  under  the  same  conditions  as  the 
original  leave  of  absence,  or  it  may  be  extended  by  the 
surgeon-general. 

Illness. — A  nurse  is  entitled  to  receive  medical  attend- 
ance and  medicines  when  ill.  So  far  as  possible  this  will 
be  provided  for  at  each  hospital  where  she  may  be  serv- 
ing, but  when  it  is  reported  as  desirable  the*  surgeon- 
general  (or  chief  surgeon  within  his  department)  may 
give  orders  for  a  nurse's  transfer  to  and  treatment  in 
some  other  army  hospital.  Bills  contracted  by  a  nurse 
for  medical  attendance  cannot  be  allowed,  nor  will  extra 
leave  of  absence  with  pay  be  granted  because  of  illness. 

The  contract  of  a  nurse  who  becomes  ill  while  in  the 
service  will  not  be  annulled  during  such  illness,  unless 
at  her  own  request,  but  if  she  so  desires  she  may  be 
ordered  to  her  home  to  await  annulment  of  contract. 

Transfers. — When  the  necessities  of  the  service  require 
it,  nurses  will  be  transferred  from  one  hospital  to  another. 
A  nurse  ordered  to  duty  outside  of  the  United  States  will 
usually  be  expected  to  remain  at  least  a  year.  Ordera 
for  transfere  will  be  issued  by  the  surgeon -general,  ex- 
cept that  where  a  chief  surgeon  has  jurisdiction  over 
more  than  one  hospital  he  may  order  transfere  between 
them,  reporting  the  fact  immediately  to  the  surgeon- 
general. 

Quarters. — Nurses  will  be  furnished  rooms  or  tents  for 
sleeping,  according  to  the  accommodations  available  at 
each  hospital,  and  where  there  are  several  nurses,  one 
room  or  tent  will  be  provided  as  a  common  sitting-room. 

Sheets,  towels,  pillow-cases,  table  linen,  and  other 
wasliable  articles  furnished  by  the  hospital  for  the 
nurses'  use  will  be  washed  as  part  of  the  hospital  laundry. 

liaiions. — A  nurse  is  entitled  to  one  ration  in  kind  or 
commutation  therefor,  as  stipulated  in  the  contract. 

Nurses  will  be  served  in  a  separate  dining  room,  if 
possible,  and  if  their  number  warrants  it:  otherwise  at 
different  houra  from  men  using  the  same  room.  They 
are  entitled  to  the  use  of  table  Imen  which  is  supplied  to 
hospitals. 

A  nurse  while  on  leave  of  absence  will  be  allowed  com- 
mutation of  rations  at  the  rate  of  twenty -five  cents  a  day. 
To  obtain  this  she  must  apply  to  the  Commissarv  General 
of  Subsistence,  U.  S.  Army,  War  Department,  Washing- 
ton, D.  C,  or  to  any  commissary  officer.  In  any  case 
she  must  furnish  her  official  leave  of  absence,  which  is  to 
be  retained  by  the  officer  making  the  payment. 

Reports  arid  Returns. — If  tlie  nurses  assigned  to  any 
hospital  are  too  few  or  t(K)  many,  the  medical  officer  in 
charge  thereof  will  report  tliat  fact  to  the  surgeon-gen- 
eral. 

Every  change  in  the  status  of  nurses,  such  as  arrival. 
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departiiri*,  U^ves  of  absence  granted,  orders  given,  deatli, 
etc  ,  will,  on  the  day  of  its  occuntfnce,  be  reported  to  the 
surgeon  general  by  the  medical  otflccr  in  charge  of  a  hos- 
pital. Information  slips  will  be  used  for  this  purpose, 
giving  Christian  names  and  surname  in  each  instance. 

On  the  last  day  of  each  month  the  medical  officer  in 
charge  will  forward  a  n?tum  of  female  nurses  under 
contract  to  the  surgeon -general,  through  the  chief  sur- 
geon, on  blank  form  furnished  by  this  office 

He  will  forward  directly  to  the  surgeon  general  the 
efficiency  reports  prei>are(rby  the  chief  nui-se,  and  will 
indoi*se  thereon  his  remarks' stating  whether  or  not  he 
concurs  in  th(»  grading  reporteil  by  her  lie  will  also 
indorse  <m  it  his  report  of  the  efflciencrv  of  the  chief 
nurst*.  specifying  in  detail  the  character  of  the  services 
renden'd  by  lier. 

UniforiH. — The  uniform  of  the  army  nurse  corps 
(female)  consists  of  a  white  linen  shirt  waist  and  apn)n, 
with  skirt,  necktie,  and.  if  needed,  a  short  jacket  of 
army  blue  galatea.  A  nurse  provides  for  the  laundry  of 
her  uniforms.  A  clii(?f  nui'st'  shall  wear  a  red  silk  sash 
knotted  around  the  waist,  with  or  without  the  a]>ron 

Tlie  badge  of  the  corps  is  the  cross  of  the  medirtU  de- 
partment in  red  eminieK  with  gilt  edge.  This  is  pinned 
on  the  left  side  of  the  collar  of  the  uniform  or  on  a  cor- 
responding part  of  her  dress  wlurn  she  is  not  in  uniform. 

When  a  nurse  is  appointe<l  she  will  be  supplied  with 
detailed  instructions  on  this  subject,  and  will  immediately 
procure  her  uniform.  It  will  invariably  Ik;  worn  during 
her  houi*s  of  duty. 

Exceptions  to*  the  rules  regarding  uniform  may  be 
made  by  the  surgeon  general  when  deemed  desirable. 

Dutits  of  It  Xni'ite. — A  nurse  will  study  and  conform  to 
the  rul<*s  of  militiiry  dis<.*ipline  and  obey  strictly  and 
without  delay  any  onler  which  may  be  given  her  by  her 
superior  officrrs  or  her  chief  nurse.  A  nurse  will  famil- 
iarize herself  with  the  details  of  this  circular,  of  which 
she  will  retain  a  copy,  and  will  study  such  portions  of 
the  "  Anny  Kegulaticms  "  and  "  Manual  for  the  Medical 
Department"  (which  are  in  the  custo<ly  of  the  chief 
nurse)  as  relate  to  the  performance  of  her  duties. 

When  required  by  the  climate  the  chief  nurse  may, 
with  the  approval  of  the  medical  offiwr  in  charge,  sub- 
.stitute  the  eight  hour  day  for  the  usual  ten  or  twelve 
hours  of  ward  duty. 

If  a  hospital  is  large  enough  to  require  it.  one  or  more 
nurst^s  mav  be  assigned  to  duty  as  a.ssistants  to  the  eliief 
nurse,  an(f  if  several  nurses  arr  on  night  duty,  one  will 
act  as  cliief  night  nurse. 

A  nurse  will  not  rec-eive  presents  from  patients  or  from 
the  rclativi's  or  friends  of  patients. 

A  nurse  nuist  carefully  ]»n's«'rv('  lur  eo]>y  of  contract 
and  present  it  to  the  proper  ollleer  for  indorsement 
whenever  sIh*  is  paid,  or  given  orders,  or  granted  l<*ave 
of  absence,  or  her  contract  is  annulled 

Duti'St. — When  assigned  to  duty  as  a  (lieti«^t.  a  nurs<» 
will  have  the  supervision,  under  the  direction  of  the 
medical  oilieer.  of  tin*  ]>reparation  of  food  intended  for 
patients  unai)le  to  eat  the  usual  ration  She  may  also  Ik.' 
required  herself  to  prepare  such  food,  or  to  instruct  en- 
listed men  in  its  preparation,  or  to  attend  to  the  drawini; 
of  rations  or  prei)aration  of  food  f«u-  tin*  nurses,  or  t<» 
perform  such  duties  as  may  Ix*  as>iirned  to  her  by  the 
chief  nurse,  with  th(»  ap])roval  oi  th<'  medical  olHcer  in 
charge;  the  whole  to  be  regulated  hy  the  si/e  and  re- 
quirements of  each  hospital. 

Chief  Xuvfte. — The  surgeon-general  will  appoint  as 
many  chief  nurses  as  mav  Ik?  nec(^s;irv.  hv  promotion 
from  the  grade  of  nurse;  such  np|)ointres  to  be  ndticed 
if  unsatisfactory  or  if  a  less  uumlKr  of  chief  nurses  are 
required. 

If  at  any  hospital  one  (or  nnuc)  of  the  nurses  j)roves 
Iwrself  possessed  of  marked  executive  ahiliiy.  good 
judgment,  and  tact,  she  should  be  rccoinn\end( d  f(»r  |)ro- 
niotion  by  the  chief  nurse  and  medic  al  c^llicer  in  charire. 

When  \\  vacancy  occurs,  an  eligible  nur>e  will  be  ap 
pointe<l  chief  nurse  by  the  surgeon- ireneral. 

Duties. — The  position  of  chief  uur.se  is,  so  far  as  army 


conditions  pi'rmit.  equivalent  to  that  of  a  superintendent 
of  nurses  in  a  civil  hospital.  It  is  her  duty  to  supervise 
the  ward  work  of  the  nurses  and  sec  that  it  is  kept  up  U> 
the  highest  standard,  to  regidate  the  nurses*  hours  and 
assign  each  to  her  specific  duty  She  will  attend  to  their 
comfort  and  welfare,  and  8t»e  that  they  receive  proper 
attention  when  ill,  and  will  be  responsible  for  their 
dignified  and  discreet  conduct.  Siie  mav  make  such 
rules  for  them  as  are  approved  by  the  meclical  officer  in 
charge,  and  will  see  that  the  provisions  of  this  circular 
and  the  directions  of  the  medical  officer  are  faithfully 
canned  out. 

The  chief  nurse  will  render  efficiency  reports  of  the 
nurses  serving  under  her  on  the  la.st  day  of  March.  June. 
Septemlwr.  and  December  of  each  year.  A  similar  re- 
port will  be  made  when  she  is  al)out  to  leave  a  hospital, 
and  whenever  she  may  consider  it  desirable  or  it  may  be 
onlennl  by  the  surgeon -general.  Special  efficiency  re- 
ports of  an  individual  nui"se  will  be  made  whenever  one 
is  onleitHl  away  from  the  ho.spital.  or  one  whenever  the 
chief  nurse  dee'ms  it  desirable.  •  Blanks  for  efficiency  re. 
ports  will  be  furnished  by  the  aurgecm -general. 

In  smaller  hospitids,  according  to  the  circumstances  in 
each,  the  surgeon  may  assign  her  additional  duty,  either 
in  the  wards  or  in  charge  of  the  linen  room,  or  as  dictist. 

She  will  familiarize  lierself  with  the  "  Army  Regula. 
tions"  and  the  ** Manual  for  theMi*dicai  Department."  so 
far  as  they  affect  her  duties,  and  will  keep  copies  of 
these  lKH)ks  for  consultation  by  tlie  nurses. 

All  reports  will  be  addressc>d  to  the  surgeon  general 
and  forwarded  throu^  the  medical  offictT  in  charge. 
Any  communicati(m  requesting  or  involving  the  issuing 
i)i  orders  is  official  and  will  follow  the  same  cliannel. 

Roieree  ynr»es. — A  certain  number  of  nurses  who  have 
rendered  at  least  four  months'  satisfactory  service  in  the 
army  will  be  appointed  reserve  nurses. 

Each  reserve  nurse  will  sign  an  agreement  to  enter 
active  service  wherever  required  and  to  report  by  letter 
to  the  surgeon -general  on  the  1st  of  January  and  the  1st 
of  July  of  each  year,  and  at  other  times  if  required. 
Res(.»rve  nurses  wear  tlie  badge  of  the  army  nurses,  but 
are  not  paid  except  when  cm  duty 

When  as.signeil  to  acti\"fe  duty,  they  will  be  subject  to 
all  established  rules  and  regulations  and  will  receive  the 
liay  and  allowances  of  nurses  on  the  active  list.  On  re- 
turning to  her  home  from  active  duty,  a  re-serve  nurse 
will  be  granted  eight  (H)  days'  leave  of  absence  with  pay, 
in  additi<m  to  that  to  which  she  may  otherwise^  be  entitleti. 

A  nurs(?  will  be  dropped  from  the  rc^serve  list  upon 
reachinii:  the  aire  of  fortv-tivt;  years,  or  if  she  ceases  for 
five  years  to  practis(*  her  profession,  or  if  she  becomt»s 
incapacitated  from  ill  health,  or  for  any  other  good  and 
sufficient  reason.  But  a  nurse  shall  not  Ix?  drop]>e<l  from 
the  reserve  list  without  infonuation  being  funiished  her 
of  the  Cause  for  such  action  and  an  opportunity  being 
given  her  to  reply  to  any  charges  which  may  have  been 
made  against  her 

The  official  section  ivgarding  reserve  nursi»s  is  consid- 
ered one  of  the  most  important  in  the  circular.  For 
practical  puri)oses  reserves  may  e.v press  their  preference 
as  to  whether  they  desire  early  a.ssignment  to  active 
duty  or  whether  they  wish  to  be  called  upon  only  in  time 
of  war  or  national  emergency. 

T^-actical  experience  during  and  since  the  Spanish  war 
has  demonstrated  the  necessity  of  having  a  competent 
chi<'f  nurse  at  each  lios])ilal,  the  existence  of  a  hea<l  Indng 
as  iinjjortant  among  the  nurses  as  it  is  in  other  parts  of 
the  military  organization. 

One  of  the  most  useful  duties  to  which  nurses  have 
been  a^siirned  is  that  of  instructing  hos{)ital  corps  men 
in  practical  nursing  and  in  cooking.  This  is  being  done 
in  some  oi  the  army  hospitals,  and  notably  also  in  the  two 
schools  for  hospital  corps  men  at  Washington  Barracks. 
^^'a<hinirton.  D.  C,  and  at  Angel  Island,  California. 
Since  the  sumnior  of  l^<yi)  a  trained  nurse  has  been  on 
duty  at  each  of  these  schools  as  in.structor  in  the  prt»para- 
tioii  of  diet  for  the  sick.     Fifteen  lessons  are  given,  of  an 
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liour  each,  and  the  whole  work  is  adapted  to  army  use, 
including  not  only  the  preparation  oi  liquid  and  light 
diets  from  hospital  stores,  but  the  utilization  of  the  ordi- 
nary and  the  travel  rations  for  the  sick.  A  pamphlet 
entitled  **  Emergency  Diet  for  the  Sick  in  the  Military 
Service,"  containing  recipes  which  are  taught  practically 
at  these  schools,  has  been  published  and  issued  to  army 
hospitals. 

In  the  spring  of  1900  one  of  the  chief  nurses  was  for 
the  first  time  assigned  to  temporary  duty  as  inspector  of 
nursing  at  certain  hospitals  where  women  arc  stationed. 
This  plan  will  probably  be  adopted  whenever  need  there- 
for arises. 

The  spring  of  1900  finds  a  few  nurses  still  on  duty  in 
-Cuba  and  a  few  at  post  and  general  hospitals  in  the 
United  States,  the  largest  number  being  forty  on  duty  at 
San  Francisco.  About  one  hundred  aud  forty  nurses  are 
serving  at  the  various  hospitals  in  the  Philippine  Islands, 
on  the 'hospital  ship  Reliff,  and  on  transports  in  the 
Pacific  ocean.  It  has  been  found  desirable,  whenever  pa- 
tients are  returned  from  the  Philippines,  to  place  at  least 
two  women  nurses  on  the  transport  which  carries  them. 

It  is  desirable  to  compare  the  above  history  of  the  army 
nurse  corps  during  and  since  the  Spanish -American  war 
with  conditions  which  prevail  elsewhere.  In  Europe,  as 
a  general  rule,  a  limited  number  of  women  nurses  are 
employed  in  army  hospitals  in  time  of  peace,  and  pro- 
vision is  made  through  religious  and  secular  channels 
for  a  large  increase  in  case  of  war.  In  England,  the 
regular  nurses  and  also  the  reserve  nurses  belonging  to 
the  "Army  Nursing  Service"  are  secular,  but  on  the 
Continent  the  women  so  employed  are  membere  of  the 
religious  sisterhoods.  In  our  country  the  Catholic  ordere 
have  but  a  comparatively  small  surplus  beyond  their 
own  needs.  The  Red  Cross  societies  of  foreign  countries 
«Te  great  organizations  under  government  control, 
through  which  all  civil  aid  to  the  army  must  come;  but 
we  have  nothing  similar  to  them  in  the  United  States, 
nor  are  they  indeed  altogether  compatible  with  the  liberal 
instincts  of  our  people. 

In  our  civil  war  Miss  Dorothea  Lynde  Dix  held  the 
I>osition  of  superintendent  of  women  nurses,  although 
that  appointment  carried  with  it  no  definite  ofiicial  status 
and  no  salary.  The  profession  of  the  trained  nurse  did 
not  exist  at  that  time,  and  nurses  were  selected  by  Miss 
Dix  for  army  contracts  largely  on  account  of  their 
matronly  age  and  manners.  A  notable  proportion  of  the 
nuraing  during  the  civil  war  was  done  by  women  who 
were  never  officially  appointed  or  paid. 

When  the  United  States  again  finds  itself  on  the  eve 
of  war  it  is  most  desirable  tbat  admission  to  army  hos- 
pitals should  be  absolutely  limited  to  graduate  nurses 
holding  ofiicial  appointments.  If  at  that  time  we 
should  have  reverted  to  conditions  similar  to  those  exist- 
ing at  the  Iwginning  of  the  Spanish -American  war,  it 
would  be  necessary  promptly  to  appoint  a  woman  as 
superintendent  of  the  army  nurse  corps  It  is  eminently 
desirable  that  this  appointee  should  hold  a  commission 
.as  an  ofllcer  of  the  army,  and  in  order  to  do  this  she 
would,  under  present  laws,  necessarily  be  a  physician. 
Her  principal  assistant  should  be  a  trained  nurse,  who 
would  remain  in  the  surgeon  general's  office  and  have 
■charge  of  the  details  regarding  the  selection  of  nurses. 
The  superintendent  herself  should  have  direction  of  the 
organization  of  the  service,  subject  to  instructions  given 
her  by  the  surgeon  general,  and  should  have  authority 
to  travel  as  much  as  might  be  necessary  to  secure  the* 
establishment  of  the  service  on  a  thoroughly  satisfactory 
foundation.  It  is,  however,  unquestionably  better  for 
the  army  to  maintain  in  time  of  peace  the  nucleus  of 
what  it  will  need  in  time  of  war,  and  it  is  hoped  that  the 
existing  army  nurse  corps,  organized  as  above  outlined, 
may  serve  as  such  a  nucleus. 

Anita  Newcomb  McGee. 

ARMY  TRANSPORT  SERVICE.— "The  Quartermas- 
ter'g  Department  of  the  United  States  Army  is  charged 
with  the  duty  of  providing  means  of  transportation  of 


every  character,  either  under  contract  or  in  kind,  which 
may  be  needed  in  the  movement  of  troops  and  material 
of  war.  It  furnishes  all  public  animals  employed  in  the 
service  of  the  army,  the  forage  ccmsumed  by  them, 
wagons  and  all  necessary  articles  for  their  use  except  the 
equipment  of  cavalry  and  artillery.  It  furnishes  cloth- 
ing, camp  and  garrison  equipage,  barracks,  storehouses, 
and  other  buildings ,  constructs  and  repairs  roads,  rail- 
ways, and  bridges;  builds  and  chartera  ships,  boats, 
docks,  and  wharves  needed  for  military  purposes,  and 
attends  to  all  mattere  connected  with  military-  operations 
which  are  not  expressly  assigned  to  some  other  bureau 
of  the  War  Department.  Subsistence,  ordnance,  signal, 
medical,  and  hospital  stores  are  i)rocured  and  issued  by 
other  bureaus  of  the  War  Department,  but  the  Quarter- 
master's Department  transports  them  to  the  place  of 
issue  and  provides  storage  for  their  preservation  until 
consumed.  When  troops  are  moved  suitable  transporta- 
tion is  provided  by  this  department  On  railways  the 
accommodation  afforded  by  tourists*  sleeping  care  (a  seat 
by  day  and  a  berth  by  night  for  each  soldier)  is  fur- 
nished whenever  practicable.  On  transports  cabin  pas- 
sage is  furnished  to  ofllcera  and  reasonable  and  proper 
accommodations  for  the  troops,  and  when  practicable  a 
separate  apartment  for  the  sick  "  Provision  is  also  made 
by  Army  Regulations  for  the  transportation  by  land  and 
sea  of  the  authorized  allowance  of  baggage  of  troops  and 
for  the  animals  employed  in  the  public  service.  These 
regulations,  general  in  their  nature,  established  by  order 
of  the  President  through  the  Secretary  of  War.  are  in 
their  details  extended  by  the  quartermaster  general  act- 
ing under  the  authority  of  the  Secretary. 

The  Army  Transport  Service  under  the  foregoing  Regu  - 
lations  existed  only  as  a  subdivision  of  the  multifarious 
duties  performed  by  officere  of  the  Quartermaster's  De- 
partment, having  no  special  and  separate  organization. 
It  now  operates  as  a  division  of  that  department  under 
special  regulations,  having  assigned  to  it  ofiilcera  and 
men  of  other  branches  of  the  service  associated  with  civ- 
ilian employees  of  various  grades.  It  is  an  outgrowth  of 
the  Spanish  war.  and  is  yet  in  some  of  its  features  and 
details  in  process  of  development  for  adaptation  to  the 
war  now  in  progress  in  the  Philippines. 

At  the  outbreak  of  the  war  with  Spain  the  only  trans- 
ports available  for  moving  troops  oversea  were  ships  of 
the  merchant  marine  (save  an  occasional  loan  by  the  navy) 
hastily  and  temporarily  refitted  for  the  accommodation  of 
soldiefs  and  such  of  the  converted  navy  cruisere  as  might 
be  spared  by  the  navy  for  their  service  During  the 
progress  of  the  war.  and  especially  in  view  of  extensive 
and  protracted  military  operations  in  the  Philippines,  it 
became  apparent  that  for  long  voyages  a  special  organi- 
zation and  equipment  was  requisite  to  insure  the  health 
and  consequent  eflUcieucy  of  the  troops  on  arrival  in  over- 
sea ports  in  tropical  waters.  A  boaitl  of  officere  was  ac- 
cordingly convened  by  the  War  Dejmrtment  in  the  month 
of  September,  1898,  for  the  purpose  of  formulating  Reg- 
ulations for  this  service.  The  boanl  submitted  its  report, 
which  received  the  approval  of  the  Secretary  and  was  pub- 
lished in  the  month  of  November  following.  Operations 
under  the  new  Regulations  began  without  delay.  A  num- 
ber of  steel  steamships  formerly  cliartered  became  the 
property  of  the  Government.  The  work  of  refitting  for 
oversea  troop  ships  those  of  the  fieet  having  the  greater 
power  and  tonnage  began  in  several  shipyards  on  plans 
prepared  or  accepted  by  the  department.  The  smaller 
vessels  acquired  and  intended  for  the  West  India  and 
coastwise  service  also  received  additions  and  altera- 
tions on  less  extensive  plans  adapted  to  the  shorter 
voyages. 

The  new  regulations  establislie<i  two  home  ports  or 
headquartere  for  the  Army  Transport  Service:  one  at 
New  York  for  the  Atlantic  traffic,  and  one  in  San 
Francisco  for  the  Pacific  traffic.  Each  home  port  is  to 
have  its  equipment  of  officere  and  emplovees  and  to  be 
provided  with  proper  terminal  facilities.  Ifhe  general  or- 
ganization of  both  divisions  is  as  follows,  the  personnel 
being  duplicated  in  the  two  home  ports: 
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1.  General  superintendent. 

2.  Assistant  to  general  suiH»rint<;ndent 

3.  Subsistence  superintendent. 

4.  Medical  superintendent. 

5.  Transport  quartermasters  and  commissaries. 

6.  Transport  surgeons. 

7.  Marine  superintendent. 

8.  Assistant  marine  superintendent. 

9.  Superintending  engineer. 

10.  Assistant  superintending  engineer. 

11.  Port  steward. 

12.  Quartennaster's  purveyor. 

13.  Chief  stevetlore. 

14.  Army  transport  agent  at  oversea  ports. 

The  duties  of  these  ot^icers  are  in  general  indicated  by 
their  titles.  The  general  superintendent,  required  to  be 
an  oftlcer  of  the  Quartennaster's  Department,  is  charged 
with  the  gen(»ral  administration  of  the  transport  service. 
The  assistant  sui)erintendent,  required  to  be  an  officer  of 
the  Quartennaster's  Dei>artment,  performs  the  duties  as 
signed  him  by  the  general  superintendent  and  acts  as  his 
deputy  during  his  absence.  The  duties  of  the  medical 
superintendent  an;  prescrilx'd  as  follows :  **  To  Im?  an  officer 
of  the  medical  department  of  the  army  stationed  with 
the  general  superintendent  and  acting  as  his  assistant  and 
profes-sional  adviser  in  all  matters  pertaining  to  the  hy- 
giene and  sanitation  of  the  transports  and  to  the  medical 
and  hospitiU  accomm(Klations  and  service  on  board.  He 
will  make  personal  and  minute  ins])ection  of  each  trans- 
port on  arrival  and  prior  to  departure,  and  will  submit  to 
the  general  superintendent  such  recommenda lions  rela- 
tive tosanitation  and  hospital  equipmentas  he  may  deem 
needful.  He  will  make  himself  familiar  with  all  the 
quarantine  laws  and  facilities  that  mav  exist  at  home  and 
in  foreign  ports,  and  be  rc^sjionsible  for  the  competency 
and  satisfactory  service  of  the  transport  surgeons  and  all 
other  emjiloyees  of  the  medical  department  of  the  trans- 
port service.  He  will  detain  and  make  proper  disposi- 
tion of  perscms  emlwirking  or  disembarking  having  infec- 
tious diseases,  and  will  provide  for  the  reception  and  c»irc 
of  disabletl  military  passengers,  and  make  t<>  the  subsist- 
ence superintendent  such  recommendations  relative  to 
the  food  supply  as  he  may  deem  a<lvisable." 

**  To  each  transport  is  assigned  a  transport  surgeon  who 
is  selected  or  appointed  with  special  reference  to  the  nerds 
of  the  transport  service,  and  under  the  direction  of  the 
medical  superintendent,  and  the  transport  quartermaster 
acts  as  the  medical  ollicer  of  the  ship.  He  is  responsible 
for  the  proper  hospital  ecjuipnient  and  (niedieai)  supplij-s 
of  the  vessel,  for  its  proper  and  thorouLrh  stinitatioii.  for 
the  care  and  treatment  of  the  sick  ainlinjun'd,  and  for  the 
Siitisfactory  service  of  the  hospital  employees  "  The 
transport  surgeon  is  also  cliarg^d  with  tlie  direction  of 
fumigating  the  ship  when  sucii  action  becomes  necessjiry 
by  the  ])res<'nce  of  infectious  diseases  on  boanl.  AVlien 
inspecticm  of  the  troops  on  boanl  under  arms  is  ordered, 
the  surgeon  attends  such  insju'ction  and  examines  tlie 
condition  of  the  men  to  ascertain  wlaMher  tliey  exhibit 
signs  of  disea.se.  He  is  njcpiired  to  make  a  daily  inspee 
tion  of  berth  and  lower  decks,  lavatories,  bathrooms. 
galleys,  and  the  hospital,  in  company  with  other  desiir- 
nated  officers  In  addition  to  other  (luties  i)res('ril)e<l  tnr 
him  by  the  transport  service  Keii:nlati<Mis  tlie  tnnisp(»rt 
surgeon,  acting  asa  medical  officer  of  tlie  aniiy.  is  Lrnided 
in  general  by  Army  Kegulations  and  by  such  special  in- 
structions as  he  may  from  time  to  time  receive  from  the 
medical  suix^rintendent.  Tln'  transport  surireon  is  sub- 
onlinate  to  the  transport  quartermaster,  who  has  <reneral 
charge  of  the  ship  and  su])ervision  of  the  conduct  and 
efficiency  of  the  ship's  otlicers  and  emi)loye<s  of  all 
grades  and  in  all  departments.  The  duties  of  transport 
commissary  are  ordinarily  performed  by  the  (juarter- 
master,  but  an  officer  of  the  sub.sistence  (le]>artment  may 
]>e  assigiu^l  to  both  functions. 

Tlie  ship's  company  is  divided  into  four  departments, 
viz.:  the  deck  d(?partmcnt,  the  engine  department,  the 
steward's  de])artment,  and  the  hospital  department ;  their 
functions  being  si>ecifically  set  forth  in  the  Kegulation.s. 


The  master  has  full  control  of  the  navigation  of  the  ship 
and  is  respon.sible  for  the  discipline  and  efficiency  of  the 
crew .  The  Regulations  provide  rule*  for  the  eml^rkation 
of  troops,  the  stowage  of  baggage,  and  for  the  routine  on 
board ;  for  convoys,  for  the  official  relation  between  the 
commander  of  the  troops  and  the  ship's  officers,  and  for 
the  disemljarkation  of  troops.  Especial  provision  is  made 
for  the  aire  of  the  water  supply,  the  messing  of  the 
troops,  protection  against  tire  at  sea,  and  the  maintenance 
of  cleanliness  on  Ixuird. 

Apart  from  the  general  duties  prescribed  in  the  origi- 
nal Itegulations  for  transport  surgeons  it  is  to  Ix*  noted 
that  the  organizHticm  and  equipment  of  the  niciiical  ser- 
vice of  the  transports  is  omitted.  No  hospital  facililit*. 
save  makeshifts,  existiKl  on  any  of  the  chartered  trans- 
ports in  the  Atlantic  division.  In  the  plans  for  refitting 
vessels  for  troop  ships  prepared  by  the  superintending 
engineer,  special  provision  is  now  made  for  hospitals  in 
all  ships  designed  for  oversea  service,  which  include  the 
fixtures  and  apparatus  of  a  complete  hospital  outfit  suffi- 
cient for  the  needs  of  a  regiment  in  transit  and  of  those 
of  the  ship's  company  requiring  hospital  service  during 
a  voyage  possibly  protracted  beyond  a  period  of  two 
months.  On  an  estimated  sick  list  of  five  per  cent,  of 
hospital  cases  of  all  on  board  not  provided  with  cabin 
accommodation,  hospital  accommodations  of  seventy-five 
Ix'ds  (not  including  field  cots  for  emergencies)  have  been 
installiHl  on  the  larger  an<l  later  troop  ships  despatched 
from  the  port  of  New  York  to  Manila. 

The  am<»nded  Regulations  provide  as  follows- 

^fedical  Dt-jmrtmeut. — ^The  hospital  is  under  the  charge 
of  the  transport  surgeon,  who  is  responsible  for  the  propt-r 
care  and  use  of  the  liospital  property  and  equipment  and 
for  the  discipline  and  instniction  of  tlie  hospital  attend- 
ants. The  hosi)ital  will  not  be  used  for  other  purposes 
than  for  the  accommodation  of  the  sick,  without  the  ap- 
proval of  the  transport  surgeon. 

The  personnel  of  the  medical  service  on  army  trans- 
ports will  be  detailed  from  the  medical  service  of  the 
army,  by  proper  authority,  on  the  recommendation  of 
the  meilictd  superintendent.  Transport  surgeons  will 
keep  a  n*cord  of  sanitary  inspections  and  during  each 
voyage  will  note;  1.  The  quality  and  quantity  of  the 
water  supply  of  the  vessel.  2.  The  quantity.'quality. 
and  cooking'  of  the  rations.  8.  The  ventilation  of  all 
berth  decks,  including  staterooms  and  the  hospital.  4. 
The  adequacy  and  cleanliness  of  the  bedding  and  cloth- 
ing. 5.  The  sanitary  c(mdi tion  of  bathrooms,  lavatories, 
closets,  and  storerooms.  6.  The  pn?valence  (or  absence) 
of  infectious  diseases  on  board. 

During  the  voyage  the  transport  surgeon  will  make  to 
the  transport  quartermaster  such  recommendations  for 
the  corni'tion  of  defective  Siinitation  on  board  as  may  be 
noted  during  inspections.  On  completion  of  the  voyage 
he  will  submit  a  stuiitary  report  ( Form  4 1 ,  31e<lical  Depart - 
]nent)of  the  vessel  with  cojues  of  special  reports  made 
during  the  voyage  and  the  action  of  the  transport  quar- 
termaster thereon. 

The  transport  surgeon  will  make  a  physical  exaniina 
tion  of  men  applying  for  shipment  with  the  crews  of 
army  transports.  re])()rting  to  the  tran.sport  quartcmitis 
t<T  on  their  physical  fitness  for  service  and  transmittius: 
to  the  medical  su])erintendent  (Form  31,  Medic4ilDep»irt- 
ment )  a  record  of  such  examinations. 

No  intoxicating  litpiors  of  any  kind  will  1h^  brought, 
or  secretly  used  on  board  by  any  enqdoyee.  and  no  issues 
of  any  intoxicating  litpior  will  be  made  to  employ«.*er4 
except  an  the  recommendaticm  of  the  transport  surgetm 
ai)]>r()ved  by  the  transport  quartermaster. 

The  sick  in  hospital  will  be  supplie<l  with  such  articles 
of  diet  as  mav  ho.  prescribed  bv  the  transport  surgeon 
under  (;  ().  ;J7.  A.  G.  O..  1H09.«  and  when  there  is  no 
special  diet  kitchen  aboard  ship  thest^  articles  will  be  fur- 
nished from  one  of  the  establisheil  me.s.ses.     The  trans- 


♦  Tliis  order  <*stal»ll.>4hes  r  credit  of  f»)rty  centi*  per  diem,  in  li«»uof  the 
rtitioii,  with  Uie  transport  commissary  for  eadi  soldier  reported  sick 
In  bospital. 
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port  commissary  will  designate  the  mess  from  which 
these  articles  will  be  supplied 

The  location  assigned  to  the  hospital  on  all  troop  ships, 
save  one,  is  the  after  iwrt  of  the  main  deck  (mess  deck) 
for  the  main  ward,  an  isolation  ward  being  built  over 
this  and  communicating  by  an  inside  hatchway  with  it. 
The  deck  plan  (main  deck)  is  shown  in  Plate  IX.,  Fig.  9, 
hereto  attachec^  In  the  forward  part  of  the  hospital 
there  are  partitioned  off  the  main  w^ard,  an  office,  dispen- 
sary, operating  room,  linen  room,  special  diet  kitchen, 
and  two  attendants'  rooms.  On  the  sides,  fore  and  aft, 
are  lockers  for  patients*  clothing.  The  after  part  is  par- 
titioned for  baths,  closets,  urinals,  and  laundry  tubs.  A 
storeroom  for  medical  supplies  is  placed  aft  and  l)elow 
with  a  liatchway  in  the  ward  through  the  main  deck. 
Above,  on  the  promenade  deck,  is  an  isolation  ward  of 
twelve  beds,  two  being  enclosed  for  the  treatment  of  re- 
fractory patients.  This  ward  is  provided  with  a  separate 
bath,  lavatory,  and  closets,  and  is  accessible  from  billow 
as  well  as  from  the  deck.  The  deck  floor  of  the  main 
ward  is  laid  over  with  cement  on  which  is  fixed  a  layer 
of  linoleum.  The  deck  floors  of  the  kitchen,  baths, 
dispensary,  and  operating  rooms  are  tiled.  The  berth 
sections  are  double  tiered,  8t<?el  frames  having  wire  mat- 
tresses and  side  slats,  and  are  secured  to  the  deck.  Ven- 
tilation is  effect<Hl,  first,  by  overhead  air  ducts  leading 
from  the  fan  ventilating  service  of  the  ship;  second,  by 
open  ports  thnnigh  the  sides;  third,  by  small  movable 
electric  fans  within  the  ward.  Heating  is  eifected  by  the 
passage  of  warmed  air  through  the  ventilating  conduit 
heated  by  steam  coils  and  propelled  by  the  steam  fans. 
The  air  supplied  by  the  conduits  is  also  cooled  by  pass- 
ing over  refrigerating  coils  instead  of  st^^'am  coils  and  de- 
livered in  the  same  manner  as  the  warmed  air.  By  this 
device  warmed  air,  cooled  air,  and  air  at  outside  tempera- 
tures may  in  turn  be  distributed  by  the  fans.  The 
dimensions  of  the  main  ward  are,  rooms  included :  length 
fore  and  aft  Ix^tween  bulkheads,  44  feet;  breadth  at  for- 
ward bulkhead,  39  feet ;  at  after  bulkhead,  32  feet ;  height 
between  d(?cks,  7  feet — indicating  a  total  capacity  of  16,  - 
400  cubic  feet,  or  644  cubic  feet  per  berth  section,  fixtures 
included. 

The  diet  kitchen  Ls  fitted  with  steam  cooking  fixtures 
and  racks  for  utensils  and  mess  furniture.  The  dispen- 
sary is  fitted  with  shelves,  drawers,  bottle  racks,  etc. 
The  operating  room  is  provided  with  an  outfit  of  instru- 
ments and  apparatus  for  surgical  operations,  an  electric 
heater  for  a  sterilizer,  and  a  portable  electric  light.  The 
wardsand  roomsare  lighted  by  incandescent  lamps.  All 
the  plumbing  is  open  sanitary  work.  The  personnel  of 
the  hospital  service  consists  of  one  surgeon,  one  acting 
hospital  stewarfl,  and  three  privates  of  the  hospital  corps, 
these  to  be  a.ssisted  by  details  of  hospital  corps,  privates 
from  troops  in  transit.  The  sick  in  quarters  among  the 
troops  are  attended  by  the  medical  officers  accompanying 
them.  Medical  supplies  for  two  thousand  men  for  a 
period  of  six  months  are  placed  on  board  the  oversea 
transports  in  the  port  of  New  York.  These  include  bed- 
ding, hospital  clothing,  medicines,  hospital  stores,  sur- 
gical instruments  and  dressings,  disinfectants,  etc. 

On  the  coastwise  transports  the  same  general  plan  is 
adhered  to,  but  the  hospitals  have  less  capacity  and  the 
fixtures  and  equipment  are  correspondingly  less  complete*. 
These  sliips  also  have  facilities  for  the  isolation  of  infec- 
tious disea.ses,  and  their  hospital  outfit  includes  medical 
supplies  for  a  period  of  three  months  for  the  maxinuim 
carrying  capacity  for  troops  and  crew.  3Iedi(^al  supplies 
of  transports  are  replenished  from  depots  in  New  York 
and  San  Francisco,  and,  in  cases  of  emergency,  at  over- 
sea ports  where  temporary  depots  have  been  established. 
The  general  arrangement  of  the  overs(»a  transports  for 
the  accommodation  of  the  troops  is  shown  in  Plate  VIII., 
Fig.  1,  which  is  a  sectional  view  of  the  troop  ship  I'homos 
refitted  at  Cramp's  shipyard,  Philadelphia,  and  cleared 
from  the  port  of  New  York  for  Manila,  P.  I.,  November 
4,  1899,  carrying  a  regiment  of  United  States  Volun- 
teer Infantry,  a  detachment  of  the  army  hospital  corps, 
female  nurses  and  other  military  pas.sengers,  besides  a 


variety  of  military  stores,  freight,  and  luggage  The 
dimensions  of  this  transport  are .  length  445  feet,  beam  50 
feet.  Capacitj^,  tons  gross,  5,713.  Berthing  capacity 
for  troops.  l,6o3.  Total  l>erthing  capacity,  2,156.  On 
the  main  deck  (see  Plate  IX. ,  Fig.  9)  forward  are  berths 
for  petty  officers  and  seamen.  Abaft  of  these  quarters  is 
a  soldiers'  lavatory  containing  sixty -four  basins  with  hot- 
and  cold-water  taps,  a  number  of  closets,  urinals,  and 
shower  baths  over  a  cemented  deck  floor.  Amidships  on 
this  deck  the  space  not  occupied  by  hatches  and  machinery 
is  allotted  to  the  messing  arrangements  of  the  troops  and 
crew.  A  steam  galley  provides  coffee,  soup,  and  meat,  six 
hundred  rations  of  each  at  one  time  for  the  troops.  An 
oven  of  sufficient  capacity  funiishes  fresh  bread  for  all  on 
board.  A  large  coffee  mill  is  operated  by  electricity.  A 
scullery,  butcher  shop,  cold-storage  room,  and  separate 
mess  room  for  non-commissioned  officers,  firemen,  oilers, 
and  seamen  find  places  on  this  deck  on  both  port  ami 
starboard  sides  of  the  engines.  The  remaining  deck  space. 
fn)m  the  engines  forward  to  the  lavatory,  is  fitted  with 
folding  mess  tables  and  benches  which  when  not  in  use 
are  stowed  In^tween  deck  beams  overhead.  The  troops 
are  berthed  below  in  nine  compartments  on  the  'tween 
and  orlop  decks.  The  berth  st*ctions,  having  three  tiers 
of  berths  each,  are  built  of  galvanized  steel  pipe  fitted 
with  canvas  bed  bottoms  lashed  by  their  margin  to  the 
piping  and  changeable  for  washings.  The  arrangement  of 
the  sections  on  the  two  Ix'rth  decks  is  shown  in  Plate  VIII. . 
Figs.  2  and  3.  A  part  of  the  crew  l)erth  in  the  forward 
l>art  of  the  'tween  deck.  Air  ducts  leading  from  the  ven- 
tilating fans  open  into  all  berth  compartments.  The  air 
space  on  troop  decks  per  berth  varies  from  eighty  to  one 
hundred  and  twelve  cubic  feet,  fixtures  included.  Gun 
racks  are  fitted  to  the  ship's  sides  in  these  compartments. 
Easy  access  to  the  berth  decks  is  afforded  by  double  stair- 
ways through  large  hatches,  one  or  more  in  each  compart- 
ment. On  the  'tween  deck  forward  of  the  engine  space 
are  separate  staterooms,  a  closet  and  lavatory  for  women. 
A  steam  laundry  with  ironing  and  drying  apparatus  is  in- 
stalled on  the  port  side,  and  an  ice  niachine  on  the  star- 
board side  of  the  engines  on  this  deck.  On  the  orlop 
deck  amidship  are  cold  -  storage  rooms  for  meat  and 
vegetables.  The  compartments  below  the  orlop  deck  are 
allotted  to  storage  and  freight.  Above  on  the  spar  deck 
staterooms  for  officc^rs  occupy  both  sides  amidship,  hav- 
ing aloft  the  engines,  bathrooms,  and  closets.  Forward 
of  the  engines  on  the  spar  deck  is  a  dining  saloon  seating 
eighty  persons,  with  a  steam  galley,  ice-box,  cold-storage 
room,  and  distilling  apparatus  adjoining  the  engine  room, 
as  shown  in  the  spar  deck  plan  (Plate  IX..  Fig.  8).  On 
the  after  part  of  this  deck  is  another  soldiers'  lavatory, 
with  baths,  closets,  and  urinals  accessible  from  the  main 
and  berth  decks  through  the  after  hatchway.  Between 
the  second  and  third  forward  hatches  on  this  deck  is  a 
soldiers'  writing  room.  On  the  promenade  deck  amid- 
ship are  additional  staterooms  and  office  rooms  for  officers 
and  a  smoking  room  (Plate  IX.,  Fig.  7).  Aft  on  this 
deck  is  built  an  isolation  ward  (Plate  IX. ,  Fig.  5),  capac 
ity  twelve  berths,  communicating  with  this  deck  and 
with  the  main  ward  below.  The  upi)er  (bridge)  deck 
has  rooms  for  the  master  and  chief  olticers  of  the  ship 
(Plate  IX..  Fig.  6). 

The  venlihiting  system  is  worked  by  two  sets  of  fan.*;, 
one  forward,  another  aft,  on  the  spar  deck,  with  metjil 
air  ducts  leading  to  all  berth-deck  c(»mpartments  and  to 
.some  storerooms.  The  fans  work  either  by  iucast  or  ex- 
haust, as  required,  and  deliver  air  at  oul.side  temperatures, 
or  warmed,  cooled,  or  filtered  according  to  the  situation 
and  needs  of  the  ship.  The  rated  capacity  of  each  of  the 
four  fans  with  500  revolutions  per  minute  is  25,000  cubic 
feet  of  air  per  minute.  At  a  trial  test  of  the  a])paratus 
made  by  the  builders  the  velocity  of  the  air  current  pass- 
ing into  the  air  clean.sing  and  cooling  device  attached  to 
the  fan  was  ascertained  to  be  1,000  feet  per  minute,  with 
a  discharge  velocity  in  the  hospital  of  940  feet  per  minute 
and  in  the  lower  troop  deck  (at  the  farthest  point  from 
the  fan)  950  feet  per  minute.  Tests  made  in  reduction  of 
temperature  (at  a  lower  rale  of  speed  of  the  fan  of  the 
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iiirbj-  tlie  refriKcmting  dcvipi',  tin"  temperBtHra  on  dork 
being  80'  F.  and  Hint  of  the  wntiT  iiwd  60",  uliowvd  u 
reduction  or  ttmporalure  of  the  air  tli'livcrcd  to  62°  F. 
This  aj-Btem  uiay  b<;  rcgnnicd  lut  on  trial,  us  no  cumpk'Cc 
reporiaof  itspmomumndiiulcrvurviiiKcimditiiinKutHti 
are  j'ct  Bvnil:il)lu.     Twi'lvo  linndri'il  Ions  of  frmli  wnl<'r 


where  tlieyun-oi-i^'MsiblB  In  thi' tnmpa.  Tlie  ei[iilpmfiit 
of  tliDsliipincttidi'slin^  pltijn  anil liosc  and  tliecuetomary 
nuirine  life-siiving  n|ipiimtiiK,  Tliu  (■oinnii«»aTy  di'|iarl- 
nieut  is  pnividcd  wtrli  a  vuritty  of  !(iil>xistrn(i.'  nlores,  In- 
rluding  the  components  of  the  nitiuu  and  additiiinal 
articles  for  Bale  to  tliu  troops  and  for  issne  to  tlie  Kick, 
-with fn'stiberf  and  vegL-tubli'n  inl>oillaIoT1li^'.  Faiilitiea 
for  mililury  exerciBi-g  are  alTiinled  on  Uii:  main  deck  bv 
stowing  the  nicm-rooni  funiiiiirc.  A  lihrarji-  of  misci-l- 
laneoiia  booka  liiis  been  contributed  to  tiie  noKpitals  of 
each  one  of  tlie  troop  sliips  by  tlw  Red  Cross  orgauizatiiiu 
through  liii-ir  Sew  Y<irk  agent. 

A  distinctive  uniform  is  authorised  for  tlip  employee* 
■of  the  transport  serviec,  and  the  ships  tly  the  cfih>rs  of 
tlie  depnrtmenl  ^n  ■.-■■ijiri)  Ih---  Hijrft  ];i-pt  in  view  by 
offlccraof  llii* !!!' ■'.  1  ■■'■■|.  ■■  I  -,  I .  !■  .-  ■!  I-  til  ■I'll  to  niain- 
laln  the  efltcii'!.'      '  ■   ■   I'nan)  by  all 

practl«iblc  mill'  '   ■     ■    :   on  deljiirka- 

tion  after  a  v..\.ij.'  il:<  i-  i,;n  li.'  i  i  i..i- nrlive  wrvice 
withont  delay  fur  rieii|Mnili(>ii.  Tli:it  lliis end  lins bii-n 
attaiucd  in  gri-al  mcusure  is  evident  from  reports  of  voy- 
agea  niadn  to  distant  oversi-A  ports  by  troop  sliips  rcHlled 
and  dcsnulchrd  nudcr  the  direction  of  tho  transport  aor- 
vice.  lic-n'iit  experience  bns  eiii]i1ia!iii>.cd  the  fact  that  In 
modem  n-arfnrc  the  mo.^t  diflienlt  prohU'niM  am  those  in- 
volving celerity  of  niovcinent  of  tnwiiw  niid  thn  wnlrrM 
of  war  without  the  piveipitancy  and  disorder  which  in- 
vite loss  uud  disaster,  Tlic  dcvcl'ipnient  of  land  trans- 
portation by  the  Amcriiiin  pi  oplc  Jiie*  alu-aily  reached  an 
ixteat  andiltiilinc>  nhuh  pliiee  tbc.ni  iu  the  lend  among 
natlonablus  If  this  asiindaui^  is  to  Ik  nuinitunicd  a 
Bimilar  dcMlopinciit  appeiir^  rttjuiHite  on  thi,  lii^h  sens 
The  work  of  thcnrnn  lr)iu><port,Beriice  is  a  iHgliinmg  in 
thisdireelion  At  tlii.  prevent  nnting  a  board  of  oftlci  r^ 
has  completed  Its  n  ssiona  f or  tliu  pnrpone  of  re  vising  Hit 
original  Hegnlni  ions  of  tfiL  transport  si  ri  ico  m  onh  r  to 
udapt  them  to  itsnquinmcntsusdetentiioHl  1j\  tin  eon 
(litlon  of  itsopiniiioH  fnmi  Its  orLim    i     n        ii    i  r  - 


ptvirs  of  1.  lives  iind  lemihiiileil  1 

V  I'l'iiii  one  In  wveml 

arRc  vilii>"  ll'iwer  heads. 

Ar„ir„   l!.,.t;.r  h  Ihns  d.'i'M'ril.c.l 

-Rhi/oiMi-  ^ilKiLlI   0  cm.  loiii;  an<: 

emallv  Imnvii.  i')ngli  from  (raf  s< 

urs;  internally  whitish. 

I  Herriitaele  of 


wSllia  rather  thick  bark,  coDtalning  a  circle  of  resiDcell^ 
siirmumjingthesbort,  yellowisbwood  wedges,  and  larg^ 
spongy  pith.     The routsareDumerous,  thin,  fragile,  gr^- 
ish  brown,  with  & 
tiiick    bark    con- 
taining a  circle  of 
ri'sin  {vlls.    Odor 
somewhat  an)- 
miilic;  ta^lo  pun- 
gi.'Utly     aromatic 
and  bitter." 

Ami  fir  Flara 
art!  thus  de 
scribed :     "  Ileuda 

brood,  depreflsod- 
miinclish,  consist- 
ing of  a  wuly  in- 

mws.  and  a  small, 
nearly   Bat,  hairy 
receptacle,     Ik'ar-    Fia.tBB.— 
fng  alHtut  sixU'cn  <SUgiilly  ei 

yellow,  Btrap- 
sluiped,  ten-iierved  rav  florets,  and  numerous  yellow, 
llvL-  toothed,  tubular  disc  florets,  having  Blender,  spin- 
dle-shaped akcnts,  crowned  by  a  liairv  pappus.  Odor 
feeble,  aromatic;  tast«  bitter  and  acrid.'* 

The  receptjicle  of  this  head  is  very  apt  to  contain  Uw 
Inrvie  of  an  insect,  ■wherefore  some  pharmacoptcias  direct 
that  the  florets  only  shall  be  employed.  Several  other 
yellow  flower  heatis  have  been  emplo'vcit  to  substitute  or 
uiliilti'mte  arnica,  but  all  fail  to  combine  the  one  to  two 
seriailuii  involucre  with  the  pitted  and  hairy  receptacle^ 
Roth  drugs  have  a  strongly  resinous 
odor  and  a  pungent  and  acrid  taste,  that 
of  tliu  root  l>eiug  the  stronger,  and  the 
dust  of  both  is  sternutatory.  Their 
criinposition  is  sinnlar,  the  rhiKoroe  being 
the  stronger,  with  one-half  to  one  per 
cent,  of  volatile  oil,  cunsidembk  resin, 
piirt  of  it  acrid,  ten  per  cent,  of  inulin.  b 
little  tannin,  and  the  crvstalline  yel- 
1()W  acrid  and  bitter  amaroid  ^min'ii 
(C„n„O0.  stJluble  in  alo.ho].  The 
flowers  lack  the  inulin.  and  their  per- 
ceotages  of  oil  and  resin  are  smaller. 
Their  oil  does  not  appear  to  be  identiMl 
with  tlint  of  the  rlii7c)me.  Altogether, 
it  would  appear  desirable  to  discontinue 
the  use  of  the  Bowers. 

Arnica  is  very  active,  both  locally  and 
systemicBlly.  It  is  a  slow  but  powerful 
rnbefiieient  to  the  external  skin,  and  a 
powerful  stimulant  to  raw  surfHct-H.  wiili 
siimeanlisi'plic  power.  It  is  highly  irri- 
tating to  miiciius  surfaces.  Ix'ing  n  Sitiim- 
tii'liic  and  laxative  In  sniiill  doses,  hut 
an  cmeiico-iiithBrtic  poison  in  ovit- 
dnses.  Rt^sldes  Its  Irritunt  puiRouous 
*  II  systemic  poison.  Its  systemic  action 
i-lytifatiil  by  Rarlbolow  as  follows:    "In 


-  pupils  arc  dihiii-«l. 
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domestic  pracliec.  Vi'e  have  a  tliictiire  of  the  flowi-rs  of 
Iweoty  per  cent.,  and  one  of  tlie  rliizoniesof  ten  piT  I't^nt. 
Btrength,  thedoscofracli  b<.>ing0.ltto2c.c.  (irix,  tuxxx.): 
of  the  root  a  fluid  cxtnicr,  (low)  0.8  to  0.6  c,r.  ( m  v.  tii  x.) 
aod  an  (.■xtroct,  dose  O.Utt  t<i  0.3  gni.  (gr.  i,  to  fil,). 

//.  IJ.  Ht'tl'ff. 

AROSA,  Sivitzcrliuid,  ia  an  Alpine  higli  altituik  liealth 
rcHirt  of  the  Orisons  in  thr  wiiithciisttTn  porliini  of 
Switzerland.  It  is  twenty  iiiiips  from  Coire,  tlie  railway 
terminus,  and  is  rwiehi'd  Ity  diligence  io  tive  nnd  thni"- 
quurtcrs  liours.  It  is  5.1»00  feet  above 
In    a    sheltered 


H  level,  and  lies 


The  mean  tempereturcH  of  the  w 
srv.  and  Fehniary).  and  of  tiie  sii 
Anjtust)  are  aa  fc)no«s  (lle.imurd) 

nter{D«fmber,  Jami- 
mmer(JiiD(>,  July,  and 

1       M.™. 

MK<l,MUm.    !    Mlnlnm™. 

1                      1 

1 

The  mean  ti'niperatiire  at  Arcn 
half  def^rees  higlier  tlian  tliat  a 
latter  station  is  nine  hundred  feet 


is  aliout  tliree  and  A 
)avus.  althougli  the 
-  ■■!  than  the  former. 


position  on 

the 

sli>i>ea     of 

Tachugg 

high  above 

the 

valley.     Fi 

the  fact  that 

the 

mountainside. 

Dr.  Willi! 

("Aeroth. 

p€-UtiC9-)U> 

uks 

tloiis,"  says  Dr. 

Ewart, "  offers  aU  tlie  guunintei's  for  iK-i-oininjr  i 
first  among  the  hvnt.  I  am  astonished  llial 
possessing  such  qualillciitions  should  have  r  " " 
appreciated  so  long. " 

It  is  surruunded  on  all  sides  by  masslv< 
which  protect  It  from  high  winds  witli  the  i 
tlic/'fAn,  which  appears  (M'casionally  here  as 
valleys.  The  viHagi;  is  |»icliirps<(iiely  siluatiK 
of  large  fir  forests,  anil  the  lialiihitions  are 
groups,  terraced  iijion  the  nioiiiiiain  rdiipc-  anil  faring!  the 
aoiitii.  Tlie  hotel  acconMniNlatioiiH  are  (CoihI.  and  wniie  if 
not  all  of  the  bolels  arc  now  arrun^'d  for  winter  ot-cn 
pancy.  Dr.  Egger  hi-rc  nmde  his  famous  exiMTiments 
upon  the  changes  in  the  lilond  caiiuiil  liv  allituile.  anil 
tlins  attracted  the  attention  of  (he  J'n>fe'wuin  to  Arosa. 

This  table  adapted  from  Rignard's  'Im  Cure  d'Alli- 
turle"  shows  the  mean  ti-uLi)eralun'S  for  the  periiKl  l«Nfi-lW : 


in  all  Alpine 

intheiijidsl 

ing<Ht  ill 


In  eoiupari-ain  with  Zurich,  which  represents  thy  tern- 
peraturi!  of  tlie  lowliinds  of  Switxerlaiul.  we  have  the  fot- 
lowinn  for  simitner  and  winter  (Regniinl): 


V^n, 

M 

,1,.,„„ 

Minimum. 

VIA 

££!' 

-,l» 

:»>.« 

AUWBt. 

((cUiber 

I    Si 
1  JS 

^"""'-                                            M.MMKH 

S"™"-      muni:  1  .m'm".  1     "'■""■  1   nlUnl: 

l«,'"m. 

ZnriPh.  rtevHM.m                              1                               ' 
l,'"Wf«t aMl-K.  41.7' F.l  ll.CT    'Kl.!"!.  "I.:!"  K, 

'*H.'M'<itei'r."".'!"[ii-i)     !4i.ri       -1.::        )>.!       T1.S 

«.7°  F. 
3S.7 

I  i>l- 


Anisa.  uud  the  fogn  whiili 


tl«!  relative 
'  follows:  The  i 
January  0*2.  in 
I  Tlie  greatest 
I  in  (}»'  form  of  i 
'  deii  Higuulls  wl 
.  l,S8B.4lic)un!o 
I  of  IX-cximber  ni 


<.  in  Mr.ri  ] 
1-ipilalio 


;>!»  ]«■ 


tent.. 


null  of  prii-inilalion  iHi'nrs  In 
;  ni  winter  it  iinnes  as  kiiow,  in  Kud- 
h  an-  s<H>n  ov<>r.  In  ItiHO  there  were 
insoljilion  at  An>sa:  niul  for  the  montlis 
L  January.  AOZ  hours  of  sun  Id  compari- 
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■on  H'itli  107  itt  Zurii'ti  at  the  Kanir  schkod.  iind  4~iT.-l  nt 
DnviiH — an  Etvi-m^  nt  ulmiit  flvi-  tuiil  a.  Im)f  bourn  a  iluv, 

Tlu!  winter  clinmtc  of  Annu,  as  we  Imrn  friini  Uu; 
almvp.  i»  rluuut^lcrixiil  by  u  dry,  tmlil,  pun'  BtiiiiiR|ilicTf. 
A  lligb  avcmgc  of  HiinHlihiP,  alisenui'  of  winds  luid  U>k.  aiicl 
tbi!  nth'nliBtiiiQ  und  irlcunii-xR  nf  the  iiir  whii'li  hiv  llii'  ikc- 
campMiiinuiitK  of  liigli  altiludcH.  None  iif  the  Alpine 
Itnlltli  n-«)rtM  would  M'i'tn  Lo  ulTcr  mnK>  favnntlite  cKiniitii' 
comlitSons  for  Ihi'  hiffliuliiliide  tnitiim-ut  of  phlliisiH. 

A  disciiiwion  iif  tlie  i'Iiisk  of  ittws  Kutbihk-  for  Kiieh  h 
clbnali-  will  Iw  ftivi'n  under  Tubtrrvloni*.  i'lilmoiinri/, 
but  JH  hrit'f  it  inny  Ix!  mid  tlml  inLipicnt  <bw^h  wiiti 
lltllu  constltutioiiiil  diitlurbaiicc  Itarc  u  bettor  eliitiit.1'  of 
recovery  in  liij{li  ultiliides  tlion  clsewliere.  The  writer 
woiilii  express  bis  indebtedneex  for  niiii'h  of  the  ubovc 
data  to  Kcgnanl's  "  Ia  t'lire  d'AUiiudc." 

/■jliriird  0.  Olu. 

ARRINGTON  MINERAL  SPRINGS.— Atchison  (-oiinty, 
KonsHS. 

PosT-CtKKHK.— ArrinKton. 

AcctMt. — Viu  Union  IVitin  Ruilrooil.     Iliitel. 

These  spriii|;B  an>  locatiil  rm  a  tnu-t  of  land  eigliteeu 
BcrcH  iuextt-nt,  in  a  tcvt-l,  hljibly  fertile  farmiui;  country. 
Thf>  BpriDipt  arc  tbrec  Id  iiuinbeT.  aud  How  iilKiut  eiglit 

Sllous  pi'r  miuiitv.     The  follnwinjt  aiiulyBrs  of  two  of 
;  uprinfrs  were  made  by  JiianH.  Wright.  .M.D..  chemist, 
of  St.  l^iilK,  Mo. : 

sPRisii  Nil.  I  inRAfTinN  DE('iiif:iii.r  alkalinki. 


Fntavluiii  ivbijnite! '-'.'.'. 

SiSr::;:;-:; 

Caliium  ■ulphui.' 

Wlh» 

;:■:  SS 

OtkuiIc  uatur 

n»h-luin  rmrbianiw. 
RhIIdbi  iwliiiniiUt. . 


CuKinl 


te Inch 


Tbisu  waters  an-  ix.lh  of  tlii-  ulkaIiiK--cIiuly)H'Hli'-i'ar- 
bonati7il  variety.  Tlieyarcbiglily  OHtt^'nicilin'dyspcpHiu, 
generol  debility,  riieiiinatism.  conatipiitloTi.  IiciiKin-lioiib'. 
«nd  liver  iind  kidney  iHiniplnititi*.  {'oninxKlioiiM  tmlh- 
Tooins.  siip|>h'iri>;hoiiiiid  cnld  wuter,  uri'iipen  to  visifini. 


ARROW-HEAD    HOT    SPRINGS. - 


Bcniunliuo 


FoHT  Okhik. — Armw-Hi-ud  Sprinjr.s, 

Ai'iKKi.  —By  stage  fnmi  Hiui  IteniHrdiiiii,  six uiid  n  half 
milos  ilislniit  lt>  the  houiIi.  I'lirtiex  leavin;;  Lns  AnRi'li-s. 
Blxtv  Reven  miles  distant,  shiiuld  tuki'  lhi-H:!«l  i.r  II  a.m., 
ortiic  13:30  ■'.».  t^nta  Pc  train,  or  the  7:4:;  or'S::l(l  a.m. 
train  on  tlie  rVuitliem  Purille  line.     Ili'lel. 

Tlii'Si'  Hprliijts  hurst  fniin  the  mounljiin  wlope  of  the 
Bierm  Miuin:  3,t«HI  fi-et  aliove  the  U-w]  of  ihe  «ii.  and 
1,aNI  f''.-t  iiliove  the  fiHit  of  Iho  inoiinliiiti.  A  iH'iieh-ljke 
niesu.  ruuhiiiiiiig   UHI  acres,  projects  at  ttiiH  point  from 

fisa 


the  nioiinttiin,  and  iit  bounded  on  the  east  and  on  the 
west  by  two  enomioiiH  cafloos.  Down  tlie  tlcep  ravine 
or  eaflon  on  tlic  east  comes  a  mountain  stream  uf  water 
ns  euUl  an  ici>.  while  in  the  cafion  oil  the  whI  flows  a 
Ktream  forninl  liy  the  boiling  spring  »o  hot  llial  it  fllb 
the  iiir  wilb  Hieuin  and  sidjihiiniUH  gas.  The  npriuga 
here  were  known  tii  the  ImiiuiH  lontt  before  tlie  hAtle- 
meut  of  the  cnuntrv  by  whiles.  Un  Ibc  faee  of  tbo 
mouiilaiii  linrk  of  the  hotel  is  tlie  flKure  of  an  armw- 
lu-ad  l.iHiU  fM'l  long  and  4o<)  fei-t  wide,  bellcv<^  to  bsve 
Iteru  exeeiited  by  ihp  alKiri^iiies,  Tlie  Hfcutr-  gives  jt« 
naino  tii  tlie  resort,  and  so  perfect  is  Ha  contjiur  and  ao 
etevHied  its  sitiiiiiion  tluit  it  can  Ik'  seen  from  almiwt 
every  part  of  the  vallej'.and  sluuda  a*  a  prrnninent  land- 
mark for  uiilesamiiml.  Tile  Arrow -lliiul  Hotel  ialooited 
near  the  snrinijs.  on  the  plateau  of  land  lictweeu  the  two 
(nflons.  It  is  a  very  comfortable  niiHlem  structure  with 
u  ciiimcity  for  ISO  guests.  The  nieleorohigicnl  condi- 
tions are  similar  to  tliose  usually  prevalent  in  Southern 
California,  tbeweatlierbcinR.  as  a  rule,  clear,  balmy,  aiid 
briji;ht.  The  winter  neason  is  moat  favorable  for  viut- 
InfC  the  springs.  These  are  87  In  numU'r,  the  aggregate 
flow  of  walcr  Ix'ing  eiinal  to  10  miner's  inches.  PolKiw- 
ine  is  an  analysis  of  one  of  the  fountains  by  I^f.  E.  W. 
Hilganl.  of  tlie  State  Uaiyerfilty : 


BaHuin  . 

HamrnlUQi  BUIiiImU 
NWninluiii  I'arboM 

Rlllm 

<  lisuilr  iiiAller . . .  - . 


Thewalersliowsaveryhigblempemture,  103  F.  The- 
analysis  bears  some  resenililanec  to  that  of  tlie  CarUluul 
springs.  The  water  is  soft,  clear,  and  pleasant  to  ilrinlc 
and  is'  lielievifl  to  aid  in  the  elhnination  of  malarial  and 
miasmatic  poisons  fnini  tlicM'stem  wlien  taken  inlcrnally. 
Tile  HprinjiM  owe  Iheir  chift  n'piitjiliim,  however,  to  th« 
lienetlcial  elTecIs  of  ilic  water  when  used  for  bathing 
liuriioses.  It  Is  employed  in  llie  tonn  of  vapor,  hot 
mineral  walt-r.  and  inuil  liatbH.  These  twLus  have 
proviil  of  vulue  In  ca«'H  oF  glandular  cnlariiementB, 
rheinimlism.  and  rheumaloid  arlhritis.  as  well  as  in  faxna 
f  llienmiiifeHlulioiiHof  Ryphilisand  in  various  neuralgic 


nditio 


Jiitiiu  K.  (Voat. 


ARROWROOT.— .Inv.M-ivi../  Shtrrh  ;  HaranUt  Sdiirk. 
The  siarcli  olitiiined  from  MiiraaUi  n  rnndiimeia  L.  (fam. 
.M.ir-n.1iirn<-)  The  ai-nu:-  Mnniiit.!  contains  some  llftivn 
sjHii('-i   T»iiiv.^ ■■!■  iTvp|.i,.)il  .\mi'ri(a.    Tiiey  are  iierennial 

herbs,  "iih    I'ii -  ><r    ihickeiied,   slnrch-laden,  wetAy 

rlii/.. ■  ■     I  II  bniiiehed  stems. 

-lAicnsively  cultivated  in  nearly 


nil  tn 
now  I 
djir<-n> 


of  a 


The  early  nu-ilieiniil  iipplidilion  of  arrowroot  amun)( 
till'  iilioriifiTii-s  spiK'tirs  to  huve  Ix-en  as  a  remedy  for  the 
wounds  of  Iheir  arrow.s,  to  wliiih  it  owcn  its  name.  It 
wiL-i  luith  givi-n  inlemiilly  and  upjilied  an  a  puu1tic<>  to 
Ihe  Injured  part.  It  whsiiIao  used  as  a  food.  Accounts 
of  il.4  <-uUiviiiii<ii  ill  the  West  Iiidii-s  dat«  back  about  n 
hundred  uud  llflv  veiirs,  since  which  linn;  it  has  liecn 
an  iirlic'le  of  gi-ne'rat  commerci-. 

Arrowroot  is  prepanil  in  erw^nliully  the  mme  way  as 
other  slurelics,  iiuiiiely.  Iiy  washluj;  it' out  of  [he  cellular 
tinsuc.  The  yield  is*  iilioot  leu  per  ci'ut.  of  the  fntih 
rhi/ume.     That   of   the   West   ludies,    generally   called 
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Arrluffton  minerml' 


Bcrniiula  arrowroot,  is  r(>;;anl(.'d  ur  tlir  best.  It  is  a 
lieautifully  wliile,  lumpy  powdcT,  without  odor  or  tast**: 
nibbc*d  iH'tww^n  the  fingers  it  gives  a  sliglit  cnickling 
sound,  or  rather,  feeling,  for  the  sensation  is  eonvey<'d 
more  through  the  lingers  than  the  ejirs.  Its  other  i)fop- 
erties  are  simply  those  of  starch  in  general,  to  wliich  the 
reader  is  referred. 

When  the  antiphlogistic  treatment  of  disea.'^es  was 
more  in  vogue  than  at  i)resent,  arrowroot  took  quite  an 
important  place  in  the  dietary  of  the  sick.  It  was  also 
extensively  used  as  an  ingre<lient  of  foods  for  infants. 
For  neither  of  these  purpos<fs  is  it  to  be  much  lecom- 
mende<l.  As  a  f<MMi,  it  lias  scarcely  any  advantages  over 
the  cheaper  indigenous  starches  now  so  admirably  piv- 
pari*d. 

Florida  Arrotrrnttt  is  a  starcli  ]ire pared  from  the  large 
fleshy  stem  of  Ztvnia  intcgn'fvHn  Jaccj.       W.  P.  liofle*. 

ARROWROOT,  INDIAN.    See  Cnrmma. 

ARSENIC. — 1.  GenkkaTi  Mkdictnal  Pkopeutieh  of 
THK  ('oMPouNDs  OF  Aksknic. — The  pretlominaut  feature 
of  the  acticm  of  arsenical  pn*paniiions  is  inten.s<>  imta- 
tion.  Locally  applied  in  fairly  concentrated  form  to  a 
denuded  surface  the  irritation  is  so  severe  as  to  excite 
the  extreme  of  reaction.  nanu*ly,  gangrenous  inthnnma- 
tion;  the  part  sloughs,  strangulated  by  congestion  and 
inflammation.  Arsenic  is  thus  indireetly.  and,  becfiusi; 
indirectly,  is  slowly,  painfully,  and  dangerously  caustic. 
When  arsenic  is  used  to  ciiuferize,  there  is  also  a  risk  of 
absorpti(m  of  enough  of  the  minenil  to  produce  constitu- 
tional pi»isoning,  a  risk  greater  when  the  appliciition  is 
weak  tluui  when  it  is  strong,  since  in  the  latter  case  con- 
gestion is  developed  early,  whereby  ubs<^rption  is  im- 
peded. When  arsenic  is  taken  intenuilly.  gaslro-intes- 
tinal  irritation  is  easily  produce<l,  a  result  which,  in 
acute  arsenical  poisoning,  constitutes  the  most  pronu*- 
nent  feature  of  the  demngement.  Apart  from  tendency 
to  irritate,  arsenic  is  fairly  antisejitic.  and  in  the 
higher  organisms,  such  ns  man.  has  an  action  u])on  the 
nervous  system.  In  arsenical  poisoning  nervous  syn\p- 
toms  are 'pn>minent,  and,  therapeutically,  much  of  the 
avail  of  arsenicals  hinges  upon  the  allaying  of  nervous 
derangements. 

For  the  purpascrs  for  which  ai"senic  is  usrd  in  medicine. 
the  remedy  has  to  be  administered  continuously  for  dajs. 
weeks,  or  months.  In  this  medication  the  rule  is  so  to 
adjust  the  dostige  as  not  to  develop  constitutional  dis- 
turbance. The  initial  symptoms  of  ovt*r  imprrgnation 
of  the  system  with  ars<'nic  an?,  first,  an  irritation  of  the 
conjunctiva,  showing  itself  in  sullusi<in  and  smarting  of 
the  eye,  and  cede  ma  of  the  lowt-r  lid;  and  .si-comlly.  an 
irritation  of  the  stomach,  shown  by  failure  of  app<>tite 
and  soreness  and  sensation  of  weight  at  the  epigastrium. 
In  some  iK»nw>ns  tin*  gastric  symptoms  prcceile  the 
conjunctival.  The  two  s<'ts  of  syniptoms  should  be 
watched  for  in  arseni(*al  mt'dication.  and  tii(>  dosing 
diminished  or  temponirily  discontinued  until  their  abate- 
ment, which  speedily  follows  the  withdniwal  of  the 
poison. 

The  properties  of  arstfuic  valuable  therapeutically  are 
as  follows: 

{a)  Jwf^fffre/iU'Nf  of  yuin'tion. — Kwu  in  th<*  healthy, 
carefully  graduated  dosage  with  arsi-nie  lends  to  im- 
prove general  nutrition,  the  in<lividual  fattening,  the 
skin  l>eing  specially  rosy  and  smootii,  or.  in  animals. 
the  fur  sleek  and  glossy,  and  the  bones  thick  and  dense.* 
In  the  case?  of  the  so-called  arseni<'-raters  of  Styria.  the 
women  an^  said  to  indulge  for  thr  braulilying  of  their 
complexion,  and  tlu>  men  for  an  im])rovement  of  wind 
and  incn*ased  physical  endunince  which  tiiey  claim  to 
derive  from  the  us<*  of  arsi*nie.  This  habit  (»f  regular 
consumptitm  of  arsenic  am«)ng  certain  of  the  >\orking 
class  in  Stvria  seems  now  esiablisluMl  as  a  fact  by  com- 
petent ami  reliable  testimony.^  Arsenous  acid  is  the 
preparation  commonly  used,  and  the  daily  allowance  has 
been  known  to  reach  five  and  even  t<'n  grains.  Hut  at- 
tempts in  other  countries  to  actim're  the  tohrance  of  the 


poiscm  which  the  Styrian  i>easantry  show  commonly  t^nd 
in  disaster.  The  i)roperty  of  ars^'uie  to  modify  nutrition 
is  utilized  princij>ally  in  the  following  cliwases:  /*/v>- 
ffrtwire  Ptntu'wiia  Aiuruda  :  In  thisalTection.  where  inm 
is  so  notorir>usly  futile,  arsenic  has  in  many  cas<»8  proved 
of  great  benefit,  patients  even  recovering  fully  under  its 
us<.'.  Sroly  Skin  JJi'mhiium:  In  skin  diseases  ars(?nic  is 
more  or  less  usimI,  but  experience  agrees  that  it  is  much 
more  likely  to  Ik?  of  benefit  inatTections  of  the  epidermis 
than  in  those  involving  the  corium.  T^tn'tntiM  is  a  typical 
di.sease  of  the  lormer  kind,  and  in  its  treatment  arsenic 
is  a  standard  renu'dy.  At  the  b(>ginning  of  an  ai'si'nical 
course  the  symptoms  often  suffer  an  exacerbation,  but 
this  conuntmly  subsides  in  a  few  days.  Tlur  medicine 
should  not  Ik?  prescribed  during  the  iiitlammatorv  stage 
of  a  .skin  disease,  but  when  used  should  be  )>ersist(>d  m 
for  weeks,  or  even  months,  after  a])parent  cure.  Under 
all  circumstances  the  remedial  action  is  slow. 

{ff)  Om trill  of  .\riinpMtM. — The  property  of  arsenic  to 
affect  nerve  functirms.  seen  in  the  nervous  phenomena 
that  attend  arsenical  pttisoning,  shows  itself  thenipcuti- 
cally  in  a  tendency  to  abate  pain,  spasm,  and  imduc?  refiex 
irritability.  The  property  is  utilized  most  es]H'cially  in 
the  following  comiitions:  Oaittrir  Jrritahility :  In  idio- 
pathic dyspeptic  irritability  of  the  stomach,  or  in  the 
irritability  attending  the  chronic;  gastritis  of  drunkanls, 
or  ulcer  or  cancer  of  the  stomach,  arsenic  is  oft^-n  of  con- 
sidenible  benefit,  and  is  especially  efiicacious  when  the 
nervous  disturl>ance  is  disproportionately  great.  A>»/;v- 
HtH  of  tht'  liiH^tiralonf  Organn :  Sonu*  asthmatics  find  a 
certain  amount  of  temporary  relief  from  arsenic,  a  relief 
more  likely  to  be  obtained  in  the  pure  neurotic  fonn  of 
the  di.sease  than  when  the  symptoms  are  secondary  to 
bronchitis,  emphysema,  or  dis<'ase  of  the  heart.  Yet 
also  the  nerve  irritation  in  coryza  may  be  relieve<l.  and, 
acconling  to  Hinger,  pan)xysmal  sneezing  is  often 
promptly  broken  l)y  the  reme<ly.  (^xcept  when  caused 
i)y  true  hay  fever  the  residt  of  the  inhalation  of  pollen. 
(hht r  ytttroMtn:  In  r//^>yv/i  arsenic  is  probably  the  most 
generally  serviceable  of  medicines.  Simi)le  uncompli- 
catetl  cases  recover  under  the  use  of  the  remedy  more 
frecjuently  than  not.  Xfun/fffia  also  som(>times  yields 
to  ars«'nie.  more  particularly  when  the  attacks  show  a 
n'gular  j>eri«)<licitv  of  onset;  in  other  words,  when  the 
attetrtion  is  very  likely  of  mahirial  origin.  ()th(?r  neu- 
ros<'s  also,  such  as  angina  pectoris,  and  even  epilepsy, 
havi*  occasionally  been  treate<l  by  arsenic,  and  isolated 
cases  have  been  reported  in  which  benefit  has  been 
claimed  from  the  medication. 

(r)  (o/itrol  of  Jfdlttriol  Difwam'H. — Arsenic  has  a  notori- 
ous power  over  malarial  affections.  iK'ing  commonly  re- 
sorted to  as  next  choice  after  the  cinchona  alkaloids.  In 
a  broad  way  arsenic  is  inferior  in  potency  to  those  alka- 
loids, but  yet  in  ohl  <'ases,  and  particMdarly  in  intemiit- 
tents  of  tertian  and  (piartan  nither  than  quotidian  ty^w, 
it  may  succeed  even  after  (juinine  has  failed.  As  com- 
]»aretf  with  f{uinine.  furthermore,  ars«»nical  preparations- 
have  the  advantage*  of  being  tasteless  and  cheap,  and 
for  those  reasons  alone  may  b<*  .Si-lected  for  prescrip- 
tion in  malarial  disease  in  the  case  of  poor  people  or  of 
children. 

Hesides  the  foregoing,  arsenic  has  been  used  in  a  great 
variety  of  diseases  on  the  general  principle  of  being  an 
"altemtive."  with  alleged  success  in  many  cases, 

2.  TiiK  Phkpahations  of  Aksknk-  IVkh  in  Mkiu- 
ciNK. — The  ai'senical  compounds  used  in  medicine  arc 
the  //vV/W^?/;  (arsenous  acid),  /mW/V/r.  and  the  two  s^dts, 
^HituMi'ntn  fWHrnilt  and  wnlinm  tirsnmii . 

Avikiiic  Triif.rith\  As^Oa.  "/•  As,0...  This  well  known 
compound  is  ofiicial  in  the  V.  S.  1*.  as  Afiihun  Aikhio- 
sum,  Arsenous  Aci<l.  an  ap]><'llatinii  whicii  clirmically 
belongs  only  to  the  a<{ueous  solution  of  llie  oxide.  This 
is  the  preparation  known  also  ns  irhH,  octtnir,  or,  in 
cimunon  parlance,  simply  orntoir.  Ai*senous  acid,  so- 
called,  is  "a  heavy  solid,  o<«uning  either  as  an  opacpie, 
white  iM>wder.  or  in  irngular  masses  of  two  varieties: 
the  one  amorphous,  transparent  and  colorless,  like  glass; 
the  other  crystalline,  opaque  or  white,  resendding  porce- 
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lain.  Frequently  the  same  piece  has  an  opaque,  white, 
outer  crust  enclcVsinij:  the  glassy  variety  within.  Con- 
tact with  moist  air  gradually  changes  the  glassy  into  the 
white,  opaque  variety.  Both  are  odorless  and* tasteless. 
In  cold  water  both  varieties  dissolve  very  slowly,  the 
glassy  varietv  nHjuiring  about  30,  the  porcelain -like 
about  80  parts  of  water  at  15^  C.  (59"  F.).  Both  are 
slowly  but  completely  soluble  in  15  parts  of  boiling 
wat^r.  In  alcohol,  arsenous  acid  is  but  sparingly  solu- 
ble, but  it  is  soluble  in  about  5  parts  of  glycerin.  Oil  of 
turpentine  dis.solvfs  only  the  glassy  variety.  Both 
varieties  are  freely  soluble  in  hj'drocliloric  acid,  and  in 
solutions  of  alkali  hydrates  and  carbonates.  When 
heated  to  'its'*  C'.  (424.4  F.),  arsenous  acid  is  completely 
volatilized  without  melting.  When  thrown  on  ignited 
■charcoal,  it  emit«  an  alliaceous  odor.  When  its  vapor  is 
pas.sed  through  red-hot  charcoal,  in  an  arsenic  tube,  it  is 
-deoxidized,  and  metallic  arsenic  is  deposited  on  the  cooler 
portion  of  the  tube  as  a  mirror  having  a  metallic  lustre. 
An  aciueous  solution  of  arsenous  acid  has  a  faintly  acid 
reaction  upon  litmus  paper"  (U.  S.  P.).  Arsenous  acid 
is  obtained  bv  sublimation,  by  roasting  ores  containing 
arsenic,  and  is  subsecjuently  puritied  by  resublimation. 
When  lirst  obtained  it  is  in  transparent  glass-like  masses, 
Ijut  these,  in  after-exposure,  acquire  the  porcelain-like 
appearance  in  which  arsenous  acid  is  ctmimonly  met 
with  in  the  shops.  This  change,  beginning  on  the  sur- 
face, gradually  extends  in  time  throughout  the  whole 
thickness  of  the  mass;  not  so  quickly  though  but  what 
commercial  samples  may  often  be  found  where  the 
ma.sses,  on  fracture,  show  a  vitreous  interior.  For  med- 
ical use  the  mineral  is  pulverized,  appearing  then  as 
a  very  fine,  white,  smooth  powder.  In  this  condition 
it  is  ea.silv  adulterated,  but  the  fraud  can  readilv  Ihj 
detected  by  submitting  the  sample  to  sublimation, 
when  the  arsenous  acid  will  all  disiip])ear  by  volatil- 
ization, and  the  impurities  be  declared  by  a  non- vola- 
tile residue. 

Ars(?uou8acidposses.seA  all  the  physiological  properties 
of  arsenicals,  as  set  forth  above.  It  does  not  act  upon 
the  sound  skin,  but  upon  a  mucous  membrane  or  de- 
nuded surface  produces  violent  irritation.  Taken  inter- 
nally it  is  capable  of  sufficient  absorption  to  produce  the 
constitutional  effects  of  arsenic,  therapeutic  or  toxic, 
and  so  may  be  used  as  a  medicine,  in  doses  of  0.008  gm. 
(gr.  ^(j)  three  times  a  day,  genemlly  given  in  pill. 
But  it  is  not  an  eligible  prepamtion  for  internal  use, 
becau.se  of  the  local  irritation  it  is  apt  to  st^t  up.  Ex- 
ternallv  it  has  been  emploved  to  de.^^trov  the  tissues  of 
cancer  or  lupus,  applied  in  ointment  or  paste.  For  such 
purpose  the  arsenous  acid  is  mixed  with  from  four  to 
eight  times  its  weight  of  inert  iiiatter,  such  as  ointment 
or  a  paste  made  of  some  indifferent  powder  mixed  with 
mucilage.  Such  arsenical  ointment  or  pa.ste  is  then  ap- 
jilied  to  the;  tissue  to  be  destroyed,  the  point  being  ob- 
served, if  the  part  hv.  covered  by  skin,  first  to  remove 
the  epithelium  by  blistering.  The  a])plicjition  is  to  con- 
tinue for  from  twelve  to  twentv-four  hours.  Weak 
arsenical  mixtures  are  more  dangerous  than  strr)ng,  be- 
cause of  the  greater  likelihood  of  constitutional  p(USon- 
ing.  Even  strong  applications,  if  at  all  extmsive.  are 
risky,  and  at  best  the  destruction  of  tissue  by  arsenic 
is  a  slow,  uncertain,  and  very  painful  process,  not  to  be 
commended.  Most  of  the  numberless  caustic  j>astes  of 
quack  "cancer  doctors"  are  preparations  of  arsenous 
acid.  The  following  have  been  celebnited  in  their  day: 
Armnienl  PoMte  of  Frin:  Comv  :  Arsenous  acid  and  ani- 
mal  charcoal,  each  one  part :  mercuric  sul])hide.  four 
parts;  to  be  used  only  over  a  small  jirea  at  a  time.  Sir 
Astlejf  (Jof)iwr»  ArneninuH  Ointmtut:  Arsenous  acid  and 
sulphur,  each  1  part;  spermaceti  cenite.  H  parts.  Phm- 
Art's  Cavfttic :  Bruised  plant  of  rnnunrnJns  an^iA  and  of 
ranunculus  flammuifi,  each  24  parts;  arsencnis  acid.  iJ 
parts;  sulphur,  5  parts;  the  whole  mixed  to  a  j^aste. 
rolled  into  balls,  and  these  dried  in  the  sun.  For  ap- 
plication the  balls  are  again  to  be  reduced  to  pasty 
consistence  by  rubbing  with  yolk  of  vi:^.  In  using  this 
preparation,  preliminary  denudation  of  the  skin  is  un- 


necessary, that  operation  being  performed  by  the  acrid 
matter  of  the  crowf(x»t.  The  only  preparation  of  arsen- 
ous acid  official  in  the  U.  S.  P.  is  what  is  entitled  Liquor 
Aci'di  Arsemnti,  Solution  of  Arsenous  Acid.  This  is  a  'me- 
per-cent.  solution  of  the  arsenical  in  water  slightly  acidu- 
lated with  hydrochloric  acid.  The  preparation  is  of  the 
same  strength  as  Fowler's  solution  (see  below),  and  is 
given  in  doses  of  0.30  gm.  {v\  v.)  three  times  a  day,  largely 
diluted  with  water. 

Arfumr  Triitxlide,  Asia.  This  compound  Is  official  in 
the  U.  S.  P.  as  Artteni  hniidum.  Arsenic  Iodide.  It  is  in 
**glos.sy,  orange-retl,  crystalline  ma-sses,  or  shining, 
orange-red,  crystalline  scales,  having  an  iodine-like  odor 
and  taste,  an(l  gradually  losing  iodine  on  exposure  to 
air  and  light.  Soluble  at  15^  C.  (59"  F.)  in  7  parts  of 
water  and  in  about  30  parts  of  alcohol ;  also  soluble  in 
ether,  and  in  carbon  disulphide.  The  salt  is  gradually  de- 
comi>osed  by  boiling  water  and  by  boiling  alcohol.  Bv 
heat  it  is  completely  volatilized,  and  if  it  be  heated  witJi 
diluted  nitric  acid,  vapor  of  iodine  will  be  evolved.  The 
acpieous  solution  of  the  salt  has  a  yellow  color,  is  neu- 
tral to  litmus  paper,  and.  on  standing,  gradually  de- 
composes into  arsenous  and  hydriodic  acids"  (U.  8.  P.). 
This  iodide  has  been  given  internally  as  an  arsenical 
in  doses  of  0.008  gm.  (gr.  ^),  and  used  externally  on 
malignant  growths  in  a  one-percent,  ointment;  but  its 
principal  purpose  among  medicines  is  to  furnish  the 
pharmacist  with  the  arsenical  ingre<lient  of  the  official 
preparation.  Liquor  Arneni  et  HyS'argyri  lodidi.  Solution 
of  Arsenic  and  Men-uric  Iodide,  commonly  known  as 
Donovan' H  S<j1ution.     This  is  an  a(}ueous  solution  of  one 

fier  cent,  each  of  arsenic  iodide  and  red  mercuric  iodide, 
t  is  a  pale  yellow  fluid,  slightly  astringent  in  flavor, 
and  precipitating  with  alkalies,'  silver  solutions,  and 
solutions  of  alkaloidal  salts.  It  is  used  as  a  composite 
** alterative"  internal  medicine,  its  reputation  being 
principally  in  the  line  of  scaly  skin  disease,  syph- 
ilitic or  idiopathic,  and  in  rheumatic  affections.  Dose. 
from  five  to  ten  drops,  well  diluted  with  water,  after 
meals. 

PoUt*itium  Arttenite.  An  arscnite  of  potassium  is  offi- 
cial in  the  U.  S.  P.  only  in  the  solution  entitled  Liqyor 
PoUimi  Arxenitin,  Solution  of  Potassium  Arscnite,  better 
known  by  the  common  name  of  Foirlers  SolHtimi.  This 
solution  is  made  by  boiling  1  part  of  arsenous  acid  and 
2  of  acid  poUissium  carbonate  in  water  until  chemical 
union  is  effected,  then  bringing  the  solution  to  the  stand- 
ard strength  of  one  per  cent,  of  arsenous  acid,  and  add- 
ing a  small  charge  of  compound  tincture  of  lavender. 
This  latter  addition  is  to  give  the  prei>aration  sufficient 
taste  and  color  to  prevent  its  being  mistaken  for  simple 
water.  Fowler's  solution  is  clear,  and  tastes  only  of 
lavender.  It  responds  to  the  usual  tests  for  arsenic. 
Physiologically  it  acts  the  sjime  as  would  a  solution  of 
arsenous  acid  of  like  strength.  It  is  in  imitation  of  a 
famous  remedy  known  as  '*  tasteless  ague  drop,"  and  is 
the  most  convenient  and  commonly  used  arsenical  for 
internal  giving.  The  average  dosi*  is  five  drops,  well 
dilut<'(l  with  water,  to  be  taken,  like  all  arsenicals,  after 
eating,  and  repeated  two  or  three  times  a  day. 

ShUuui  Ar:<tnat(,  NaJIA.sO^+TllaO.  The  salt  is  offi- 
.  cial  under  title  StuHi  Arscnas,  Smlium  Arsenate.  It 
(K'curs  in  ** colorless,  transparent,  monoclinic  prisms, 
odorless,  and  having  a  mihl.  alkaline  taste  (the  salt  is 
very  ])oi.s()n(>us).  Efflorescent  in  dry  air,  and  somewhat 
(lelicjuesceiit  in  moist  air.  Soluble  in  4  parts  of  water 
at  l')  C.  (.VJ  F.),  and  very  soluble  in  boiling  water;  very 
sparingly  soluble  in  cold,  but  soluble  in  00  parts  of  boil- 
ing alcohol.  When  gintly  heated,  the  salt  loses  Ave 
molecules  of  water  (2H.8  per  cent.),  and  is  converted  into 
a  w  bite  i)ow(ler.  At  14H^  C.  (29«.4"  F.),  the  n'St  of  the 
waterof  crystallization  is  lost,  the  salt  fuses,  and  atared 
heat  is  converted  into  pyroarst'nate.  It  imparts  an  in- 
tense-, yellow  color  to  a  non-luminous  tlame"  (U.  8.  P.). 
Sodium  arsenate  has  the  usual  propertiesof  the  arsenicals, 
but  is  a  little  milder  than  potassium  arscnite.*  It  is  gen- 
endly  prescribed  in  the  official  Liquor  S/niii  Ar^gnati*, 
Solution  ot  Sodium  Arsenate,  which  is  simply  a  one-per- 


524 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


cent,  aqueous  solution  of  the  salt.    Thix  snliitiim  inay  be 
giren  In  the  umc  <li)su  odiI  manner  as  Kowlor's  luiluiion. 
Kdiritfd  Curl  it. 

'  Th.  GiPi :   An'hlr  rar  Pxprrliaenl.  Pub.,  Dwvnitier.  18T7.  qiHited 
IP  PbUlJiw'ii  Ualrnm  Unllni. 
•  MiU'lyipiD :  Killiiliurvli  MmIIcsI  Jnunul.  IWH.  n.  3t). 
>  Hingn- :  Juunul  vl  PtiyniuIiiK},  vul.  I.,  p.  SU. 

ARTERIES,  ANOMALIES  OF.— Anerji'fl  arc  siiliject 
1(1  fn'ijucnt  variHlions  [>[  hI'm,  iiri;;!!!,  hiiiI  itistributiiiii. 
Sunti^  or  tlK-M!  an-  m  unnniun  tliat  il  is  ilifficult  (ii  il<TklL' 
wlukt  is  tint  niimiul  eoiulitfim.  Many  nnoinaliiiiM  anerius 
are  nicrely  a  iii'TxIiitt-nn-  of  an  early  fcial  (tnulitlon. 
utbctnare  ruvuniiDnM  to  fornw  of  diHiHliiitiim  wliic-li  an.- 
natural  in  tin:  \-ariiiuH  H]Kfi<'it  of  tlH-  lowiv  nuitiiaK  while 
sonM!  «n:  diii-  to  an  aliiKirninl  I'nlarEi-ini'Ut  or  iliniinutiiin 
of  vcssclx  wliicii  mil  itrally  cxiHt.  I  |ini]iiiHc  in  tlii-  pnit- 
cnt  artit'liM-liii'Ily  111  thiuTilM- iho«c  anoiinilii'!)  which  an- 
important  surfcicullv — tliat  in.  tinist-  wlilrii  i-xiiti  in  [wrlK 
liable  to  (liM'a!H>H  wliich  ncoc-ssitatr  a  xtirfciral  (ijH-raiion 
for  tbdr  curv  orn'licf.  However  iiilvn-HiiiiK  wnulil  Ix-  a 
GAiwitleratioii  of  anomalit'S  of  arlcrii's  from  a  niorplm- 
logicsl  point  iif  view  to  pure  aiiatoniiHis.  I  fi-ar  iIh-  hiiIi- 
Ject  is  not  of  suffl<-icnt  iiiturwi  lo  ilic  jri'iicnil  pnifcsslon 
to  iuBlify  nip  in  (Icvuiini;  niiu'h  n|>aci'  to  it  lien-. 

Aorta.— Tills  vckhpI  is  Bulijiitt  to  niaiiy  variations.  It 
"■■  ■       f  the 


^S'jir''^--  <.f  liivision  bi'- 

)X  i  II  (I  ownHion- 

.^_-;y^^^^?  iilivas  low  an 

?^     r~^  'II'-   fifth.  aiHJ 

I     I  >!•<  hif;h  HS  the 


tram  Uw  Ahdominal  Airfwr.    t.  Aimii-  nuiri;  ,  _, 

Ek  ft.  tiM  prlmlllve  ■iwtU'  an-hmSDil  llwiriiiiiOn-  "™-      ' '"'  *"^- 

natloD  n  ttae  dnrradlTur  ■on*.   Tliwe  vivi^Ih  ta     liaH     liii'ii 

■ID  aiiiante  la  Ihrlr  vhiih'  vxWM  In  A  t'M  i'<  s  c  r  ii    ('iiiiiiHl 

SB  mn.  In  tlili'kiinii),  hiitat  ■  lali^rntTlial.  hh  .  ^     "     ,    , 

riKiwn  mora  [iiIlT  in  (.'.  luiTi' (ualtM'cd  In w  i  n  (i   n  I    iwo 

Mn  In  >  part  111  ttii- iU>nal  nirtiin.    In /t,  l>i'-  cIum'Iv   Ultiti^l 

uppnrjV  the_ii«^nd  iiiirl^iiPi'lilBh'niiiid.  iuIichI  iu    part 


■M  tsniier  down  llw  ilmirfl  llm-Hltullr 
pialUnn  at  tlut  niniiwllnii  inimi.  nun 
i*«  In  all.    tQunln'i "  Anatom)'."  I 


I'  frlal  lifi' 


dat«ncc  of  Ihe  uriKioal  doiiUk-  iiorl 
(Pig.  288).  The  ai>rtii  is  amu-linii's  vitv  n.rrtiou-..  oi 
large  sin',  and  displui-Ml  lo  urn-  siilc,  i'S]ii'ruiMy  in  idil 
peoplft.  but  this  ci'mliiiiiti  is  iliii'  iiiori-  [i>  |iiiiti<ilii|Ti(.'al 
changes  than  to  oon^iciiilnl  mill  fori  luii  inn. 

The  main  tnmk»  nf  the  icTfii  anil  inilmiinarv  nrtiTv 
are  (4,  Vig.  iHH)  Inilh  ilcriviHl  fnim  tin'  tirl.'riiil  'bulb  of 
the  fetal  lieart,  "ami  art  lialili'  In  viiriniiniw  whiih  imiv 
be  traced  to  <leviatiotiR  fmni  tin-  niiliinil  niiHle  of  )hi-ir 
aeptal  fli  vision  anil  of  Iliciriminn  willi  1hi'1>-ft  or  riv'lil 
ventricles  of  the  In-art  n-siM-clivi-lv"  it^iuiln'*  "An- 
atomy"). These  writilioiis  an- .iri-mTi'illy.issiHiiiir-il  with 
malformations  of  the  In-iirl.  ami  ofiin  uiUi  imii-iirv  of 
the  duet  us  arteriiwiis,  Thi-  aurlji-  in-  ]iiilniiin!iry  trunk 
may  he  almost  nhliti-nited,  or  Hie  i»ii  trunk-.  ni;i,v  [nm- 
muuicate  fn-ely  with  i-iieh  nrhrr.  nwiiiL'  ti>  ilie  luilnre 
of  complete  septal  divisinn;  a^iiihi,  ihiir  nrk'in^iniiy  1«- 
trensposed.  tlie  pulmonary  arti-ry  iirivinu'  t'li'Mi  the  lefl 
vontriclcand  the  aorta  from  Ihenirhi.  .V  viry  nir'niiinii- 
aly  has  been  tcporled  when-  tin-  puliii<innry  iirliry  mid 
aorta  form  one  stem  wliieh  arisi-5  rrmti  n  vimi'lc  heurl  like 
that  seen  in  dahes.    A  few  euik-H  un^  njHjrted  in  which 


Ihe  desceiidinc  aorla  arose  fntm  the  pnlinrmary  artery  and 
jjave  off  the  left  subilavian,  llie  left  ventrielu  diving  off 
only  the  inuominate  and  left  carotid.    Most  of  these  varie- 

hlu  with  life,  and 
are  fully  descrilied 
in  works  on  patho- 
loK'>'ol  anatoinv. 

Vtinflif  »/  a* 
Am-lif  ^IrrA.— The 
various  anomalies 
of  tile  Borlk-  arch 
depend  ou  the  mmle 
of  development  of 
Ihefonnhaiid  fifth 
fetal  branchial 
arrlu-w.  In  man  and 
nearlv  all  numi- 
nialia  ilie  arch  is  a 
li-ft  one.  proilueed 
by  the  persisleiirc 
of  Ihe  fourth  Uft 
bmnclilal  un'h  (Fij;. 
SK9).     In  birds  the 


'm.  ae.— Diunun  t. 

Aretmi,  Shuwlnft Their  TruigfumiatfonlD- 
Ki  ihu  l^niwnvnt  Vewels  of  Umi  MsmmaL 
lAftvr  RUbte.)     Tlip  pmniuiiti' 


formed  fnini  Ihe 
ri^ht  foiinli  bran- 
chial un-h :  and  in 
reptiles  Isilh  the 
rl^ht  and  left 
lb    hraneliinl 


■   |«-r> 


In 


IHihiiiinsry  mti-rlM  IW>wr,  Uw  lemponrT 
prinilllve  Hn'hni  In  iiuUIni^  onli.  A,  V, 
Primlllve  mnw.  meni.  dlrkted  Into  A, 
■iinlrHrrh.  P.  pnliwiniin'uterT:  o.  illtlit 
■iHtJR  mm;  II'  h-R  BurUi'  niut:  A',  d»> 
•rendlnffinrU:  I.  S,  H,  t.  ■'•.  nrimltlTe  vm- 
rulir  an-lir*:  )iii.  fin',  ristit  *nd  left 
pni-uni.««»trli'  m-rvn;  r,  !■',  rlgtit  and 
lolt  vi-nebnla :  n.  i:  rlihl  and  Ml  mb- 


eiit.     In 

whieh  there  is 
tranK)HisiIlon  of  tln- 
hi-art.  and  also.  i>f 
course,  of  the  areh 

of     flie    A^irtii      tin-       i-i"»i«iii"i  it,  i-ah»imii  i^unitius^   fi,  ri  , 
aorta  Is  a  nsht  <Hie,       ■■  An.toniy.")  ^ 

itiKtirad  of  the  usual 

left,  and  this  is  owiuK  to  ihe  persistimce  of  (he  right 
fimrthbnini'hialareh,  Hsin  birds.  The  pnlnioiian' artery 
ill  Itu-se  raw-H  is  also  liHnsiMmed  and  is  fomie<l  from  the 
rijihl  llflhareli  in  place-  of  from  the  left.  Many  of  these 
c-.iKi-s  have  iKi-ii  re]H>rled  ami  have  N-en  dhiKiiosed  dur- 
inc  hfe.  Ihe  din-etiiin  nf  Ihe  apex  of  Ihe  heart  tieing 
Inward  the  ri^'hl.  the  a|>e.x  beat  iK-in^  felt  on  Ihe  right 
side  Is-lweeu  tiie  Ilflh  and  sixth  rihs,  A  verv  good 
BtM-eimt-n  of  this  an- 
iiiualy  Ik  Io  he  seen 
in  tiK:  museum  of  the 
Pennsylvania  Hos- 
pital In  Philadel- 
phia. 

Oirrasionally  ths 
aoriie  an-h  bos  been 
observeil  completely 
double  (Fig.  390).  as 
in  n-plili's.  due  to  Ihe 

JH-rslstl'IKV      of      iHllh 

right  and  k-fl  aortic 
rmiis  (-..,..  Fiir.  aW) 
and  Ihe  fniirth  iinw- 
ehinl   iin<hi>  of  Isith 


11  fninrUwAn^tTilwiiiehVilH-'^'i;  """^  ""  ""'  '''''  ""''* 
iiniiii'lHw—Two  siilo-isiixn  siM  Imit  <>t' tin- -spinal  column. 
nin4iaAit.-rt.ti,    iAli.-rMiilu.uin.-..        „,  hi  .tirlv  f.-lul  life 

I  /.'.    l-'ic  --.'MM), 

The  aorlu  niiiv   |>ii<^>  Io  iln-  H-lii   of  tin-  rni.hi-a  and 

I'SOpllUKIlS    itlSllwi    Ol     Io     III.'     I.fi 


is|««i 


uiliii.> 


ot    I 


IflV 


iidy 


of  the  riglit  fourth  braneliial 
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arch  and  ucirlic  hhjI  inHlcad  of  llu-  left  (Fi«.  3«fi),  In 
ib.e#e  iMUM  till?  n-riirrctit  Inrynf^inii  iirrvc  iif  llic  left  side 
houks  riiunil  lliir  siilx'liivian.  iind  tliat  iif  llic  rifiht  iiruuiiit 
the  Brch  of  till-  Biirls.  In  siiiiii;  of  tUt'  rases  of  rijihl  arch 
tiiul  liuvv  In'cd  ii))s<:rviHl  till-  left  fiiilH'lavian  anwc  Trom 
■lie  iMi-k  part  of  tliu  dcwi-ndtn); 
aorta,  iwssiil  iM'hiiid  the  tnn-ht«, 
Riiil  niu'liiil  lis  UKiial  posiilou  in 
tliu  nwk  belwetra  the  wiili-no  nuw- 
cU-H.  In  cB-st's  of  this  kiuil.  the  llrst 
titirt  of  the  sultrlavlan  iK-itig  ah- 
scnt.  DwliiK  to  the  nonili-vi'lop- 
nirnt,  or  nilhcr  nhl  it  eta  lion,  of  the 
foiirtk  li-ft  viiKcuIar  artli.  the  in- 
ftTJiir  larynei-al  ii<?rv<'  tlocti  not 
hook  aroiintl  It.  hut  ptxr*  rlircctly 
to  the  larynx,  aixl  the  verlthral 
artiTy  may  ariit-  directly  from  the 


Fio. 


r<h. 

y.innli-mii  ii, 
ITonMcUrw  li„„  „f  ll,e  Jim 
Blaftl  AuHlf      -         ■  ~ 


Xiiinfifr  otid  Pnai- 
-/"■«  t>f  Hit!  Ar(U  «/ 
HQ  variations  arc 
I    Bliall 


piirt^ ""hoi hiwmiir  imly  till' iDiiHt  common  anil  impor- 

Uciviit'''pniS^n«aa  '""'■     '"'^   bmnclies  of  llie  aortle 

■Ik  Huhclavun  «l«r.  an-li  iniiy  he  jjivcii  off  from  a  sinjrlf 

n',  Irft  aiirtic    rwK;  tnmk.  wliiili  fDrinH  what  is  nillwi 

uilSi^^AS..""?.'^;  "'<^  ""."■'^"^  «'.'""■,  Tl'w  arraiiKe- 
meiit  IH  wtn  111  llip  horsi'.  Ilie 
t^inimoni'xt  aiiuonnnl  aminKciiK'Ht  of  thi^  tiiaiielivs  inDiat 
-n-hrn- llxr  iifl  <-»roliil  arlM-s  fn)m  the  innominate:  tliiiB 
only  two  liniiK-lii-M  arc  ^ivin  off  fniin  the  arcb.  tin;  U>fl 
sulN.'lavian  niul  ilic  ttiiiottiinatc.  Tliis  is  the  usual  dislri- 
btitlcin  in  moHl  of  the  rarnivom.  There  may  Ik>  two  in- 
nomiiittl<«  jfiven  off  from  the  arrh.  eaeh  dividinjc  into  a 
rarolUl  unifsulicluviuii.  us  in  tlin  lial.  Thn-c  branclivs  is 
the  normal  iiunilitT  arising  from  the  anli  in  man.  apes, 
and  a  few  other  nniiituls.  Oecasionally  we  sec  Ibreu 
iHunchefl  arlHinfr  from  Ihcan^h  in  a  different  way  from 
the  nornwl.  We  may  liiive  llie  two  siibekvians  arising 
■eparately.  and  the  two  carolklit  arisiii;;  from  a  romniou 
stem  lM>twv(-a  them.  Tliis  is  Ihc  nitrinal  disposition  in 
some  (-<-larea.  Sonietimesull  fwirvea««;l»iirisese(>aratcly 
from  tlw  an-li.  Aipiin.  tlie  left  vertehral  may  arise  from 
tlio  an'h,  while  the  iHUer  branrhes  pn-serve  tlie  normai 
arntofri'meut.  or  ihiTe  iiuiy  'x^  lf^'<-'  branelies  n\veu  oft 
separatt-ly,  vi?..,  the  two  subclavians,  two  carnlids.  and 
left  vertebml.  Ah  many  oh 
six  hniiiclic-s  have  liecu  seen 
to  eiinie  off  from  the  aortiu 
arch.  Tills  oi^ciirs  when,  in 
mlditiiin  lo  the  ultovc-men' 
tioiicd  live  Iminches,  the  right 
vertelirai  is  also  given  off.  A 
Ciirliiun  anomaly,  and  ime 
which  is  imen'sliujn:  from  its 
rarity  and  manner  of  dcvelup 
ment,  is  tliut  form  of  urch 
where  the  right  and  iefl  oim- 
tida  and  left  Hiilxlavtaii  Lirise 
eepamti'ly  from  llic  arch,  and 
the  rifilit  sulK'laviiin  HriK(i< 
from    ilie   iMck    (lart  of  the 

,i™v,uhw  »,«„,  „.«,  V.  "S„'S„"Si'Ki! 

hiiKl  llio  imcheti  and  n-Hoi)ha       whiib   cmini-rM    ihn   i*:- 
giiB  and  ii8feiidin>,'  porlion  of      nwmllnir    Aima   with    ihn 
tho  anh.  and  naches  its   nor-      SifS"  «"  .A'^JTle  1^ 
nial  plaef  between  the  xcaUme      diiublr  luh'tuvuii. 
muscles  (Fig.    '291).     In    tliis 

ifoe  the  riitlit  inferior  laryngeal  nerve,  insteiul  of  himk- 
ing  round  thu  siibelavian,  jiasses  directly  to  the  larynTi. 
The  siilx'lavian  here  n-presi'nt* .  the  iM'rsistent  right 
aorlic  root,  and  tlie  riglit  fourth  brancliial  nrch  is  oli- 
lilerutcd  (si'e  Kig.  ^IWt).  Some  years  ajjo  I  inci  willi  a 
curious  aninnnly  liaving  soinewliat  thtN  character.  1 
hHiked  upciii  it  as  a  double  sulx-lavian.  Tlie  right  sub- 
clavian was  given  off  as  iisiiai  from  the  innominate,  hut 
was  joined  m  tlic  second  part  of  its  course,  between  the 
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sciilifne  muxclcs.  by  a  small  branch  which  arose  frnm  the 
liHck  part  of  Ibo  iliturending  aoria.  I  considervd  this  a 
eaiie  (if  persisli^ncc  uf  (he  fourth  tight  vascular  arch,  and 
also  of  (he  rifrbt  aortic  root(Ei);.  ilK).  (Foracomplct« 
ilescriptiim  of  the  very  many  rarit-liea  of  the  arch  of  tbe 
aorta,  sec  Turner  on  "  Varietiesof  the  Arch  of  (he  Aortt." 
in  Sril.  aiuf  For.  iftil.-Cbii:  Rtr..  \mi:  Henle's  "An- 
atomy. "  Tol,  iii. ;  Ilyrll:  and  Professor  Sinitlicrs.) 

Iknouixatk.  <in  BHArnio  CKfii.tuc-— This  artery  oc- 
casionallv  varies  as  to  the  |Hiint  of  itn  division.  In  some 
cases  it  ilivides  alxivc  the  sterno -clavicular  articulation, 
and  in  otheis  cimslderatily  below  it.  When  there  is  a 
high  divisiiiii,  there  is  lianger  of  its  bein|r  wounded  tn 
tracheotomy,  especially  In  those  cases  in  which  the  artery 
inclines  to  (be  median  line.  In  cases  of  ligature,  how- 
ever, tlie  openiliiin  wmilil  bo  much  facilitated  by  a  high 
divisiini.  and  rendered  much  mon-  itifflcult  by  a  low  one. 

The  thyiinihii  iiiia  or  uiimr  tliyniid  (Fig.  293)  ia  not 
Infrequently  given  off  from  the  itiuomlnate.  and  ascends 
to  its  destioalion  in  front  of  the  trachea.  When  ptvaent 
it  would  cninplicale  the  operations  of  Irachcolomy  and 
excision  of  itie  thyroid  gland.  In  nbservationa  niailc  by 
myself  on  250  sulijwts,  1  found  that  this  artery  occurred 
ta  limes,  or  once  1u  ai.tO  cases.  Biclmrd  Quain.  in  bis 
valuable  work  on  the  arteries,  found  ii  B  times  in  291  sub- 
jects, or  om'e  in32.it:).  It  Is  sometimes  of  large  size, 
dividing  into  two  branches,  one  of  which  goes  to  eadi 
lobe  of  the  thyroid  glanil. 

This  artery  wmietiines  arisi'S  from  the  right  common 
earolid.  and  nireiy  fnmi  the  arch  of  the  aorta  between 
the  left  rarotld  and  iniuimiuate. 

Ahtkuies. — These  vessels  may  varr 


in  their  origin  and  plaei-  of  div 
occasionally  arises  direct- 
ly from  the  arch  of  the 
aorta  eilhiT  alone  or  wllh 
the  left  caniikl.  In  the 
latter  lase  the  artery,  to 
n-ach  lis  usual  potution 
on  thu  right  side,  cnntses 
the  traehtu  above  the  up- 
per borderof  the  sternum, 
a  fact  worth  remembering 
In  connection  with  the 
of  tracheotomy. 


The  right  (arotui 


Itn 


.;  abov 


Flo.  Sea-StiowlTiK  a  Klddla  Tb^ 
mid  Antfi-v  IT.  1. 1  ArtflinfrlTOnitaa 
RuDnlm  up  tto 


nnnt  ot  the  Tracbea  I 
Ttajmld  riluid. 
tiUAIIy  ■lierm. 


Dnluff  UD  tto 
nmluqualB, 


low  ihe  si  erm  I -clavicular 
artieuliilion.  according  as 
the  innoiiilnale  is  longer 
or  sliorler  than  usual. 
The  Irft  rirm/id  varies 
more  fn'i|iietilly  In  oriein 
iliiin  Ihe  right,  iis  it  isde- 
riviil  frimi  the  Innomi- 
nate in  aliout  otuf  case 
in  nine.  It  may  also 
arise  from  the  an'h  in  common  with  the  right  carotid. 

I'Ifliv  tif  JUrisi-ia. — The  common  carotid  often  variea 
as  to  its  (ilaee  of  divisiun.  The  normal  dividing  point  ia 
opjiostte  the  u|>iKT  bimlcr  of  the  thyroid  cartilage,  bat  It 
sometimes dlvltres  as  high  u|i  as  the  hyold  bone,  and  as 
low  down  as  the  cricoid  cartilage.  Morgagui  reports  a 
(ii.sc  in  which  it  divid<-d  at  the  niot  of  the  neck.  Cases 
are  reionied  in  which  it  diil  not  diviiie  at  all,  one  or  other 
of  its  main  bnitu'lies  Ix-ing  alisi^nt.  1  have  occaaiODally 
sii'nihisartcrygivcoff  the  superior  thyroid  and  ascending 

fliurviisreal  la'fore  its  division,  and  alsoa  small  larj-ngcaT 
ttlsii  once  saw  the  h'ft  carotid  givingoff  the  left  vertebral. 
K\'rKUSAL  C.*R<iTin  ami  Its  Brasches. — As  men- 
tioned iibove.  the  origin  of  the  external  carotid  varies 
considerulily.  It  has  in  rare  cases  been  noticed  arising 
from  the  iniKiniinate.  and  even  from  the  arcJi  of  the  aorta 
ilself.  Alisi'nce  of  this  artery  has  been  met  with,  the 
blanches  arising  at  varying  intervals  from  a  common 
tnink.  rcpiTsi^nling  liotii  internal  and  external  carotids. 
The  artery  wimetiines  passes  between  the  digastric  mus- 
cli'  and  slylo-hyoid.  I  liave  in  one  case  seen  it  pass  up  to 
the  panitid  gland  superficial  to  both  the  poglertor  belly 
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Artertes* 


of  the  digastric  and  the  stylohyoid,  instead  of  behind 
them. 

The  origin  of  the  branches  varies  considerably ;  they 
may  be  crowded  together  at  the  commencement  of  the 
vessel,  or  at  a  point  higher  up.  Sometimes  they  arise 
from  the  main  trunk  at  nearly  regular  iutervak,  and  oc- 
casionally we  find  stn'eral  branches  arising  from  a  single 
stem.  Accessory  arteries  may  arise  from  the  external 
carotid,  such  as  the  accessory  superior  thyroid  and  ac- 
cessory ascending  pharyngeal.  The  sterno-mastoid,  which 
usually  arises  from  the  occipital,  occasionally  arises  from 
the  main  trunk,  and  when  this  occurs  the  hypoglossal 
nerve  hooks  around  this  small  branch  instead  of  around 
the  occipital.  In  consequence  of  the  lower  origin  of  the 
sterno-mastoid,  the  nerve  in  such  cases  passes  lower  down 
the  neck  before  crossing  the  vessels  to  reach  the  hyo- 
glossus  muscle. 

Superior  Thyroid. — This  vessel  may  be  very  small  or 
absent,  its  place  being  taken  by  the  artery  of  the  opposite 
side  and  the  inferior  thyroid  of  the  same  side.  It  some- 
times arises  from  the  common  carotid.  The  erico-ihyroid 
may  be  of  considerable  size,  and  its  mipenor  Uiryiigeal 
branch  may  arise  from  the  main  trunk,  or  pierce  the 
thyroid  cartilage  instead  of  the  thyrohyoid  membrane, 
as  is  the  case  in  many  mammals.  Mr.  Walsham  ("  St. 
Bartholomew's  Hosp.  Kep.,"  1880)  has  several  times  met 
with  a  large  branch  from  the  superior  thyroid  crossing 
the  trachea  between  the  cricoid  cartilage  and  isthmus  of 
the  thyroid.  He  once  wounded  it  in  performing  trache- 
otomy. 

Lingual. — This  artery  often  arises  in  common  with  the 
facial,  and  occasionally  with  the  superior  thyroid.  In- 
stead of  passing  beneath  the  hyoglossus  muscle  it  has 
been  seen  to  pierce  it. 

In  some  rare  cases  it  has  been  absent,  and  its  place  has 
been  taken  by  a  branch  from  the  internal  maxillary.  Its 
place  has  been  taken  also  by  a  branch  from  the  facial, 
the  submental.  Its  sublingual  branch  is  occasionally  de- 
rived from  the  facial.  The  hyoid  branch  is  often  want- 
ing, and  in  such  cases  the  hyoid  branch  of  the  superior 
thyroid  takes  its  place.  The  lingual  sometimes  gives  off 
the  submental  and  ascending  palatine  artery.  In  one 
case  of  operation  on  the  deaa  subject,  the  writer  could 
not  find  the  artery  in  the  usual  place,  but  it  was  found 
coming  off  from  the  superior  thyroid,  passing  up  to  the 
median  line  of  the  neck  on  the  thyrohyoid  muscle.  It 
crossed  the  hyoid  bone  internal  to  the  lesser  comu,  pierced 
the  hyoglossus  muscle,  and  thence  onward  its  course  was 
normal  (Annals  of  Surgery,  vol.  ix.,  1889,  p.  83). 

Facial. — This  artery  is  very  variable  in  size  and  also 
in  extent.  When  the  facial  is  deficient  its  place  is  taken 
by  the  transverse  facial,  internal  maxillary,  or  ophthal- 
mic, most  frequently  the  first  mentioned. 

deeipital. — This  arterjr  usually  arises  opposite  the  fa- 
cial, but  its  place  of  origin  may  be  above  or  below  this 
point.  Sometimes  it  is  derived  from  the  internal  carotid 
or  the  ascending  cervical  branch  of  the  inferior  thyroid. 
It  occasionally  passes  to  its  destination  superficial  to  the 
trachelo-mastoid  muscle,  or  it  may  pierce  the  sterno- 
mastoid  and  splenius  capitis  muscles.  K.  Quain  mentions 
a  case  in  which  it  passed  superficial  to  the  sterno-mastoid 
muscle.  It  not  infrequently  gives  off  the  posterior 
auricular  and  ascending  pharyngeal. 

Posterior  Auricular . — Often  a  branch  of  the  occipital: 
sometimes  of  small  size,  ending  in  the  sterno-mastoid 
muscle. 

Ascending  PJiaryngeal. — Varies  greatly  in  its  place  of 
origin ;  may  arise  from  the  internal  carotid,  occipital,  or 
a  linguo-facial  branch.     It  is  occasionally  double. 

Superficial  Ternp^/ral. — This  vessel  is  very  often  tortu- 
ous, especially  in  the  aged. 

The  transverse  facial  is  occasionally  of  large  size,  and 
takes  the  place  of  the  facial.     It  is  sometimes  double. 

Internal  Maxillary. — This  artery  frequently  arises  in 
common  with  the  temporal.  R.  Quain  has  observed  it  in 
two  instances  arising  from  the  facial,  "from  which  it 
coursed  upward,  to  pass  beneath  the  ramus  of  the  maxil- 
lary bone  in  the  usual  sitiiation.*' 


It  very  frequently  (in  about  4.5  per  cent.)  is  covered 
by  the  external  pterygoid  muscle,  instead  of  lying  super- 
ficially to  that  muscle.  It  sometimes  perforates  the  ex- 
ternal pterygoid,  and  rarely  the  internal.  It  may  replace 
the  facial  by  a  bmnch  from  the  posterior  dental,  buccal, 
or  infra-orbital  artery. 

Internal  Carotid  and  Its  Branciies. — This  artery 
in  the  neck  is  occasionally  very  tortuous.  It  has  been 
known  to  be  absent,  its  place  being  taken  by  the  artery 
of  the  opposite  side  or  by  a  branch  from  the  internal 
maxillary.  It  is  sometimes  very  small,  smaller  than  the 
vertebral  (Hyrtl).  The  ascending  pharyngeal,  occipital, 
lingual,  or  transverse  facial  may  arise  from  the  internal 
carotid. 

A  lar^e  communicating  branch  has  been  seen  going 
from  this  artery,  while  in  the  cavernous  sinus,  to  the 
basilar  artery ;  in  such  a  case  the  i>osterior  communicat- 
ing branch  is  wanting.  The  posterior  cerebral  not  infre- 
quently comes  off  from  one  of  its  branches,  the  posterior 
communicating. 

Ophthalmic  Branch. — This  has  been  seen  to  come  off 
from  the  middle  meningeal  artery.  Occasionally  the 
middle  meningeal  comes  off  from  the  ophthalmic.  The 
ophthalmic  may,  by  its  nasal  branch,  supply  a  deficiency 
in  the  facial.  In  fifteen  per  cent,  of  cases  it  crosses  be- 
neath instead  of  over  the  optic  nerve.  It  has  been  seen 
to  go  through  the  sphenoidal  fissure. 

Uerebral  Arteries. — The  anterior  cerebral  of  one  side  is 
often  much  larger  than  that  of  the  other.  In  some  rare 
cases  the  two  anterior  cerebral  arteries  are  united  into  a 
common  trunk,  like  the  basilar.  The  anterior  communi- 
cating artery  is  sometimes  double ;  I  have  once  seen  it 
treble.  It  is  often  very  short.  The  posterior  cerebral 
may  arise  from  the  internal  carotid  by  a  large  posterior 
communicating.  It  has  been  seen  by  Hyrtl  to  give  off 
the  middle  cerebral. 

The  postenor  communicaiing  artery  occasionally  comes 
off  from  the  middle  cerebral  instead  of  from  the  internal 
carotid. 

Subclavian. — The  varieties  of  origin  of  this  artery 
have  already  been  mentioned  in  the  account  of  the  anoma- 
lies of  the  arch  of  the  aorta  and  innominate  artery.  It  Is 
generally  given  off  from  the  innominate  on  the  right  side, 
opposite  the  sternoclavicular  articulation,  but  occasion- 
ally the  innominate  reaches  nearly  as  high  up  as  the 
cricoid  cartilage  before  it  divides,  and  in  these  cases  the 
artery  would  be  at  an  unusually  high  level.  The  high- 
est part  of  the  artery  is  the  second  portion,  and  it  is 
normally  about  1.2  to  2.7  cm.  (one-half  to  three-quarters 
of  an  inch)  above  the  clavicle,  with  the  shoulder  de- 
pressed, but  not  infrequently  it  may  be  below,  or  on  a 
level  with,  the  clavicle,  and  sometimes,  especially  on  the 
right  side,  it  may  be  placed  as  high  as  8.7  cm.  (one  indi 
and  a  half)  above  the  level  of  the  clavicle.  It  may,  in 
those  rare  cases  in  which  a  cervical  rib  is  attached  to  the 
seventh  cervical  vertebra,  pass  over  this  rib  in  place  of 
the  first  dorsal,  and  be  raised  fully  two  inches  above  the 
clavicle.  I  have  seen  this  occur  once  in  two  hundred 
and  fifty  subjects  examined.  In  the  living,  when  this 
condition  exists,  it  mav  be,  and  has  been,  mistaken  for 
aneurism.  Sir  James  Faget  has  diagnosed  this  anomaly 
four  times  during  life.  It  is  obvious  that  the  height  to 
Avhich  the  artery  reaches  is  important  in  cases  in  which 
ligature  is  necessary.  I  have  seen  in  one  case  in  which 
there  was  an  incomplete  left  first  rib  the  artery  pass  over 
the  second  rib.  On  the  right  side  there  was  also  a  rudi- 
mentary first  rib  completed  by  fibrous  tis.<*ue.  There  was 
a  deep  groove  in  this  rib,  in  which  rested  the  artery ;  be- 
fore complete  dissection  this  was  taken  for  a  cervical 
rib.  The  cases  for  which  ligature  is  undertaken  are 
chiefly  those  of  aneurism  of  the  axillary  artery,  in  which, 
in  consequence  of  the  condition  of  the  parts,  the  shoulder 
is  elevated.  If  the  artery  should  be  at  an  unusually  low 
level,  or  even  just  behind  the  clavicle,  the  operation,  as 
may  be  conceived,  would  be  rendered  extremely  difl3cult. 

The  third  part  of  the  artery  in  'thin  people  with  small 
muscles  is  very  superficial,  but  in  stout,  muscular  indi- 
viduals it  is  very  deeply  placed.     Dupuy tren  says :  **  The 
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third  part  <if  thn  subclavian  lies  near  tlic  skin  in  tlniw 
wliu  are  tliin  and  linvi;  sl<iid<T  und  l<itig  un-kH.  wilh  liwi 
and  pendent  shoulders;  it  is,  (in  th<-  mntrary,  dit-ply 
hidden  in  l>ersoiis  wlio  hav*;  sliort,  tliick  necks  ami  niiiH- 
cularstKium-rs." 

Occaannally  tlip  subclavian  aiUrty  pi<-rces  the  scalenus 
anticus  triHltwlnf  kiiIii^c  brbind  it.and  nmrentrvly  posaeH 
entirely  in  front  nf  tlii'iiiusclc;  of  rlit!  limt  varii'ty  1  liave 
seen  Hvc  nuK'R  in  tnii  hniidrc«l  ami  lifty  sn1ijit'tH(ihn'e 
on  llie  left  and  twii  on  the  ti):hl  side):  iif  the  Ki'ciiiid.  In 
the  name  number  nf  subjects  t-xaiiiineil.  1  have  seen  unly 

The  vein  nuy  pass  witli  the  artery  bt-hind  the  auh'riiir 
snilenus,  and  in  ven*  rare  eaiH's  their  nnrmul  [MisLlionN 
amy  Iw  revenuil.  Tlie  lni|ie2ii)K  iiiay  cover  Ibe  third 
part  iif  tlu-  Kiibelaviaii.  or  it  may  have  in  front  vf  ii  rlic 
omo-lit'oiii  muM-ti:.  lliew  (-ondilions.  however,  nill  be 
mure  fully  descritied  under  .Viufltg.  Aiiniiiiilin  of. 

YitHiiliuiif,  vj'  Unnif/iin, — ll  is  ini|Hirlant.  snrpieally 
sm-akinj;.  Iliat  Ibe  pitKition  of  (tie  vHriiiu>t  hniiiebes  given 
tm  from  tlie  subclavian  Klmuld  lie  ccitiHJilei'iil. 

The  hmni^licH  given  off  from  rhe  tirsi  |>iiri  do  not.  as  a 
rule,  van-  niueli  in  llieir  arnmsi^inent,  bur  several  niav 
botransfiTrciUollii'seediidor  iliini  portions.  The  left 
vertebral  may  arise  fnim  the  ureh  of  llie  anna  iiiKleiul  of 
fromllie  lirstpan  of  Ihe  left  subclavian,  ami  tlie  brandies 
of  the  thyroid  axU  inay  lie  given  olf  Ki-|Hinilely. 

The  first  imrt  of  tlu!  right  sulxilaviau,  liaving  been  inr- 
casioiiiiliy  ligaiitl.  it  is  ni-eesiwry  lo  know  at  wlut  dis- 
tance from  tbu  iiniuminate  tlie  brnnclui)  arbte.  In  Ibe 
majority  of  cases  this  is  from  l.£5cm.  (luilf  an  incli)  to 
2.4  cm.  (one  inch)  (K.  Qnain):  but  il  often  exeeiils  Ilns, 
and  Is  fretjuently  2.4  cm.  (i>ne  inch)  to  'AM  cm.  (one  incli 
and  tliree-i|uarters).  lu  a  small  minority  of  ca.scs  the 
distance  is  under  1.3  cm.  (lialf  iin  inrb). 

In  the  trrand  poHi-invf  the  niirrg,  one  liraiich.  as  a  rule, 
is  given  off.  tlie  supt-rlor  inlenvisrul:  ■H'eaHiiiiinlly  no 
bianchcisarc  seen  tiere.  and  again,  not  infn-iiueiitly.  tfierc 
are  two  or  three. 

Tlie  third  poHioH,  fu  a  lirtle  mon-  tluin  hulf  theraHcs. 
gives  off  no  branch,  in  a  lirtle  h-ss  titan  lialf.  one  branch, 
occasioTiallv  two,  and  in  verv  niri-  caws  thriw  and  four. 

Verteliral  Artery.— OrXiAn:  The  ripht  vertebral,  in 
tliose  rare  east's  {[i  nliieh  I  he  riirhl  suliebtvittn  arises  from 
the  nrcii  of  tln'  iiorin.  is  Lnveii  olT  fruni  the  eoimnon  cam- 
tid  ot  tile  rigbl  sirlr,  Tlic  riirlil  Vertebral  Iws  iH-en  scm 
coniin?  fnmi  llie  liiib*  Tin-  left  vertebral  not  intre- 
((Uelitlv  is  ;;ivi'ii  oil'  Irom  tlii'  arch  of  Ihe  aorta,  gi-iiemllv 
iH'lwii'nthe  li'Ii  i;iri>iiiliiiul  lift  siilielaviaii.  1  luiveseeii 
this  Hrmm:eiii<-»I  twelve  tiuK-s  in  IHo  Imiidrcii  ii[id  liftv 
KuliiM-fi,  'I  liiive  OU.V  s.-.-n  il  i-onie  oil  from  tlje  lefl 
conmiou  tnn>tid.     Tlie  verlebml  bu^  lii-ni  x.-rn  uiili  two. 

fours.-  This  vesl-.|  ni:iv' fiiij   to  .■nt,r  llir  triiiisviTs,- 
[■  siMb 


the  I 


rlliet 


■   iiif.T 


the  II fill 

enter  tile  I  iiitist 

butil  isiinlv  v 

as  tlte  tblnl  mid  Keemtil 

Ajcain,  it  may  enter  the  li-i 

cerviral  vertebra,  in-i,.;irl , 

SiMi:  The  left  vc-i-lctinil 
the  risht,  espt^'iiillv  in  tli' 
dh^K-tly  from  llie  iiiili  ol'  i 
tehial  is  nearly  us  liir^rt,  j,. 
Umesas  smalt  us  tin-  its<' 
inferior  thyroid. 

Bramhes:  Tlie  veriebni 
rence,  give  off  the  Inferior 

*  Xr,  A.  M.  PBIMWUt  (Jtiur.  Ai 
eu*!  iif  rlitlit  TiTlelnd  uMnit  In 


artery.  I  have  seen  two  examples  of  the  first  variety 
oeeiifring  on  bolh  ^es  of  same  subject.  Its  Lofeite 
cerebellar  branch  is  frequently  absent  on  one  side. 

The  Ikyroidea  iuia  lias  Iieen  observed  in  rare  caaea  lo 
come  oft  from  the  right  subclavian. 

The  upper  end  of  ihe  vertebral  artery  oecHdooslly 
divides  into  two  brunches,  which  unite  a  little  higher 
up.  thus  forming  a  loop  through  whieh  pass  filaments  nf 
Ilie  hypoglossal  nerve.     I  Iiave  seen  this  anomaly  in  two 

Thyrniil  Arif, — This  tniuk  occasionally  arises  beyond 
the  scalenus  anticusniUKcle  (according  to  R.  Quain  twice 
-'-  "vo  hundred  and  seventy  three  eases).     It  n   "  '  ' 


from  the  siilielavin 

Infrrii'r  ThynrUt. — This  artery  fr<-(iuent!y  arises  uan 
indi-pt-udetit  branch  from  llie  subclavian.  It  lua  been 
seen  to  arise  from  the  tHtmmon  carotid,  and  not  infrr- 
ijiitutly  from  the  vertebral.  It  varies  considerably  in 
siKe.  and  wlien  small  its  phice  is  taken  by  the  superior 
tbvroid.  In  caseaof  enlarged  thyroid  gland  (bronchocele) 
il  19  often  nearly  as  brge  as  the  (srotid.  Tvfo  inferior 
thyroids  liavo  iM-en  found  on  the  same  side,  one  baling 
Ihe  normal  course  In-nealb  the  carolid  artery,  and  tbs 
other  renehing  iis  di-stinalion  by  passing  »uperficiallj  lo 
Iliat  vessel  (Fig.  204).  Ilsbranehcsof  division  areclusely 
eonneeteil  with  Ihc  recurrent  laryngeal  nerve,  which  may 
pass  beneath  or  alfove  them,  a  point  to  be  borne  in  mind 
In  extirpationof  the  thyroid  gland.    Tbu  inferior  thyroid 


Ii.  aM.-lnfeii(ir  Thymic 


_.;ld1ne  InloTwo  B 

In  trunl  nt  Iho  rannlil  Bhealli,  Ihe  ot 
111(1  /"hiM-.  ™i.  ilv.J 


_.r3M 


niirtli'  inVii  ln^'urul  th-  l-rr  .ilu 
ertiil  •'iiii:il  l>v  ikiviiiu  l.'hln.l 


iiriiri 


llH- huIh-IiivIhii  when  llurlwsfnnnllu-lii 


i-l>vl>D  und  vertebral  ui 


V  !«■  Wiinling  altoijelher.  its  piiHv  bi'ing  Btipplii'"—  - 

I'lilurired  suiK-rior  thyroid  of  the  same  Kide.  ^t 

'he  iiarintUug  rerririd  bmueb  of  the  interior  tliy  if  it* 

!■  Ijc  (leriv<sl  direelly  from  Iho  siittelavian  or  one  o -^^-^^Vii; 
iiilics.    It  is  <K'<ii.sionully  <)f  large  size,  and  niuy  «" 
pliici'  of  llie  oeeifiilal.  (,<in 

'•ilirtmriiii'iliir. — This  artery  is  usually  derived  f  ".^^ffo' 
lliyroid  axis,  but  not  infrequently  luis  a  diffe '^^.jan 
rill."  It-  isiifien  given  off  directly  from  tlw  siibelai'^^jy,vi 
■ay  1k!  given  olf  from  the  internal  in:iinmar>'.  I  L^"^  god 
nil  times  sti-n  it  derived  fnim  the  siibscapulur 
fioiLi  the  iisillarv.     It  is  ofieu  verv  small.  ,^^*hjfli 

■aHsurtc  Vertical. — This  artery  when  given  off  ^^^ 
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;  branch  from  the  Becond  or  tliird  part  of  the  sub- 
clavian, rarely  from  the  first  part.  It  Is  well,  when 
IfgaturiDg  tlie  third  part  of  the  siibclaviau,  to  remember 
that  the  potilerior  scapular  comen  olf  from  it  about  onee 
1q  every  three  cases.  Wlteu  thepoHleriorscapularurtery 
is  given  off  from  the  third  part  of  the  subi-Iaviau  I  have 
not  infrequently  Been  It  pierce  the  lihres  of  tlie  eealciius 
modiue  muscle,  and  occasionally  ^n  between  tlie  corda  of 
the  brachial  plexun.  The  postcnor  scapular  arlcry  may 
be  given  off  from  the  axillary,  or  it  may  end  near  the 
scapula  in  a  small  branch,  its  place  being  supplied  by 
branches  from  the  suprascapular.  The  sut)erli(-ial  cer- 
vical may  come  off  from  the  snbclavian  as  a  sepamte 
bmnch.  the  posterior  sc«pular  alone  being  derived  from 
the  thyroid  axis.  When  the  posterior  scapular  is  a 
branch  of  the  tliird  part  of  the  subclat-ian  ft  often 
gives  off  a  large  branch  to  supply  the  trapezius,  which 
represents  the  greater  part  of  the  superllciat  cervical, 
the  latter  artery  in  such  cases  being  very  small  or  ab- 

The  ttansrerse  cervical  artery  is  occasionally  given  off 
from  the  subclavian  as  a  separate  brunch. 

Internal  Miimmary. — This  is  a  large  and  very  regular 
branch  of  the  subclavian,  generally  arising  from  the 
lower  part  opposite  (he  vertebral.  It  may  ansc  fromthe 
thyroid  axis,  axillary,  or  innominate,  or  even  from  the 
arch  of  the  aorta.  It  may  also  form  a  common  tnink 
with  either  of  the  scapular  arlcries,  and  Ik:  given  off 
from  the  second  or  tliinl  part  of  the  subclavian.  Uyrti 
describesa  case  in  which  the  trunk  of  this  artery  crossed  in 
front  of  the  fifth  right  coital  cartilage,  coming  out  of  the 
thorax  through  the  fourth  interspace  and  re-entering  it 
by  the  lirth.  In  one  ca.<!e  the  author  saw  ttie  phrenic 
nerve  pierced  by  tliis  artery. 

A  branch  is  sometimes  given  off  from  the  upper  part 
of  the  internal  mammary,  called  by  Uenle  the  A.  maiii- 
marin  inlenta  laUnitit.  which  crosses  the  iimer  surface 
of  the  upper  four  to  six  rilis  and  intercostal  spaces  at 
right  angles,  about  midway  between  Uie  spine  and  ster- 
num, anastomosing  in  its  course  downward  and  outward 
with  the  intercostal  arteries.  In  penctmting  wounds  of 
the  tliorax.  fractured  ribii.  and  other  injuries,  this  lateral 
bmnch  might  be  wounded  and  give  rise  to  dangerous 
hemorrhage.  It  might  also  be  wounded  in  the  opcTation 
for  evacuating  an  empyema. 

Superior  InUra/ntiil. — Sometimes  arises  from  the  thy- 
roid axis  or  vertebrul.  I  liave  seen  it  arise  frimi  ilie  in- 
ternal mammary.  It  may  be  of  considerable  si  xe.  and  may 
supply  three  or  four  intercostal  spaces.  It  in  some  cases 
passes  between  the  neck  of  the  first  or  second  rih  and  the 
corresponding  transverse  process  of  the  dorsal  vertebra. 
It  is  very  rarely  al«ent. 

Ifeep  Ceraeat. — This  artery  is  generally  a  branch  of 
the  preceding,  but  occasionally  is  derived  directly  from 
the  Butx^lavian,  in  the  proportion  of  1  in  SO  subjects  (R. 
Quain).  In  rare  cases  it  arises  from  the  posterior  scapular 
and  internal  mammary  It  is  not  infrequently  of  small 
tize,  its  place  being  taken  by  the  deep  cervical  branch  of 
the  occipital,  a  branch  of  the  inferior  thyroi<l.  the  ascend- 
ing cervical  or  a  posterior  cervical  branch  of  tlie  trans- 
Terse  cervical  (Henle). 

It  may  pass  between  the  transverse  processes  of  the 
fifth  and  sixth  cervical,  first  and  second  dorsal,  or  secomi 
and  third  dorsal  instead  of  between  the  seventh  cervical 
tt&naverse  process  and  first  ril>. 

There  is  sometimes  an  accessory  branch  accompanying 
ft. 

Axillary  Artery. — The  most  important  anomaly  of 
this  vessel  is  its  early  division  into  two  trunks,  one  of 
which  may  give  off  all  or  most  of  tlie  branches,  or  may 
be  a  high  origin  of  the  radial,  ulnar,  or  even  the  iuler- 
osseous  artery  fPig.  8M>.  When  one  of  the  trunks  gives 
off  all  or  most  of  the  branches  it  is  neariy  always  sur- 
rounded by  the  brachial  plexus  of  nerves  and  embraced 
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by  the  two  heads  of  the  median.  The  branches  given  off 
from  this  common  stem  may  vary,  I  have  seen  it  give 
origin  to  the  acromial  tlioracie,  long  thoracic,  anterior 
anil  posterior  circumfiex.  suhscapular.  and  one  or  both 
of  the  profunda  arteries  of  the  arm;  the  anterior  and 
posterior  scapular  with  the  suDSCnpular  arteries  not  in- 
frequently come  from  a  common  stem.  Tliis  arrange- 
ment of  the  branches  of  the  axillary  occurs  normally  fn 
many  animals,  e.g..  the 
lemur,  tapir,  jieccary. 
dolphin,  etc..  and 
much  resembles  that 
wliich  takes  place  iu 
the  lower  extremity. 
viz.:  the  common 
femoral  dividing  into 
a  superficial  and  a 
deep  branch,  the  deep 
giving  off  all  the 
branches,  and  the  su- 
perticial  going  down 
the  extremity  brancli- 
less.  According  to 
Richard  Quain.  this 
variation    occurred 

examined,  I  have  met 
with  it  only  IS  times 
in  600  amis  in  which 
the  arrangement  of  the 
axillary  was  observed. 
Quain  gives  the  pro- 
portion of  cases  in 
which  one  of  the  ar- 
teries of  the  forearm 
is  derived  from  the 
axillary  as  3S  in  !K^: 
Gruber.2lin  1,200.  I 
liave  found  tliis  condi- 
tion to  exist  13  times 
in  500  arms  examined.    , 

The  radial  is  tlie 
branch  most  frequent- 
ly given   off  in  these  c 
rarely  the  interosseous.    I  have  only  < 
tenkssfiiiis  arise  fnim  the  axillurj'. 

An  aberrant  artery  Is  occasionally  found  arising  from 
the  axillary ;  it  ^-uerally  courses  down  the  arm  alongside 
the  brachial,  which  it  joins  near  the  elbow.  Sometimes 
Ihisaberrant  vessel  joins  the  radial,  ulnar,  or  interosseous 
artery  near  the  wrist.  One  remarkable  caae  came  under 
my  observation  some  years  ago  in  which  this  aberrant 
artery  passeil  down  tlie  arm  superficial  to  the  fascia,  in 
the  forennii  followed  the  course  of  the  median  nerve. 
communicated  with  the  ratlial  by  several  transverse 
liranches,  and  finally  cn<lcd  by  taking  the  jilace  of  the 
siiperiicial  volar,  completing  the  suiierficial  inilinar  arch 
(Fig.  2B6). 

The  most  constant  branch  of  the  axillary  is  the  long 
thoracic  or  external  mammary ;  this,  or  a  representative 
of  it,  is  nearly  always  seen  running  along  the  lower 
Ixirderof  the  [)cctoralis  minor  muscle:  it,  however,  not 
infrequently  arises  from  the  thoractcaxis  and  occasionally 
from  the  subscapular.  There  may  also  lie  an  accessor^' 
external  mammary.  The  nubscafiular  and  circumflex 
branches  fretiuentfy  arise  together.  The  dorsalis  scapulte. 
instead  of  being  derived  from  the  siilisenpular,  may  arise 
directly  from  the  axillary. 

The  posterior  circumflex  occasionally  fails  to  enter  the 
quadrilateral  space  (forme<I  by  the  humerus,  siibscapularia 
muscle,  long  hea<l  of  triceps,  and  teres  major),  hut  reaches 
the  deltoid  muscle  by  winding  muiid  the  lower  border  of 
the  tendons  of  the  latissimus  dorai  and  feres  major  mus- 
cles. It  not  infrequently  arises  from  the  superior  pro- 
funda, and  is  sometimes  double.  In  rare  cases  the  In- 
ternal mammary,  posterior  scapular,  or  suprascapular 
may  arise  from  the  axillary. 

Brachial  Abtehi.— The  variations  iu  the  course,  re- 
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lationH.  ami  <liHiributinn  of  iIiIh  HrtiTy  arc  very  numer- 
ouB  and  uf  Bni-cinl  tturfsiml  intcrpNt. 

Course :  The  bnu'biul  nrtPTj-  siiiiK^mies.  ocTfimpanicd 
by  Ibc  median  dctvc.  miira'H  diiivn  llic  ami  to  the  in- 
trniiil  fiffldyli-  of  Ihi-  hiniicr- 
iis.  «iul    clM-nif    n-painH  its 
iiiirniiil  |HiKiriim  at  thi-  bend 
or  lliii  rll)")«'.  liv  iiHHsing  Tor- 
wiinl  iiudiT  a  Ilbnuw  or  bony 
TliH  arch  in  ftiniiiii.  iisimlly, 
|i:irtly   liy  btiiii'   and   ]NUlly   bv   lipi 
tiiL-ut';  IliV   Imny  ])tiki'S!)  Ik  i'all<-il  Ibc 
siipratotidyldiil'    mid     tli<-     funiiiii^ii. 
nliirb    ia    i'iirii]ili'ti'd    l>y   n   litnkmi-nt 
from  Ilii-tf|Mir  iIm-  i>nK-i"oi  l«  llio  in- 
liniiil    coiidvlc,     the    miiimrimdylofil 
h\  I  hi-4iM'iiscH  It  U  iiRiml  to 
liL'li    'iri'-'iii    "f    till-  pronator 
-  niii-.ili-  frrim  tin- siiprntiin- 
Tliis   iirniiiircmi-nt  w 

II  Ibc  ' 

!<■! 

hIoiIik.  Id  ilii-st-  niiiiiHilK  tin 
Is  unirlv  iiIwiiVK  I'mnpli-li'd  by  Ihiui', 
aiid  ulliinis  jiiiiiiH'iion  In  ibc  miilian 
niTvi'  iinil  iirii-ry  ilnriii(i  llc>\imi  iit  Ihc 
fiiri'-linib,  mid  'hIsii  affords  tIuti  ii 
mure  dirt'i't  rimrsi'  tn  tlw  fon-linib. 
llif  iirUTV  niav  iM-cn^iimallv 
tuk.'  tliis  piHiisc  without   llivn'  bi-inK 


th.-ri-  uiiiv 

he  onlv 

H  tiijrh  »riv' 

teres  muse: 

IMvMou 

I  have 

tlH-   nr- 

lerv  <livi.l<- 

iiear  itH 

.■lit  jiiln 

iwobniiieb 

-s  Kldeli 

>iidle   lr>    f 

heh<-ml 

of  (he  cIIh 

w.  fniui 

low  division  (Iha! 
GrulKT.  in  \.-»M  im 
in  f2.  lii.VKInnusi 
division  in  rmlv  27. 
bulowllielmmalorl 

Adding  to  t)ies<-i 
place  iu  ilie  axilla,  i 
arteries  existed  in  tl 
My  flUtifltti'K  an-  (|ii 
cannot  acconni  for  llie  ;;n- 
of  prople  were  exainincil. 

Iar.l»amislf..nndtl):iiini..iri,.ri. 

TliiKimiuulenpii-^rnllr.w.:  div 
13;  divfstuii  of  brarhiat.  'il:  alo'inini  i\\ 
43,  orl  In  ll.Ocaw^  W.  (in.li.r.  in  I 
a  hifch  divLiion  in  10:<,  or  1  in  ll.ii.  ilir 
exaeily  us  in  my  own  case*. 

Tliejiciini  iif  division  is  in  mo-ii  eii-a«  ii 
oftliunnn.  It  inalstiiM-^'n  iu  Hie  iiiiildli-: 
bntmueli  lesn frcqncnlly.  Tlieurii'iv  » 
thus  premuiurcly  in  EMiurally  (ihne  en 
thfi  railial:  tliis  veswl  is  mail  fn'iineul 
!:ide,  and  Nuliseiinenlly  ctosm-s  Io  the  r 

fnjqueiiey  eomes  the  iilnar.  wlueh  ofri'ii 

passes  siipL'rlleially  down  tbe  fon-ann  and  giver 
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branrlies.  the  inlerosstmus  coining  from  the  radial  (Fig. 
30(<).  In  rare  caseH  the  inlermseous  is  the  bnwch  having 
tlic  hi|;li  origin  (Fig.  29ft).  and  still  more  rarely  it  is  a 


1  the  arm,  viz..  the 


a  high 


Thnv  branehcs  have  been  » 
radial,  the  ulnar,  and  a  vas  aberrans. 

Tlu;  pimliini  of  Ihf  tiro  branrht*  in  the  arm  when  a 
tliviHlon  iM-eiirs  Iti  of  surgical  importance.  Tbey  aiv  uiui- 
ally  in  Ibe  onlinary  ixmition  uf  tbe  braeliial  trunk  sod  lie 
(•lose  together,  but  the  radial,  as  mentioned  sIhivc.  often 
ariseii  from  the  inner  side.  and.  after  accumpanyioe  the 
large  vi-khcI  fur  some  distance,  crosses  over  it  at  the  Dend 
(if  llic  ellKiw. 

Tbe  iilHiif  irrliry.  wlien  Itavtng  a  bigli  origin,  may  in- 
cline tiiward  the  internal  condyle,  this.  how<.>ver,  OL-curs 
only  when  It  nears  the  elbow.  When  there  is  a  high 
division  of  tlie  braeliial  the  ulnar  inI<-rosiu.-ou9  branch 


The  iiliryniHt  artrritt,  which  are  given  off  occa^onallr, 
MTV  lonir,  Kleixler  arteries,  whicli  are  derived  from  the 
)>iiielii>il  or  axilbiry.  and  end  by  Joining  the  radial  moct 


!i-i  iirisiii;;  fniin  the  bmi^lnal  and  passing  down  over  tbe 
iiiusili's  of  llie  fori'iirm  and  supplying  llie  fingers  to 
uliieli  itdiKiributed  Ibe  nieilian  nerve. 

The  limilnat  artery  niay  iu  some  part  of  iis  cotine 
[nuire  frei|neutly  ni-ur  the  elbow)  lie  covered  by  a  mus- 
I'lilar  slip.    The  median  nerve  sometimea  passes  bebjnil 
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butead  of  in  front  of  tlie  artery,  especially  in  tliosc  owes 
in  which  the  two  heads  embrace  a  common  trunk  from 
which  the  axillary  branches  art  RlvEn  oft. 

Superior  Prefundu. — This  is  occasionally  deriTcd  from 
a  tninkcommon  to  ii  and  wv 
erel  of  tlie  axillary  brunchea. 
as  mentioned  above.  It  not 
UDCommonly  arises  with  the 
circumflex,  and  occasionally 
giTea  off    the   inferior   pro- 


|iT( 


Fio.  no.— Anterior  L _— ,., 

atm  Off  Inmi  Ihe  Bracblal  Hlgb 
up.    (ARer  Keens.) 

I-UffHor  Pro/'cnrfi.— Tills  is  often  alwent.  It  is  fre- 
quently united  with  the  superior  profiiiida. 

Ann»lomotie/i  Magmi. — Frequently  of  small  size:  its 
place  is  sometimes  taken  by  the  inferior  profunda. 

Radial  Aiitrrt. — Ori^n  :  I  liavc  fnund  tliat  the 
ladlal  has  a  IiIkIi  origin  (Fi;;.  801)  in  1  cwt:  in  SI,  but 
Quain  report))  the  high  origin  to  oiiiur  as  often  as  1  in  8. 
-Oruber  in  440  amis  eimmined  found  the  radial  hail  u  high 
oripiD  Id  36.  or  aUxit  I  in  17  eases. 

CouMe ;  Tlie  radial  only  very  occasionallv  deviates 
from  its  usual  course  in  the  forearm.  It  has  (xtn  found 
IjIdk  superflcial  to  the  fascia  of  tlie  fiireurm,  and  the 
•emilunar  fascia  of  the  biee[is.  It  in  rare  cases  courses 
down  the  forearm  on  the  surfikce  of  the  supinator  longiis 
Instead  of  along  its  inner  Isirder.  It  not  inrreiiiiently  is 
supertlciiil  to  tlw  tendons  of  the  pxtenwir  niiiscli'S  of  Ihe 
thumb.  It  is  occasuinallv  joliii'il  by  n  vas  alKrrrans.  It 
may  leave  the  front  of  tlie  forr'ann  near  itH  niidille.  its 
place  being  taken  by  ati  eiiUirjo'd  sniRTlleial  volar.  This 
would  cause  a  vvcak  wrist  pulse. 

Siw  :  It  does  not  vary  <.ften  in  size.  It  in.  however, 
aomctimcs  much  Hnutller  lluiii  usual,  its  jiluce  l>eing.  lo  a 
considerable  extent,  taken  hy  some  other  vtrssel.  as  the 
ulnar  and  anterior  interosseous. 

The  radial  lias  been  deserilN'il  us  alwetit  by  some  anal  i>- 
ndsls.  Qtiain  never  saw  a  case  ofnbsi'uctMif  this  artery, 
but  such  a  case  is  deseril>i!il  by  IVofessor  Utln.  and  I 
liave  seen  one  case. 

BraneMe*. — Radial  remrreHl :  Tliis  vcwi'l  is  sometimes 
«f  targe  size,  or  it  may  consist  of  u'vi-nil  siiiiiU  branches. 
Wben  the  radial  has  a  high  origin  Ihi-  nK-urrent  brunch 
Jl  glren  ofl  from  the  ulnar-hitenisBeous  trunk. 


not  complete  the  superflcial  palmar  arcli.  It  is  occasloD- 
ally  entirely  alisent.  It  may  l«  of  large  size  and  furnish 
several  digital  branebes  (Fig.  802),  aiKTit  inay  arise  much 
higher  than  usual. 

I  once  saw  it  arise  as  high  as  the  niidtlle  of  tlic  forearm, 
and  it  was  (juite  as  larjre  as  llie  radiid.  from  which  it  was 
derived ;  this  is  Ihe  normal  arningeinent  ineomc  oionkcys. 
The  firtl  doiuil  iiiUro»iie<iiiii  is.  tu  some  cases,  of  large 
si/.e,  and  may  supply  several  digits  and  end  by  complet- 
ing the  anpc.-rfleial  arch. 

The  tarjKil  and  dorial  iaUroiaieou*  branches  are  often  of 
very  small  size,  their  place 
b<'ing  taken  bj-  the  pcrforat 
Ing  arteries. 

Ulnar  Artkrt. — Origin: 
Quain  found  that  thisartcrt- 
devialed  from  the  usual  ori- 
gin in  1  rase  iii  13.  Qniber  1 
Id  29.  myself  I  In  87. 

Where  the  origin  of  the 
tilnar   is   unuMiial,    It    moat 


W\  < 


m 


inly  from  the  axilhiry. 
Ill  uue  cose  out  of  Ave  hun- 
dred I  found  it  coming  oS 
from  the  brachial  below  the 
pruTUlor  radii  teres.  Jn  tliis 
case  there  was,  of  course,  a 
low  division  of  the  brachial. 

CViursc :  In  the  forearm 
this  artery  is  much  more  sub- 
ject to  variation  tlian  the 
radial.  When  it  has  a  high 
origin  it  nearly  always 
eourses  down  the  forearm 
superflcial  to  the  muscles, 
but  beneath  the  fascia:  but 
cases  oecusionally  occur  In 
which  It  is  immediately  be- 
neath the  skin  and  supenlcial 
to  the  fascia  (Fig.  S08), 
When  the  ulnar  is  supertichU. 
it,  as  a  rule,  gives  off   no 


mutlnn 


Fin.  3ns.-K. 

ftaperai'lm  aito. 
I.H  nri'  MipiTfli'tsI  volar 
niuplvlni!  thumli  and 
hiili-i  Dnin-r  wiib  batf 
mlclilli-   nrarrr,   and 


FIO.  301.— Mnrptkin  of  RlRlit 
Ann.    SlKiwIntfaneiuiiple 

radial  arterir  <U)  fnini  tin 
bnrbliJ  i;!) ;  a  lirfr^  nifdiaa 
ar«*ry  (ID)  In  »een_ln_("r«- 

aioniy." alter  Tliileinunn.j  <ltii'V«..i 

branches  iu  the  forearm,  these  being  given  off  fnmi  the 
railial — laieroHseoua  trunk — or  tin'  iuterosseciiis  itself. 
wliich  is  invariably  given  olf  from  the  radial.  The 
ulnur.  In  mre  cases,  liiis  this  Kii|H'rtlciiil  eourst?  when  it 
arises  in  its  usual  situation. 

IiitenHoeoiii  Arttrj/. — This  artery,  in  mre  eases,  arises 
from  the  axillary  or  linicbiid  artery  (Fig.  39S).  and  give* 
oS  the  recurrent  radial  and  ulnar  arteries,     tlio  anterior 
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And  posterior  intetoBsrous  may  arist:  Boparatcty  from  the 

MedinR.  ArUry  (Fig.  804).— This  branrli,  which  accom- 
panii's  tliu  median  nurve.  is  ordinarily  of  small  size,  but 
occasionally  it  is  developed  Into  iiuite  an  impurtaDt 
vessel.  It  la  ufiually  derived  from  the  aolerinr  iuterosse' 
OU9.  but  sometimes  from  the  ulnar,  and.  in  rare  eases,  it 
lias  been  found  coming  from  tlic  axillary  or  the  brachial. 
It  accompanies  the  median  nerve  and  n^ebes  the  luind 
beneath  the  annular  ligament,  but,  ueeonling  to  Tieile- 
'     a  passosover  the  lifpmient.     It  mayi 

Slete  the  palmar  arch,  or  be 
istrlbuted  as  digital 
bmnchi-s  to  certain  of  tite  lin- 
gers, generally  those  sup- 
plied by  the  median  nerve, 
which   11   accompanies.     In 


musries  of  the  thumb  and  Is  derived  from  the  princept 
polliris  or  radialk  indlcis  branch  of  tltc  radiul  (Fig.  3051. 
A  median  arterj-  may  complete  the  arch  (Fig.  8U().  or 
it  may  go  to  the  digits  on  tlic  radial  side,  ana  the  ulur 
to  the  digits  on  the  ulnar  side,  and  no  regular  aich  be 
formed.  The  supcrflcial  volar 
sometimes  baa  this  arrangemeDt 
(Fk'.  806). 

The  superficial  arch  may  be 
very  small  and  some  of  thc'dif  ■ 
ital  branches  be  wanting,  or  it 
may  be  veiy  large,  supplyiae 
all  (he  digital  bmnches.  boUi 
superficial  and  deep. 

The  deep  arch  is  occasionally 
formed  by  the  ulnar.  It  is 
sometimes  so  deficient  that  the 
digital  arteries  are  derived  from 
the  superfleiat  arch.  A  krge 
metacarpal  branch  on  the  back 
of  the  hand  may  give  off  tbe 
digital  branches. 
Arch  Abdominal  Aorta. — Accord- 
'  'J^  iuE  to  R  Uuain   in  ten  out  of 

,_  PolUcliiAnerT.   every   thirteen  bodies  the  ain- 

(Reeviw.)  sion  of  the  great  arterj'  took  place 

within  lialf  an  inch  aboveor  be- 
low the  level  of  the  ilia<;  crest,  Eckhord,  Boinet,  andCm- 
veilhier  reeord  cases  of  division  as  high  up  as  the  secowl 
lumbar.  Two  coses  are  on  record  (tjuain,  tenth  ed.)  of  i 
largif  pulmonary  branch  wliich  arose  t>elow  Ihediaphrann, 
[Missed  through  the  (esophageal  opening,  and divideduita 
two  liraiiclii'S  which  supplied  the  lungs  nctu- their baae*. 
Axis.— The  branches  of  this  artery  may  arise 
seimratelc  from  the  aorta.  The  phrenic  arteries  may  be 
)rivcn  iiiS  from  it.  and  it  niay  bo  connected  with  tbe 
superior  mesenteric , 

ItKXAi.  AKTKiuiis. — Xowthat  theoperstion  of  nephrec- 
tomy has  iK-come  so  common,  tlie  variations  of  these 
arteries  liave  been  rendered  Important  surgically.  Pro- 
fessor Mucsllster  lias  n-porteti  (Journ.  Anil,  and  Kfi.. 
vol.  xvii.)  most  of  the  anomalies  of  the  renal  artei^. 

The  renal  artery  iiuiy  be  repbteed  by  two,  three,  fear, 
and  even  fix  bnincliiii'  The  origin  of  these  arteries  it 
n;  they  are  usually  <krived  from  the  aoita. 
uiul  tire  sennrate«l.  at  tiK-ir  nrigiu.  by  a  larg<-r  or  smalkr 
interval :  the  lowest  luay  arise  quite 
iiciir  the  bifurealiou  oi  the  aorta. 
mid  the  hlgliest  just,  txlow  the 
e'l'linc  u\iH.  In  s<iiiu'  rare  inslanceK 
ilic-  n-iinl  artery  bus  bceu  di-seriUti 


I  the  ( 


1  iftac. 


which  r  hav< 
was  the  more  freijiieii 
artery  pierce  the  miHliii 

AUTKKIE.4   (ir  TIIK   11 

are  subject  to 

The  sui>erilclal  imlmurnnh 
ing.  It  has  bei'n  oeeufioiiHll; 
Jority  cif  eases  the  sui>ertieinl  ' 
■'el*!  llie  un-li,  but  it  iscompli' 

:im  llii-  radial,  which  cniergi 
fon-llniriT,  iinfl  T  ha' 
large  bnitieli  fn>m  the  imdial.  ii 
the  kick  of  the  haiul.  eiiiergeK  i 
imiex  nud  iiiidille  tingers.     The 
pleted  by  a.  transverse  branch, 
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tcriud  iliac,  and  middle  sacral, 
t  and  left  reiinl  arteries 
1    fiiund   eotniug   from   n 

fniiii  Ihe  uiiterior  or  liitenil  part  of 

the    mirtii.       The    supmrenal     fre- 

<|iieiilly   gives  iilT  an  upper  renal. 

and   It  letH    fni|Uenlly   is  derivni 

froui  till'  upiier   lumlxir.  hepalle. 
I  ami  right  eolte.    Fre[|Uentty  when 
I   Uien-nnlarlerii'sciiiiie  oil  from  the    „,„  ~_     ,..„u_-. 
I  aorta  low  d.,«n  or  Ilic  iliucs.  the  '^'Xr,^"!tfT SSS 
j  kiiliii'v  on  thiit  side  is  misplaced:  it      ">-■'>'- — •...~^^j^ 
\   is  sin'uiii'il  liiwerdiiwn  tluin  usual. 
'  <iiii>iisiie    till'    bifurcation    of    the 


In  such 
I   hiliim  is  iiiuully  placed 


I   tlie  t 


s  Ihe 


ittL' Flaiv  14  tlie  lUdSi 
In  tlie  Fomiallun  nt 
the  sn[ii^rllrlitl  Arcta 
and  lining  OIT  Oul« 
Dlellals.    (Reeves.) 


Mkskntkhh". — It  may  be  absent,  its  branches 
(itl  from  tlie  superior  mesenteric. 
Ins  of  the  ri-iial  artery,  instead  of  entering 
iniLV  pcnetnite  the  kidney  at  its  upper  or 
It  IS  not  uncommon  to  see  the  normal  arlery 
'  hiUim,  and  two  or  three  supt'mumeratT 
ri'ing  the  upper  and  lower  end  of  tlie  irlKna. 
ibjeeis  I  found  that  the  kidney  was  supplied  by 
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two  orlcries  arising  from  the  aorta  at  some  distance  apart, 
uDi!  going  to  tbe  extreme  upper  end,  and  tlie  otlicr  lo  the 
extreme  lower  end  of  the  kidney ;  no  artery  entered  the 
hUum(Fig.  307).  Thevein  andduct  werenomial.  This 
I'ariatiuQ  1  once  met  witli  wliile  performing  nephrectomy 
on  tlic  deail  body.  It.  Quain 
met  with  a  ease  of  absence  of 
tbe  renal  arteiy  on  one  side. 
Multiple  renal  arteries  occur 
normally  in  (ishes,  lizards, 
snakes  crocodiles  and  birds 
and  m  man  art  dut  to  a  persist 
ent  earlj  fetal  eondilion 

Spermatic  Artery  — Some 
twies  double  not  mfrtqiienily 
derived  from  the  n.nal  Thne 
spermatic    arteries    have    been 

CoMUON  Iliac  Abtfries  — 
Tin,  place  of  origin  of  these  ar 
tenes  depends  on  the  place  of 
diMBion  of  the  abdominal  aorta 
1  the  upper  border  of  the  third 
brrder  of  the  tifih  lumbar  ver 
divides  op 


iremily  ol  Ibe  kMoer  b 


This  may  be  as  high 

or  as  low  as  the  lev, 

tehra.     In  three  out  of  f<  ui 

posite  the  lower  l«  rder  of  the  fourth  li 

The  common  iliac  artenes  tar}  eoniidcrably  in  length 
I  once  saw  them  only  1.8  cm.  (three  fourths  inch)  long 
in  a  negresB,  and,  in  another  ease,  2.5  cm.  (one  inch).  In 
tbe  large  majority  of  cases,  according  to  R.  Qualn,  the 
length  varies  from  8.7  cm.  (one  Inch  and  a  half)  to  7.5 
cm.  (three  inches).  The  greatest  length  is  about  10  cm, 
(four  and  a  half  inches). 

The  right  and  left  common  IILbcb  differ  in  length  very 
often,  the  right,  owing  to  the  aorta  dividing  to  tbe  left 
side  of  tbe  spinal  column,  being  oft^n  the  longer:  but  the 
left  may  be  the  longer,  and  ui  about  one-third  of  the 
cases  they  are  of  eiiiiul  length  (R.  Qualn). 

When  the  left  is  longer  than  or  equal  to  the  right.  It 
1b  owing  to  the  left  artery  descending  to  a  lower  level 
than  the  right.  The  artery  has  been  seen  dividing  into 
internal  and  external  iliacs  as  low  down  as  the  iliac  fi>ssa. 

The  common  iliac  on  one  side  has  been  reported  absent 
by  Cniveilbier  and  Walshara.     In  this  case  the  aoria 
divided  into  three  branches,  two  on  the  right  (external 
and   internal   iliac),  as  is 
seen  in  birds,  and  one  on 
the    left   (common  iliac). 
Surgically,    these    varia- 
tions are  of  great  interest. 

Internal  Iliac. — The 
place  of  division  of  this 
vessel  varies  consider- 
ably; it  may  divide  as 
low  as  the  margin  of  the 
soCTo-BClatic  foramen  and 
aa  high  as  the  upper  mar- 
gin of  the  sacrum.  The 
point  of  division  is  of  im- 
portance surgically;  when 
the  trunk  la  short  it  is 
more  deeply  placed  in  the 
back   part  of  the  pelvis, 

but  when  it  is  of  some  length,  then  a  pari  of  the  artery 
te  likely  to  lie  above  the  wlvic  cavity,  and  therefore 
would  be  much  more  easily  reached  by  the  surgeon 
(R  Quain).  It  has  been  found  as  short  as  1,3  cm,  (half 
ftn  inch),  and  as  long  as  8.3  cm.  (three  and  a  lialf  inches). 

The  branches  are  given  off  from  this  artery  very  vari- 
ously. In  many  cases  there  is  no  division  into  anterior 
and  posterior  trunks.  The  artery  occasionally  gives  off 
one,  and  sometimes  two  branches  before  it  divides.  The 
variations  of  most  of  tile  branches  of  this  arierv,  being 
of  no  surgical  importance,  will  not  be  discussed  uere. 

Obturator. — According  to  U.  I^uain,   the  obturator 
-  --■-  '-  1  ease  in  3.5.    His 

_ _  .  ,tions  in  361  casea 

I  have  observed  600  cases  (230  subjects),  and  have  found 


Lo  Reach  Ih4-  ObturftLor  Fora- 


this  abnormal  arrangement  mucli  less  frequently  than 
(JuaiD.  I  have  found  the  obturator  extming  from  the  epi- 
gastric in  onl^  1  case  in  9  (53  in  500).  (juain  found  tlie 
obturator  denved  from  the  external  iliac  in  6  cases  out 
of  861.  I  found  it  only  8  times  in  ."iOO  eases.  Quain 
found  the  epigastric  giving  off  tbe  obturator  28  times 
on  both  sides.     I  found  this  arrangement  11  times. 

When  the  obturator  arises  from  the  epigastric  or  exter- 
nal Iliac,  it  reaches  the  thyroid  foramen  by  arching  either 
to  the  inner  or  to  tlie  outer  side  of  the  femoral  rSig,  If 
It  arches  to  the  inner  side  of  the  femoral  ring,  along  the 
(dge  of  Gimbemat  s  ligament,  then,  in  case  of  strangu- 
lated htrnia  requiring  operation,  it  would  be  in  great 
danger  of  being  wounded  (Pig.  806);  in  fact,  this  ac- 
cident lias  liuppened 
more  than  once. 

In  only  9  out  of  the 
58  cases  in  which  the 
obturator  proceeded 
from  tlic  epigastric  and 
external  iliac  did  I 
see  the  artery  going 
to  the  Inner  side  of  tbe 
femoral  ring.  In  the 
remaining  46  cases  it 
either  crossed  it.  in  a' 
few  cases,  or  held  a  po- 
sition well  to  the  outer 
side  in  the  majority 
(Fig,  309),  so  tliat  in  only  about  1  ease  in  GO  is  there 
danger  of  wounding  the  obturator  in  the  operation  for 
strangulated  hernia.  Tbe  e.tplanation  of  the  origin  of 
the  obturator  from  the  epigastric  is  simple  enough. 
Normally,  we  liave  the  pubic  branch  of  the  obturator 
anastomosing  with  the  pubic  branch  of  the  epigastric; 
these  vessels  become  enlarged,  and  the  proper  obturator 


OuMlde  Dl  Ute  Ring.    (After  Gn; 


branch  of  the  Internal  i. 
or  becomes  obliterated. 

In  four  cases  I  have  s( 
internal  circumflex  arise 

these  same  a; 


s  undeveloped 


the  obturator,  epigastric,  and 
;ether  from  the  external  iliac, 

trunk  from  the  common  femoral  2  cm.  below 
Poupart's  ligament.  In  one  case  the  epigastric  and  ob- 
turator arose  together  from  the  femoral,  a  little  below 
Poupart's  ligament.  In  some  cases,  in  which  the  ob- 
turator arises  from  the  epigastric,  there  is  a  small  branch, 
representing  the  obturator,  <lerived  from  the  internal  iliac. 

Internal  Piidic  Arlerf. — This  vessel  is  occasionally  of 
small  size,  and  fails  to  supply  all  the  usual  branches:  in 
such  an  event  these  are  given  off  from  an  accessory  pudic. 
The  branches  furnished  by  tbe  accessory  artery  are  usu- 
ally those  branches  which  go 
to  the  cavernous  body  and  dor- 
sum of  the  penis,  the  pudic 
itself  ending  as  the  artery  of 
the  bulb.  In  a  few  instances 
the  pudic  ends  as  the  super- 
ficial perineal,  the  other 
branches  coming  from  the 
accessory  vessel. 

The  accessory  pudic  is,  as 
a  rule,  given  oS  from  the 
deep  pudic  within  the  pel- 
vis; it  then  passes  alongside 
the  bladder  and  prostate,  and, 
after  piercing  the  triangubir 
ligament,  supplies  the  dor- 
sum of  the  penis  and  the  cav-  F,o.  310.— Abnormal  Intenul 
crnuus  body,  and,  perhaps, 
the  bulb.  It  may  be  ^iven 
off  from  the  obturator  in  the 
pelvis,  or  from  the  epigastric. 

The  pudic  artery  lias  been  seen  jiassing  up  to  the  peri- 
neum midway  between  the  tuberosity  of  the  ischium  and 
the  coccyx,  and  ending  as  the  superlieial  perineal  and 
artery  of  the  bulb  (t'ig.  810). 

Artery  nf  the  B'llb. — Is  S()metimes  of  large  size,  placed 
farther  back  ttiaii  usual,  and  ascends  obliquely  to  ttie 
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bull):  Id  such  a  catto  it  would  neccssiirilv  be  'n'ounded  in 
tbe  operation  of  lithotomy.  It  may  ansu  from  the  rc- 
cessoiy  pudic:  when  thU  happeua'it  woulU  be  placed 
well  Id  front  of  tbc  usual  iDcision  tor  litholomy. 

The  diirnat  /irlerg  of  the  penh  lias  in  mtnie  cases  been 
seen  t4t  uiine  rrom  the  obturator  artery  near  the  thyroid 
foramen,  front  the  exienial  puilic  of  the  femoral,  and 
from  the  deep  femoml.  In  the  flrKl  <-ii<k-  it  UDiitd  be  in 
danger  of  being  wounded  in  liIhotOTii\  .     Tlir  tivu  nrtcriis 


Pia.  Bit.— Abnormal  Origin  ol 


illM  Attery  11)    '- 


of  the  penis  BometimiiS  unite  to  form  a  single  trunk  iir 
lire  united  by  transverse  branchi'S.  Mr,  ftpence  hits  dt- 
Bcribcd  a  large  pnistullc  orttTy  whieh  gained  tlic  penncsl 
surface  of  the  pnRttatc  without  dividuig  into  niinuti. 
bmnchcs.     Wounds  of  tlie  proftatjc  arh>ricB  liave  ltd  tu 


from  the  gluteal.  In  a  few  nuvR  tliiH  artery  has  been 
seeaof  larre  siKe,  taking  the  plutv  of  the  femoral  (nee 
under  VarlatiouM  of  Feiiionil).  There  Is  sometimes  a 
large  conies  iiervi  ischialid  artery.  The  gluteal  artery 
has  been  renorleil  as  absent  (RoiiertH),  its  place  being 
taken  by  a  large  braucli  from  the  femoral,  passing  nut- 
wanl  and  InickwanI  to  Ihe  gluteal  region. 

BxTiiit»Ai.  Ii.ni-  .\I1TKMIKB.— The  length  of  thew 
aTturies  varii-s  aiTonling  to  the  point  at  wliieh  the  com- 
Rion  nines  btriireali':  they  usually  measure  T..')Ocm.  (thrtv 
iucheslln  m  cm.  (four  iiiches)  In  length.  In  those  rare 
rases  in  whfi'h  Iho  miiin  artery  of  Ihe'llmh  iu  a  I'onlinua- 
tion  of  the  sciatie,  it  is  miicli  reduced  in  siie. 

EpigatMf-  AiUig.—^\ay  arise  at  a  hiirhrr  point  than 
usual.  IL  (liuiin  nncirts  it  lu  one  ntxe  li.-l  cm.  (two  ami 
a  half  Inches)  alMivc  Pon[iarl's  Itgamenl.  It  arises  fn'in 
the  femoral  In  alxiiit  imo  case  tu  twenty.    The  uxiial 

(ilaceof  origin  isekiKe  In  or  iippoHilePnupart'sIiininieDt. 
t  may,  In  rare  cases,  arise  from  the  dii-p  femoral. 
The  origin  oi  the  olitiinitor  from  the  epigastric  hns 
already  bi^n  noticed.  In  a  fuw  ca«es  the  epigastric  has 
been  seen  coming  fnim  Ihe  obtnmtur  when  llutt  vessel  \s 
a  branch  of  the  inl«run1  iliac. 

I  have,  in  four  inKlanres.  pet-ii  Ihe  epigiiNtric  arise  in 
common  with  the  internal  <'i  re  inn  flex  artery  iif  Ilic  dct-p 
femoral.  In  three  of  the  leases  the  common  hIciii  amn' 
from  the  femoral  2  cm.  lielow  Pouptrl'*  tiiniuient :  in  the 
fourth,  3ciu.  above  the  ligument.  In  the  loHt-uained  ease 
the  internal  cfreumtlex  passed  beneath  I'i>u]inn's  ligs- 
ment  in  the  same  comparlmcnl  of  (lie  femoral  shcnlUas 
tlie  artery,  and  continued  ddwn  the  thi^h  ulsiut  ii  cm,, 
lying  Ix'lwecn  Ihit  artery  and  vi-in;  it  ciidi'il.iifler  giving 
ulT  a  large  branch  to  the  adductor  muw-lci.  o-i  llie  in- 
ii-mal  eirniindcK  proper  (Fig.  SUV  A  similar  unomaly 
has  Ijcen  oliserved  by  Mr.  A.  Tliiirnjmon  {Ji-urmil  Aim'i. 
ond  i^y*,,  April,  ISsA),  but  in  the  cases  described  by  Mm 


tlie  artery  jiassed  inttiraal  to  ilie  femoral  vein,  and  would, 
he  thinks,  Juive  lieen  wotmiled  in  theoperation  forrelier- 
ing  strangulaled  femoral  hernia,  A  similar  arrangemnit 
of  vessels  exists  normally  in  the  American  black  beitr. 
I  liavc  met  witii  four  cases  in  which  tbc  obturator,  epi- 
gastric, and  Internal  circumflex  anwe  by  a  conunoB 
stem,  two  below  Pnujian's  ligament  and  two  aboTe. 

Cii-miiifitJT  fliiic  Arterg. — The  origin  of  this  artery  ii 
somclimes  from  the  femoral.     It  is  occasionally  douDk. 

Fkmoiiai.  AuTKiiv. — The  femoral  ariery  has,  in  some 
rare  cases,  lieen  found  of  Kiiinll  si^e.  and  terminating  near 
the  knee  joint.  Wlien  such  a  condition  exists,  the  rmIb 
artery  of  the  limb  is  furnished  by  a  branch  from  the  In- 
ternal illHC.  generally  the  sciatic  (Fig.  313),  which  la 
mucli  enlargeil,  and  accompanies  the  sciatic  nerve  to  aha 
pupliCefll  H)inee,  whence  the  course  of  the  ariery  ia  Ibo 
same  ns  If  ilie.  distrilmlion  Itad  been  normal.  Thte  is  Iba 
usual  arrangt'nienl  in  liinls. 

( 'oites  Itavc  tieeu  reporti^d  in  which  the  femoral  divided 
into  two  portions,  which  united  below  to  form  agKin  ft 
single  ves.<<el.  Sir  C'luirles  Bell,  when 
ligaturing  the  femoral  fur  popliteal 
'I    with    ihis    anomaly. 


d"Ti  VciHrnl  Oa- 


Tlioiigh  Ihe  ligiitlon  of  Ihe  femoral  did  not  arrest  tbe 
piilsiilton  in  the  aneurism,  the  cause  was  not  recognized  * 
tilt  after  1lii<  di'Hlh  of  the  {intient,  when  it  was  fonni) 
that  the  fcinorul  wits  double,  and  only  one  of  itn  divisions 
htid  Isrn  lignliinil  (London  Hfcd,  and  Phj/i.  Jour.,  vol. 
Ivi..  IWd),  (Sci-  Fig,  3ia,)  Tiedemann.  Houston.  Du- 
lireull.  Tyrrell,  and  (iiiain  also  rcjiort  cases,  Mr.  H.  A. 
Ki'lly  iAiiniiniii ./"•irii'il tif  (/if  .Veitinil  Wfnra,  Jfuivary, 
XHH'ij  reports  lliree  uisi'.s  (one  of  which  Is  doubtful),  ntet 
with  in  Ihe  dissuciing  ronmH  in  FhiUdclphia.  In  two  of 
tlic<i'  (iL^i's  the  iirtery  divided  below  the  profunda,  and 
reunited  Just  above  the  opening  in  the  adductor  msgaiu. 
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The  division  has  been  seen  above  the  origin  of  the  pro- 
funda. 

The  two  femorals,  when  this  arrangement  occurs,  run 
down  the  thigli,  side  by  side,  in  separate  fibrous  sheaths, 
80  that  in  cutting  down  on  one  the  other  would  not  be 
seen. 

I  have  occasionally  seen,  in  cases  of  high  origin  of  the 
profunda,  the  latter  artery  quite  as  large  as  the  super- 
ficial femoral,  and  running  down  the  thigh  parallel  to  it, 
beyond  the  apex  of  Scarpa's  triangle.  In  such  a  case  it 
would  be  difficult,  in  the  living,  to  distinguish  between 
the  vessels,  should  ligature  of  the  femoral  be  necessary. 
As  a  rule,  the  profunda  lies  to  the  outer  side.  The  ap- 
pearance of  the  above-described  condition  in  Scarpa's  ^ 
triangle  is  very  similar  to  those  cases  figured  as  double  * 
femoral,  and  I  imagine  that  the  cases  of  double  femoral 
reported  as  seen  in  amputating  the  thigh  are  only  cases 
of  large  profunda  arteries,  especially  as  the  disposition  of 
the  vessels  below  the  amputated  point  is  not  described. 

The  profunda,  or  deep  femoral  artery,  may  be  given 
off  from  the  inner  side  of  the  main  trunk,  or  even  in  some 
cases  from  the  back  part  of  the  vessel.  It  may  arise 
above  Poupart's  ligament,  or  as  much  as  10  cm.  (four 
inches)  below  it.  It  not  uncommonly  arises  1.2  cm. 
(half  an  inch)  below  the  ligament.  When  it  is  given  off 
low  down,  one  or  both  circumflex  arteries  arise  from  the 
femoral.  The  deep  femoral  has  been  occasionally  alto- 
gether wanting,  its  branches  arising  separately  from  the 
main  artery. 

The  external  circumflex  artery  not  infrequently  arises 
directly  from  the  common  femoral.  It  may  be  repre- 
sented by  two  branches,  and  even  three,  which  arise 
from  the  femoral  or  profunda — I  have  seen  it  arise  in 
common  with  the  internal  circumflex.  The  internal 
circumflex  artery  also  frequently  arises  directly  from  the 
femoral.  It  occasionally  arises  in  common  with  the  deep 
epigastric,  and  passes  down  to  the  thigh  in  the  same 
sheath  as  the  femoral  vessel.  This  variety  I  have  de- 
scribed under  the  Epigastric.  It  may  arise  with  the  epi- 
gastric from  the  femoral  artery  before  the  profunda  is 
given  off,  and  in  some  cases  might  be  injured  in  the 
operation  for  strangulated  femoral  hernia.  I  have  twice 
seen  it  arise  with  the  obturator  and  epigastric  from  a 
common  stem. 

Unusual  branches  are,  in  rare  cases,  given  off  from  the 
femoral.  I  once  saw  the  dorsal  artery  of  the  penis  given 
off  from  the  common  femoral,  cross  the  thigh  at  right 
angles,  and  reach  the  dorsum  of  the  penis  by  piercing 
the  deeper  scrotal  tissue. 

A  large  saphenous  artery  has  been  found  which  ac- 
companied the  great  saphenous  vein.  It  may  arise  above 
or  below  the  profunda,  course  down  the  thigh  between 
the  adductor  magnus  and  internal  vastus,  and  pierce  the 
deep  fascia  of  the  thigli  on  the  inner  side  of  the  knee 
joint,  where  it  reaches  the  internal  saphenous  vein  and 
accompanies  it  to  the  internal  malleolus.  This  arrange- 
ment is  the  normal  one  in  the  rabbit  and  in  some  other 
mammals. 

I  once  saw  this  branch,  after  reaching  the  inner  side  of 
the  knee,  wind  round  to  the  front  of  the  joint,  below  the 
patella,  and  divide  into  a  cutaneous  branch  and  a  branch 
which  pierced  the  ligamentum  patellee  to  supply  the  in 
tenor  of  the  joint. 

Popliteal  Artery. — This  artery  is  not  subject  to 
many  variations.  Tlie  chief  deviation  from  the  normal 
disposition  consists  in  a  high  division  of  its  terminal 
branches.  I  saw  this  only  twice  in  250  subjects:  in 
both,  the  artery  divided  immediately  above  the  upper 
edge  of  the  posterior  ligament  of  the  knee  joint.  In  227 
subjects  Quain  found  a  high  division  in  10.  Portal  re- 
ports a  case  of  low  division  of  the  popliteal,  the  artery 
dividing  about  the  middle  of  the  leg  into  anterior  and 
posterior  tibial.  In  some  ca.ses  of  high  division,  the 
peroneal  artery  arises  from  the  anterior  tibial ;  this  was 
the  arrangement  in  one  of  my  cases.  The  artery  and 
vein,  usually  so  constant  in  their  relation,  may,  in  rare 
cases,  change  places.  When  there  is  a  third  head  to  the 
gastrocnemius  muscle  it  usually  passes  between  the  artery 


and  the  vein.  Ward  Collins  has  seen  the  popliteal  artery 
dividing  in  the  upper  part  of  the  popliteal  space  into  two 
branches  which  united  again  below  after  a  separate  course 
of  two  inches. 

Cases  are  reported  (Otto)  of  branches  from  the  popliteal 
proceeding  upward  along  the  semimembranosus  muscle^ 
and  ending  in  one  of  the  perforating  arteries  of  the  pro- 
funda. Also  an  aberrant  artery  is  described  as  being 
given  off  above  the  knee  joint,  and  joining  the  popliteal 
before  its  division  (Ilyrtl).  A  small  saphenous  artery 
has  been  seen  which  accompanies  the  short  saphenous 
vein  behind  the  external  malleolus  and  anastomoses  with 
one  of  the  tarsal  branches  (Hvrtl).  The  azygos  artery 
may  be  given  off  from  one  of  the  articular  arteries.  I 
once  saw  a  common  trunk  give  off  the  two  superior 
articular  arteries  and  the  azygos.  One  or  other  of  the 
articular  branches  may  be  absent,  their  place  being  sup- 
plied by  an  enlargement  of  the  remaining  arteries. 

Posterior  Tibial, — In  cases  of  high  division  of  the 
popliteal  the  tibial  is  larger  than  usual.  It  may  be  in- 
creased or  diminished  in  size.  When  increased,  it  partly 
takes  the  place  of  the  peroneal  or  anterior  tibial,  and 
when  diminished,  it  may  be  reinforced  by  transverse 
branches  from  the  peroneal  near  the  ankle.  The  posterior 
tibial  may  be  of  very  small  size  and  end  near  the  middle 
of  the  leg,  its  place  being  taken  by  a  large  peroneal  artery 
which  furnishes  the  plantar  arteries.  In  a  lesser  degree 
of  diminution  of  the  posterior  tibial,  the  anterior  tibial, 
or  rather  its  dorsalis  pedis  branch,  furnishes  the  arteries 
which  form  the  plantar  arch  and  its  branches.  In  these 
cases  the  external  plantar  artery  ends  near  the  accessorius 
muscle.  I  have  several  times  seen  a  muscular  slip 
(flexor  accessorius).  which  arose  from  the  lower  end  of 
the  fibula,  or  more  commonly  from  the  tibia,  cross  the 
tibial  vessels  behind  the  internal  malleolus.  The  nerve 
is  occasionally  placed  to  the  inner  side  of  the  artery,  at 
the  lower  part  of  the  leg. 

Peroneal  Artery. — This  artery,  as  described  above,  may 
take  the  place  of  the  posterior  tibial,  or  it  may  be  of 
small  size,  and  its  place  be  supplied  by  a  branch  of  the 
posterior  tibial.  The  anterior  peroneal  branch  may  be  of 
large  size,  and  may  take  the  place  of  the  lower  part  of 
the  anterior  tibial,  furnishing  the  arteries  supplying  the 
dorsum  of  the  foot. 

In  cases  of  high  division  of  the  popliteal,  the  peroneal 
artery  generally  arises  from  the  anterior  tibial.  It  also 
arises  in  the  same  way,  occasionally,  when  no  high  divi- 
sion takes  place.  I  have  seen  it  furnish  a  large  internal 
calcanean  branch  as  well  as  an  external.  An  accessory 
peroneal  sometimes  exists. 

The  internal  plftntar  artery  is  sometimes  of  very  small 
size,  ending  in  the  flexor  brevis  pollicis  muscle,  or  it  may 
be  of  large  size,  and  furnish  digital  branches  to  the  great 
and  second  toes. 

The  external  plantar  is  occasionally  very  small,  ending 
in  the  accessorius  muscle;  when  such  a  condition  exists 
the  dorsalis  pedis  artery  furnishes  the  deep  plantar  arch 
and  digital  branches.  I  have  several  times  seen  this 
anomaly.  The  artery  is  occasionally  of  large  size,  and 
partly  takes  the  place  of  the  dorsalis  pedis  branch  of  the 
anterior  tibial.  The  digital  arteries  of  two  toes,  gener- 
ally the  second  and  third,  not  infrequently  come  from  a 
common  stem.     The  deep  arch  is,  in  rare  cases,  double. 

Anterior  Tibial  Artery. — In  some  cases  this  artery  is 
given  off  from  the  posterior  tibial  in  the  middle  of  the 
leg.  When  there  is  a  high  division  of  the  popliteal  it 
may  give  off  the  peroneal,  and  may  pass  beneath  the 
popliteus  muscle.  In  the  leg  it  may  be  subcutaneous, 
its  pulsations  being  easily  felt  under  the  skin.  Velpeau 
reports  a  case  in  which  this  artery  did  not  pierce  the  in- 
terosseous membrane,  but  passed  to  the  front  of  the  leg 
roimd  the  fibula  with  the  musculocutaneous  nerve.  It 
may  be  altogether  wanting,  its  place  bein^  supplied  by 
pertorating  branches  from  the  po.sterior  tibial,  or  it  may 
end  in  the  muscles  about  the  middle  of  the  leg.  When 
there  is  such  a  distribution  the  deficiency  is  made  up  by 
an  enlarged  anterior  peroneal  or  plantar  artery..  It  not 
infrequently  fails  to  furnish  digital  branches,  which,  in 
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this  event,  come  fmin  t\w.  ])luntar  art<'riea.  The  artery 
may  l)e  of  larger  size  than  usual,  and  may  take  tlie  place 
of  the  peroneal  artery  in  some  cases,  and  of  the  plantar 
branches  of  the  posterior  tibial  in  others;  the  dorsalis 
pedis  branch  bein^  of  very  large  size,  as  mentione<l  in 
the  description  of  the  varieties  of  the  posterior  tibial. 
The  dorsalis  pedis  artery  sometimes  ends  in  the  neighbor- 
hood of  the  cuneifonii  bone.  The  anterior  tibial,  in  some 
rare  cases,  gives  off  an  anterior  tibml  reciirn*nt  to  the 
knee  joint.  FmncU  J.  Shephtrd. 

ARTERIES,  COMPRESSION  OF.  —  Indications.  — 
C/Ompression  of  arteries  for  the  arrest  and  prtrventiou  of 
hemorrhage  and  for  the  cure  of  aneurism  is  a  very  old 
proccKiure,  and  one  which,  although  in  many  instance's 
superseded  by  ligation,  made  sjife  by  the  intnKluction 
of  antiseptic  surgery,  is  still  employed  to  a  considerable 
extent,  particularly' in  the  pn*vention  of  hemorrhage. 
C(mipres«;ion  of  tht»  carotids,  thereby  lessening  the  bloinl 
supply  to  the  bmin.  has  been  reconmiended  and  prac- 
tised at  ditferent  peri«Mls  in  tlie  trt»atnient  of  epileptic 
convulsions,  maniacal  excitement,  cr)ngestive  heada<'he, 
and  for  the  purpos<?  of  priHlucing  sleei).  Dr.  Corning, 
of  New  York,  in  1><*<3,  strongly  iirgcil  the  advantages 
of  this  prcK'edure  and  devised  a  special  instrument  for 
the  compn^ssiou  of  the  carotids. 

Mkans, — Compression  is  accomplishe<l  eit  her  by  means 
of  the  hand  or  by  some  mechanical  device.  Digital  com- 
pression may  be  either  direct  or  indirect,  that  is,  in  the 
wound  or  over  the  vessel  of  supply,  and  may  be  employed 
for  the  immediate  arrest  of  existing  hemorrhage  or  for  the 
prevention  of  hemorrhage  during  an  operation.  This 
means  is  occa.si(mally  still  used  in  the  treat  mm  t  of  aneu- 
rism, but  has  largely  been  superstnled  by  the  ligature,  and 
by  the  combined  use  of  gold  or  silver  wire  and  electricity. 
For  the  instant  arrest  of  bleeding  nothing  is  more  readily 
and  satisfactorily  employed  than  the  lingers,  placed  either 
directly  in  the  wound  of  over  the  arterial  trunk  supply- 
ing it.  The  greatest  disadvantage  of  the  meth<xl  is  that 
it  IS  impossible  to  keep  it  up  for  a  gn*at  length  of  time 
without  the  help  of  a  numl)er  of  intelligent  a.ssistants. 
There  are  two  ways  of  applying  digital  compression,  one 
by  pressing  the  vessel  between  the  lingers  and  a  bone, 
the  other  by  compressing  it  between  the  fon*linger  and 
the  thumb.  The  former  nietho<l  is  more  satisfactory,  l)e- 
cause  it  can  be  kept  up  for  a  much  longer  period  of  time. 
When  a  change  of  hands  is  made  the  fresh  hand  shouM 
always  be  placed  above  the  point  of  former  coinpr('Ssi<)n 
before  the  first  hand  is  rtMuovcd.  Digital  coin])ression 
can  much  more  rcadilv  be  eniplovcd  wlien  a  wound  has 
been  nuule,  thus  ('X])<)sing  the  vi'^scl,  tlian  when  it  is  at- 
tempted Willi  foiisidcrable  tissue  intcrvciiinir  bet  ween  tlie 
linger  and  the  vcs'sel,  as,  for  instance,  in  (•<>nii)ression  of 
the  abdominal  aorta. 

Innumerable  fornisof  compression a])])aratus have  been 
invented  for  coni]>ressing  bl«)()d-vessels,  ou(»  of  the  old- 
est and  most  universally  used  being  the  toumi(iuet  of 


Fio.  3U.— E-sman-h's  Elustlc  (^Mupnfisor. 

Petit  (Fig.  120),  which  consists  of  two  metal  plates,  con- 
nected by  a  spiral  screw,  whereby  they  may  be  separated, 
and  a  strap  which  buckles  around  the  limb.  In  tli<'  usr  of 
this  touniiquet  many  surgeons  apply  a  roller  bandage  over 
the  vessel  to  Ik?  comi)res.sed and  buckle  the  stra])  ov«t  this. 
The  sei)aration  of  the  plates  by  the  screw  tiglitens  the 
strap  and  increases  the  pressure.  In  (»rder  to  prevent 
the  strap  from  cutting  the  skin  it  is  well  to  ai)i»ly  first 


Fig.  315.— 8key'«  Arterial  Coia- 
presaur. 


a  tuni  or  two  of  muslin  bandage  about  the  part.  In  an 
emergency,  when  a  tourniquet  cannot  be  had.  a  fillet  nuT 
be  emphiyed  by  passing  a  handkerchief  or  piece  of  doth 
or  conl  about  the  limb  and  then  tightening  it  by  twisting 
it  with  a  piece  of  wooden  stick.  The  most  genenUr 
used  means  of  compression  to-day  is  the  Esmarch  band- 
age and  tulie  (Fig.  314).  The 
Imndage  is  an  onlinary  rubber 
roller  app1i(Hl  from  the  tip  of 
the  extremity  up  to  the  point 
where  it  is  desired  to  place 
the  tulx',  and  its  object  is 
the  saving  of  the  blood  in  the 
e.xtri'mity,  in  ca.se  of  amputa- 
tion, and  the  fre<'ing  of  the 
limb  of  blcMMl  when  any  op- 
eration is  to  be  done  upon  it. 
The  tul)e  is  of  rubber,  flat, 
and  about  one  inch  wide. 
This  is  passed  tightly  about 
the  limb  and  fastened  by  a 
hook  at  one  end  of  the  tube 
and  a  cliain  at  the  other. 
Certain  precautions  must  be 
observtKl  in  the  use  of  this  form  of  conipn^ssion.  One  is 
to  move  the  pmrt  as  little  as  possible  after  the  tube  is  ap- 
plied, as  t(;aring  of  the  tightly  bound  down  muscles  mav 
o(*cur,  and  another  is  to  see  tliat  each  turn  of  the  band- 
age anci  tulKj  overlaps  the  preceding,  else  pinching  of 
tlie  skin  occurs.  When  a  limb  is  diseased,  compression 
with  the  iMindage  is  not  to  be  made  over  the  diseased  area, 
but  it  is  to.  l)e  applied  above  and  below  it.  or  else  it  is 
not  to  be  us(Hi  at  all.  but  the  limb  is  simply  to  be  ele- 
vated for  a  time,  after  which  the  tube  alone  is  to  be 
used.  This  method  of  elastic  constriction  has  the  gmt 
advantages  of  simplicity  and  cleanliness  over  other  forms 
of  median ical  compression. 

Other  forms  of  compression  apparatus  are  so  con- 
structed that  the  pressure  is  exerted  over  the  main  art- 
ery without  constricting  the  surrounding  tissue.  These 
foVms  are  specially  advantageous  in  the  treatment  of 
aneuri.sm,  for  they  arc  much  less  likely  to  cause  gan- 
grene, which  is  so  apt  to  follow  the  prolonged  use  of  the 
two  forms  of  compres.sion  al)Ove  descrilMHi.  Esmarch  s 
elastic  compressorium  for  the  aorta  and  Skey*s  compressor 
(Fig.  315)  illustrate  this  point. 

About  ten  years  ago  Dr.  Wyeth.  of  New  York,  intro- 
dueed  a  new  method  of  compressing  the  vessels  of  the 
thigh  in  hip-joint  amputati(m.     This  method  (see  Figs. 
191,  10*2,  on  page  26.")),  which  is  a  combination  of  the  old 
er  methods  of  Trendelen berg  and  Dieffenbach,  consists  in 
passing  throu^-h  the  muscular  tis.sue  and  skin  alx)vethe 
point  of  amputation  two  long  steel  mattress  needles,  and 
then  applying  above  them  the  constricting  band  of  Es- 
march.    This  metluKl  is  also  used  in  amputation  at  the 
shoulder  joint  and  has  done  a  gre«it  dt^l  to  reduce  the 
mortality  of  these  operations,  in  which  the  loss  of  M*^ 
had  formerly  Ix'en  .so  great.     It  must  not  be  forgot^^^ 
that  all  forms  of  compression,  if  kept  up  for  a  g^^ 
length  of  time  or  if  the  pressure  is  too  great,  may  bo  VT^ 
duetive  of  destruction  of  tissue  at  the  point  of  applic*^^^, 
or  of  gnugnue  in  parts  below.     Also  it  must  be  r^^^^f^. 
bered  that  after  cireuhir  constriction  of  au  extremitV 
aetionary  lu-morrhage  may  (XTur,  and  hence  it  is  i^^^^VjA- 
sarv  to  tie  all  bleeding  points  before  closure  of  the  w(>*\ -„^ 


J^rixiAL  AuTEHiKs. — TXxQ  oorta  cannot  be  compr*^^jo- 

until  it  hasj)assed  through  the  diaphragm  into  thet^-^^ije 

men.  and  then  only  with  difficulty,  unless  the  abdom*^^^ed 

opened.     Compression  of  the  alxlominal  aorta  is  res*r>^^   jtg 

to  as  a  means  of  preventing  severe  hemorrhage  fro'^'^^ly 


distributing  branches  or  for  the  purpose*  of  tempor**^  -jp- 
anesting  tlie  circulation  in  them:  for  example,  in  a  r^m. 
joint  amputation,  or  in  an  attempt  to  cure  an  Auexit^:^^^ 
It  can  hi'  siitisfaetorily  accomplished  without  alKloixif^-^ 


section  in  thin  jx'rsons.  but  in  those  with  thick  abdoii^'-^^^ 
walls  it  is  very  dilbcult  of  accomplishment.     As  to^^^^^^y 
])nMis<'  mode  of  elTecting  the  desired  pressure,  one  ni- 
emjiloy  an  Esmarch 's  elastic  compressor  or  that  of  Sk^: 
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both  of  which  arc  shimn  in  tliu  tlliiHtTstlDiDi  (Figs.  814, 
SIS),  or  the  baud  of  an  assistant  may  be  cniployi'il.  All 
of  tbesc  methods  are  open  toobjec'iioDs:  ttu'y  may  cftHW 
ttn  injury  to  tlic  ovtrlying  liiti'Stini- — and  this  ih  more 
likely  to  DappeD  when  an  apparatus  Is  UM-d — or  tjie  com- 
pression may  prove  to  be  ineflltrieut,  as  when  the  iiistru- 
tnent  is  nut  property  applitnl,  or  when  It  siipti,  or  wben 
the  assistant's  hanfi  moves  to  one  si<k'  of  tlio  artcrj*. 
The  usual  position  for  tbt-oompri'ssion  iwd  or  the  hand  ia 
Just  below  the  umbilicua  auil  a  lillle  ti>  thi-  left :  but  tlic 
pulsation  of  tbe  vt-ssel  must  be  definitely  fi-U  before 
compression  iaappliwl.  and  after  the  appliration  of  com- 

EMion  nil  operation  eliciuld  be  dune  until  all  pulsation 
ceased  In  vessels  bidow.  Tliere  will  be  less  dancer 
of  injuring  the  iuteatiniil  canal  if  it  be  first  emptied  liy 
means  of  a  cathartic  or  an  enema :  and  iK-fore  applying 
the  pad.  the  bowels  should  lie  piishcil  to  tlie  rijrht  siile  of 
the  abdomen  by  rolliDg  tlie  imlieiit  on  tlmt  side.  When 
tbe  abdomen  is  ojieneu  compression  of  the  aorta  is  ren- 
dered euier  and  safer;  it  may  be  aecoinplisbcd  with  tbe 


of  pfLvId. 


llDgers  or  with  a  apecinllv  devisi'il  clamp  cousistlng 
of  two  blades,  one  of  niiicli  flls  inlii  the  other  some- 
what after  the  style  of  a  lithotrite.  Oreiit  cnre  should 
be  exercised  in  the  use  of  siieh  dd  iiistrtiment  or  an 
injury  may  be  done  to  the  vessel  itself  or  its  neigh- 
bors. 

The  common  ili/ie  innv  be  oomprewu'd  tlmiu(;h  the  ab- 
dominal wall,  through  t^ie  rectum,  or  tlirou^h  an  Incision 
In  the  abdominal  wull.  The  last  muihod,  which  enableit 
one  to  use  the  fingers,  is  br  far  the  must  satisfactory  of 
tbe  three  and  the  only  one*  that  has  hi<en  practised  witli 
anything  like  good  results.  It  has  become  now  one  of 
the  recognized  means  of  preventini;  hi-inorrhagi;  in  hip- 
Joint  amputation,  particutiirly  in  tliose  cases  in  which.  Ix.- 
Cftuw  of  diseased  anterior  flap,  tlie  W'yclh  pius  cannot  be 
Uted.  Dr.  Charles  MeBnrney  first  employed  this  methiMl 
of picventinghemorrhageiu  1l|t{l4.  E\i»enencchasshown 
that  tbe  common  iliac  can  very  readily  he  comprcHSed 
with  the  fingers  In  th<-  abdominal  cavitv  without  the 
exertion  of  much  force  and  willmut  increasing  lln' 
dkngeia  of  the  operation,      diniiiresitiiiu  through  the 


Fm. 


rectum  bj-  means  of  Davy's  lever  is  not  so  safe  or  so 
satisfactufy  as  arc  Uic  oUier  methods. 

Ejrirmal  Uiur. — This  vessel  can  be  compressed  witli  the 
flngi'rsorwitbanlnstrumentplaccd  just  above  Poujiart's 
ligament,  midway  iH'tween  the  syniphysis  pubis  and  the 
anterior  superior  spine  of  tlie  iliiini. 

Femornl. — The  course  of  tliis  vessel  Is  covered  by  a  line 
drawn  from  tlie  point  midway  between  the  eymphytU 
jiubis  and  the  anterior  su- 
perior spine  of  tile  Ilium  to 
the  adductor  tubercle  on  the 
inner  conilylc  of  the  femur, 
and  can  lio  compressed  by 
the  fingt^rs  or  by  the  biiimi- 
(|uet  anywhere  throughout 
ilseourse,  the  force  lieing  ex- 
erted towanl  the  bone. 

Tlie  poplileiil  occupies  the 
middle  of  Ihc  popliteal  space : 
it  can  best  be  ccimpresscd 
against  the  femur  in  ttio  up' 
per  part  of  its  course. 

The  ponlrriiir  It'bial  can 
reailily  be  eompressc<l  bv  the 
finger  as  it  passes  iniilway 
between  the  internal  nialle- 
olus  and  tile  point  of  the 
tieel.  ! 

The  iiHtrricr  tibial  lies  be-  Bnchto]. 

tween    tlie    tJ.-ndons   of    the 

tibialis  amicus  and  the  extensor  longus  hallncis.  and  can 
best  be  compressed  after  it  l>ecomes  tile  dorsalis  pedis 
and  passes  under  the  anuular  ligament. 

The  MiMovian  can  only  lie  compressed,  unless  exposed 
b^  Ineisinn,  in  its  last  one-third,  where  it  cnisses  tbe  first 
nb.  Pressure  should  be  made  with  the  thumb  in  tbe 
angle  formed  by  the  posterior  border  of  the  sterno-cleldo- 
mastoid  and  the  clavicle,  and  should  be  directed  down- 
ward, backwanl.  an<l  inward  against  tbe  rib.  Tbe  tip  of 
the  shoulder  should  be  depres-seil. 

Atilbirg. — Conipressioi)  of  this  vessel  can  be  made 
only  in  the  last  part  of  its  course,  and  Is  accomplished 
by  making  pnissure  fnim  within  outward  against  the  up- 
\H'T  tiart  of  the  humerus. 

The  hriirhiiit  artery  can  very  readily  be  compressed 
against  the  sliaft  of  tlw  humerus,  the  inner  edge  of  the 
biceps  being  the  guide  to  Its 
eitiiatioD. 

The  radial  can  be  com- 
pressed against  tlie  anterior 
surface  of  the  lower  end  of 
the  radius  between  the  ten- 
dons of  tbe  supinator  lon^ua 
and  the  flexor  carpi  radialis. 

The  vlnar  artery  can  be 
compressed  against  the  an- 
terior surface  of  the  ulna  be- 
tween the  flexor  carpi  uloaris 
and  the  flexor  subtimis  digi- 

■B  (vifTrfirfand  tbe 


Therv. 
txlermil 
pressed  with   the   flngi 
by   mc-ans  of  one  of  the 


I'cially 


rle  vised 


for  the  purpo^'.  The  i 
tenor  iMirder  of  the  sterno- 
eleiilo-masliiid  is  the  guide 
to  the  vi'sscls.  and  Hie  press- 
or shiiiild  be  ilin-ctol  back- 


.■;iiil. 


The  fiiriiil  can  be  compres.sed  willi  e:isi-  as  it  paiwcB 
over  the  Iowit  law  jus!,  in  front  of  [lie  niiis-si'tcr  muscle. 

The  temfmral  lany  \<p  controlliil  by  milking  pressure 
on  tlie  zygomatic  pfiK'ess  just  in  front  of  llu-  tragus. 

Tlie  lala'iil  artery  may  lie  eonlriille<l  by  eomprcssiug 
tlie  Ui)s  lietwern  tHe  fluger  aud  thumb 

John  n.  Oibton. 
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ARTERIES,  HEALING  OF,  A>tkr  Lioati  uk.  A(  r 
PRKSHUKE.  Torsion,  and  SrrrRE. — Alt]ioii;;h  tin?  intn»- 
duction  of  the  ligature  is  eoinnionly  ascrilH'd  to  Pare, 
there  is  sufficient  evidence  to  sliow  that  it  was  employed 
by  surgeons  in  the  earliest  historic  tiini'S.  No  mention 
18  mtide  of  the  ligature  by  Hippocrates,  l)ut  tlie  ancients 
used  not  only  styi)ties  and  the  actual  cjiuterv.  but  also 
ligature  and  torsion.  It  is  highly  probable  tluit  the  Al- 
exandrians were  familiar  with  the  usi*  of  the  ligature 
three  centuries  before  the  Ciiristian  era,  f»jr  Cclsus  (l)«)rn 
3()  B.C.)  sjx'aks  of  it  as  a  well-known  fact  and  recom- 
mends its  use.  Hufus  of  Ephesus.  a  century  Liter,  makes 
the  following  mention  of  torsion:  '*Vas  immissa  vulsel- 
la extendemus  et  moderatt^  ein*umfl(>etemus:  at  ubi  ne 
sic  ({uidem  ci*ssaverit  [h;eniorrhagia]  vinculo  const rin- 
genius."  Archigenes  and  Galen  both  mention  tying 
vessels  for  the  purjwse  of  sto[)ping  hemorrhage;  the 
name  of  Antyllus  also  iH'ars  te^timonv  to  the  skill  of 
Ronvin  surgeons,  and  in  the  Museum  at  \aples  there  may 
Ikj  seen  a  forceps,  with  sliding  attachment,  evidently 
intended  to  usi*  with  the  ligature.  We  find  the  ligiiture 
of  arteries  mentioned  again  in  the  s«'venth  c<'ntury  by 
Paulus  of  .^]gina.  whose  teachings  were  still  i>reserv(»Il 
by  the  Italians  in  the  sixteenth  century.  In  Lanfmnchi's 
**  Surgery  '*  (1295)  occurs  the  following  passage:  *'()p«)rtet 
te  nime  aut  venum  ligjire  et  i])stim  de  1(k*o  extrahere.  et 
caput  venie  vel  arieria'  contorquere.  aut  ferro  candente 
sanguin(^m  sistere." 

It  is  uncertain,  however,  whether  ligatures  were  em- 
ployed on  large  vessels  In-fore  Pare's  time.  To  this  gn-at 
surgeon  is  due  the  cre<lit  not  only  of  fully  ai)pre(riating 
the  value  of  this  UKKle  of  Inenuistasis.  but  of  making  it 
a  universtdlv  applicable  metiiod.  At  this  period,  the 
middle  of  tiie  sixteenth  centurv,  the  imj>erfecr  knowl- 
edge of  the  anatomy  and  physiology  of  the  cireulation 
prevented  a  due  appn*ciation  of  the  advantages  of  the 
ligature,  and  even  (juillemeau.  who  was  the  champi(m 
of  his  friend  and  t«»acher,  contined  the  uw  of  the  ligature 
to  primary  amputat  ions.  Although  Wis(>man  in  England, 
Fabricius'  Hildanus  in  Germany,  Fallopius,  and  others 
favored  the  ligature,  they  were  but  isolated  examples, 
and  at  the  opeinng  of  the  eighteenth  century  the  actual 
cautery  was  still  the  customary  methtKl  of  arresting 
hemorrhage  at  the  ilotel-Dieu. 

The  contnist  Ix'tween  thi!  two  methods  at  that  time 
was  not  indeed  as  great  as  it  would  .s<>em  to-day.  A 
glance  at  Pare's  plal(*s  shows  the  forceps  as  an  instru 
nuMit  of  rude  pattern  and  clumsy  make;  no  attempt  was 
made  to  isolate  th«'  vi-ssrl ;  veins,  nerves,  and  arteries 
being  in<lii(lcd  in  one  knot.  No  wonder  that  surgeons 
bad  a  "horrid  :ip])n'hension  (»f  compressing  the  nerves." 
and  that  Pctil.  with  whom  nindern  invest iirat ion  on  the 
iH-alinu"  {)[  iirl<ri(S  niiiy  he  s;ii«l  t«)  iiavi'  hcL-'un.  actually 
prop<»srd  tnnipns-;i(ni  :is  a  <iihstitut«'  tui'  liie  ligature. 
It  NVM'i  he  \vln)  Ijrst  ( :ilh«l  Mllcnlion  to  tli«-  amncy  of  tlK- 
thrombus  in  ♦heeUinL''  hlerdiMi:,  tin*  blond  aroimd  the  end 
of  tiie  vessel  heing  termed  the  r«///,-, /v// .  and  that  Immd 
within  the  lumen  ilw  f'f"ff'/i"/t.  'I'Ih-  retr;nii<»n  anrl  eon- 
trjiction  of  tin-  vessel  wen-  <oim  recoLnii/i-d  by  Mnraiul. 
who  also  ealled  attention  lothe  i  iijitureof  the  inner  walls 
bv  the  ligature.  Pouteau.  td  i.\on^.  thouiihr  that  the 
swelling  of  the  tissues  viirroundini:-  tin-  mouth  of  the 
vessel  was  as  important  a  factor  us  any  other  in  brinLMnir 
about  the  arrest  of  hemoirhau*'.  mid  he  tjeviM-d  what  has 
since  been  cidled  the  niediiiti'  Jiuatun-.  This  wa^.  how- 
ev(?r,  a  return  to  obsolete  methods,  and  a  protest  was 
soon  nnsed  against  its  brutaiitv.  In  Kniil.nid.  (iooeh 
and  Kirkland  dwelt  stronirly  upon  the  action  of  the 
vessel  wall,  and  the  fonner  showed  thai  tin- sidrs  even 
iM'canu?  adherent  for  some  distaiie«'.  the  vessel  ^hrinkinL'" 
into  a  c«)rd.  White  even  thoULdii  that  tin- clot  wa*-  in- 
jurious and  shoidd  be  removed:  John  IJill.  on  the  other 
hand,  thf»ught  that  the  extniva-iated  blood  in  tiie  tissues 
compressed  the  vessel,  which  subse«juently  reee«|ed  by 
adhesive  intlanunation.  Hunter  lmvc  a  L;i'«';it  impetus  to 
the  study  of  the  j)roeess  of  repair  in  arteries  tiiroULdi  his 
views  on  healing  by  first  intention,  lie  lirst  enunciated 
a  tlieurv,  which  has  since  led  to  nuich  diseussion.  c(»n- 


(rrning  the  orpinization  of  the  thrombus  and  its  vaacu- 
kirization,  which  he  likened  to  the  clianees  seen  in  the 
embryo  of  the  chick;  but  he  also  believed  in  a  direct  ad- 
hesion of  the  arterial  walls.    It  was  due  to  him,  also, 
that  the  subsequent  establishment  of  a  collateral  circu- 
lation was  rei^ognized.     To  Jones,  however,  has  been 
pretty  generally  accorded  the  credit  of  producing  the 
chis.sfcal  work  lipon  this  subject.    By  a  large  and  varied 
series  of  experiments  on  animals  he  was  able  to  give  a 
comph'te  account  of  the  macntscopical  appearances  show- 
ing injuries  to  arteries,  which  account,  in  the  main,  holds 
good  to-(hiy.     lie  found  that  when  a  large  artervwas 
divide<l  it  retractcil  into  its  sheath,  and  contnictodslifflitlv 
at  its  extrennty  (a  coaguluni  fomung  within  the  sheath 
and  cxtenial  to  the  vessi'l,  and  appearing  like  a  continua- 
tion of  the  artery):  and  tliat  later  a  slender  and  conical 
coagulum  formed  within  the  vessel,  Iteing  only  partially 
adhen>nt  to  its  walls.     Pennanent  occlusion,  he  says,  is 
eflected  by  the  intlammati(m  of  the  wall,  the  vasa  vasorum 
pouring  out  lymph  which,  according  to  the  theory  of 
that  day,  became  organizcil,  that  is,  was  endowed  with 
an  independent  power  of  forming  tissue.     As  the  external 
chn  was  a1>sr>rl)e<l  it  was  replaced  by  this  coagulated 
Ivniph,  the  vessel  in  the  nu?an  time  contracting  up  to  the 
tirst  branch,  a  delicate  ligament  being  event uall}'  all  that 
nMiiain(fd.     In  partial  division  of  the  vessel,  this  writer 
tells  us.  a  coagidiun  forms  lK*tween  the  vc^sscl  and  its 
sheath  at  the  {xdnt  c>f  injury,  and  the  wound  in  the  wall 
is  cIoshI  with  coiigulatcd  lymph,  which  subsequently 
forms  outside  as  well.     Wounds  less  tlian  one-fourth  tl^ 
circumference  of  the  vessel  in  animals  are  capable  of 
healing  so  as  to  occasion  little  or  no  olistruction  in  the 
canal,  and  rarely  do  such  injurit^s  Iviul  to  aneurism— a 
curious  fact  noticed  by  all  sulist'cjuent  experimenters. 
If  the  artery  Ik»  surroundecl  by  a  tight  ligature  the  middle 
and  internal  coats  will  Im>  comph-t(>ly  divided  as  if  by  s 
knife,    the  external    coat    remaining  entire,   upon   the 
strength  of  which  coat  verj'  much  depends.     He  speaks 
of  the  **ulcemtion  of  the  hgatun*,"  which  expression  at 
the  present  time,  when  iMith  ends  of  the  knot  are  cut 
short  and  it  is  allowed  to  heal  in,  conveys  a  false  impivs- 
sion  of  the  nature  of  the  subsequent  changes.     The  proc- 
(rss  of  reimir  is  essentially  the  same  as  tliat  already  de- 
scribed.    He  was  inclined  to  attach  too  little  impt)rtanffi 
to  the  thrombus,  or  internal  coagulum.  as  he  ctilled  it; 
and  in  ordinary  accidents  he  thought  it  contributed  noth- 
ing to  the  sup]»ression  of  hemorrhage.      Jrmes'  views 
were  genendly  accepted,  but.  since  he  diff(?retl  essentially 
from  Hunter  respecting  the  role  played  by  the  inti-rnal 
thrombus,  this  (piestion  now  became  the  chief  subjoctof 
discussion.  (»ne  party  nuuntaininii:  tlmt  the  thremlmswas 
organized  and   forna**!  the  cicatricial  tissue:  the  other 
believinir  that  this  function  wtLS  performed  by  the  walls 
of  the  vessel,  wliicli  were  suppos<'d  to  be  united  by *^ 
adhesive  intlammation.     In  Fnuicc  the  majority  favon'tt 
Hunter's  views,  though  Andral  believed  with  Cruveilhiei 
in  the  correctness  <»f  the  latter  theory,  as  did  alsoGuth^ 
in  England.     In  Gennany  opinions  were  about  equa^^? 
divided  until  Stilling,  by  an  elaborate  sfrries  of  researc^^^ 
the  most   extensive  since  tho.se  of  Jones,  si^-ms  to  ''*JV,_ 
detiniti'ly  settled  the  (piesiion  that  the  throndnisditl  Jj^, 
eonie  orirani/ed.     Gtithrie  also  established  the  fact 


a  lontritu«linal  slit  in  himian  arteries  »>f  medium 


9» 


the  temporal,  may  heal  without  obliteration  of  the  vf^^  ^^ 
;in<l  that  in  vessels  of  considerable  siz(»  hemorrhagic  ^*\ic 
I   be  arrested  without  aid.  the  power  and  intluencv  <»^  ,«i\** 
j   h«:nt   ovrr  the   circtdation   through   the    arteries   V**-^ 
gnally  overnited:  a  fact  also  observed  by  Velpeau.  -gtie 

With  the  rise  ami  progress  of  histtdogicid  n'Si*arct'_  ^i\v 
(|ue>tii)n  of  the  organi/atirai  of  the  thnanbus  wa.<=^  r*  iii? 
ji'cicd  til  new  tests.  Schwann,  in  1K»8.  had  dcvelopi^ •  ^ of 
"cell  theory."  that  it  was  only  thn)Ugh  the  interventi**^,>t. 
eclis  thai  further  development  coidd  take  plact\  antl  ^^  j|,a 
MS  Ibnle  still  maintained,  through  an  amorphous  bla?*^*'^^  fJv 
tornn-d  from  eoatrulated  lymph,  which  couhl  be  dir^-"^' 


eli.'uiired  into  new  tissm*. 


M  i^S 


llokitansky   ealled  att(*ntion    to    the  changes  ^^^    ^ir 
place  in  ves-M-ls  which  liad  been  excluded  from  the  ^' 
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culation  owing  to  a  changes  in  the  curr(>nt  of  the  bI<KHl. 
as  the  umbilical  arteries  and  the  ductus  Bt^taUi,  and  he 
pointed  out  that  tlie  ))roce^  was  the  same  in  ligatureil 
vessels.  It  was  not,  in  the  opinion  of  this  writer,  tlirough 
the  intervention  of  a  thrombus,  but  througli  a  collapse*  in 
the  walls  and  their  subse({uent  fusion  bv  the  de])osition 
of  a  new  layer,  that  obliteratir)n  tcwk  place.  Vir(;how. 
who  was  at  tirst  more  or  less  inlhiencetl  by  the  views  of 
Hunter,  as  he  became  convinced  of  the  power  of  cell 
acticm  and  inaujruratcd  tlie  theory  of  "</////*//»  crlluUi  e 
rellnla,'^  discardi^l  the  views  of  Schwann  and  Henle.  and 
saw  in  the  white  corpus<'les  of  tlie  thrombus  the  orgim- 
izing  elements.  All  hough  he  contredtnl  that  the  vessels 
in  the  thnmibus  might  Ik*  devel<>i>ed  from  the  vasa  vjisor- 
um,  still  he  did  not  think  that  the  presi'ncr  of  the  cellu- 
lar elements  of  the  new  tissue  coidd  Im:  explained  by  a 
Erimary  growth  inward  of  the  ivlls  from  Ihr  vessel  wall, 
oth  he  and  Uokitansky  re<'o<:niz<>d  that  the  spac(>s  tilled 
with  fresh  bhxMl  were  not  m;w-formed  vessels,  but  chan- 
nels hollowed  out  by  the  bhxul  current  which  are  to  Ik* 
distinguished  carefully  from  the  vawularizatifni  of  the 
thrombus.  This  pnK-tfss  was  termed  by  Virchow  the 
** sinus-like  degeneration";  the  term  "cavernous  meta- 
morphosis" has  also  sinct.^  been  applied  to  it  l)y  Hind- 
fleisch.  The  latter  likened  the  throndms  to  a  tissue,  of 
which  the  white  corpuscles  were  the  cells  and  the  red 
corpuscles  and  fibrin  were  the  matrix  and  the  gradual 
spnes  of  clianges  of  the  white  corpuscles  into  connective- 
tissue  cidls  were  des(TilK'd  l)oth  by  him  and  by  ().  WcIkt. 
who  also  thought  that  new  bl(H"Kl-ves.sels  wcr^  fonned  by 
them  which  subsequently  united  with  the  vasa  vasorum. 
It  was  by  these  observers  that  the  theory  of  the  organiza- 
tion of  the  thrombus  receivc<l  its  fullest  elab(»rati(m. 

Attention  had.  however,  already  Ix-en  called,  both  in 
France  and  in  Germany,  to  the;  action  of  the  lining  mem- 
brane of  the  vessid,  and  the  views  of  the  alH)ve-mentioned 
writers  were  further  strengthened  by  an  important  com- 
munication from  His.  who  showcti  tliat  the  endothelium 
was  of  an  essentially  different  origin  from  the  e])ithelium 
of  the  skin  and  mucous  membranes,  and  ix'longed  rather 
to  the  gnuip  of  connective  substances. 

Waldeyer  thereupon  concluded  that  the  endotlntlium 
was  capable  of  pnKlucing  a  young  connective  tissue 
within  the  vessel,  which  tissue  was  8ubse(|Uently  vascu- 
larized by  vessels  springing  from  the  vasa  vas<»rum.  and 
that  the  ihrombus  was  absorlx^cl  as  this  tissue  grew  into 
it.  The  same  tidng,  he  thought,  occurred  in  the  blood 
clot  in  cxtrava.sation,  the  process  of  organization  always 
taking  place  at  the  edges  only. 

The  mvestigations  of  Recklinghausen  on  the  wander- 
ing cells,  and  of  Cohnheim  on  the  passiige  of  the  white 
corpuscles  through  the  walls  of  bhxxl-vessels.  turned  the 
discussion  into  a  new  channel.  The  theory  of  the  or- 
ganization of  the  thnmibus  was  now  virtually  aluuidoned, 
and  the  dispute,  as  to  the  origin  of  the  cells  found  in  the 
thrombus,  now  lay  between  those  who  derived  sucrh  cells 
from  the  endothelium  and  thtK^^  who  assumed  that  they 
had  wandered  in  through  the  walls  of  the  vess<'ls.  While 
the  views  of  Cohnheim,  as  to  the  origin  of  the  new  cells 
in  inflamed  tissues,  were  adopted  by  a  large  number  of 
pathologists,  there  were  still  many  who  believed  that  the 
pre-existing  cells  of  a  part  w<re  capable  of  prolifmilion. 

The  study  of  endarieritis  app«ars  to  have  convincnl 
most  observers  tliat  the  growths  which  eventually  ob- 
literate the  smaller  v<-ss(-ls  a rist?  from  the  internal  tunic. 
A  growth  of  mu(rous  tissue  is  sometimes  .seen  under 
the  endothelium;  at  other  times  its  upper  layer  also  ap- 
pears to  Ik;  involved;  and,  if  coagulation  of  the  bltMnl 
occurs,  the  cells  may  grow  into  the  elot  so  forme<l.  Ac- 
conling  to  Condi  and  Kanvier.  a  i'urtJier  j^rowth  of  such 
tissue  in  larger  vessels  will  lead  to  a  breakiiiL^  down  of 
the  meilia,  and  to  a  growth  of  cells  outward  into  the  ad- 
ventitia.  A  numlxT  of  oh.seivers  liav«'  fouml  a  new 
formation  of  vessels  in  the  oblih-rated  artery  pnnluced 
by  the  force  of  the  blofxl  current  forming  a  ehannel. 
Around  such  spaces  may  be  seen  newly  Itirmed  eljistic 
laminae,  constituting  a  newly  developetl  wall  for  the  new 
▼easel,  which  thus  does  the  work  of  a  collatend  branch. 


Analogy  would  suggest  a  growth  also  of  the  internal 
tunic  in  vessels  after  ligature,  and  Cornil  and  Ranvier, 
indei*d,  consider  the  two  procifsses  identical. 

The  weight  of  opinion  latterly  has  been  decidedly  in 
favor  of  the  activity  of  the  inner  tunic  of  the  vessel  in 
tlur  healing  process  after  ligature.  Such  is  the  view  of 
thos(.»  who  laive  stmlied  the  subject  in  this  coimtry  dur- 
ing recent  years.  Shakcspt?are  derives  the  new  formaticm 
from  the  endothelium  and  .subjacent  cells  of  the  intinia. 
A  collifction  of  these*  cells  is  to  Ihj  found  at  the  point  of 
ligature  at  the  end  of  the  tirst  twenty -four  hours,  form- 
ing a  cushion  upon  which  the  clot  is  seen  to  l)c  resting. 
To  this  new  growth  Shakespeare  gives  the  mime  "plastic 
clot."  The  thnunbus,  or  "tibrinous  dot.''  takes  no  part 
in  the  process,  but  is  pushed  up  by  the  plastic  elot,  in 
which  latter  signs  of  vas<'ulari/ation  Ix'gin  to  show 
t hem.sel ves  as  early  as  the  si.xth  day.  connnunieation  1k*- 
ing  elTeeted  with  the  vasa  vasorum  between  the  fifteenth 
and  thirtieth  dav.s. 

Senn  tinds  that  the  cicatrix  is  the  exclusive  pnKluct  of 
connective-tissue  and  of  endothelial  proliferation,  and 
that  permanent  obliteration  takes  place  in  an  artery  in 
from  four  to  seven  days.  This  would  imply  a  reliance 
ehietly  upon  the  intima  for  the  production  of  the  new 
t  issue. 

Thoma  has  elaborated  the  views  c)f  Uokitansky  (m  the 
analogy  with  the  clo.su re  of  the  und)ilictd  arteries  and  the 
flucfttft  BttttifU:  and  he  has  descrilR'd  the  formation  of  a 
hyaline  and  tibrillated  connective  tis.sue  in  the  <leeper 
layers  of  the  intinm,  as  a  ccmipenstitory  endarteritis  oc- 
curring at  birth  in  that  part  of  the  arterial  system  spe- 
cially concerned  in  the  fetal  circulation,  in  the  arterioles 
of  the  kidneys  in  chrraiic  ne]>hritis.  and  in  the  stumps  of 
arteries  after  ligature.  The  closure  of  an  artery,  he  sjiys, 
whether  it  occurs  iihysiologicjdly  or  as  the  result  of  an 
oiK*ration,  depends  upon  the  slowing  of  the  current.  It 
l)<*gins  with  a  ctmtracticm  of  the  media:  if  this  contraction 
be  enough  to  n'Storc^  the  normal  rapidity  of  the  circula- 
tion, further  changes  are  contincil  t^>  an  atrophy  of  the 
muscular  wall  sullici(*nt  to  correspond  with  the  dimin- 
ished calibre  and  dinnnish(*d  t<>nsi(m.  If  this  change  dcH*s 
not  suftice.  it  is  supplemented  by  a  compensatory  thick- 
ening of  the  intima.  The  obs4*Vvations  of  Schultz  re- 
specting the  shape  of  the  cicatrix  in  an  arterial  stump, 
on  its  ehmgation  or  thickening  ui)on  one  side  of  the  vessel 
according  to  the  proximity  of  a  branch,  are  in  this  way 
explained. 

As  to  the  caus<*  of  formation  of  the  thrombus,  Cohn- 
heim takes  the  ground  that  it  is  due  to  an  injury  to  the 
endothelium:  tlie  old  view  that  it  might  be  produced 
merely  by  a  slowing  of  the  curn-nt  not  holding  go<xl,  for 
even  in  marasmic  thn»ndd  we  find  slight  injuries  to  the 
internal  mend)nuie;  moreover,  a  ligature  may  Ikj  put 
around  the  vess<*l  without  pnxlucing  coagulation,  pro- 
vid(^l  the  endothelium  Ix;  not  injimHl.  Baumgarten 
thouirht  to  avoid  formation  of  a  thnmibus  by  keeping  the 
wound  asi*[>ti(r,  but  we  tlnd  no  other  .such  observaticms 
recorded. 

The  shape  of  the  thrombus  is  usually  reprc.*^'nted  as 
ovoid,  the  a|X'X,  which  is  unattached,  lx*ing  din-cted 
toward  the  lumen  of  the  vessel:  the  proxinml  thntndms 
is  usually  longer  and  always  broader  than  ili(>  distal 
thnmdms.  Hiyant  explainsthe  an)))ulla  like  dilatati(»n 
of  the  proximal  end  by  the  more  rapid  et.aLMilatinn  of 
bhxxl  here,  which  coagulation  is  attributccl  h\  Lister  and 
Callendar  to  the  greater  turmoil  into  wliicli  the  h|o(Hl  is 
thrown  on  the  cardiac  side  by  impiriLring  airainst  the  olr 
struction.  the  ehurninir  pr(u<*ss  Iradinir  tu  (lie«lrposit  of 
fibrin  more  or  less  pun*:  but  tlu  y  aNo  aiiief  that  the 
deposit  of  l>lood  elot  is  favored  by  slowness  of  movi*- 
ment,  as  on  the  distal  sidr  in  the  jnwrr  exinniity  when 
the  anastomosis  is  not  U'vw 

It  will  Ix'  obs<rv«-d  that  those  liist»loi:ists  who  have 
interest<Ml  themselves  in  the  npair  ot  arteries  have  con- 
si<h.Te<i  the  (juestion  usually  fmm  sunie  special  stand- 
point, such  as  the  "nriranizaiion  of  the  throuibus. "  the 
role  of  th(?  white  corpuscles,  of  the  wan<hring  cells,  or  of 
the  endothelium.     We  shall  now  undertake  to  follow  the 
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various  paihulii(rlnil  rliiui(!on  wlili'h  ocrur  id  null  anxind 
tlic  vusikI  from  tlw  Unie  tlw  )i;oitiin^  luis  birn  apptiiil 
uutil  tlie  priNvM  of  nkiatrixatliiii  lius  iKcn  fully  (jimi- 
piettd.  TlifKC  cluiigcs  inav  lie  ci>ni]iarMl  not  iuu'|itly  to 
those  which  occur  in  long  (xintH  afttr  fmcturc.  In  Imtli 
wo  flud  an  cxtcrnitl  hiiiI  an  Inti'niul  cullua,  in  both  Uierc 


Fl<l.  319  — LlKBlurcd 


.   rroxlmal  Ihrmnhua  In  ampulla-llkfl 
W--1    I    m  -.IK    c  uiln-nllilii    I  giii-   t  ligature. 


is  ft  growth  of  tisHiKi  wlifi'h  Ima  only  a  jirovisional  cxiiit- 
entre,  awl  in  both  Ihp  ili-nsn  walls  BUl>aei|Ut-iitly  undergo 
certain  cliuiigi'S  whirli  ciuilde  tbcm  tii  take  n  lardy  but 
important  part  in  tlie  tinsl  cicatrization.  In  arii^rics. 
how(!Vi'r.  the  external  cnlbis  produit-s  a  ligamentous 
union  only  between  tlio  two  frnetnunts. 

When  a  large arlt-ry  is  lietl  in  itscontinuitv,  the  intima 
and  a  variable  portion  of  the  media  are  usually  ruptured, 
aud  the  advenlflia  19  Kntbered  into  a  dense  tendinous 
sheath  around  the  conslrieled  ends.  The  Hrst  noticeable 
change  iR  the  fomuitlnn  of  the  thrombi,  which  a ru  usu- 
ally developed  withlu  the  flrat  twenty. four  hours,  and 
the  accumulation  ofagninulatioD-like  iiiass  of  cells  ahoiit 
the  ligature,  which,  if  it  lias  Iieci)  cut  short,  is  completely 
enveloped  l>y  them.  This  growtli  appears  to  priKi-eil 
from  th<-  pi'fiiulveiitltlal  Ibwiie,  anil  vnrlen  according  to 
Hie  aiiioimt  of  injurv  done  tiv  tlu-  limilure  to  thv  veiisi^l 
Willis,  or  lo  (he  irritiilEoii  whieh  it  pnuliici'ii.  If  the  coats 
of  the  vismI  Imir-  liicii  miDii'c'wanlv  briilHeil  and  a  cer. 
lain  iijii.iiiiit  of  iMnivii^alion  has  liikeii  place  hi  con- 
SCI  (III  ■lie.',  or  it  ilii>  liniUim-  il'^i'lf.  t«r  wime  cimsc.  has 
crwiteil  irrit^ition,  lln-  sum.unding  ii.llaiimiatorv  tisstie 
will  toniiaw..lliimrkMlciillM.i.  II  iiiieM-,.:^iv,.irril;ilion 
hoslieen  priiilMii.il.  Ilie  irnxMh  of  tliw  I'mticiivi'  Hsim- 
mav  lieretanleil,  or  it  iiiav  )»'  d.-^iroviil  hikI  thi-  iluii!;i-r 
of  hemorrhage  <i.rn'S|iniiaiiiL'iy  ini  v.iisiil,  Follnviiii; 
the  devclopriient  of  ihis  t'\ii  riiul  urnvsih.  itr-  lln<l  llmt  it 
extends  some  dislanir  up  ami  <ioHii  tlx'  siil.s  of  [he 
vesstd  in  the  iN'riiiilvi'iititinl  tis-iie.  Hie  nminl  cilN  of 
which  it  ifl  eomiMiNiil  iiiviirlfng <inlv  Hie  superiicbil  bvirs 
of  theadvenlilia:  the  bremith  of  I  he  irviiMli  is.  of  .oilr^i'. 
greatest  at  the  ix'iiit  nf  liL'iiiure:  m  li'iiiitli  il  riiii  Iks 
Ufluallvto  a  iiointoii  a  Ii'mI  svirli  ihi-  .nrl^  of  iliv  two 
throniHi:  when  fully  il.'nlo[jirl  ii  i,  ciiiimiiihiiiIv 
Bpimlle-sliaped  (Fig.  'tlfii.  .Vi  Hie  \v\\u\  ••(  tiNntitiv 
where  the  Hlm-s  of  the  outer  wall  iitv  ileiisilv  \ni<.-)i--d 
(Fig.  file,  /).  the  wanderlnj;  eells  do  noi  p.'ijviiiil''  iluriii" 
the  flntt  few  days;  but  just  nluivi-aiid  lu'tow  Hic  li;:;itiitv 
tlier  may  be  fo'und  ain-ndy  inv;i<liMi;  th<'  nieilia  us  eiirlv 
aa  theseuond  day:  ocdmioiaillv  [heiii»'.\  r>f  ji  ]iyi-,ii[iirl;ij- 
shapcdmassof  such  cells  will  haveniiehed  llienii'iiniiiiis. 
TUe.>>e  cells  appear  to  exert  a  Milvent  act  ion  lui  iIk-  bnnili 
oriilires  projfTtIng  from  Iht-  riii^  of  the  1tg:itiiri'.  wliiili 
thus  lu-comi's  grailnnllv  litM'rated  from  nil  eonniiiioii 
ivith  the  v.««el,lhe  two  ends  i.f  which  n..w  rilmil  nml 
leave  the  kuol embedded iu  Iheceutreof  the  callus.     The 
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libres  of  the  ligature  itself  soon  tiecomc  infiltrated  vidi 
ells,  and  bv  the  tenth  day  they  may  have  already  disap- 
peared, or.  if  its  resisting  powers  are  greater,  may  remain 
encyste<)  for  some  time.  The  periotj  which  the  li^ture 
reqtiires  for  this  separation  varies  greatly  aeconling  lo 
the  size  of  the  vessel  and  character  of  the  ligature,  and 
is  longer  in  man  than  in  animals.  If  the  arter)-  has  hem 
propiTlv  dissected  out.  this  exlemal  growth  will  be  olt. 
served  forming  a  call iis-l ike  ring,  in  which  the  two  eodi 
of  the  vessel  arc  embeiided,  in  size  aliout  twice  the  thick. 
nes.s  of  the  vessel,  and  it  can  still  be  seen  well  developrd 
at  the  end  of  two  months  (Fig.  8*20).  Iq  the  specimen 
fn>m  which  the  accompiinylng  drawing  was  taken  tbr 
lipitiire  had  caused  suppuration  about  it,  and  hadfonncd 
a  Ustiilous  track  at  Ihe  fiindns  of  which  some  fibres  woe 
found  slill  remnining.  By  the  end  of  three  months  the 
exlemal  eullus  has  disappeared,  and  only  a  slender  ooid 


'S  the  )) 
Alriwly  I; 


ud. 


!>iirth  day  changes  are  noticed  within 
me  vessel.  01»!erving  the  proximal  thmnibus  we  find 
an  increase  in  the  number  of  white  corpuscles,  paiticu- 
liirly  iieiir  the  point  of  ligature,  not  in  an  isolated  mMS, 
but  mingled  with  red  corpuscles.  Masses  of  eoagulslcd 
fibrin  Willi  young  cells  (white  corpuscles  of  clot,  waDde^ 
ing  cells  friim  arterial  coals,  and  rarely  also  peri-wteriil 
tissues)  are  attached  to  the  frayed  ends  of  the  media 
which  have  been  cut  by  the  ligalurc,  and  are  more  or  less 
inverteil.  The  endnthehal  cells,  when  not  firmly  com- 
pressed by  the  thrombus,  as  in  the  distal  end,  are  in  ■ 
slate  of  activity,  undergoing  proliferatioa  toamodeiale 
extent.  Occasionally,  loop-like  masses  of  cella  ma;  br 
seen  projeeting  into  the  clot,  or  a  delicate  ana.Htonii>dDg 
network  of  slellaie  or  spindle-shaped  cells:  hut  the  told 
amount  of  this  cell  growth  is  stnall  as  coniparc<l  with  Uw 
si/.e  of  the  lhn>mliua.  In  the  mean  time,  in  the  Beeond 
week,  masses  of  granulation  cells  are  seeu  inflltiatiog 
that  jiart  of  the  wall  which  is  aeparatine  or  has  Kbw]; 
si'pamted  from  Ihe  ligature.  Even  at  Ibis  period,  wia 
the  external  growth  carefully 
dissected  away,  as  is  the  cus- 
tom in  museum  specimens, 
the  vessel  appears  to  have 
united  by  first  intentioD.  that 
Is.  by  a  direct  union  of  the 
media  and  intima  side  to  side. 
Dut  the  infiltration  and  soft. 
ening  conriiiue  until  the  walls 
lire  .'>e]i)ir)iled  and  expand, 
like  the  petalsof  a  rose,  yield- 
ing liefore  the  advancing 
growth  iif  gninulatioD  tissue. 
The  dwper  portions  of  the 
clot  are  now  infiltrated  with 
two  growths;  the  more  sn- 
perlieiiil  llhat  is.  Ihe  portion 
iieari'st  the  njieri  lumen  of  the 
vessel)  is  cniniioseil  of  tissue 
.■rniwii  fr<im  the  intima  and 
iiuiliii  itnd  Humlering  cells. 
1  the   ih'eper  is  composetl 


j'lilarg 


mlatio 


ieh  1ms  piishiil  i 


ay  in 


Viewed 

n'k.  Ihe  ends  of 

vill  Ih'  found  ex- 


Oil  the  surface  of  a 


A    im 
;■  lliroMiliiis.  sometimes 

>■  iiiiiiiiin,  lias  not  been  „. 

iIihI.  lull  Is  attached  firmly  to  the  top.  A  *J:^. 
inat  section  of  such  a  s]X'cimeu  gives  a  p'-*^),, 
luslrtition  of  what  is  understi.Hid  as  "healinil  ^^ 
iig.'  As  Iheelol  slirinks  the  spaces  left  beti^^p, 
;iiiiil;itiiins,  which  have  now  rolK'd  over  one  ano'-*;^ 
lullike   miis.ses,  become  continuous  whh  the  op^ 


UEFEKENCE  HAXDBUOK  OP  THE  MEDICAL  8CIEKCE9. 


lUDien  of  the  Vfsw'l.  and  tlie  so-calk-d  "nuialiuttiiin  "  of 
tbe  thrombua  in  thun  I'fleclnl,  An  Jnjn-tbn  niAm  can  bv 
fotiifl  fron  tlic  vHsi '  '  r  w  iiii  distantX!  inti>  tLracBiwtH*, 
but  an  )  t  tbc}  (1  HOC  c  niniui  icute  with  tlu.-  vrtuwrls  of 
the  gran  1 1  kt  ion  tis- 


Tliis  o 


a)]; 


11     the     BfPOIld 

mrintli.  tluLt  K  un- 
til t)u^  provisidiiiil 
jcruwili  liHS  niu'h<il 
its  period  (if  high- 
lievfliifinu'iit. 


iHCI 


I  tbe  n 


datrU  u  mndliliHl  hy  the 


sprnre  uiiqiiis 
liuuably  tak<B 
place  but  tlic 
amount  diMlopi-d 
la  nut  BulHticnl  tn 
4uppl\  II Kin.  than 
a  \Lri  Hnmll  part 
nf  tlu  proMBKinal 
tiwni  Tbi  edit 
it  Dob  Four  liowntr,  lia\D  Ix.- 
Ynw^Tt'H  ''""  '"  S"'*'  l>ffore 
ir'n RpivliDen.)  '!>■'  other  tissue  has 
nuulo  it8  way  inlii 
the  vcfwl.  and  at  Ihia  periiid  serve  the  purpiise  iil  utlaeti- 
toK  the  tlirombiis  to  tlie  walls  i>f  the  veswl.  but  even  in 
thiswuTk  tliey  arc  aitlt-d  by  otlwr  cellit  fnun  the  im-din. 
They  also  funiiHh  a  new  entlothellal  coverinif  1o  the  per- 
manent eirntrix,  and  a  lining  ti>  the  new  viisculur  spacvfi 
that  have  been  formed.  When  the  eUittiu  lamina  lian 
l)een  ruptured  (and  thin  is  freiiiiently  seen  on  the  flldenof 
the  vessel  near  the  lijcature.andaliuihen^und  tlu-n']iif;h(T 
up  as  ^  as  tbe  tlironiliiifl  i-xlend.i),  we  tind  un  Intimate 
(«nnection  at  such  imiiits  of  the  inwlia  witli  ni'w  grow- 
ing tisBuB  within  the  veMel.  In  the 
tnay  be  wen  springing  from 
the  mulin  and  gn>wing  into 
either  the  clot  cir  a  elutnp  of 
cells  attaelit^  to  (hi;  inner 
»-all.  The  cells  an;  round 
and  Bpindle-shapeil.  fn'r|uenl- 
Ij-  in  bundles.  Evidences  of 
cell  ai'tivity  in  the  media  arc 
nlrandant.  and  in  sonin  speci- 
mens in  animals  a  proiifera- 
tion  of  the  muscular  cells 
tlirougb  tlie  whole  Ihiekness 
of  the  mwiia  is  olwerv(-d,  giv- 
ing a  considenihle  iuereuHi-  to 
the  width  of  this  layer.  The 
elastic  lamina  is  fni'vi'd  out  at 
Its  divided  end,  and  glisien- 
ing  elastic;  flbn-s  are  iiecii  I'x- 
l«nding  downward  inio  tlie 
external  growth  as  the  two 
ends  of  the  vessel  gmdii- 
ally  retract  from  each  othiT. 
At  tile  end  of  three  months 
the  [irt) visional  tissm-  bus 
been  at«inrbcd,  and  we   tind 

the  walls  united  by  a  iHTmiini-nl  eicalrix  which  joii 
rides  of  tbe  vessel,  still  somewlmt  !n|i;iraled  fmrn  eiiei: 
ntber.  It  consists,  in  in<-diuni-si/.eil  iirit-ries,  of  n 
crescent -shaped  ruassof  tissue.  Iheroneiive  siiieof  whlcl: 
faces  the  lumen,  while  the  hom^  run  u]i  on  I'ltln-r  sidt 
of  tbevcwel.     One  horn  may  be  long  and  Ihe  other  sliort, 


n  auUuT'n  api-rl- 


ihe 


the  crescent  being  placed  somewhat  exci'ntrically.  The 
longer  bom  maj'  Ik-  sometimes  thickened  (see  Hchultz 
and  ThomaV  as  m  Fig.  itril.  it  a  branch  lies  opposite  to 
it.  In  the  largest  vessels  the  ciealri<;ial  tissue  occupica 
a  considerable  portion  of  tlie  calibre  of  tlic  vessel. 

On  the  surface  of  the  cicatrix  is  seen  a  tliin  layer 
of  endothelium;  b*'Uei)th  this.  In  mediiim-sixiii  vinscls, 
ihi-re  can  bi'scrnu  layer  of  delicate.  taiM-ring.wpindle  ceils 
with  staff-sliu]  Mil  niielui,  fonningaeimtinuous  layer  from 
one  horn  to  the  other.  They  run  [rarnllel  to  one  another 
and  to  tlic  arc  of  tlie  circh:  made  by  the  crescent,  and 
resemble  in  all  w-specta  miiseularcirlls;  in  sliort,  a  genu- 
ine niiMcular  layer  is  found  In're  (I''^g.  922),  Beneath 
tJiis  layer  is  a  nuiss  of  cicatricial  conni'Ctive  tissue  which 
plugs  tlu!  since  Iving  directly  betwi-en  Ihe  ends  of  the 
retracted  walls  (J'ig.  338).  Tin-  cicatrix  is  pierced  by 
a  vessel  of  considenibic  size  which  rapidly  tapers  to  & 
point  anti  anastomoses  wilb  a  capillary  network,  mmi- 
fylnif  liolli  In  the  cicatrix  Itself  and  in  the  liganieuloua 
Imuu  outside     Tliis  eeniral  vessel  which  in  larger  cica- 


Frn.  3Sa.^r  lemal     lac  Arter;        Nan  On    nandred  hhI  Ttitrtr 
lnya  After      gt  iruia  pmiu  fcaul        [Dnwii 

Irum  auuv       aiK      n 

trices  1k*o  n'Stou  a  g-stoh  ■ana  sso 
u  "cavernous  appiuranii,  may  be  regarded  as  the  un- 
obliteraU-d  n'uiduum  of  tbi'  lumen. 

We  Hiid  in  this  anatoinieul  |ieculiimly  of  llii>  ciratrix 
an  explanation  of  ItA  iniinunlly  fmm  aneiirlsmal  dilata- 
tion. The  iinitit-live  iiiHuenci;  of  tbe  IbninilmH  eiiabh-s 
(he  process  of  cieutriiiation  In  complete  iiscif  l)efore  Hie 
eicatrix  is  eidled  ujion  to  wlthstimd  IiIiuhI  pressun-.  and 
it  is  tbrn  nrm<-(I  with  a  muscular  c<mi  (us  is  (he  miriiutl 
ves-icl  wall),  which  acts  not  unlike  a  IcvtiCor  iini  muscle 
in  sustaining  and  modulating  llie  forci'  nf  (Ih'  blood 
column. 

The  ligamc-nt  which  unites  Die  lun  i  nds  of  the  vessel 
represents,  in  pert,  the  residue  of  the  exii-riiiil  e;dins:  it 
lias  becviiue  much  eloniriiliii  liy  thi'  n'lniclioM  nf  ilii-  two 
etids.  During  Ihe  heiding  pr.'iecs*.  a  siuiiU  pun  ion  of  the 
vessel  walls  lia-t  Ixt'iiiiu-  <lisiiitcv"''>leil  liy  llie  new 
gi'owth,  and  a  ixirtimi  lias  aiiii[iliii(l  nnil  li;is  Iieen  iili- 
sorlN'd.  Ihe  remaining  Wiills  luiv.'  slinink  ^TeiiDy  hv  r>'- 
tmcttiili.  and  llieiv  eiililiii'  Iim^  lirin  tilli'il  Id  II  ^■rVati'T'  or 
less  extent  by  a  cicatricial  tisnui-;  mi  that  the  4i-ssi;l  has 
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become  practically  obliterated  up  to  tlic  first  branches  of 
the  collateral  circulation. 

The  thrombus  is  a  mere  passive  stnicture.  and  takes 
no  part  in  the  gn)wth.  but  is  protective  and  alTords  an 
excellent  medium  for  the  germination  of  the  new  tissue. 


Fig.  334.— Method  of  iDHcrting  Kxtornni  Sutiir?s.     (Aft^r  Murphy.) 

Its  upper  portion  is  not  ].H'netnited  ])y  the  new  prrowth. 
but  rests  upon  it  and  forms  a  sort  of  protecting  scab.  It 
is  deposited  gmdually.  and  has  a  stratitied  appnirance. 
Its  size  appears  to  Ik*  depeiuh-ut  upon  the  amount  of  in- 

1'ury  done  to  the  vessel  and  the  resullinir  intlanunation. 
f  the  intima  or  the  elastic  lamina  has  been  ruptured  in 
handling  the  vessel,  as  cjin  fre<|uently  Iw  demonstmted 
by  the  microscope,  some  distance  from  the  point  of  liga- 
ture, clots  will  form  at  thest?  p'»ints,  and  the  thrombus  w'ill 
thus  iK'come  elongated.  ()c<*asionally,  the  ape.x  is  fornu»d 
of  white  corpuscles  only,  and  may  be  fn*e  or  lightly 
attachcHl  to  the  wall  by  a  cell  gmwth  from  the  intima. 
The  distal  thrombus  is  shorter  than  the  proximal,  and 
much  narrower,  so  lliat  then*  is  but  little  diflicultv  in 
distinguishing  them  from  each  other. 

It  was  at  one  time  the  <rustom  to  place  a  double  liga- 
ture upon  large  vesseLs,  in  place  of  a  single  ligature,  and 
to  divide  the  vessel  iK'tween  them.  This  prtK-edure  was 
advocated  bj*  Jones,  who  says:  **lnthe  single  ligjiture, 
although  the  knot  is  soon  covered  up  and  protected  by 
an  etTusion  of  lymph,  it  is  placed  in  the  centre  (>f  a  por- 
tion detached  from  the  surrounding  cellular  menibnine, 
and  the  j)roccss  of  repair  cannot  go  on  so  well,  as  the 
nutritive  ves-^'ls  are  cut  otT.  In  the  dou]»le  ligature,  the 
kn(>ts  are  placed  where  the  cnnnection  of  the  vessel  with 
the  s\irroun<ling  tissiirs  i;  complete. '' 

This  theorv  has  n centlv  Ix-eii  n-vivetl  bv  Walsham. 
who  consi«lers  the  separntion  of  the  art<'ry  from  its  sheath 
as  imj>ortant  a  fa<'tor  in  intlneiicing  the  result  as  tiirht- 
ness  of  the  ligature  oi*  divi'iinn  of  the  coats,  inasmuch  as 
the  vitiility  of  the  artery  de])<'nds  m  a  great  measun'.  he 
thinks,  upon  the  blond  sup]dy  received  from  the  sheath. 
But  Holmes  objects  to  this  method  on  account  td'  the 
free  dissection  and  exixi^iun-  of  adjacent  vessels  renclered 
necessary:  if  the  knot  "will  kee]>  its  hold  on  tin*  vessel 
until  the  seat  of  the  ligature  is  buried  in  a  mass  of  n<'\v 
flbroid  material,  secondary  hemorrhage,  if  not  impossi- 
ble, is,  at  least,  very  improliable."  The  method,  he 
Siiys,  has  pa.s.<ied  out  cd'  u*ie  when  secondary  hemorrhage 
was  ccmimon,  to  Iw  broiiirht  hack  when  it  is  rare. 

The  suppo.si'd  danger  to  the  vesv^cl  wall,  incurred  in 
applying  the  single  ligjiture,  is  based  u]>on  anatomical 
rather  than  upon  path(d(>gical  <-onditinn<.  and.  in  the 
light  of  present  knowleilge.  is  a  theoretical  rather  than  a 
pmctical  objection. 

Murphy  has  recently  experimented  with  sutures  of 
veins  and  arteries.  In  suturing  latend  openingsof  arteries 
th(^  sutures  sIkui Id  enter  onlv  the  ad\entf.tia  and  me<lia. 
th(j  intima  being  avoided  to  prevent  endarteritis.  The 
sutures  should  l)e  inserted  every  caie  sixteenth  to  one- 
twentieth  of  an  inch.     Hemorrhage  from  needle  punctures 


may  be  controlled  by  gentle  pressure.  If  necessuy  to 
resect  a  portion  of  the  artery  not  more  than  three-fourths 
of  an  inch  should  be  removed. 

Murphy's  method  of  invaginatin^  the  ends  of  the 
vessel  is  shown  in  Fies.  324  and  3do.  Twisted  silk  is 
used  for  sutures  and  eight -inch  Billroth  compnflsk»i 
forceps  with  broad  blades  and  catch  are  employca  to  con- 
trol the  ends  of  the  vessel.  The  blades  are  covered  with 
rublM*r  tul)ing  to  protect  the  vessel.  In  order  to  Cadli- 
tate  the  invagination  a  small  incision  is  made  parallel  to 
the  long  axis  of  the  vessel  extending  for  a  distance  of 
from  one-fourth  to  one-third  inch.  The  arterial  bkxKi 
pressure  tends  to  press  the  walls  closer  and  thus  prevent 
hemoritiage. 

Muri)hv  has  successfully  treated  the  femoral  artery  in 
this  way  in  a  man  twenty -nine  years  of  age.  The  artery 
w}is  perforated  by  a  bullet,  which  also  caused  a  linear 
wound  of  the  vein  which  was  sutured. 

Li«.\TrKEs. — It  was  chiefly  due  to  Jones*  investiga- 
tions that  the  modem  single  thread  found  at  one  time 
almost  universid  adoption.  Cutting  short  both  ends  of 
the  knot  was  adopt<^^l  as  long  ago  as  17d8  by  an  Ameri- 
can naval  surgeon.  The  disadvantages  of  a  silk  or 
hempen  ligature  were  supposed  to  be  due  to  its  non- 
al)sorption  and  the  liability  to  produce  suppuration,  but 
the  ordinary  silk  or  hempen  ligature,  if  cut  short,  will 
eventually  Ix?  absorbed. 

The  intHHluction  of  the  animal  ligature  is  generally 
a.scril>ed  to  Physick.  whose  ligatun*s  were  made  of 
chamois  heather  roUeii  on  a  slab,  to  render  tliem  huti  and 
nnind.  Sir  Astley  Cooper  triiKl  them,  and  they  were 
used  in  this  country  on  all  the  large  vessels  by  Jamieson, 
of  Washington,  who  advised  using  the  buckskin  soft  and 
a  little  broader  than  the  ordinary  thickness  of  tlie  skin. 

The  most  common  form  is  the  catgut  ligature.  It  is 
prepan*d  from  the  small  intestine  of  the  sheep  by  scrap- 
ing away  the  muscular  and  mucous  coats,  all  that  re- 
mains Ix'in^  the  submucous  celluhir  coat  and  a  narrow 
strip  of  peritoneum.  The  translucent  membranous  tube 
which  remains  can  be  twisted  entire  for  the  coarser 
forms  of  catgut,  and  is  then  dried.    For  the  finer  kinds. 


Fig.  325.- Method  of  Insf^rting  Sutures  to  Produce  InvaffinatloD 

(After  Murphy.) 

the  submucous  coat  is  split  by  means  of  razor  blades, 
more  or  less  numerous,  according  to  the  degree  of  split- 
ting required,  and  connected  with  a  conical  piece  of  wood 
which  is  })ushed  along  the  tube.  If  it  hiis  not  been 
pr(>i)erly  prepared,  the  .substance  of  the  catgut  becomes 
converted  in  the  ccmrse  of  a  verj'  few  days  after  the 
a])plication  of  the  ligature  into  a  soft,  pultaceous 
mass,  which,  when  we  examine  it  by  a  microseopf*, 
we  rind  to  consist  of  remains  of  the  old  cellular  tissue 
of  the  submucous  coat,  the  interstices  among  the  fibres 
being  tilled  with  cells  of  new  formation.  The  catj?ut 
tissue  is  intiltmted  with  youn^  growing  cells,  and  it 
is  obvious  that  it  is  this  infiltration  which  is  the  cause  of 
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the  BottKuiag;  but.  oa  the  other  haad.  if  the  catgut  is 
properly  preparc-d.  insttad  of  lx>iii);  intiltraUMl  by  the 
cells  of  new  fomiBtEoii  it  is  only  aiii)ertici>illy  enided. 
CotU  nearly  a  fortnight  lias  elapoett,  eroHlon  does  not 
begin.    It  then  proceeds  gntdimlly,  and,  tben.-forc,  the 


flG,  3Za.-BBlUn< 


f  Lik  ].m 


thicker  tbe  eatKiit  the  l0D;;er  ix  tlic  lime  reqiiin'd  for  iln 
complete  removal.  We  nuiy  fuirly  MinNuliT  lliui  fioiii  a 
forlnipht  to  lhn-<- weeks  is  lini^  eiiuiich  fur  Ihe  |iiT»i»t- 
rnce  of  a  lijrature  ujion  nil  iirliTv  ill  its  criiitiiiuily.  If 
over-prepaivd — lliiit  w,  n^mli  ri'd  Iihi  liiinl  In-  ilHilinmiic 
acid — it  inay  be  diwlmiL-'il  .■  i-  li.'  n-.  ih  f i.i  >  i~:  . .1  \hr 
hempen  li^ture  ijiiotiil       ^:     <  '     h  1:^1. 

gut <SQ  lie  refernil  i: !.■  ■  .liun: 

ami  althiiuph  the  ibm^ir  r,i    ,,',t..  n.in.  ;i    Ln.r.ii.Li  iti:il  is 

too  readily  dismilved  l»  ncii  sd  anni  smec  tl»-  mtriHliictiuii 
cif  the  chriini[ri7^'il  gut,  llie  iieci'Khily  of  lH'iii;r  ft  depend- 
ent upon  Itie  care  uf  the  manurartiirer  c(inKtituti'!i  a  rer- 
lain  objecliun  tn  its  utM". 

Other  forms  of  liKUtiin-  are  tliosi'  pn-|>arcd  from  tlii- 
kangaron  and  whak-  tendons, 

Ibtrwell  has  pnipinu'd,  in  the  tniilnieul  of  aneurism, 
the  use  of  the  ox-iuiria  IJ^iliin-.  wtiii-li  tiiii  Ix-  apjilied  so 
as  not  to  divide-  tliP  intcnial  foaIn.  aiid  niiil  not  ulterale 
through  the  arten'.  He  thiuks  it  lieeomes  orfcanisetl. 
havioK  seen  rentains  inscimrahly  niixed  with  the  sur- 
roundiag  tissues  tlfti.-eii  mouths  afierit  luid  Iki'u  applied. 
In  other  cases  it  U  absorbed.  It  is  pn'iiared  by  euttin^ 
flpiral  Btripa  from  the  aorta.  A  weifilit  i.t  altueiied  to  the 
end  of  each  flat  baud  thus  proihii'eil.  and  the  bund  is 
bung  up  and  dried.  Just  U-fore  iihc  it  may  lie  moistened 
In  a  solution  of  enrliolie  ai'id. 


the  carotid,  tbi  i-i:-  <i  -i  ' 
contact  with  fIji  i 
effused  lympli  I  1  ■  '■•• 
pearanee.  Tdih-m  r-  -. . 
«ciBt  of  tile  artery  "  n'li'^  m 
ts  eonsidered  due  to  Ilir 
Which  such  a  ligalun-  1 
were  found  developed  in 
lav  close  to  the  artery ;  I 
4x11b,  with  spaces  betwef 


1  of  till-  tendon 
d  '^iilicluviim  iiHerii'M  fnllowi'd 
11  d^iv'i.  In  an  exauiinaliiin  of 
1^'  !>-ilMre  wiL-<  round  In  close 
I  '  il  ill  aMiuill  I'Hvity  In  the 
■    ■    ■  :iliuoiit  jtelatinou's  in  up- 

II ~liiitved  that  the  external 

It  uU'i'mli'd/  ami  lids  condition 
cliubl  swellini;  find  .tofti-niiig 
nderpH'S.      Xew  blo.id- 


'III  Ion  wlilch 
lleNhiijH.'d 
branching  in  the 


«  of 


tendon  tissue,  and  hlnod-vcKscls  were  seen  passing  into 
both  the  artery  and  the  tendon :  the  tendon  was  alBo  infll- 
tratcd  Id  other  portionK  with  gnuiiilalion  cells;  some  of 
tlie  iidjaci-nt  mmiciilHr  out  was  lieinj;  alttiched  and  eaten 
away.     Thin  rjii..'^i».n  ..f  ■)"■  ^.fT'iniKiition  of  the  li^fatiire 

was  Urst  r«is.-i!  1.1   I  i-i.  ■    i>  I >v  •'^plaills  that  he  dues 

not  mean  thut   iii.  ■■         i..  tite  a^nkin.  hut  "new 

tiwiie  foriiLs^.t  11 ■    '     ,. Id.  that  till' old  tissue 

Is  absiirlK'd  bv  il'i  i.'  "  f'l  1  llI  us  the  old  is  ahnorlicd 
new  is  put  down  in  its  pliiec. "  Evidently  he  is  here 
dcsrriliiiii;  the  fornuLtioii  of  the  proriNional  tiiisiie.  or  ex- 
tenial  catliix,  and  the  gradual  a1iwir|ition  nf  the  lij^ture. 
The  obst-rvationi  of  Dent  niiiy  1m-  interpreted  ii   " 


.   the  f 

iulerstiiTH  of 


»  of  tb,'   I 
.  the  |. 


1  the 


well's  .1 
liami,  Tifteeu  u 
1h'  ui'i'iiuiilt'd  fur  by  sup]Hl^ing  that  the 
ll^ilun-  liail  nut  U-en  wholly  aim irlieil. 
liucli  misii<uci'ption  lius  arisi'n  from  an 
imjmjper  jin-pamlionof  siich  siX'ctnicDS, 
In  oriler  pruperlvto  appreciate  existing 
iiindilioiis.  tlie  vJ'.sw-l  kIiouVI  !«■  n'nioved 
with  the  surrounding  inllamnialor}'  tin- 
suu  altaclieii  to  it.  Khould  tlien  la-  placed 
ill  some  hurdening  ttipd  for  a  few  davs. 
mid.  tliudly.  a  longitmliniil  n'clion,  w^th 
a  sharp  razor,  should  diviile  it  intri  eiiiial 
halves 

llallance  anil  &lmiind.s  111II  allenlion 
In  Uic  danger  of  faibiri'  to  clo!^.'  Ilie  lu- 
men of  an  artery  lipiluri'd  in  conriniiity 
liy  the  unlinar}-  *\iijsW  ligature.  This  i's 
due  lo  the  loiisi-niiig of  (be  tirst  half  of 
the  knot  while  the  set-oud  half  is  U-lng 
tied.  Thej- niiimmeml  the  "Htavknol." 
Floss  silk  IK  employed  and  two  fjgalures 
are  pUiceil  close  lo  iiK-li  other  and  llie 
flrst  half  of  i»rli  kn..i  «  ii,.,l  i„  ibe 
UHiinl  wav.     Ill    III!    - i   i-.iir  nf  ibi' 


knot 

liiti  1 


I'ef 


Pais  AflR-  Uk- 

nintkin  nt  yrttel 


The  knix   ^.lioiil.l   noi.  iici-ording 
to  Ilii-M'  authors,  be  tieil  mi  tiglit  as  10 

nipluri*  (lie  inner  walls,  hut  only  so  as  to       „  _.., , 

place  ilii'in  ucennilelv  jn  apposilioii.  rupture,  tq^  two 
The  danger  of  bemorfhiig.'  or  of  aneii-  Xlirnre''an'<i 
ilsinal  liiliKaliim.  tln-v  claim,  is  tlius  Edmundii) 
avoidcil.  iS.'!'  Figs.  :f2il.  8'J:.  ami  aSH), 
In  large  iirlr'ni-H  ligatured  in  continuity  a  stout  braided 
silk  ligatun'  will  hold  tin-  wall  of  the  vessel  tiniily  in 
contact  after  the  fir*t  half  of  the  knot  has  lieen  tiiil  for 
u.  siiftleient  letigtli  of  time  to  enable  the  surgeon  to  com- 
plete the  knot,  and  is.  owing  to  its  simplicity,  to  Ik*  pre- 
fcrri'd  to  the  "slay  knot.' 

Metallic  ligaturi's  liiive  not  Is'en  favorahlv  received, 
tlioiigb  satisfai'ti.ry  n'siilts  have  Is'cii  n-|<orU'il.  a  number 
of  siicli  ligaluri'.s  not  interfering  with  union  bv  first  in< 
lenlion.  Tbc  ilitliciillv  of  rcgulalilig  the  tensfon  of  the 
ligatun'.  uikI  llie  ainoiinl  of  ci>iise(|uenl  injiini-  In  the 
vi-ssi'l.  appiir  to  Ih'  tlie  chief  objections  to  ihem  for 
ligatun'  in  the  ninlinuity.  To  kiimiIIit  vessels  lliey  are 
not  sii  easily  npplii-cl  as  an'  pliable  ligatures. 

"■       -  ■  '  -       iknown  t-    ■'  -    .  --    . 


■  .\l'.-- 


and  u 


ninlin 


in  eouN'tpienci'  of  bis  e.ipertr'iiei'.  wlirii  a  Mudeiit  with  a 
veterinary  surgeon,  in  tlie  luistiuK  "t  the  polidc  in 
spaying  and  castration,  and  both  as  the  result  of  their 
iiliser  vat  ions  on  Ibe  inmiiinitv  from  lieniorrhage  in  lacer- 
ali'd  arteries.     The  mi'lliod  employed  by  Velimau  is  tbiu 
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Artbflitlft  Derormaiis, 
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doscrilKHl :  '*AfU?r  liAviii)?  seizi><l  iIk'  vi*sst'l  by  its  extrem- 
ity, I  sepumte  it  fn)in  tiie  surrounding  tissue,  and  gmsp 
it,  at  its  deepest  point  in  the  wound,  witli  another  for- 
ceps, to  liold  it  tinnly  while  it  is  turned  on  its  axis, 
three  to  eiglit  times,  by  the  first  i>air  of  forceps."  He 
appears  to  have  employ eil  the  niethml  in  several  amputa- 
tions. Its  supi>osed  advantage  was  th<*  avoiilanee  of  a 
forifign  l)ody  in  the  wound.  He  reeognizi^i  tin*  fact  that 
animal  ligaturi'S  would  In:  e(|ually  gtMnl  for  this  ]uiri»ose, 
and  also  the  disadvantage  of  toi-sion  in  diseased  ves.scls. 
and  that  small  ves.sels  wen*  not  easily  is<ihit(>d.  It  was, 
perhaps,  for  these;  reasons  that,  although  tried  thoroughly 
by  some  of  the  leading  surgeons  in  Fnmee  and  (Tennany, 
it  fell  into  di.su se  until  revived  bv  IJrvnnt.  in  KnglanU. 
The  effect  of  torsion,  aeeordlnjr  to  the  latter,  is  a  twist 
iug  of  the  elastic  fibres  (»f  the  adventiti;i  Ih'yond  the  end 
of  the  vess<>l.  and  a  retmetion  and  incurvation  of  the 
middle  and  inner  co^its:  the  twist  in  the  outer  emit  is 
permanent  and  nnniot  be  unfnhh'd  by  any  legitimate 
force:  the  nud<lle  and  inner  ct)ats  are  retnicted  in  the? 
direction  opposed  to  the  bhxKl  stream,  approximated  and 
overlapped.  They  sometimes  a.ssume  a  nipple  shaped 
projection,  at  other  limes  a  valvular  f(»rm.  lH>ing  not  un 
like  th(* semilunar  valves  of  tli(>  heart,  and  closing  as  ]M'r 
fectly;  in  some  ca.s<s,  airain.  tliey  appear  to  split:  in  all. 
the  coagulation  of  tin*  blo<Kl  is  favored.  TIm*  siifety  from 
hemorrhage,  according  t«>  Bryant,  rests  upon  the  twist 
of  the  external,  the  retmetion  of  the  internal  coats,  and 
the  coagulation  down  to  the  first  brancii.  while,  in  acu 
pres.sure,  the  permanent  safety  dep^Mids  upon  the  last 
alone,  temporary  ])rotertion  lH'irigalVord<-(l  by  the  needle. 

Kocher  found  numerous  and  irregular  lacerations  of  the 
inner  coats  over  a  considenible  distance  of  the  wall,  and 
independent  of  one  another,  while  in  ligature  the  rup 
tun*s  were  circular  and  only  close  to  the  point  of  liiratitm. 
In  unlimit(Ml  t.orsi«ai  there  is  considenible  nnrrowiiig  of 
the  lumen.  Owing  to  thesi*  ])eculiarities.  it  has  the  ad 
vantage  of  favoring  a  mpid  r-oagulation. 

The  effect  of  the  limiting  forceps  in  hniisinir  the  inner 
wall  of  the  vessel,  and  thus  favoring  lM»th  coagulation 
and  repair  at  the  bruised  spot,  is  noticetl  by  Shakespeare, 
who  reconnnends  a  similar  bruising  in  ligature  (the 
'*mo<lified  ligature  **).  The  pnx-ess  of  healing  is.  accord 
iug  to  the  latter  observt-r.  the  .sjime  in  its  essentials  as 
that  which  <»ccurs  after  liirjiture. 

Ac'rpi{Ks.srKK. — The  intnuluction  <»f  this  method  of 
hftmostasis  is  to  1m»  accredited  t»»  Sir  James  Simpson  (un- 
less an  obscure  j)ass;iLr<'  in  .lolni  de  Vigo's  writiiiirs  be  in 
terpnM.ed  otherwise  than  as  a  discriptinn  of  the  oi'dinarv 
liiraturc).  lb*  saw  in  the  liiiMtnir  a  foreiirn  b«»(|\  in  the 
wound  whiili  cut  through  tin- two  cnats  al  the  lime  of 
its  a|»]>li(jiti«)M.  ;ind  ate  thiouuii  the  outer  eojit  by  a  jinx- 
ess  of  ule»'niiitiii,  nioriilieatinii.  and  iiMiiLireiie.  Varia 
tions  ill  the  >«hM|M'  III-  iniitcrial  of  thr  liu.-itiin-  did  not 
overcome  thc>^i'  «liN:nl\  unt;ii:«>.  It  \\a<  fnr  tin's  reason 
])rincipally  tiuit  ain|»nl,-iii«)n  stmnps  hi:il«d  witii  so  nuuli 
greater  dilbcultv  tiiun  wi'iiiids  in  the  n|i(iaiioti  for  ve<ie«» 
vaginal  fistula.  altiimiLih  i  he  l;itt«r  wen-  ciin*.tantly  bjithed 
in  leiic«)rrho'al  di^eiuiiLii^  ;iiid  iiriin-  Th<'  ;ip|>li(-alion 
of  the  ligature  is*)iat<'d  :i  |H.rtii.ii  rd  the  end  «d"  tlie  vi  ss<l, 
which  remained  in  the  \v«iimd  :is  a  ]>ice«'  <d'  tUiul  ll«>h 
until  it  cam*' away  with  tin-  iii:atur«*.  The  needle,  (tii  the 
other  hand,  did  no  injuiy  ii>  ilie  vcsm-I  ;iini  (-.-msed  no 
irritation,  its  use  beiiiLi  liaM-d  upon  '■lin-  ltcmI  patho 
logical  law  of  the  tolerance  «d  liviiiL:  ti-siji<  tin-  tlie  <-j.n- 
tact  of  metallic  bodiis  embedded  in  their  -^nlKtanee." 
Bryant  showed,  however,  that  the  iiL''atur«'d  pnitMni  did 
not  slough,  but  lM*c:imeadlnreni  ami  \aMulari/i«l  K\en 
though  the  vitality  of  siuh  a  IraiinHiit  In-  enmph  ti  ly 
destroviHl,  it  need  not  bee«inn-  a  sjdiiLrii  nnh  n-;  ;mniher 
<»lement.  that  of  decomposition,  be  iiiti(n[ueed.  and  may. 
then^fore,  1m*  surnamded  by  liealtiiy  'j^raniilaiiiiir  ti^^^ue 
and  b<H'ome  disintegrated  and  ali^-oihed  hy  a  pioci  ss 
alrea<ly  descTiU-d. 

Although  Fnglish  surgeons  siipj^oscd  that  n<»  injury 
wa*i  done  to  the  vessel  bv  the  needle-  llewMii  e.\prisNl\ 
states  that  no  hieenition  of  the  intrinal  <o:it  t,-iUes  plae«'. 
and  Shakespeare  does  not  mention  any  alti-iiition  (d'  tla- 


tunics — Kocher  and  otlier  German  writers  bave  demoa- 
st rated  longitudinal  slits  in  the  intiniu,  but  Dr>t  so  exten- 
sive as  those  occurring  in  torsion.  The  vessel  is  thrown 
into  longitudinal  folds,  which  become  sufficiently  firmly 
glued  togetlier  to  retain  this  sliape  long  enough,  after 
the  removal  of  the  needle,  for  the  thn>uibus  to  n>rm  and 
bec<juie  firndy  attaclieil  to  the  walls.  A  specimen  ex- 
amimrdby  Km'herat  the  end  of  twenty-two  hours  showed 
no  throndms.  the  walls  l)eing  compressed  and  somewhat 
thiekeue<l.  but  a  fine  pnibe  c<mld  lie  iutrodiie(*d  between 
them.  At  thirty-six  hours  a  well -formed,  ee^  shaped 
throndms  is  n^pn-scntHl  by  Slukesi^eare.  A  drawing  by 
Kocher  shows  a  s]x*('imen  fourteen  <Iays  old.  wlien  tbie 
walls  have  already  Reparate<l  from  each  otbiT.  and  tlie 
thrombus  is  short*  and  wide,  liaving  a  concave  surface 
on  the  side  towanl  the  lumen,  and  a  convex  surface  at 
the  other  end.  The  nOation  which  the  thnmibus  bears  to 
the  vessel  is  tlmt  of  a  c<irk  to  a  Iwttle,  beyond  the  neck  of 
which  it  d(H'S  not  project.  It  is  pr')bal)le  that  the  apex 
had  l^*en  deta<'hed.  Hewsen  also  mentions  tiiat  the 
thn)nd)us  is  confintnl  to  the  compn*ssed  spot.  Tlic  final 
cicatrix  has  a  slmp(*sinular  to  that  describeil  as  following 
ligsiture.  and  is  develoix*d  by  a  similar  process  of  repair. 
In  aeu torsion,  the  lumen  of  the  vessel  is  narrowefi  for 
some  distance  fi"om  its  extremity. 

In  acupressure,  in  the  continuity,  the  proximal  and 
])eripheral  eiuls  of  the  throndms  are  continuous,  as  are 
also  the  walls  of  tlu^  V(»ssel.  which  at  first  are  tbicki.*ni'd 
bv  a  connective  tissue  growth:  the  subset[Uent  ciianges 
differ  in  no  way  from  those  already  descril^ed. 

Ogston    h:is    tcstt?<l    mwhanically    the    comparative 
stii'ngth  of  arteries  secure<l  by  ligature,  acupressun*.  and 
torsi(»n,  by  subjecting  them  to  the  pressure  of  a  column 
of  mercury.     It  was  found  that  a  column  one  hundretl 
and  fourtn'U  inches  in  height  was  insufficient  to  rupture 
th('  lig!itured  artery.     Twisteil  ves.st»ls  unfoldetl  at  an 
averjige  height  of  thirteen  inches  (or  a  pres.su re  of  6.5 
poimds  to  the  Sijuaix*  inch).     Estimating   the  interniil 
1)1(mkI  pres.<iiiix'  at  from  two  to  eight  pounds  to  the  square 
inch,  he  fnaicludes  that  it  would  api>ear  likely  that  vessels 
secured  by  torsion  are  very  liabh;  to  wcoiidary  liemor 
rhage.  especial Iv  when  the  lieart.  n*<'overing  from  tJic 
inuuediate  sh(H-k  of  an  oix'mtion.  Ix'gins  to  Ixnt  more 
forcibly.    In  acupres-sure.  the  column  of  men*urv showed 
an  avenige  laright  of  20.5  incln'.s.'    It  woidd.  then-fore, 
seem  a  more  reliable  met hrnl.  he  sjiy.s.  than  torsion,  and 
less  reliable  than  ligatur<\      Acconling  to  Shakc^spcan', 
thi'  healing  process  is  slower  Inith  in  acupressim'  aud 
toision  than  in  ligatun-. 

A  pr(K-«-<lure  somewhat  similar  to  acupressure  haslK-en 
dex-ribed  by  Polbw-k:  it  ctaisists  in  substituting  a  sil- 
ver wire  for  the  ligature,  the  ends  iH'ing  bniught  (»wt 
through  the  skin  covering  the  lips  of  the  wound  and 
tvNisied  together.  They  are  allowed  to  remain,  on  ati 
average,  five  and  a  half  days,  and  the  results  of  thisp^*- 
<-edure  have  proved  .satisfactory.      J.  CoUihS  Wantn- 

ARTHRITIS  DEFORMANS.-(Synonyms:  Khcumai^^i^^ 
arthritis  [<;arro(l I :  chronic  rheumatic  arthritis  [Adau^^V- 
nodi)sity  (d' the  jtiints  [llayg:irth| :  ostei^irthritis:  Fren^-"' 
rli"iii(iflsiur  if'if  ii.r  ;  German,  ih*  iimntisrht  Aithriiis.^ 

Di.KiMTioN. — A  chronic,   progressive  dis<>a.s4'  of     ^  \^ 
jnjni'i.  all'eetiiig  chietly  the  articular  cartilag<*s.  bo'V*^ 
and  'iynovial  mi'inbmnes.  and  prcMlucing  loss  of  funct  ** 
an«l  liieat  det't>nnity.  ^ 

Ili-T()i;v. — Arthritis  defonnans  is  a  disease  of  p***^!- 
aniitiuity.  The  (hirairni  of  Ilonice  and  other  eiirly  w'^T^. 
iMs  was  in  all  probability  del'onning  arthritis  of  the  -*v 

irei's.  (.'I'Niis  refers  to  it.  and  Areta-us'  dcs<"rilH's  the  ^^\\ 
p(-aran<'e  of  nodules  (rrutiuu)  on  the  Joints  whi<'h  fa^^^-Jt 
(•«»rri<i>on«l  to  those  seen  in  this  disea.se.  All  doubt  ^^\  ^e 
miidit  yet  remain  as  to  the  existence  of  the  diseas**  in  *^-^p 
most  ancient  times  has  been  removed,  however,  bv  '^ 
tindiiiiT  of  bones  bearing  the  chamcteristic  lesions  ^. 
thr  niins  of  Pmnpeii.-'  in  Kgypt.**  r<mierania,  and  el-"^^ 
wIhic. 

Oiu'  of  the  earliest  «listinctive  referi'nces  to  the  disea^'     - 
in  the  older  litt-i-ature  is  that  of  .Sydenham,"*  who  clear^^^ 
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described  the  cliuical  manifestations,  but  attributed  them 
to  rheumatism.  Musgrave,*  Haller,*  de  Sauvages.  and 
others  describe  more  or  less  definitely  one  or  other  form 
of  the  disease.  Landre  Beauvais,'  iu  1800,  was  the  first 
to  investigate  its  pathologic^il  lesions,  llie  destruction  of 
cartilage,  and  the  new  formation  of  bone;  but.  although 
he  described  these  as  belonging  to  a  definite  di.sease  which 
he  designated  "Goutte  asthenique  primitive,''  it  can 
hardly  be  claimed  that  he  clearly  clilTerenliatHi  them 
from  the  morbid  changes  tliat  result  from  gout  and  other 
affections  of  the  joints. 

It  remained  for  lleberden,*  in  1804,  to  recognize  char- 
acteristics which,  he  suggested.  shouM  distinguish  the 
disease  from  both  true  gout  and  true  rheumatism.  He 
was  at  the  same  time  the  first  to  descriln*  the  peculiar 
nodes  which  sometimes  form  upon  the  terminal  joints  of 
the  fingers  and  which  are  still  known  as  llclK-rden's  no- 
dosities. In  the  follow  uig  year  Hay  garth '' published  a 
monograph  on  "  Nodosities  of  the  Joints.''  Iwised  upon  his 
clinical  experience  in  thirty-three  cases,  all  women,  which 
early  convinced  him  that  there  is  a  "painful  and  trouble- 
some disea.se  of  the  joints,  of  a  jx-culiar  nature,  and 
clearly  distinguishable  from  all  others  by  .symptr)ms 
manifestly  different  from  the  gout,  and  from  both  acute 
and  chronic  rheumatism." 

The  views  expresstnl  by  IIel)erden  and  Hay  garth  were 
evidently  but  partially  accepted  at  the  time,  for  several 
authors  who  followed  them  failed  to  differentiate  this 
form  of  arthritis  from  gout  and  rheumatism.  Compam- 
tively  little  was  written  (m  the  subject,  however,  until 
the  works  of  Bro<lie'"  and  Adams  >'  and  the  magazine 
article  of  Robert  Smith  were  i)ublished. '"-'  These  authors 
accepted  the  doctrine  of  the  entity  of  the  diseas*?  and  did 
much  to  elucidate  its  pathologicjxl  anatomy.  To  Adams 
belongs  thecre<lit  aLso  of  having  demonstrated  that  the  so- 
called  morbus  coxie  senilis  of  men  is  pathologically  the 
same  affection  as  the  deforming  arthritis  of  tin;  small  joints 
more  frequently  seen  in  women.  The  recognition  of  the 
hidividual  nosology  of  the  dis(.»ase  was  for  a  long  time 
checked,  in  France  at  k»a.st.  by  the  graduation  theses  of 
Cliarcot  **  and  Trastour  in  1858.  Tliey  maintained  that 
it  was  merely  a  form  of  chronic  rheumatism,  and  the 
opinion  was  accepted  by  nearly  all  French  writers  until 
quite  recently. 

The  morbid  anatomy,  first  studied,  as  we  have  seen,  by 
Landre  Beauvais,  was  further  elucidated  in  the  writings 
of  Cruveilhier.**  Aston  Key.'*  Lobstein.'"  Broca."  and 
others.  Fuller'*  and  Garnnl  '*  made  valuable  c(»ntribu- 
tions  to  the  literatun*  of  the  affection,  and  so  aide<l  materi- 
ally in  establishing  both  its  patholoirical  and  its  rlinieal 
identity,  Garrod  went  so  far  as  to  demonstrate  that  the 
presence  of  an  excess  of  uric  acid  in  the  blcKKl,  a  feature 
of  gxmU  was  not  to  Ik?  detected.  Hokitansky,  Fi^rster, 
Viit'how.  and  Volkmann  should  also  ho  named  in  the  list 
of  those  who  investigated  its  morbid  anatomv. 

J.  K.  Mitchell'^oin  1831  and  1h;j;j.  suggested  the  ner- 
vous  origin  of  rheumatic  dis<'ases.  He  was  followed 
manv  years  later  by  Senator,  Ord,  and  oilwr  authorities. 
until  this  has  become  the  most  gen<'mlly  accepted  theory 
with  reference  to  deformative  arthritis.  The  name  ar- 
thritis deformans  was  introduced  by  Virchow. 

Etiology. — The  idea  that  art  In  it  is  deformans  is  in  any 
way  related  to  either  rheumatism  or  gout  is  no  longer 
tenable.  The  dis(?ase  may  occur,  however,  in  persons 
whose  family  histories  show  the  taint  of  gout  or  rheuma- 
tism or  in  those  more  or  less  subject  to  either  of  these 
affections. 

It  may  occur  at  any  periotl  of  life,  but  the  frerpiency 
of  its  onset  is  increasinirlv  trreater  from  thirtv-five  to 
fifty -five,  rapidly  declining  after  tlie  latter  period.  It  is 
much  more  frequent  in  women  than  in  men.  r-onmieneing 
in  most  cases  during  or  after  the  inentjpause  and  some- 
what oftener  in  those  who  have  been  sterile.  Occurring 
earlier  in  life,  it  sometinn's  follows  m]u«l  child  bearing. 
Uterine  disease  was  a  prominent  feature  in  the  etiology 
of  26  of  the  88  cases  reported  by  Ord.'^' 

Heredity  phiys  at  best  a  doubtful  part  in  the  etir>logy. 
As  A.   E.  Garml"  intimates,   statistics  regarding  the 
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family  history  are  of  little  value  except  in  those  mre  in- 
stances in  which  several  generations  or  their  recorded  his- 
tories have  come  tmder  the  observation  of  one  physician, 
so  great  is  the  confusion  ki  the  minds  of  the  laity  with 
reference  to  gout,  rheumatism,  and  arthritis  deformans. 
His  statistics  of  five  hundred  cases  from  private  practice, 
he  concludes.  'Mend  countenance  to  the  idea  which  was 
formerly  very  prevalent  that  there  exists  an  arthritic 
diathesis  a  predisposition  Ut  arthritic  disease,  upon  which 
gout,  rheumatisui.  or  arthritis  deformans  is  apt  to  l)e  de- 
veloped." The  daughters  of  gouty  fathers  are  supposed 
by  some  authors  to  jx*  especially  predisposed. 

Exposure  to  cold  and  wet  is  U'lievcd  to  have  less  influ- 
ence in  the  induction  of  arthritis  deformans  than  it  has  in 
rheumatism.  It  nevertheless  api>ears  to  have  had  an  in- 
fluence in  the  development  of  some  cases  and  undoubtedly 
may  incTease  the  suffering;  but  tempomry  expo.sure  is 
l)rol>ably  of  uuich  h'ss  conseiiuence  tlian  is  residence  in 
damp  (piarters.  Bad  hygienic  surroundings,  insufi^icient 
or  improper  food,  and  exposure  are  given  as  important 
factors  in  producing  tlu;  disease?  in  children. 

Mental  antl  nt-rvous  deprc'ssion.  worry  and  care  an*  rec- 
ognizee! as  exciting  cjius(»s  and  are  capable  of  prcKlucing 
exacerlwitions.  The  exhaustion  of  nerve  centres  by  sex- 
ual indulgence  and  the  leading  of  a  dissolute  life  have 
beim  named  by  Welxjr-^as  potent  factors  in  some  cases. 
Gonorrho'a  and  (►ther  diseases  of  the  generative  organs 
have  l)een  repeatedly  mentioned  in  this  connection, 
although  their  occurrence  in  the  history  of  many  cases 
ctmnot  Ix?  regarded  as  of  any  real  significance.  The  dis- 
ea.se  is  .somewhat  more  frecjuent  in  the  poor,  especially  in 
those  who  suffer  from  malnutrition  and  amemia.  Had- 
t\vn'^*  attributes  it  in  ])art  to  too  exclusive  use  of  amyla- 
ceous and  SiicchariiH^  fo<xl. 

Tuberculous  history  or  infection  has  be(Mi  frequently 
referred  to,  but  it  must  be  admitted  that  tuberculosis 
usually  develops  in  early  life  and  carries  off  its  victim 
before  he  reaches  the  age  of  greatest  liability  to  this  affec- 
tion. It  is  also  difficult  to  estimate  the  etiological  im- 
portance of  a  disi'ase  so  prevalent.  Influenza  and  other 
acute  infections  s<H*m  at  times  to  exert  an  unini.stakable 
influence  (m  the  induction  of  the  disease'. 

Some  aut hoi's  look  upon  the  most  chronic  form  of 
monarthritis  deformans  occurring  in  the  hip  (morbus 
coxa?  senilis),  especially  in  the  very  aged,  as  merely  a 
result  of  senile  cliange  in  the*  joint. 

Then*  an*  two  principal  theories  in  regard  to  the  etiol- 
ogy: First,  that  the  disease  is  of  nervous  origin,  and. 
s<'con<l.  that  it  is  a  chronic  infection.  The  former  of 
these  theories,  suggested  by  Mitch(»ll,  is  well  supported  by 
clini(!al  facts,  chief'  among  which  are:  (I)  the  symmetrical 
distribution  of  the  joint  lesions;  (2)  the  similarity  of  these 
h'sions  to  those  occurring  in  locomotor  ataxia,  syringo- 
myelia, and  other  affections  of  the  spinal  cord;  (3)  the 
frequent  occurrence,  in  the  course  of  the  disease,  of  nutri- 
tive changes  (dystrophies)  of  the  skin,  nails,  muscles,  and 
bones;  and  (4)  the  evident  importance  of  shoc^k.  worry, 
grief,  anel  mental  exhaustion  in  the  etiology  of  some 
castas. 

Unfortunatejly  sufticient  post-mortem  investigations 
have  not  In-en  made  to  determine  the  nature  of  the 
changes  which  are  supposed  to  exist  in  the  nervous  s\'s- 
tem.  Falli-*  reports  two  autopsies  on  typical  cases  in 
which  he  found  atrophy  of  the  anterior  horns  of  the 
spinal  cord,  and  also,  in  one  of  the  ctises,  ehgenerative 
changes.  Neuritis  has  Ih'cii  demonstrated  in  seveml 
case's,  but,  as  Osier'-"*  remarks,  it  is  eloubtful  \vh«'ther  the» 
change*  is  primary  e)r  se*conelarv.  Ord  eonipares  the  elis- 
j»rope)rtionate  atrophy  of  muscles  to  tliai  of  progressives 
muscular  atro])hv.  and  infeTs  from  tlieir  siniilaritv  that 
the  dise*ase  may  beelue*  to  lesi<nis  in  the  tro])hic  centre's e)f 
the  ce>rd  or  to  periphe*ral  irritation.  IJIjike' attribute's 
the  nerve  change's  te)  the*  absorption  of  various  toxie*  sub- 
stances fnmi  within  e>r  fn»ni  without.  an<l.  in  the*  Siune 
way,  Boucharel*'*  attributes  He])erd<'n's  neKlosiiie's  to  that 
form  of  auto-intoxicatie)n  which  is  asseK.iateel  with  elilata- 
tion  of  the  stomach. 

The  theory  of  inicre)bic  origin  has  attnicted  much  atten- 
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tion,  but  lis  yvX  it  lacks  siibstautiation.  The  following 
facts  lend  sii]>port  to  it:  1.  Several  investigators, 
among  them  S<'hnller.-'  Bannatyne,**  and  von  Dungeni 
and  Schneider,"*  have  found  micro-organisms  in  the  fluid 
or  tissues  of  the  joint.  2.  The  <iisc'a.se  sometimra  lie- 
gins  with  an  acute  onset  corresponding  in  clinical  as|K*ct 
to  that  of  an  acute  infection.  3.  It  fn^quently  follows 
more  or  U»88  closely  upon  an  infection,  as  gonOTrhcra, 
puerperal  scepsis,  influenza,  or  an  acute  exanthcm.  4. 
Enlargement  of  the  splei>n  and  lymph  glands  has  lieen 
noted  in  some  of  the  cjises  reiM)rt(Hl  as  occurring  in  chil- 
dren. SchllUer  <U)es  not.  however.  l(M)k  u|>on  the  \mv- 
teria  in  the  joints  as  !x*ing  more  than  indirectly  the  cause 
of  the  disc^ase,  possihiv  in  st)me  manner  preparing  the 
joint  for  the  (lejmsit  of  linu.'  salts. 

MoKnii)  Anatomy. — Thr  pathological  process  involves 
primarily  the  articular  cjirtilag(?s,  the  synovial  mem- 
bmnes.  and  tlu;  Imjucs.  The  disease  usually  advances 
symmetrically,  so  that  the  lesions  in  one  articulation  cor- 
respond ehisi'ly  to  thost*  in  the  corresponding  joint  of  the 
opposite  extrt'mitv.  Later  in  its  cours<*  changes  occur 
also  in  the  capsular  and  other  ligaments,  in  tlie  \wr\- 
osteum,  and  in  the  muscles;  and  to  complKe  the  picture 
we  must  incluch'  the  lesions  in  the;  nervous  system  to 
which  reference;  has  been  inad«*. 

In  the  articular  cartilages  the  proc<*ss  Ix'gins  in  the 
centre,  the  area  farthest  n-movcfd  from  bhxMl  sup[)lv  and 
most  subjeet«»d  to  friction.  It  is  (lescril)eii  by  C'ornll  and 
Ranvier^"  as  a  multi])lic}iti(m  of  cells  throughout  the  en- 
tire thickness  of  the  cjirtilag*'  and  the  f(»nnation  areund 
them  of  cjipsules  res<Mnl)ling  (^rtilage  cells,  but  incapable 
of  deep  .<4taining  with  iixline.  Similar  secondary  capsules 
develop  within  these.  The  cartilag(»  then  Ix'comesflbril- 
lated  upon  the  surface  by  the  rui)ture  of  the  most  super- 
ficial capsules  into  the  joint  cjivity  and  by  the  formation 
of  parallel  tubules  from  the  rupture  of  the  deeper-lving 
capsules  one  into  another.  The  degeuerat<*d  cartilage 
is  finally  removed  by  friction,  aidKl.  no  doubt,  b}-  mu- 
coid degeneration  ( Rindflei.sch)  and  alworption,  exposing 
the  underlviug  l)one  over  a  gradually  increasing  ari»a. 
Aroimd  this  a  process  of  new  formation  takes  plac*'  not 
unlike  that  so  often  seen  in  caries.  Cell  proliferation 
ctmtiuues,  forming  nodular  masses  which  ossify  and  con- 
.stitute  the  chief  element  in  the  proiluction  of  d<*formity 
and  the  limitation  of  motion.  Sometimes,  instead  of  the 
noclular  growth,  a  more  or  less  complete  bony  ring  is 
formed,  producing  the  condition  known  as  "lipping.'* 
As  a  result  of  either  process  the  <'nd  of  the  bone  often 
ap[>ears  to  be  much  cnlargi'd.  In  the  spnial  column  the 
overhanging  rdgcs  fre<|Ucntly  ])U'n(l  and  firmly  weld  the 
vertc^brie  tog<'ther  (sjmndylitis  drforinans). 

Tht'  exposed  surfaces  of  tin*  bone  undergfj  hardening 
(osteosclerosis),  and  through  friction  aeriuircan  ivory-like 
polish.  The  minute  oriticcs  of  Haversian  canals  may  be 
.<seen  in  the  polished  surfae<*s.  While  this  cljuriiatitai  is 
taking  place  the  underlying  spongy  i)ort ion  of  the  bone 
is  undergoing  a  mrelying  ostitis  resulting  in  an  ost<'o- 
«porosis.  As  a  result  o\^  the  latter  ]>ro<'t'<s.  when  it  reaches 
the  surface,  the  articular  face  is  often  gnxived  and  de- 
formed, even  in  parts  not  yet  <Ienu<U'd  of  eartiluL^e.  The 
heads  of  the  humerus  and  fennu*  have  ])een  almost  en- 
tire»lv  removed  in  this  mann«rr.  Warren '  •  aprlv  s-ivs  that 
as  a  result  of  thesi.'  various  ehanir<'<,  "tin*  head  of  the 
bone  appears  as  if  it  had  at  one  time  bei-n  composed  of  a 
substance  capable  of  softening  from  heat,  and  in  that 
condition  had  lu-en  held  eanle^islv  while  it  was  m1  lowed 
to  cool."  Billroth  compares  it  to  "a  fluid  ^^hich  had 
been  poureil  out  and  siilTentMl  while  tlowing."  Tlu'se 
comparisons  are  especially  apidicabh*  lo  the  knee  and 
elbow  joints.  The  shafts  of  tJie  long  bones  in  some  cases 
show  enlargement  and  increased  flensity.  The  neck  of 
the  femur  may  beccmie  bent  at  a  more  a(rute  auLrlc  to  the 
shaft.  Bony  ankylosis  occurs  oidy  in  the  vertebral 
cr)lumn.  anci  there  is  no  tendency  to  the  formation  of 
fibrous  adhesions  as  in  other  joint  alTections. 

The  synovial  mend)ranes  become  liiLdilv  vascular:  their 
blood-vessels  push  upward  into  the  eartilaires  and  doubt- 
less assist  in  tlieir  destruction.     .Some  aullK>rs  look  upon 


this  hypenemia  of  the  synovial  membnuieH  as  the  tirat 
step  in  the  morbid  process.  In  the  polvarticular  type  of 
the  dise&s<^  there  is  often  a  pannus-Iilce  growth'of  the 
membrane  over  the  cartilage  (Warren).  The  membranes 
are  thickened,  and  their  fringes  elongated.  Their  oeUs 
pn)liferate  and  cartilaginous  nodules  are  formed.  These 
often  become  freely  movable,  although  still  attached  bv 
a  fibrous  pedicle.  They  are  sometimes  detached  and  lie 
loose  in  the  joint  cavity.  Adams  found  no  fewer  than 
forty-five  of  these  ** foreign  bodies"  in  one  elbow  joint: 
as  many  as  four  hundred  have  since  been  noted  in  a  sin- 
gle articuhition.  They  are  usually  small  and  round,  but 
sometimes  attain  the  size  and  shape  of  chestnuts.  They 
mrely  ossify  and  probably  sometimes  unite,  having  the 
appearance  of  Ix^ing  glued  together.  Fatty  tissue  vao  is 
frequently  found  in  the  folds  and  fringes  of  the  synoviil 
membranes.  The  synovial  fluid,  often  increased'  in  tbe 
beginning  of  the  disease,  is  generally  diminished  in  the 
later  stages,  and  the  joint  becomes*  abnormally  '^dry." 
Mucin  has  been  found  in  excess  in  the  synovia:  sodium 
urate  is  never  present.  Schnller  has  repeatedly  found 
lime  saltA,  especially  the  crystalline  oxalate,  in  the  carti- 
lages and  synovial  membranes.  Suppuration  occurs  only 
as  a  result  of  operative  interference  or  exploratory  punc- 
ture. 

The  bursa>  in  the  vicinity  of  the  affected  joints  are 
often  distended  bv  effusion,  sometimes  forming  cvsts. 
These  were  first  descrilXKl  by  Morrant  B^er.**  "they 
form  a  bulging  which  imparts  a  doughy  sensation  on 
palpation  at  the  sides  of  the  articulation  or  elsewhere. 
The  fluid  is  at  first  confined  to  the  joint,  but  later,  ac- 
cording to  Baker,  with  the  increase  of  tension,  it  escapes 
through  channels  of  normal  communication  into  the  bur- 
sas:  or  it  may  form  a  hernia  of  the  synovial  membiana 
If  the  tension  within  the  sac  becomes  too  great,  it  ulti- 
mately escapes  into  a  cavity  bounded  by  the  muscles  and 
other  tissues. 

The  muscles  appear  wasted  and  of  a  brownish  color. 
Spender^  says  tliat  the  phenomena  of  muscular  atrophy 
are*  myelopathic  and  capable  of  definition  as  a  strict  spinal 
paralysis.  They  at  least  correspond  to  the  type  which 
is  met  with  as  a  result  of  nervous  lesions,  some  bundles 
showing  gre>atcr  degenerative  changes  than  others.  Some 
of  them  in  fact  sltq  entirely  replaced  by  connective  tissue. 
**The  muscles  perish,  fibre  by  fibre.'' 

The  ligaments,  periosteum,  and  tendons  not  infre- 
quently undergo  marked  thickening  in  preximity  to  the 
dist*as<'d  joints. 

SvMrrtiMs. — Following  the  clas.sification  of  Charcot, 
the  symptomatology  is  to  be  considereni  under  three  heads 
corn'sponding  to  a  like  numlK^r  of  types  of  the  dis«?ase. 
Clinically  tlK»se  varieties  have  comi)aratively  little  in 
couunon*  They  are*  the  multiple  or  progre'jwive  form, 
the  monarticular  form,  and  IIelH»rden's  nodosities. 

1.  The  multiple,  progressive  type  may  l>e  again  sub- 
dividetl  into  an  acute  and  a  chronic  form,  to  which 
s(nne  add  another  (sulwcute)  form,  differing  only  in 
degree. 

The  acute  form  occurs  more*  frequently  than  do  any  of 
tin*  otheis  in  subjects  under  forty.  It  is  readily  mis- 
taken for  sulMicute  rheumatism,  but  it  is  rarely  so  severe 
as  to  suggest  the  acute  ty]>e  of  that  disc^si;.'  There  ij' 
ordinarily  enlargement  of  the  joints  from  the  beginning. 
y«'t  \hr  sutTeriug  is  not  st>  severe  as  t<»  confine  the  patient 
to  bed.  When  the  onset  is  v<*rv  acute,  however,  thi- 
].ain  njay  be  Ix'yond  all  comparis<ai  to  theswelliiiff.  Jlif 
skin  is  ni»t  usually  retldened.  The  diseast*  is  synmietnw 
in  its  manifestations  or  soon  becomes  so:  the  snuill  joints, 
as  tli<isc  of  the  fingers  and  t:x?s.  an*  oftt-nest  aff(H"ted.  1' 
does  not  migrate  but  continues  to  affect  the  articulations 
tii-st  involved,  while  others,  often  larger  joints.  beci>nie 
similarly  atfected.  Its  progress  is  generally  in  a  ci'n- 
tript'taf  direction.  Elevation  of  temperaturi*  rarely eX- 
('(mmIs  10*2'  F.  Headache,  malaise,  and  anorexia  areno^ 
and  then  complained  of,  and  the  patient  nearlv  al^'^y* 
ai)])ears  anjemiir.  There  is  no  tendency  toward  involve- 
ment of  tlie  heart.  After  a  time  the  acute  symptoms 
subside  only  to  re*cur  again  at  uncertain  intemls  anu 
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with  variable  force,  often  appan-ntly  as  a  result  of  ex- 
posure, injur)',  or  an  indiscretion  in  diet. 

The  chronic  fomi  of  the  multiple  arthritis  deformans 
is  much  more  frequent  than  the  acute  and  it  is  more  in- 
sidious in  its  onset.  It  fretiueutly  l^e^ins  in  a  8iu|;Ie 
joint  of  a  finger  or  Uye,  the  correspondm/j^  articulation 
of  the  opposite  memlKT  s<Km  becoming  altw'tcd.  The 
mi<ldle  finger  is  not  S(*ldom  the  first  to  Lk^  attacke<i.  The 
<lisease  then  extends  in  a  centripetal  din.>ctiou.  ultimati'ly 
involving  nearly  every  joint  in  the  iKKly,  including  the 
t^niponvmaxillary,  the  vertebral,  and  occa-sionally  the 
«temo- clavicular.  The  carpo-phalangeal  articulations 
of  the  thumbs  often  escape. 

The  imticnt  first  notices  a  slilTnessof  the  joints,  espe- 
<;ially  in  the  morning.    They  are  painful  and  are  t<*nder  on 
pressure.     As  in  the  ticute  ty])e,  the  progress  is  nut  con- 
stant, intervals  of  a])parent  rest  st^nietinies  exti'uding 
over  weeks,  months,  and  even  years.     Ea<'h  exacerliatioii 
renders  the  deformity  a  little  more  pronounced  and  the 
Joint  movement  a  little  more  restricted.     J*«in.  seldom 
much  noticed  during  the  intervals,  is  not  always  severe 
In  the  acute  stagi*s,  but  it  may  be  distressing.     It  is  usu- 
ally less  severe  in  advanccMl'  cases.     In  addition  to  the 
joint  pains  the  patient  S(Mnetimes  suflfers  from  others 
of  a  neuralgic  character,  particularlv  in  the  IniU  of  tlH> 
thumb  or  the  inner   side  of  the  wrist,  and  from  bone 
pains.     Neuralgic  pains  are  supposed  to  be  most  severe 
and  most  persistent  when  due  to  trophic;  degeneration  of 
DiTve  roots.     Fever  occurs  only  in  the  moR*  acuti^  ex- 
acerbations.    The  pulse  is  accelerated:    its  tensitm    is 
variable,  but  it  is  as  a  rule  lower  than  in  gout  <tr  rheu- 
matism.    Numbness  and  tingling  of  the  hands  and  feet 
»re  in  some  instances  early  symptoms,  even  preceding 
other    manifestations,     as*  noted    by    Homolle^*^    ancl 
Howard.^'    Free  sweating  is  less  freijuent  than  in  rheu- 
matism, but  Anders^  has  observed  it  in  advanceti  cases, 
and  Spender  regards  localized  perspiration,  esi^cially  of 
the  fingers,  an  early  symptom.     As  a  result  of  trophic 
changes  the  skin  becomes  pale.  dry.  smooth,  and  glossy, 
sometimes  irregularly  pigmented  (freckled)  over  the  af- 
fected  joints.     Spender  notes  cutaneous  ]>igmentation 
on  various  other  i>arts  of  the  body.     Onychia  may  occur : 
Anders  lias  seen  three  cases.     li'd.sores  occur  only  very 
rarely. 

Muscular  atrophy  is  a  prominent  feature  of  all  ad- 
vanced cases;  it  is  more  ]>rofound  than  that  wliic h  re- 
sults merely  from  disuse.     It  affects  l)oth  sets  of  nuiscles, 
but  the  extensors  to  a  higher  degree  than  the  lle.xors. 
The  joints  are  usually  fiexed   unless  this  is   i)revented 
J^    the  encroachment  of    the  osteophytic    fonmitions. 
Oo'wers'*  calls  attention  to  increased  mvotatie  iriitabil- 
'*y    with  normal  or  lowere<l  electric^il  irritability  as  a 
^^namon  symptom.     He  therefore  attributes  the  atrophy 
^  ohanges  in  tlie  tenninations  of  the  pyniniidal  fibres  in 
^hG     gray  matter.     Sudden  spasnuxlic  or  tonic,  painful 
*^*i  t-ractions  of  the  muscles  o<'Cur  in  some  ca.ses  and  for 
^^    time  greatly  aggravate  the  joint  pains.     Sucli  con- 
^'^cstions  are  exceedingly  di.**tressing  to  the  patient  when 
th^^-  occur  in  the  muscles  of  the  jaw  in  conne<'tion  with 
*'*^«. litis  of  the  temporo-maxillary  articulalion.  often  seri- 
^**^1^  interfering  with  the  taking  of  food.     Tlie  n*flexes 
^^*s«*  the  affected  joint  mav  Ix?  increasetl  or  diniinisheil. 
^'_^i:iey  may  remam  normal  so  far  as  they  can  Ik'  tested. 
Ox-^pitus'of  a  peculiar  chaniet(T.  cnieking,  creaking. 
^^  R*K^ting,  is  one  of  the  earliest  symptoms.     In  ad  vance<l 
fj*^^«*,  a  sound  is  sometimes  prrnluced  by  movement  of 
r**®       effected  joints  which  may  be  heard  at  some  (lis- 


ronic  laryngitis  is  met  with  in  some  cases  and  is 
-        "ded  by  some  writers  as  due  t«>  disease  of  the  c^irti- 
1?^  ^'  ^^®  larynx  similar  to  that  in  the  joints. 
*^JBiifness  has  been  known  to  result  from  involvement 
o*  ^^^  small  bones  of  the  ear. 

-'•^^'thma  occurring  in  connection  with  the  dis^-ase.  as 
note^fl  by  several  authors,  can  hardly  be  regarded  as  more 
t^****  an  accidental  complication. 

"•The  monarticular  type.    There  is  much  ambiguity 
In  ^e  use  of  the  word  monarticular  in  this  connection, 


since  it  is  applied  to  a  type  of  the  di.sc^ase  which  does  not 
always  confine  itself  to  a  single  joint.  It  is  in  many 
cas(*s  only  the  predominance  of  the  manifestations  on  the 
part  of  one  of  the  larger  articulations  that  justifies  the 
use  of  the  term.  The  points  of  dilferencc  between  this 
and  the  multiple  type  are  very  striking.  It  (x^curs  more 
freciuenlly  in  men  than  in  women,  not^ibly  in  thos<i  over 
fift^'  years  of  age.  It  attacks  by  preference  the  larger 
articulations,  especiallv  the  knee,  shoulder.  ellx)w^,  and 
hip.  It  confines  itstrltns  a  rule  to  the  articulation  first 
aff(?ctiH],  but  the  opposite  joint  sometimes  becomes  in- 
volve<l  to  a  less  degree.  The  vertebral  column  is  often 
attacked  (si)ondy litis  deformans),  few  or  many  articula- 
ti<ms,  rarely  a  single  one.  being  involved,  and  this  occurs 
alone  or  along  with  involvement  of  other  joints,  espe- 
cially the  shoulder  or  hip.  The  entire  column  l)e- 
com«*s  rigid  in  extreme  cases.  AVhen  the  shouhler  or  hip 
is  alTected,  the  shortening  of  the  limb  keeps  pace  with 
the  absorption  of  articular  cartilage  and  Iwrne.  In  hip- 
joint  cas<*s  the  shortening  may  be  increased  by  the  lK'n<i- 
ing  of  the  femoral  neck,  still  more  by  the  dislocation  of 
the  hea<l  of  the  iMme,  favorwl  by  the  extensive  absorp- 
tion of  the  articulating  surfaces 'and  aided  b\' muscular 
contraction.  The  affected  joints  not  infrequently  have 
the  apiH'amnce  of  In-ing  subluxated  or  dislocated,  owing 
to  the  great  deformity,  when  in  R*ality  there  is  little  or 
no  dis])lacement.  When  fiuid  accumulates  in  the  joint, 
in  the  bunstp.  or  in  adventitious  cysts,  the  defonnity 
is  greatly  augmented.  Movement  of  the  affected  joint 
is  attended  with  the  characteristic  creaking  crepitus. 
Pain  is  a  prominent  symptcmi.  occurring  more  or  less 
perio<lh'aIly  and  aggravatcfl  by  motion.  Associated 
with  hip- joint  involvement,  it  not  infre(|uently  simulates 
sciatica  in  its  extension  down  the  thigh  and  leg. 

The  butt(K-k  and  thigh  an^  shrunken  fnmi  muscular 
atroi>hy,  and,  from  the  same  cause,  the  a])pearance  of  the 
shoulder  resembles  that  of  progressive  muscular  atrophy. 
The  loss  of  motion  is  almost  complete:  l)ony  anchylosis 
does  not  take  i>lace,  however,  except  between  the  verte- 
bra*. The  knet;  jerk  is  exaggeratcnl  on  the  affected  side. 
The  patient  is  unable  to  crc)ss  the  disea.sed  leg  over  the 
.sound  one  without  }us.sisting  the  movement  with  the 
hands  (GaiTCKi). 

A.  E.  Garnxl  refers  to  a  pi'culiar  type  of  monarthritis 
deformans  which  is  limited  to  the  carpo-phalangeal  ar- 
ticulations of  the  thumbs,  joints  which  are  most  fre- 
quently imnmne  to  the  polyarticular  form  of  the  disease. 
It  is  genemlly  attributable  to  undue  exercise  of  these 
joints  incident  to  the  occupation  of  the  individual,  and 
may  be  readily  recognizeil  by  the  enlargement  and  the 
cha  met  eristic  crepitus. 

HelHM'den's  ncMles  are  sometimes  associated  with  this 
ty])e  of  the  dis<^ase. 

3.  Ileberden's  n(Kl(^ities  are  small,  immovable  ex- 
ostoses. "  little  hard  knobs,''  which  develop  on  either  side 
of  the  distal  joints  of  the  fingers,  arising  from  the  small 
tubercles  at  either  si(h^  of  the  dorsal  surface  of  the  second 
phalanx.  In  the  jt)int  proper  the  characteristic  destruc- 
tion of  (rartilage  and  eburnation  occur.  The  disease  is 
more  frei^uent  in  women  than  in  men :  it  comes  on,  as  a 
ruU',  Ix'tween  the  thirtieth  and  the  fortieth  years  of  age. 
The  mnlosities  usuallv  constitute  its  only  manifestation 
in  the  eas<*.  unless  it  be  assr>ciated  with  the  monarticular 
form.  They  at  times  develop  in  gouty  subjects,  but  an? 
entirely  independent  of  that  distiise  and  distinct  from 
tophi. '  S<Klium  urate  is  not  found  in  the  joint  tluid.  The 
joints  are  often  swollen,  slightly  reddened,  and  .sensitive 
to  pressure  in  the  early  stages  of  tlie  disease,  but  later 
they  <H*casion  little  inconvenienc*'  a.sidc  from  stiffness  and 
deformity.  IIelM*rden  descrilx'd  the  ntMlcs  as  of  the  size 
of  a  pea;  they  may,  however,  exceed  tliat  si/e.  In  some 
cases  the  enlargtrment  is  fusiform,  a  dougljy  mass  form- 
ing around  the  joints.  The  disease  ft, Hows  the  Siinie  in- 
termittent cours<'  that  chan»ct«n/(  s  tin*  multiple?  ^vpe, 
acute  attacks  iH'ing  induced  by  injury,  or  apparently 
by  errors  in  diet.  The  11ng«T  tips  may  be  defiectefl 
toward  the  radiiil  .side  as  in  tiie  ordinary  type  of  the  dis- 
ease.    The  thumbs  generally  escape.     Charcot  calls  at- 
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tentioQ  to  the  fre(iucnt  occurrence  of  cancer  in  women 
affected  with  the  nodosities. 

Arthritih  Deformans  in  CniLDiiEN. — The  disease 
is  not  of  frequent  occurrence  in  children.  Koplik,  in 
1896,  was  able  to  find  but  eighteen  recorded  cases,  and 
Garn)d  has  shown  that  all  cases  which  on  account  of 
their  clinical  features  are  classe<l  as  such  are  not  truly  of 
that  nature.  SchQller-*"  goes  yet  further  and  expresses 
the  conviction  that  all  the  cases  that  have  been  described 
as  occurrhig  in  childn-n  are  examples  of  polyarthritis 
chronica  villosa  recently  di»scribed  by  him.  The  patho- 
logical conditions  of  the  joints  in  thret*  fatal  cases  re- 
ported by  Still"**  undouhtwUy  confonn  nion;  closely  to 
the  latter  disease*  than  to  arthritis  defumiuus,  the  arti<^ular 
cartilages  showing  no  destructive  change,  and  the  clinical 
manifestations  are  so  niu(*h  at  variance  with  those  seen 
in  adults  as  to  Iwive  ample  nnmi  to  doubt  the  occurrence 
of  true  arthritis  deformans  in  childh(KKl. 

The  onset  is  generally  acute,  sometimes  with  fever  and 
chill,  and  it  alniost  always Iwgins  befoix'  thes<*<M>nd  denti- 
tion. Girls  are  oftener  affected  tlian  Ih>vs,  but  in  a  lower 
ratio  than  is  the  rule  in  adult  life.  Swelling  of  the  joints 
with  stiffness  and  some  tenderness  is  the  rule.  Exacer- 
bations an?  frequent.  Sudi  complications  as  dystrophies 
of  the  skin  and  m\ils  arc  infrequent.  The  enlargement 
of  the  joints  api)ears  to  Ix^  due  to  a  general  thickening  of 
the  soft  parts  mther  than  to  exostos<'s.  but  the  limitation 
of  motion  may  Ik.*  extn*me.  Cii*nenil  enlargement  of  the 
lymph  nodes*  and  s[)leen  has  been  pointed  out  by  Still, 
who  also  observed  pericanlial  adhesions.  The  children 
generally  show  lack  of  development.  Spender  an<i  Diii- 
mautberger  have  rej)orted  its  as.s<x'iati(>n  with  exoph- 
thalmic goitre,  also  an  infrequent  disease  of  childhood, 
and  Still  notes  a  pn>minence  of  the  eyes  in  all  his  ca.ses. 

Charactkk  of  the  Deformities.— The  deformities  of 
the  hands  and  fecrt  are  quite  characteristic  of  the  disease. 
The  changes  in  the  metaeArpo-plialang(.-al  articulations 
cause  the  lingers  to  turn  toward  the  ulnar  side.  At  the 
same  time  tlu^  fingers  are  often  flexed  strongly  upon  the 
palm  and  u.sually  overlap  one  another.  There  may  Ik> 
also  a  iKinding  of  the  di.stal  extn*mities  toward "  the 
radial  si<le.  1  hese  changes  along  with  the  wasting  of 
the  interos.sei  muscles  give  the  hand  a  (tlaw-like  appear- 
ance, res<*mbling  that  of  progR*ssive  niu.<K*ular  atn)phy. 

Most  of  the  joints  are  lirmly  locked,  but  they  may  Ih' 
abnormally  mo val)le  and  easily  dislocated.  A  "ball-and- 
socket  joint  is  sometimes  fc»rmed  and  <ither  peculiarities 
are  occasionallv  nu"t  with.     In  aonw  cases  a  fusifonn  en- 

« 

largemont  occurs,  as  a  result  in  great  mcasun'  of  the 
thickening  of  the  soft  structures  about  the  articulation, 
whicli  gives  the  Joint  tlu?  appearance  of  being  surrounded 
by  plastic  matter. 

The  feet.  are.  as  a  rule,  extended  to  the  fullest  degree, 
and  the  joints  are  even  more  rigid  than  are  those  of  the 
hands.  The  toes  are  turned  outward  and  overlap,  the 
great  t(x*s  bi'ing  involverl  with  the  rest. 

The  deformity  of  the  large  joints  consists  ehietly  in  a 
widening  of  the  articulation  by  tin?  ostt'ophytie  growths 
and  the  lipping  of  tlie  ends  of  the  bnnes.  The  appear- 
ance isoftcn  thatof  tluid  distention,  but  palpation  readily 
reveals  the  presence  of  bony  exen'seenees  sonu 'times 
covered  only  by  the  integument  and  apparently  shar]) 
enough  to  cut  their  way  through  it.  The  greatest 
prominence  is  on  a  level  with  the  articular  surface's,  as  a 
rule.  Fluid  distention  (1(K'S  occur,  especially  in  recent 
cases,  but  the  appoanince  is  not  materially  dillVrent  from 
that  due  to  osteoi)hytic  enlargement  unless  the  adjacent 
bursas  become  involved.  Tlie  dorsum  of  the  wrist  is  a 
favorite  seat  of  bursal  distention.  Adventitious  cysts 
may  cause  swelling  at  some  distance  from  the  alTecied 
joint.  A  fusiform  enlargement  like  lliat  which  occ  urs 
in  the  fingers  is  at  times  s<»en  about  larirer  articulations. 
particularly  the  wrist,  entirely  destroying  the  normal  con- 
truir  of  the  joint. 

As  a  result  of  the  changes  in  the  h\y)  and  knee  and 
coincident  muscular  contracticm,  the  legs  an*  c](>s(rly 
tlexed  upon  the  thighs  and  the  thighs  are  partially  dniw'n 
up;  or  the  limb  may  be  rigidly  extended.     Involvement 


of  the  shoulder  and  elbow  leads  tq  similarly  ririd  ab- 
normal positions  of  the  arms.  Tbompsou  *^  has  demon- 
strated that  the  rigidit  J  of  the  joints  is  not  to  any  extent 
overcome  by  aiuesthesia.  The  enlargement  and  deform- 
ity arc  rcndcred  all  the  more  apparent  by  the  wasting  of 
the  muscles  about  them. 

The  results  of  spondylitis  are  exceedingly  distrening 
to  the  patient,  for  it  is  in  the  spinal  ccMumn  that  we 
meet  with  the  most  pronounced  bony  ankylosis.  AD 
motion  is  lost  in  extreme  cases.  When*tbe  cervical  spine 
is  aiTect<'d  the  head  is  sometimes  drawn  to  one  side  tad. 
its  rotation  may  be  prevented.  The  patient  loses  bis 
upright  bearing  and  must  maintain  his  equilibrium  with 
a  cane.  The  osteophytic  growths  can  sometimes  l)e  felt; 
they  riccasionally  impinge  upon  nerve  roots  causing  n- 
dialing  ]>ains  and  causalgia. 

The  lilfMffi. — Sufilcient  attention  has  not  been  given  to 
the  investigation  of  tne  blood  and  other  fluids.  Ban- 
natyne^*  found  the  luemoglobin  generally  jdeficient.  witb 
slight  diminution  of  the  red  corpuscles  and  slight  increase 
of  the  white.  He  did  not  find  microcytes  or  nuclt«ted 
cells.  Cabot  ^  reports  five  cases  in  which  the  blood  was 
normal  except  for  a  slight  deficiency  in  the  hsmoglobia 
of  two  cases. 

The  Urine. — Albuminuria  lias  seldom  been  noted  ex- 
cept in  the  aged,  in  whom  its  occurrence  cannot  be  At- 
tributed to  the  arthritis.  Von  Xoorden  **  and  Rumpf * 
have  ol>served  a  diminution  of  the  salts  of  lime  and  mag- 
nesia and  of  phosphoric  acid ;  the  former  obsen*er  noted 
a  like  diminution  of  the  same  ingredients  in  the  (teen. 
SchQller  has  also  noted  a  deficiency  of  lime  salts  and  of 
the  earthy  phospliates,  a  low  specific  gravity,  and  a  neu- 
tral or  alkaline  reaction  in  most  cases:  his  investigatkms 
extended  over  many  years. 

DiAONOsis. — It  is  often  diflScult,  if  not  quite  impossible, 
to  differentiate  arthritis  deformans  of  either  type  from 
corn^sponding  rheumatic  affections  until  comparatively 
late  in  the  course  of  the  disease.     In  the  acnte  esses, 
however,  suspicion  should  l>e  arouse<l  by  the  symmetri- 
cal involvement  of  the  small  articulation^'  alone  and  b^ 
the  stationary  character  of  the  alTec-ttbn.  especially  if  it 
appear  in  a  woman  whose  age  and  history  render  the 
disimse  of    probable  occurrence.     Involvement  of  the 
endcx'ardium  in  a  mea.sure  contraindicates  the  disnsr. 
Persistent  joint  enlargement  after  the  first  acute  symp- 
toms have  subsided  is  almost  pathognomonic. 

(^ironic  rheumatism  does  not  as  a  rule  involve  so  many 
joints,  is  more  likely  to  be  imilateral.  and  does  not  sv 
often  attack  the  temporo-maxillarj'  articulation.  Neither 
form  of  rheumatism  pnnluces  the  creaking  crepitu-s.  the 
chanu-teristic  deformities,  or  the  degree  of  immobility 
which  jK'rtain  to  this  di.si^se. 

(lonorrho'al  rheumatism  may  rest^mble  arthritis  de- 
formans in  its  tendency  to  involve  the  larger  joints  and 
to  remain  hK*ali/.ed.  It  is  to  be  recognized  for  the  most 
part  by  the  history  of  a  previous  urethritis,  by  theabstu^ 
of  osteophytic  growths,  and  by  a  tendency  to  an  incretff 
of  the  joint  tluid,  mther  than  a  diminution  of  it,  in 
even  the  most  chnmic  ca.ses. 

From  chronic  gout  this  disease  is  distinguished  by  the 
symmetry  of  the  Icsiou.s,  by  the  involvement  of  many 
small  joints  instead  of  a  single  one,  by  less  pain,  by  the 
abs<'nce  of  tophi,  by  the  enlargement  \»f  the  ends  of  the 
bones,  and  by  the  absence  of  a  pronouncwl  liemlitaiy 
teiulencv.  Arterioscleroses  occur  m  arthritis  deforman* 
only  as  senile  changes. 

The  shoulder  joint  is  sometimes  afft'ctwi  bv  a  locali^til 
arthritis,  which  may  bear  clinical  reseniblauce  to  tlitfdJ*" 
eas«'.  Sevend  such  cjises  are  referriKl  to  by  AmU-rsand 
by  Osier.  It  alTccts.  however,  only  the  capsularund  othtr 
ligaments  of  the  joint;  the  wasting  of  muscles  is  con- 
lined  to  those  attache<i  to  the  "shoulder  girdK"  and  rt" 
eovery  from  it  is  comi)lete. 

Progresj^ive  nuiscular  atrophy  may  l>e  differentiatcl 
b\'  the  absence  from  it  of  any  affection  of  thearticuktion. 

Sciatica  nirely  arouses  suspicion  of  arthritis.  It  may 
be  excluded  by  the  extension  of  the  pain  to  the  dorsum 
of  the  foot,  by  the  absence  of  tenderness  in  the  joint,  and 
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by  the  ability  of  the  patient  to  cross  tlie  affected  leg  over 
the  sound  one  while  flitting;  but  sciatic  pain  sometimes 
occurs  in  arthritis  deformans. 

ChareoVs  Diiteatte. — The  joint  lesions  which  sometimes 
occur  in  connecti<m  witli  l(K*omotor  ataxia  are  diflicult  of 
different iaticm  only  when  they  fx*our  early  in  the  disease, 
before  the  pathojurnonionic  symptoms  of  the  ataxia  have 
developed.  They  may  genemlly  be  excluded  by  the 
presence  of  inco-onlirmtion  and  other  symptcims  of  ataxia. 
by  their  sudden  onset,  and  l>y  the  more  ra])id.  paiidess. 
pn)gn*sa  of  the  joint  affection.  Neither  is  the  osteo- 
phy  tic  growth  so  great .  as  a  rule :  the  cliauges  are  atrophic 
rather  than  by  pert  n>phic. 

Joint  lesions  clinically  r<»s«»mbling  those  of  arthritis  de- 
formans are  at  limes  liiet  with  in  syringomyelia.  The 
latter  diseas<»,  however,  is  oftener  seen  in  early  life,  and 
it  exhibits  disturlumces  of  st'iistitiou  and  other  manifesta- 
tions typical  of  si)inal-cord  disease*. 

Heemophilia  sometimc^s  pn*sents  joint  lesions,  but  thev. 
too,  are  more  fretiuently  encountered  in  early  life. 
Bowlby*''  has  shown  that  then?  is  an  effusion  of  blood 
into  the  joint,  oft4'n  but  not  necessarily  a  result  of  injury. 
«uid  that  librous  adhesions  are  formed  Inaween  the  car- 
tilaginous surfaces. 

The  (hiformity  of  the  hip  occurring  in  coxa  vara  is 
<rlinically  identical  with  that  of  arthritis  deformans,  in 
some  cases  at  least.  Maydl'*'*  .*<ays  it  ctuuiot  Ih»  ilitfer- 
4?ntiated  without  ofU'ration  and  inspection  of  the  joint. 
Fortunately  the  disease  (x-curs  only  in  young  subjects  at 
or  before  puberty. 

P[ff^rthritiit  (Jhi'onirn  VilUmt. — Un<ler  this  name 
8cht\iler  **  has  recently  descrilwd  a  joint  diseast*  clinically 
Teaembling  deforming  arthritis.  It  is  most  fretiuent  in 
females  before  the  menopause  and  may  occur  in  child- 
hood. The  pathologicid  lesions  are  contined  to  the  syn- 
ovfail  membmne;  they  may  continue  for  a  di.rade  with- 
out destruction  of  cartilage.  altlK»ugh  they  may  produce 
deformity  and  restriction  of  moti(m  amounting  to  an- 
kylosis. *  Pain  is  a  prominent  symptom  and  its  occnr- 
Tencc  is  largely  indejx'nch'nt  of  movements  of  the  joint. 
A  monarticular  form  cK'curs,  but  it  is  much  less  fre«|uent 
than  monarthritis  deformans.  S^'hUHer  finds  a  luicillus 
which  differs  from  that  found  by  him  in  this  disease*. 

Maclagan  and  liarlow"*'  refer  to  a  "spurious  arthritis " 
in  which  the  symptoms  are  like  thos(?  of  arthritis  de- 
formans, the  former  describing  it  as  a  result  of  injury, 
the  lattfT  as  (X*curnng  in  ah-(»holic  neuritis. 

Protsn'osis. — Arthritis  defonnans  is  incumble.  Much 
may  nevertheh'ss  Ih»  done  in  th(*  early  stagi^s  to  check  its 
progress  and  <luring  the  acut<*  exacerbations  to  relieve 
sufl^ring.  It  is  not  din*ctly  dangerous  to  life.  The 
patients  may  live  to  old  age  in  comparatively  good 
health,  if  dejitli  doi'S  not  ticeur  from  sonu*  intercurn'nt 
malady.  The  progress  of  the  disease  usually  In-comes 
slower  as  it  a<ivances  ami  the  suffering  I »ecomes  Ie.»*s  in- 
tense, although  its  victim  may  lM'C<)me  iH'dridden  from 
weakness  and  deformity.  Through  this  disability  it 
predisposes  the  patient  to  many  atfections  tliat  are  a])t 
to  liasten  his  di^th. 

Trkatmknt. — The  treiitment  is  that  of  a  slowly  de- 
bilitating disc»ase.  The  ])atient  is  Im'Iow  par  and  every 
effort  should  Ik.*  made  to  improve  the  geneml  condition 
and  to  correct  surh  concomitant  defects  as  may  exist 
in  the  action  of  organs.  The  abstraction  of  blood  and 
the  administmtion  of  debilitating  drugs  are  alike  to  lie 
avoide<l.  Our  most  ])otentand  the  stitest  agencii's  withal 
are  found  in  hvtrieine  and  diitctie  inea^^uri-s. 

All  authors  agree  that  if  the  patient  livrs  in  a  vitiated 
atmosphere,  especially  if  he  <M-(U]>ies  dairi]i  apartments. 
he  slioid<i  be  removed  to  more  siilubrious  surroundings 
where  there  is  an  abundance  of  fresh  air  and  sunshine, 
ttnd  that  all  worry  and  care  should  be  taken  from  his 
mind;  but.  unfortunately,  tlu-se  re(iuirenients  are  <iuite 
beyond  the  reach  of  a  majority  of  the  casi-s.  A  men* 
change  of  air  and  scenery  is  (►fteii  beneticial.  and  residenc** 
in  a  warm  climatf.',  where  the  atmosphere  is  <Iry.  not  too 
near  the  seashore,  is  highly  n-connni-nded.  Kvery  pre- 
•cautioD  roust  be  taken  against  exposure  and  chilling  of 


the  body.  Wcx>llen  garments  should  Ik^  worn  next  the 
skin  the  year  round.  The  hands  and  fe<>t  when  affected 
must  be  well  protecte<l  from  cold.  Tlie  bare  fwt  should 
never  be  allowed  to  come  in  contact  with  <»ven  a  carpeted 
floor. 

The  diet  should  be  lil)eral  and  of  the  most  nourishing 
quality;  it  should  inchule  an  abundance  of  nitrogenous 
foo<i.  btM'f,  nuitton.  poultry,  eggs,  nu'lk  and  cream,  with 
a  phfntiful  allowance  of  vegetables  and  fresh  fruits. 
Malt  li(iuors  may  Iw  tjiken  with  the  meals.  Cod  liver  oil 
alone  or  in  combination  with  malt  extnict  has  proved  of 
great  service  in  impmvuig  the  nutrition  of  the  patient*;, 
and  shouhl  lie  taken  regularly  after  meals  during  the 
winter  s(*»uson.  The  digestion  .slum Id  always  Ik?  a  sub- 
ject of  care. 

During  warm  wc'atber  the  patient  should  spend  nuich 
of  his  time  in  the  open  air  and  \\v  should  take  as  much 
light  exenrise  as  is  judicious.  Even  the  affected  joints 
ought  not  to  Im'  allowe<l  complete  rest,  but  they  shtmld 
never  1m»  ex«*rcised  to  the  j)oint  of  fatigue  or  pain. 
Pa.ssive  motion  is  siif<r  when  the  joints  are  painful. 
Walking  is  apt  to  hasten  the  progress  of  the  disc*ase  in 
the  hip  or  kniH*. 

Many  methiKls  of  l(K*al  treatment  liave  b<'en  employed 
and  souKj  of  them  have  In^en  huided  as  cumlive;  but 
locid  measuH's  can  <udy  nuKlify  local  conditions.  They 
do  not  remove?  the  (raus<*.  and  improvement  induced  by 
them  is  apt  to  i)rove  but  tnmsitory. 

Thermal  Iwiths  have  been  of  much  Ivneflt  in  some  cases, 
but  are  regarded  as  harmful  by  seveml  authorities, 
(iarnxl  says:  '*It  would  s«'eni  that  in  this  disease  the 
mode  in  which  the  water  is  employed  is  of  more  impor- 
tance than  the  cheminilctmi  posit  ion.  but  at  sirveral  of  the 
phuH'S  at  whi(rh  the  most  Siitisfactory  results  are  obttdned 
the  waters  are  of  the  sulphurous  class.  "  Wv.  l»us  found 
that  th(^  most  elTectual  line  of  treatment  is  that  which 
consists  in  massitge  combined  with  <louching  without  the 
actual  immersion  of  the  patient.  ISuitid)le  ])laces  for  the 
appliciuion  of  this  treatment  may  be  found  in  all  parts 
of  the  world.  In  Europe,  Aix-les-Btuns  and  Aachen 
(Aix  la  (-hapelle)  bear  the  Idghest  repute';  in  England, 
i^ith  and  Harrogate.  In  the  Tnited  states  sulphur 
springs  are  numerous  an<l  many  places  are  ecjuipped 
with  suitable  armngenjcnts  for  properly  carrying  out  the 
treatment.  The  springs  bearing  the  highest  repute  arc* 
the  lu)t  sulphur  springs  of  Virginia,  the  Hot  Springs  of 
Arkiinsjus,  and  CJlenw^Mxl  Springs,  (-oh»rado.  General 
vapor  Uitlis  affonl  t4*mporary  relief.  They  should  Ik» 
taken  immetliat<*ly  before  retiring  and  not  at  too  frequent 
intervals.  Local  vapor  Ixiths  applied  to  the  affecte<l 
joints  have  Ix'^'u  foiuid  safer  and  more  benetleial.  Elec- 
tric baths  have  l)een  applied  in  various  ways,  but  the 
results  havu  not  been  encoumging. 

When  these  metluKls  an?  inconvenient  or  b(»yond  the 
means  «)f  the  patient,  eepially  good  n^sults  may  usually 
\\o.  obtjiined  from  hot  fomentiitions  and  other  methods  (>f 
honn*  tn'atmeiit.  Relief  of  pain  may  be  obtained  from 
tlu'  iinm<>rsion  of  the  joints  on("e  or  twice  daily  for  tc»n 
nunutes  in  water  as  hot  as  cim  b<^  borne.  Hot  water  ap- 
plied in  a  stream  from  a  small  oritice  with  considemble 
fonre  is  more  (piickly  stimulating  and  pnKlucesan  agife- 
able  wnsiition.  SchHller  and  IJjiruch  ^"  recouunend  the 
Scotch  douche  in  which  an  alternating  stream  of  hot  and 
c«dd  water  under  varying  pressure  is  applied.  Haruch 
follows  this  with  the  appliciition  of  \\v\  co!n]»ress<»s. 
The  application  of  moist  heat  should  be  a(coin]»}mied  by 
massage  of  the  muscles.  The  Sw<dish  movement  is  also 
beneticial.  FolU>wing  mass:ig<'.  belladonna  ointment 
may  be  applied  if  the  joints  an*  paiiiful.  or  a  mixtun* 
of  e(|ual  parts  of  guaiaeol  and  izlyceiin  may  l»e  rubbed 
in.  The  application  of  ichthyol  in  alcohol  aial  ether  f)r 
by  iiuniction  in  vasogenden  toiwcuty  per  c«'nt. )  is  highly 
reconnnended  bv  Kdlefsi-n.  '  who  linds  that  it  not  onlv 
relieves  the  \n\\\\,  but  also  contrihuto  to  the  restomtion 
(d"  mobilitv.  After  this  treat nient  the  j<ant  slumhl  be 
wrapped  in  cotton  and  covered  with  (jih-d  silk.  Com- 
plete rest  may  be  se<"ured  by  allowing  the  limb  to  nfst 
on  a  splint.     StrQmi»ell  ri'conmiends  the  application  of 
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hot  sand,  a  method  used  by  Haygartli.  None  of  tliese 
methods  can  l)e  relied  upon,  however,  unless  they  are 
thoroughly  carried  out;  half-way  measures  are  more 
likely  to  do  hann  tlian  good. 

The  hot-air  tr(»atment  has  l)een  much  resorted  to  of 
late  and  liaa  yielded  excellent  results  in  some  eases.  It 
is  applied  by  mt^ns  of  an  ap]>aratus  devised  for  the  pur- 
pose. This"  consists  of  an  asliestos-lined  cylinder  which 
IS  provided  with  a  lamp  to  heat  the  air  and  a  thermometer. 
The  joint  to  be  treated  is  loosely  but  closely  wrapped  in 
a  Turkish  UiVfol  and  thrust  into  the  cylinder,  where  it 
rests  on  a  hammock -like  support.  A  aiuvas  sleeve  at- 
tached to  the  cylinder  is  drawn  close  around  the  limb  to 
prevent  the  t^scape  of  heat.  The  lamp  is  then  lighted 
and  allowed  to  buniimtil  the  thermomet(T registers  from 
2r)0''  to  300**  F.,  when  it  is  regulati»d  to  maintain  the 
temperature  for  from  a  half -hour  to  an  hour.  This 
should  be  followeil  by  j^assive  motion  of  the  joint  and 
ma.ssage  of  the  muscles.  The  treatment  is  to  Ik*  repeated 
at  intervals  varying  from  a  half-day  to  several  days,  ac- 
cording to  the  condition  of  the  patient  and  the  effects 
produced.  Lindemann  "  has  recently  invent+»d  an  ap- 
paratus for  this  treatment,  which  he  calls  an  **Elektro- 
therra."  The  heat  is  pnKiuced  by  electricitv  and  may 
Ik*  applied  to  the  entire  Ixnly  or  t^^)  any  part  of  it.  From 
its  use  he  reports  excellent  results  in  defonnative  arthritis 
of  long  standing. 

WhatevtT  iK'uefit  is  obtained  from  the  hot  air  treat- 
ment is  doubtless  due  tf)  its  effect  upon  the  circulation 
of  the  part,  the  chief  element  of  which  is  prolwibly  a 
persistent  dilatation  of  the  bUxxl- vessels.  On  account  of 
the  pos-sibU*  disturlnince  of  the  geiu'ml  circulation  and 
the  elevation  of  the  general  tempemture,  the  duration  of 
tlie  treatment  should  be  carefully  regulated  to  suit  th(? 
physical  condition  of  the  patient.  All  locjil  mea.sures 
should  l>e  employed  with  caution  in  the  presence  of  acute 
symptoms;  tliey  may  be  applied  with  more  vigor  in  ad- 
vanced ca.s(?s. 

The  application  of  electricity  is  considered  Iwneficial 
by  some  authorities  but  useless  by  others.  The  faradic 
current  may  be  used  for  its  action  on  the  muscles  and  the 
galvanic  for  its  effects  on  the  nervous  system.  When 
the  latter  is  applied,  a  mild  current  with  slow  interruj)- 
tion  should  1k»  pas.sed  through  the  affwted  nerve  trunks, 
through  the  nap(^  of  the  neck,  and  through  the  dorsal 
region.  Static  electriirity  has  also  been  employed  in 
various  ways  Mort/)n  "  claims  that  the  high  potential 
high  frequency  current  will  arrest  the  progress  of  the 
disease  at  any  stage,  the  result  being  8<?cured  more  slowly 
in  proportion  as  the  disejus*'  is  more  advanced.  He  re- 
cently exhibited  skiiigraplis  to  demonstraU;  the  benefits 
of  treatment  by  what  he  {alls  the  ** electric  wave  " current. 

Internal  ine<lie}ition  is  of  little  benefit  except  in  the 
early  stage  of  the  (liseas(»  or  during  acute  e x ace rl>at ions. 
Ano^lynes  an*  then  sometinn'S  m-cessary,  opiates  should 
be  avoided  if  possible.  Chloral,  highly  reeoininended  by 
s^mie  writers  for  the  reli<'f  of  pain,  is  also  objectionable 
on  account /)f  tin*  possible  development  of  a  habit.  The 
salicylate  of  soda  is  effective  in  the  relief  of  acute  .sym]»- 
t«)ms  in  some  cast's,  but  it  is  liable  t4)  do  harm  if  tod  con- 
tinuously administered.  It  is  the  custom  of  many 
physicians  to  administer  i(Kline  or  one  of  its  conipounds, 
and  by  many  autlK>rs  this  i^  regard*-d  as  the  most  bene- 
ficial of  all  reme<lies.  but  the  results  obtained  by  others 
liave  not  been  uniformly  satisfactory.  The  syrup  of  tlu' 
iodide  of  ircm  is  probably  the  best  means  of  administer- 
ing  it,  since  the  iron  exerts  an  influence  upon  the  ana'nn'a 
that  is  usually  present  It  is  of  esi>eciiil  value  in  tlie 
arthritis  of  children.  It  may  Im^  atl vantages »usly  com- 
bined with  arsenic  in  the  form  of  li(|Uor  srxlii  arsi*niatis. 
The  tincture  of  i<xline  is  pn»fern'd  by  some  authorities 
and  many  instances  of  marked  benefit  hav(?  Ik'cu  re- 
I>orted  from  the  use  of  arsenic  alone. 

Other  remedi(»s  have  lH*en  vaunttKl  for  a  time  or  by 
individtial  ob.servers,  but  they  have  failed  to  stand  the 
test  of  time.  Even  Brown-Setpianl's  elixir  was  resorted 
to  with  suj)posed  lienetit,  and  it  is  not  surprising  that  the 
ovarian  extract  has  recently  been  recommended. 


Whatever  the  treatment  adopt<>d  in  a  given  case,  one- 
fact  should  Ik*  l)orne  in  mind,  namely,  that  not  days  nor 
weeks,  but  months,  must  elapse  before  a  verdict  can  be 
pronouncc*d  upon  its  results.  James  M.  Freneh. 
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ARTHROLOGY.— Thnt  part  of  anatomy  which  treats 
of  tlie  .ioints  or  connections  between  the  denser  |)art«  of 
the  skeleton.  By  means  of  llie.se  joints,  or  articulations. 
the  skeleton,  originally  an  appamtus  for  8tip|>ort,  be- 
crunes  an  aiiparatns  for  locomotion.  In  its  primitive 
condition  the  human  skeleton  is  without  jointA,  being 
represented,  in  the  human  feet  us  before  the  fifteenth  day, 
by  a  simple  non-jointed  nnl  of  condensed  embryonic 
tissue  call<*d  the  notcK-hord,  a  form  permanent  in  the 
low(?st  vertebmte  (amphioxiLs).  This  becomes  en- 
sheathed  with  tissue,  which  is  the  matrix  of  the  more 
complex  skeleton  (Fijr  329).  The  substance  of  this 
sheath  changes  to  cartilage  at  re>rular  intervals,  thus  be- 
coming  segmented  (Fig.  330),  Vestiges  of  thcnotochord 
are  foiioci  in  the  adult  as  pulpy  masses  within  the  discs 
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which  unitp  the  vcrlcbriF.  Elnenhpre  in  the  liumnn 
hody  jolntfi  are  formed  in  u  simitar  way.  Rods  are  laid 
down  nod  ihcn  BC(rci"il«<l  hy  the  differential  ion  of  cer- 
tain ponlons  Into  cartilage,  wliit-h  may  afterward  ossify. 
The  structures  by  wliirli  utiinu  is  effertcil  at  the  joints 
may,  therefore,  he  eonHiiii-red  as  the  allcred  remaiDB  of 
the  original  skeletal  iiiatnx.  Aroimd  llic  segmeutK  this 
matrix  remaiua  as  fibrous  lissm-.  termed  tiie  iicricliou- 
drium.  hecoming  porioslL'um,wlien  oasitlcaiinn  ensues, 


Ml.— FonuBtlim  !■!  Prlmltlvp  Jolnw. 


Dt^rliMirromlt. 


and  between  the  sc^'nients  it  occurs  aa  similiir  fibroux 
tiasue,  cbaD!;inKtoniiro-eartihigciacertaiacnM>H,  When 
in  the  form  of  bands.  Htmim,  or  menitimnoiis  HlieelH. 
these  tmnsegmenlal  Btmeiures  arc  termifil  lijruiuentH. 
They  may  unile  not  otily  the  a|ipoa«]  ends  of  seifinentK. 
but  also  Ihu  related  sides.  8heeti>  of  this  sort  pastnug 
laterally  from  one  bnue  1<i  annlhiT  in  tlic  same  plane  are 
known  as  interoKseims  membranes.  Examples  are  seen 
between  the  radiiis  and  ulna,  and  iH'tween  the  liliia  and 
fibula.  The  entire  liga  men  tons  system  is  elosc-lv  con- 
nected with  the  fa-ieiii'.  of  whieh  it  may  tie  consittered  u 
tperlalization  (sec  Fiiti-ui). 

The  prime  cbaracterislic  of  joints  is,  therefore,  lUe 
movements  whieh  become  poisibk  h>  nason  of  SLgmin 
tatioD  TbeSL  moMm<nls  var\  aci  >idlng  lo  Ihe  tan 
ing  functions  <  f  the  segmentid  iiicmbire  and  thus  pro 


nuH  J3l«Di]  ai  — STiuirtUradlalJ  Inu 


dnce  correapondinft  m  slihcalion'*  uf  s 
parts  composing  the  j  mil  Lp  ir 
the  classificaUi  n  of  Joiuh  dipimU  In  all  j  in: 
Is  original K  Bufllcirnt  lukrHi  nt  i  liil  iii'>  ii  f<  1 1  niiii 
■light  and  limited  m  liuu  '->i  I  i  ill  1  |  n  iiiii\i  ir 
amphiarthmilial  joints      1  ih    nduli 

between  tlii  luidii'itr    I  li    il 

courseof  divcl  ipni<nt  i  ni  ii-m  i 

of  theMemintsusimlh  i  r     iiid  nii  n 

npoa  the  mIertiEiMiiiliI  -rj  ir  ll  u  ihii  id  n  i 
curs  ID  this  th(  ji  inc  1m  i  ii%I  >Hiiiii  low  mi  Mil  I  until 
complete  fixation  pneiie'i  Itiitli  n  l(nnidt\nimlir  iilml 
or  Immovable.  E^rampli-.i  an-  m'l'n  in  tbi-  iidiill  skull. 
^lie  process  may  be  carrieil  so  fur  us  wholly  to  oblilei'ule 


the  joint.     When  the  connecting  substance  is  fibrous, 
Ihe  joint  is  tenned  a  suture  (Fig.  331);  wheu  (.-artilagi- 
nous,  a  synebundrosis  (Fig,  332],     Btriclly  speaking,  UUB 
union  of  (be  sliaft 
of  a  long  bone  w'  " 
its  epiphysis    is 


class  of  joints,  the 
perioHleum  passes 
over  the  iult-rwj;- 
menlsl  tisi 
out  thickening  into 
ligamentous   at  rue - 

Id   by   far   the 
greater  number  of 


i   Ihe 


Bo- 


if  the  cells,  vacuoles  or  small  cavities 
foniHl'mlmhly  by  the  enlargement  of  the  lymph  lueimic 
nf  ■).<.  r.,.nni»,.ni.e  Hssue),  Olid  Ihesu  join  together,  niok- 

...„    _    — „,- vilV    or    ch'ft.      Tlie    (vHh    inimiufiuf^lv 

around  the  o 


of  the  c  _ 

ing  a  larger  t«viu-  or  cleft.    The' cells 'inimuliately 


secreting  surface,  the  synovial 
membmue,  the  product  of  w<cretion  bciuK  a  glairy  fluid 
called  synovia.     The  nienibranc  resemb^  (he  similarly 

if  iti(-  body,  as  well  in  sinm- 


cavitles   LLiht 


Fiu  TSt— CVnto-MrH. 

rub  ot(r  bard  Mirfaces   ( 

piled   to   siiLh   surfaKs 

flfrwl       Small   and   imptrfict  sjm 

ID  a  fm  amphiarthroilinl  i»inls   but  ububjij  tiie  joints 

whin  tlu\  incur  an  fuLlj  moiublt  throughout  their 

(xiiui  und  an.  ihtrifore  called  dianhrodiai     Them 

tir»iK"i''Ul"il  'i-wue  niaj  not  be  wholly  oblitemled  by 

ihi   tiMH      flhtn  the  movcnuni  of  the  segments  fa 

perfeclli   reg 

uluriinlsiiialt 


I    !  ^^I)1^•lll>llJalaI■ 


t  IS  sKb  tluit  1 


articular 


h  ads  I  f    till 

nbs  with  IJic         ' 

spine (Fir 

3A4)      "When  the  r 

surfaces  do  not  ciirnspond  r.  ... 

times  formed  along  till  Mirfaii  of  lach  stitmint  leaving 

an  intervening  disc  of  fibroim  Iissne,   winch   liccomea 

partly  cartilaginou.i  anil  is  then  known  aa  an  intcrartlcu- 
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lar  filiro-canilagc  (Flj^.  335).  Example,  lower  Jaw  Joint. 
The  disc  may  bc-conii;  iliinncd  aad  illsa^iprar  in  ibe 
centre,  leaving  a  ring  (Pig.  3S^  hIiows  thix  in  vi-rlical 
section).  Thia  iiccura  in  tbc  kni-c  jiiiut.  lis  totniilete 
disappearance  is  nliown  in  Fig.  S-10. 

Joiuts  nia.v  Iw  furmiil  UQiU-r  pntholoxical  conditions, 
the  pmcrcsa  'bciiig  Kiinilur  to  tliat  Jiuit  dewnlx-i)  4ftir 
fracture  Ilie  tncU  of  llie  bone  are  tint  iimlrd  bv  flbrouH 
tLiBuc,  cKinHiiiiiiiuK  an  ampbi&rtbnxliul  jinot  ivhiili 
may  remmii  pinimn(.ntl),  or  by  proctBs  nf  repair  bt 
coDverlHl  into  sjn 
Hrlbroiliiil  anil  fl 
niiilv  disnppcar  or 
if  m<>bilit\  of  the 
ap|>o<«.'d     cndti     lie 


till  re 


,   Ik    dp 


iliipdl  Ik  fnlsi 
tlinHlial  jiiiul  %Mlb 
ivnoDiil  immbroHi 
an.1    Hunments 

forimil     frtini    llie 
HuiToiinUiUK    con 


Till- 


no.  aaa.— Fully  I>eTeloiie(l  ArUuDdtal  J' 


roundios  tli 
sist  the  ligui 
■if  tbc  sci^mi 


rclatliinH  of  miiBclcH 
an'  important  fac- 
tiira  in  sluiping  and 
ithirwist     ni'Mlifv 
ing  joints     Bj  Rtir 
.1   prntuclion   and   altti  BilfMh  as 
boldinj;  loffttlicr  tin.   h[>|ii  sid  in  L* 
tbiii   that  thiir  tinsion  can 


no.  St?  —A  tirent! 


InRuiiliiiiiiitiitlrr  miitl 


"be  adjuslc-d  to  the  Hlrcss  placed  on  the  scginrnts.  Tiiey 
are  Invariably  altnrlii'd  no  a»  tii  siiiipiirl  tin-  articular 
surfaces  uitli   reference   di   enrli  olJicr,   iicvlt  pulling 


U. !».— Trip  view. 


them  apart.  DiiilocntionH  an-  then'fon'  more  lik<'ly  to 
itccur  if  the  force  13  applied  suddenly,  before  tlu-  nins- 
rlescanbc  put  in  action,  and  arc  run' anions  prnfcK^mial 
Rthleictt.  Advantage  la  taken  of  tliix  peciiliurily  of  the 
muaclcN  in  n'ducing  a  diNlncalion,  lliia  being  mnV-h  more 
easily  done  when  the  patient  U  lakeu  ulT  Ilia  giianl.  or 
when  texoliilion  of  niuariilar  force  ia  produceil  by  an 
anaathctlc.    Expanaiuua  from  the  tendons  of  inuscles 


strengthen  and  Hupporl 


Enrrbumb).  ad- 

tiaaue  of  tlie  teniliuous  expansion  is  liable  to  lake  on 
some  denser  form,  as  cartiUiKe  or  bone.  These  appear 
as  small  nodiilur  bodies  knownas  acsamoida,  and  posseai 
true  articular  surfaces.  The  patella  in  Ihe  largest  and 
most  nolalilc  example  of  these  (Figs.  337  and  3W).  The 
shapea  of  nrticnlur 
aurfacea  dc)  <  nil  main 
1\  u|ion  Ihe  direction 
and  ]in  pijuderanci  of 
tia  niusiuliir  force ap 
plied  to  till  segiuenlH 
The  simplest  movi 
iiunt  ])ii«SLlile  la  ihi 
iluiiug  of  nni  ucari*  S)ti 
plant  surface  upon  rarltj-, 
another  This  is  tin.  '""""  ' 
ord]nar\  luovinienl  of  ^ 
Ihi  siKanioldK  loinis 
lu  wliiih  tins  IS  the 
prevailing  molt  meat 
an  uilli  d  planlfomi  or 
arlhrHlIal  (Fig  MH) 
Tlitn  arc  lioHivir 
no  articular  siirfaeca  ] 
that   are    pi.rfi  ctlj  guisrmi 

plane  then  iKiug  no 
Biluulion  whtrc  a  pulbug  force  Is  applied  in  a  con- 
tinuous Hiraiglil  lim  throughout  the  cxient  of  the  move- 
menl  For  this  nason  Ihirt  is  also  found  in  pianifomt 
jJints  a  slight  rolling  of  (onvex  surfaces  on  each  other 
This  is  called  lonpiation  When  the  surfaces  are  mark- 
edly   curved 


and  superior 
nidio-ulnar  nrliculaluins  {Figs.  33&  and  340).  Bending 
the  scgTuentB  so  as  to  alter  Ihe  angle  Ihj^  make  witS 
cacli  other  is  called  angular  movement.    When  lateml. 
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to  or  from  the  axis  of  the  body  or  limb,  it  is  further 
distinguished  as  adduction  and  abduction;  when  for- 
ward  or  backward,  folding  or  unfolding  the  segments, 
as  flexion  and  extension.  A  hinge  joint  (ginglymus)  is 
one  in  which  such  motion  is  allowed  in  a  single  plane 
only.  The  elbow  is  the  best  example  (Fig.  841).  The 
shape  of  the  surfaces  may  allow  free  angular  movement 
in  some  directions  while  limiting  it  to  some  extent  in 
others.  In  the  saddle  joint  (Fig.  342),  and  the  pommel 
joint  (Fig.  343),  the  motion  is  freest  in  two  planes  at 
right  angles  to  each  other.  In  the  former,  each  surface 
is  convex  in  one  plane  and  concave  in  the  other;  in  the 
latter,  the  surfaces  are  reciprocally  ellipsoidal.  These 
two  classes  of  joints  allow  all  movements  except  rota- 
tion, it  being  possible  to  perform  circumduction  or  such 
swinging  of  the  distal  segment  through  a  series  of  an- 
gular positions  as  to  make  it  generate  a  conical  sui*facc. 
When  the  joint  consists  of  a  head  nearly  spherical  re- 
ceived into  a  closely  fitting  cavity,  it  is  known  as  a 
ball-and-socket  joint  (Fig.  344),  in  which  great  freedom 
of  motion  is  allowe<l,  all  movements  being  possible. 

The  following  table  shows  how  joints  may  be  classified 
■according  to  a  genetic  system : 


Costo-vertebral  (costo-central). 
Costo- vertebral  (costo  transverse). 
Chondro-stemal,  second  to  seventh  ribs. 
Interchondral,  sixth  to  ninth  costal  cartilages. 
Sternoclavicular. 
Acromio-clavicular. 
Radioulnar,  inferior. 
Carpal — between  single  Iwnes. 
Carpo-metaearpal,  except  thumb. 
Intermetacarpal. 
Patello-femoral. 

Tibiofibular,  superior  and  inferior. 
Tarsal,  except  astragalo-scaphoid  and  calcaneo- 
cuboid. 
Tarsometatarsal. 
Intermetatarsal. 

Class  2. — Pi  cot  Joints,  or  Trochoides. 
Atlanto-axial. 
Radioulnar,  superior. 

CUiss  3. — Hinge  Joints,  or  Oinglumi. 
Elbow  joint  (humero-cubital). 
Phalangeal,  of  hand. 


CLASSIFICATION  OF  JOINTS. 
PRiMiTivi  Joints  (amphiarthroses). 


Witbout  Synovial  Cavity. 


mifOVABLx  Joints  (Stn arthroses). 

^ ' , 

United  United  by 

bycarUlAg«.       connective  tiasue. 

3T5CH0NDR0BI8.  SUTURE. 


With  Synovial  Cavity. 


Frkklt  Movable  Joints  (Diartiiroses). 

Motion  sUdinfT  or  ooaptattve.  Motion  curvilinear, 

surface^  nearly  lUt.  surfaces  curved. 

PLANirORM.  NON-PLANIFORM. 


Rotation        Angularmotlon     Angular  motion        A  nerular  motion      All  movements, 
only.  one  plane,      freest  in  two  planes.         all  planes.        Ball-and-Sockjet 

Pivot  Joints.    Hinoe  Joints.      Saddle  Joints.       Pommel  Joints.  Joints. 


The  following  is  a  list  of  the  joints  of  the  human  body 
arranged  upon  the  foregoing  principles  of  classification. 
As  in  all  natural  classification,  perfectly  clear  and  sharp 
distinctions  do  not  exist,  many  joints  being  somewhat 
mixed,  blending  the  characters  of  two  or  more  classes. 

TABLE  OF  TlIE  JOINTS. 

Order  I. — ^Primitive  Joints,  or  Amphiarthroses. 

Clasi  1. —  Without  a  Synomnl  Cavity. 
Intervertebral — of  bodies. 
Lumbo-sacral. 
Sacro-coccy  geal . 
Sternal. 

CloM  2. —  With  an  Imperfect  Synovial  Cavity. 
Sacro  iliac. 
Interpubic  (symphysis  pubis). 

Order  II. — Immovable  Joints,  ok  Synarthroses. 

Class  1. — Sutures. 

Joints  between  the  bones  of  the  skull,  except 
occipito-sphenoid  and  ethino-vomerine. 

Class  2. — Synjchondroses. 
Occipito-spheuoid. 
Ethmo-vomerine. 
Chondro-stemal  of  first  rib. 
Costo-chrondml. 

Order  III. — Movabi^e  Joints,  ok  DiAKTiiRosEa 

Class  1. — Planiform  Joints,  or  Arthrmlia. 
Intervertebral,  of  articular  pr()ees.ses. 
Lumbo-sacral,  of  articular  processes 


Knee  joint  (femoro-tibial). 

Ankle  joint  (tibia  and  fibula  with  astragalus). 

Phalangeal,  of  foot. 

Chiss  4. — Saddle  Joints. 

Carpometacarpal,  of  thumb. 
Calcaneocuboid,  of  ankle. 

Class  ry.^Prtmtnel  Joints  (Condyloid). 
Temporo-maxillary. 
Occipito-atlantal. 
liadio-carpal. 

Intracarpal  (os  magnum  with  semilunar  and 
scaphoid). 

Class  6. — Balland' Socket  Joints  {Enarthrodia). 
Shoulder  joint  (scapulohumeral). 
MetacariK)-phalangeal. 
Hip  joint  (coxo-femoral). 
Tarsal,  astragalo-scaphoid. 
Metatarso  -  phalangeal . 

An  examination  of  the  intimate  structure  of  adult 
joints  involves,  (1)  the  ends  of  the  sc'^mieiits  (u.sually 
bones);  (2)  the  articular  cartilages  which  protect  them; 
(3)  the  fibro-cartilages  which,  wlieii  present,  adapt  the 
surfaces  to  each  other;  (4)  the  lit^ainents  wliich  prevent 
their  separation;  (5)  the  synovial  iiienihnines  which  b}' 
their  secretion  lubricat<»  the  joints. 

At  joint  surfaces  pressure  and  movement  occasion  a 
modification  in  the  ordinary  structure  of  bone.  The 
ends  are  enlarged  and  the  surfaces  are  of  extremely 
compact  tissue,  protected  by  a  layer  of  hvaline  cartilage, 
the  remains  of  the  original  cartilage  from  which  the 
bone  was  formed.     Acting  as  a  buffer  to  break  shocks 
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aod  In  juvvcnt  wpar.  it  i»  invarinhl.v  thickest  wlicrc  the 
)>r('i»im>  Is  {fToulMl  (M^.'  FiK.  3ilB).    Under  Dornuil  cud-  | 
ditiuiis  it  iiKVfT  ii)i^lj<»t.  a]tlitiiij;h 

in  "Id  nffi-  und  in  pt?rsuns "f  iiuif-  ^  _,--,. 

live  lifi'  it  iKiHHiiW  Diinncii  und  f^-: 

trmtmti-d  with  linw  salts.   Should      ■*   ^^• 
1ih1iiii)cIi.  tliif  biiue  hwiinii« rapid-  '""_:..  — 

iv  wurn  smiKiih  ((•humat('<l)  and  "^^~-  "      _. 

Ihi!  iiiint  is  <lisabtc'd.    The  siipur-  ;-' 

flfiul    i^-llH  i>f   Dw  tarliiii^'y  sre  '-  .   -.- 

flattcnt'd,  but  In  Ihii  dc('|n.T  purls  .      . 

they  nuilliply  in   tliu  liiic  of  Itic  ,        ,     > 

ftivkti-st  stress,  and  aw  Ihtrefore 

arrantntl  in  cnliuiiiiH  jwrpcndicu-  fv     '  j        ~  j>5 

lar  I"  till-  artinilar  siirfuvi^  (Fig.  fei^  >  "^  ■     ■'>    ~ 

^."i),  in  whioli  din-ctiuu  a  siiddcn  ^  '     a  4^  " 

fihfiek  may  cause  the  carlita^c  to  ■ffO   i.-J  A  ?     , 

B]dit.    Tlu!  flbni-cai'iilagcH  found  ^'j, 

in  jointH  arc  composfd  of  white  '   ^  j  'j 

flhroiiH  tlMiic,  vith  siHirsc  clastic 
fihn-a  to  impart  the  ne«-siinry  re- 
silii-ni-.v.  TlH-ir  usual  fonn  la  that 
of  distis  or  rin^  attaclieil  uiainty 
to  tlie  more  imivalilr  Wfinienl, 
eillwr  liy  tlicir  cdfn's  (knei',  jaw) 
or  by  tlic  ciiKO  and  onit  siirfatte 
(hip.  sliouldiT).  Tlio  rini.'s  may 
be  inr()nip1('t(\  <>n!ar);inK  tli«  cav- 
ity on  one  side  only  {phnlan;ri'K). 

'The  oritilnal  capHulur  arranftc- 
tnent  of  tlie  tii^nii'Uts  rfuuiiiis  In 
casps  In  wiilfli  liu-  joint  in  wi-tl 
protwi'll  hy  niiisi-li-s  and  llii' 
BlrHiii  in  >-venly  diMtritmliil.  In 
most  jiiiiils.  liowcvcr.  llii'  slrww 
bciii^  niurh  gn-utiT  In  soiiii.'  di- 
rcclions  llian  In  others,  the  cap- 
Rulc  IxMHinies  iliirkennl  to  coun- 
teract It,  riimdnj;  iHkiids  which 
have  rcccivi-d  spi-cial  names.  At- 
mospheric prcsNiin-.  aciin;;  nptiiisi 

the  force  of  gravity.  assiKlH  in  lircping  thi-  articuliir  Kiir-  ' 
faces  applied  to  each  other,  thus  preveiilinK  a  ciinKiaul  , 
strain  upon  the  ligamenls.  An  im|H>nant  iitllce  »f  I  he 
lijranx'iita  i»  to  limit  the  mo- 
lion  of  llic  wftmcnls  and  pn--  I 
vent  tlie  shorks  which  U'oidd 
iitherwiw  cHi-ur  frimi  the  wid- 
cirMi  <i>nliiir  of  lionv  HUrfiK  cm. 
In    w.nu-    cii^^-^   Il.i.y   gr,.atly 


'sstire  ot'curs,  ixirtions  nf  theni  dis- 
I  llie  latter  ]Mrt  of  fetal  life,  they 
merely  line  the  capsnle  and  ex- 
tend but  a  short  distance  upno 
the  (rarlilajteM  of  the  joint.  In 
adult  age  tht-y  frequemly  are 
further  extended  by  (i>niniiinica- 
tiiin  Willi  tlie  synovial  envitioa  of 
lU'iithiHiTlafi  biii'sie,  and  siieh  cum- 
niiintcatious  be(M)mc  more  fre- 
cjuent  and  exteniuvc  as  age  ad- 
■  vunees.  Tliey  an-  more  lax  lltan 
the  Kumiundini;  licanients,  Ixinfc 
llmm-u  intn  fulds  to  ini-rvase  tlHt 
IiIixhI  supply  and  to  pail  out  in- 
tervals, lieiiiij  agisted  in  this  by 
iiilerslillal  de|H>slla  of  fat.  Along 
llii.'  iiiterartieular  lines  they  pos- 
sess villous  jirofesses,  or  friniroa. 
siini<'  of  which  ciintain  cartilag- 
inous mxlides  (Fig.  847). 

It  is  at  or  near  the  Joints  that 

ilie  ;;reat  vascular  Ininka  divide. 

an  nrninjii'nient  which  ts  pndiably 

coniiei'teil  with  the  cenirl|H-tal  <lo- 

lelojnnent   of   btiKid-vessi'ls   and 

the  biid-likc  formation  of  limha 

in  tlie  i-uiliryo.    TIk-  inmiediato 

supply   of  tl'ic  Joint  is  oblainiil 

fnini  sniiill  vs-u-ls  tluit  auasto- 

iiiiw  triply  wii  h  oni-  anollicr.    Bv 

thuin  the  lulliilenil  rin-ulaliim  lit 

estnblislie^i  whi>Ti  the  nutin  iruok 

is  occluded.    From  Ihesi' vesKi-ha 

rich  arterial  network   ]H'netrate)i 

llie  eiipsiile  lo  su])ply  thenynovial 

nienilimne.     AliunihinteHi'iillarlen 

lie  in  1<hi|is  nlong  the  aynorlsl 

folds,  und    bv  eMidution    from 

ihini  the  synovia  is  fomieil.    The 

iirtieular  earillajres  and  the  rora- 

.  .jniniiliatelv  eontijcuiius  art^  normuily 

•III- 111  ii-~H'ls,  but  capilhirleH  ni{iidly  extend  into 

ihiriu);    inflannimlion.      The   libro-earlihi;[cs   are 

1  by  Srtpl>ey  to  ii.ntain  v.-swls.  und  may  iberefora 

•tive  jNirt  in  iiLtliininialory  prmi'sses.     Lyniph- 

■   ■   Is.    Klein  ciinsiderBtbti Joint 


for  the  jMriiliar  ECDsibillty  of 
A  ligament  or  a  synovial  memliraue 
,  cut,  or  pinched  without  giving  mucti 
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p^n.  but  if  it  be  stretched  beyond  its  physiological  limit, 
threateniDg  the  iDl«f;rity  of  the  joint,  the  BuSering-  is 
excTUciatin^,  as  is  well  knowo  to  those  who  have  suffered 
from  a  sprain  or  a  dislocation.  Articular  cartilage  has 
DO  nerves,  and  the  gnawing  pain  which  occurs  dunng  its 
ulceration  is  probably  caused  by  inflammatory  products 
aflectiug  the  nerves  of  contiguous  tissues.  A  remark- 
able law  of  correlulion  has  been  noted  by  Hilton  with 
reference  to  the  nerves  of  joints,  viz. :  tliat  they  also 
supply  the  muscles  which  move  the  joint  and  the  skin 
over  the  insertion  of  such  muscles:  the  whole  apparatus 
being  thus  under  the  control  of  associated  central  influ- 
ences. There  is  besides  strong  clinical  evidence  of  this. 
Reroakand  Benedikt  have  pointed  out  the  strong  proba- 
bility that  many  diseased  conditions  of  the  joints  origi- 
nate in  irritable  states  of  the  spinal  cord  and  of  the  sym- 
pathetic, and  Charcot  lias  published  some  cases  showing 
remarkable  atrophy  of  the  muscles  of  a  joint  after  an 
injury  to  the  articular  surfaces  comparatively  slight  and 
inadequate  to  such  a  n^siilt.  Locomotor  ataxia  Is  usu- 
ally accompanied  by  joint  lesions.  A  few  years  ago 
(Ord:  Belfast  Addrt-ss,  July,  1B84)  it  was  shown  tliat 
many  cases  of  joint  disease  (rheumatoid  arthritis,  gonor- 
rhceal  rheumatism)  are  so  associated  with  disturbances 
of  the  geni to- urinary  tract  as  to  make  it  probable  that 
there  is  a  reflex  element  of  causation  in  these  disorders. 

For  the  anatomy  of  special  joints  see  the  following 
beads:  AniUe  Joint;  EI/wb  Joint ;  Foot.  Joint*  of;  Hand. 
Joint*  of;  Hip  Joint;  Kme  Joint;  Pelri*.  Joint*  of; 
BlumUer  Joint ;  Hkiill ;  Thorar ;   Wrist. 

Beudes  the  systematic  works  on  anatomy  by  Qualn, 
Gray,  Allen,  Sappey,  Cruveilhler.  Hcnie.  Hyrtl,  and 
Gegent«ur.  the  following  authorities  liave  been  con- 
sulted in  preparing  this  article: 

HonlB.  Wlllbun :  Tbe  AnatoniT  iif  tb«  JDtnls.  Lnudan.  1X79. 
Turner :  ad  iDtrodueUoD  lo  Huoian  AnatoinT.  Edlnburgb,  1907. 
Mareball :  Antlomr  for  Artists.  LoDdoD.  IHKi. 

Humpbry  :  Ttae  Humui  Bkulelun.  tnclitrtlng  tbe  Joints.  Uindon.  IBj8. 
Henke  und  Ke^ber :  Ueber  die  Eotwlckelune  der  Uetonke.  Sluunga- 

ber.  der  Wiener  Atad.  der  Wlawnscb..  Ud.  Ixi. 
Aetiy :  Der  B«u  Am  menartilkben  KOroen.  Leipzig.  ISH. 
Mutin:  Ueber  die  GelfokmuskelD  belm  MenH-hen.  Krtangen.  1DT4. 
Heyer:   Die  Sullli  und  Hecbaulk   ilea   mensctal.  Knoi^DirenlsUs, 

Leipzig,  ISTS. 

Frnuk  liikei: 

ARTHROPATHIES  OF  NEUROTIC  ORIGIN.— As  far 

back  as  1831  the  elder  Mitchell '  first  desciibed  peculiar 
joint  troubles  that  affected  individuals  who  had  suffered 
from  cerebral  disease:  and  in  1B40  Scott  Alison,'  of 
London,  more  fully  described  these  sequelie.  presenting 
several  cases  in  which  the  joiutsof  the  paralyzed  side 
only  were  affected.  This  arthritis  lie  bi'lievcil  to  be  due 
to  a  condition  of  the  articular  surface  which  results  from 
the  diminished  vitality  of  the  paralyzed  parts  and  the 
presence  of  uric  acid,  which  under  such  circumstances 
acted  as  an  irritative  agent. 

Latfr,  Brown-Seijuard *  and  Charcot*  directed  atten- 
tion to  the  reallv  iniportant  nature  of  such  complications 
of  organic  pamlysis,  and  the  early  researches  of  Al[>^n 
Durand-Pardei,  Valleix,  Grisolle,  and  others  have  iKin 
collected  and  carefully  considered  by  them.  Buzzard 
later  investigated  these  arthropathie*.  especially  In  con 
nection  with  locomotor  ataxia. 

It  would  appear  that  such  morbid  clianges  are  usiiall\ 
associated  with  those  forms  of  cerebral  and  spinal  diseasi 
in  which  thesensory  tracts  are  most  cxt«nsively  invadid 
though  this  is  by  no  means  the  invariable  rule.  They 
are  common  in  i>oslerior  spinal  srlerosis  and  rare  in  essen- 
tial spinal  paralysis,  an  affection  in  which  disorders  of 
sensibility  are  tlie  exception.  They  are  rare  in  cerebral 
disease  without  some  ascending  degeneration  symptoni- 
atized  by  pain,  and  the  observations  of  Cliarcot  regard- 
ing thecentral  lesion  would  bear  tliisout.  Arthropathies 
maybe  eithercerebralor  spinal,  and  the  former  arc  much 
more  rare  tlian  the  latter.  They  have  been  observed  in 
connection  with  coarse  brain  disease,  such  as  H()fteninc, 
with  hemorrhage,  tumor,  or  sclerosis:  and  are  usually 
early  symptoms  of  established  cerebral  mischief;  espe- 


cially is  this  true  in  the  matter  of  hemorrhage.  After  a 
period  of  from  fifteen  days  to  several  months  aft«r  the 
acute  central  trouble  we  tind  that  the  joints  of  the  para- 
lyzed liand  or  foot  become  affected — the  former  more 
often  (Charcot)  —  coiucidently  with  the  contractions 
which  mark  the  advent  of  rigidity  and  secondary  de- 
generation. Id  Alison's  cases  the  knee  and  ankle  were 
affected. 

joint  disturbances  begin  in  one  of  two  ways: 


the  parts  attacked.  In  the  first 
form  there  develops  rather  sudden- 
ly, within  a  few  weeks,  a  swell- 
ing which  is  unattended  by  any 
marked  rise  of  temperature — at 
least  by  any  such  rise  as  we  would 
expect  to  And  in  an  acute  ar- 
thritis of  purely  rheumatic  origin. 
There  are  but  little  local  heat  and 
pain,  but  a  great  deal  of  mireiieu 
when  the  limb  is  moved.  Jarring 
produces  only  incoDsiderable  suf- 
fering, 1  have  never  met  with 
the  degree  of  pain  described  by 
Tfrown-Seiiuard.  There  is  more 
or  less  pain  produced  by  pressure 

over  the  tendons,  the  sheaths  of   ^      „,„     .    ,_        .     , 
wliM«!emlobotaTOlv.d.    Tli.  "SiMuSS"S£ 
ioint  is  greatly  swollen,  the  en-      zard.i 
largement  being  made  much  more 

prominent  in  old  cases  by  reason  of  the  atrophy  of  mus- 
cular masses  in  the  vicinity.  There  seems  to  be  a  deep 
involvement  of  the  joints  and  of  adjacent  parts,  and 
though  there  may  be  a  synovitis,  it  is  of  a  low  grade, 
and,  as  Buzzard'  has  pointed  out,  there  is  really  great 
tumefaction,  which  characterizes  the  familiar  form  of 
chronic  synovitis,  in  which  there  are  three  points  of 
swelling,  viz, :  above  the  patella,  and  on  either  side  of 
the  ligamentum  patellie. 

The  appearance  of  the  affected  joint  is  peculiar.  Tbe 
swollen  limb  shows  a  duskiness  and  hardness  in  the  be- 
)!inning,  and  a  cold,  "white  hardness"  in  the  old  cases. 
In  some  eases  there  is.  after  a  tew  duvs  or  weeks,  a  sub- 
sidence of  theswelling.  and  then  certain  osseous  changes, 
to  be  presently  described,  take  place. 

The  occurrence  of  tpinal  arthropntby  may  follow  a 
variety  of  conditions.  As  has  been  pointed  out  by 
Mitchell.  It  may  be  connected  with  Pott's  disease,  with 
myelitis  (Gull),  with  tumors  of  the  gray  substance  of  the 
cord  (Buzzard),  with  posterior  spinal  sclerosis  (Charcot), 
and  with  traumatic  Injury  of  tbe  cord  (Vignes  and 
Joffroy). 

Acconling  to  Charcot  the  coudltion  is  often  an  early 
complication  of  posterior  spinal  sclerosis,  hut  others 
think  that  it  belongs  to  the  late  stages  of  the  dis- 
ease. It  is  quite  true  that  in  acute  myelitis  we  may 
have  a  rapidly  developing  arthropalhv,  but  in  cases  In 
w  Inch  it  IS  associated  with  a  tumor  of  the  cord  or  with 
locomotor  ataxia  the  affection  is  a  much  more  slow  af- 
fair Charcot  believes  tliat  those  arthropathies  which 
affect  the  upper  extremities  in  the  disca-ie  under  consid- 
eration arc  always  secondary  to  others  involving  the 
tow  er  extremities,  and  come  onl^  late  in  the  disease  as  a 
nsult  of  extension  of  the  morbid  process.  Buzzard  re- 
ports a  case  which  contradicts  Ibis,  and  the  author  has 
seen  othera. 

The  enlargement  in  the  chronic  variety  Is  slow,  and  a 
point  is  finally  reached  when  deep  destructive  processes 
begin,  the  articular  surface  of  the  bones  bcin;;  worn 
awav  or  absorbed,  so  that  movement  of  the  joint  on 
manipulation  will  pnMliiee  a  peculiar  creaking  or  crack- 
ing sound:  and  when  the  joint  has  for  some  time  been 
the  seat  of  the  trouble  it  iscommontor  luxation  to  occur. 
The  position  of  the  extremity  upon  the  bed  is  peculiar, 
and  the  patient  often  presents  a  most  strange  deform it}r. 
Happily  the  arthropathy  need  not  always  go  on  to  this 
Stage,  and  it  occasionally  happens  that  cures  are  made. 
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On  the  oilier  tiBDil.  the  erosion  and  destruction  may  tic 
very  rapid.  Charcot  says-  "Even  witliin  two  weeks,  or 
sooner,  the  *  croqiiements '  may  be  detected,  which  indi- 
cate a  nrofnundalleralirin  in  the  articular  HiirfHces. "  At 
the  end  of  tlnee  months  the  head  of  the  hiimcnis.  in  <)nu 
of  Lis  esses,  was  found  to  be  almost  completely  destroy  cil. 
Pbo«ressive  Akthropatbv. — There  is  a  form  of  ar- 
thropathy of  a  progressive  nature  of  which  1  have  seen 


niBEmtillnK  Acromegaly. 


but  one  true  case,  anil  I  do  not  know  tluit  any  other  )ins 
been  re  pn  fled  In  tlie  pulit-ul  wlio  came  under  my  notice. 
a  sudden  swellin.i;  of  both  ankles  oeeurrerl.  with  little 
or  rill  pain,  and  in  les^s  tlwu  one  year  both  thumbs  an<l 
r\nii  linf;era  lH'<-anic  iu  turn  alTecti-d.  and  ultimately  both 
little  tinj.t'rs.  Tlic  meta(.'ari>al  Joints  were  the  scut  of  a 
hani  ami  qiiit«  extensive  swelling.  v'Mi  some  ecneral 
nedcma.  more  marked  on  tlic  palmar  surface.  Tlie  i>a- 
ticDt  could  flex  neither  tJie  thuinl)  nor  the  other  alTccted 
fingers,  but  the  seeimd  anfl  IhinI  fingers  seemed  to  lie 
unim|-Hiired  so  faras  their  mobility  was  concemMl  The 
ankle  joints  were  la\  and  Home  absorption  of  bone  Jiad 
evidently  taken  plac^e.  There  was  no  history  of  goul  in 
litis  case.  The  patient's  urine  waselearand  it  was  pasw'd 
in  lar)(e  qiianlilies,  and  I  liad  no  reason  to  snspirct  tile 
uric  acid diat liesis  Tile affecletl  parls  liad.  /ifforf  the np- 
peanince  of  swelling,  bif-n  the  scni  of  ueurultric  jiains. 
Tberight  pupil  wusHmnllertiiiin  the  left,  and  there  were 
inlcn-siinj;  nutritive  skin  cluinges  uud  a  peculiar  slow- 
ness of  |,^it.» 

The  history  of  art hroimt hies  in  general  furnishes  us 
with  iMiinls  whi(;h  enahlt:  us  to  make  a  coni[>anttively 
clear  diagnosis.  Tiie  anteeedeiit  et'reliral  or  s|)iiiid  dis- 
ease is  a  ilctcniiiniiig  factor,  and  the  [>e(;uliar  nature  of 
the  Joint alTectiiin itself  is e<mctusive.  It  is  unneies.-Mry 
to  repeat  here  what  hiis  ulreaily  been  said  about  1  he  poa- 
stbilily  of  confusing  llie  contlilirin  in  ([Ucstion  with  or- 
dinary chronic  svnoviiis,  1  mnv.  however,  n-niiud  the 
niaderlliatthceffusionisiihvaysiH'ne:ithlhemus<-lc's.and 
the  skin  lias  a  polished  uppearatice  tinil  presenls  no  ap- 
pearance suggestiveofinllanunulion  There  isoflcu  great 
«ml>arnissnient  tn  flexion,  though,  uk  iu  Buxzuitl's  case, 
extension  is  not  inlerfei-ctluilh.  und  tiierciauo  pitting  at 
the  joint.  In  the  case  alludiil  to.  he  miule  an  application 
of  tile  electrodes  of  an  induelion  Initterv  over  the  quadri- 
cei>s  muscle,  just  above  the  patella  %Vlien  the  swelling 
was  very  great,  he  obtained  a  powerful  conl  met  ion.  which 
proved  the  fact  that  the  niusile  was  superQeial  to  the 
llui<l.  The  afl'cctinn  somelitnes  resembles  /irllirifiK  <le- 
fiirmiiita.  but  it  rarely  involves  the  hi])  Joint.  It  is  of 
sudden  appearance,  is' often  cured,  the  elTiisiim  is  greater 

•This  ca^  wan  rpp-ini-d  In  Ilie  nrUedltliin  »[  tbia  worli.  and  nlnre 
tlipn  It  hiu  ii>  inanv  uiiys  nteiiihled  ttK  dlNeasr  Hhich  was  aCierward 
Jlescrlbed  ta  sdvuiFRUy. 


and  the  swelling  more  general  than  in  the  latter  disease, 
and  there  are  luxations  as  the  result  of  erosion,  which  is 
not  the  case  in  rlicumatoid  arthritis. 

Cliarcot  has  found  In  one  case  evidences  of  a  true  syn- 
ovitis— multiplication  of  nuclear  elements  and  thicken- 
ing of  fibrous  tissue — increase  in  size  and  number  of 
capillarr  vessels,  and  an  increased  amount  of  exudation 
cnntainfng  h'licocytes.  In  this  case  he  found  macro- 
scopic lesions  of  the  cartilages  or  of  the  ligamentous 

In  I  cases  of  cerebral  origin  a  variety  of  interesting 
cl  ani,  3  were  found  by  Alison,  but  none  threw  much 
g  upon  ilic  pathology  of  the  condiiion,  and  the  same 
I  ng  ay  be  said  of  the  autopsies  presented  by  other 
obsi  vers  Charcot,  however,  found  that  in  locomotor 
a  ax  a   here  was  a  disappearance,  upon  the  same  side  of 

e  body,  of  the  posteriur  lateral  group  of  large  celts  in 

e  an  erior  cornii  A  ea.se  presented  by  Joflroy  and 
h  n^  if  was  carefully  studied,  and  it  was  found  that  the 
ail  no  gray  horns  were  "remarkably  atrophied  and  de 
f  n  I  "  Pig  850  repres<;nls  a  section  made  through 
he  an  rior  hortis  in  the  cervical  cord  of  a  patient  who 
p  s(n  d  an  arlliropalhy  of  the  shoulder  joint  Id  a 
sec  n  1  -use  which  was  examined  by  these  investigators, 
and  n  which  the  knee  joint  was  a'lTccted,  it  was  found 

a  h  anterior  gray  substance  in  the  lumlwr  region  had 
un  I  1.  ne  a  conspicuous  alteration.  Charcot  docs  Dot 
l)chete  that  this  degeneration  is  a  result  of  functional 
inertia,  hecuiise  in  his  cases  there  was  considerable  free 
dom  of  movement,  and  the  central  appeaisnees  did  Dot 
resemble  in  the  least  those  found  after  amputation 

The  pi>i(inmi»  of  pr<)gressivc  arthroimtliy  is  by  no 
means  good,  although  it  has  been  clalmeil  that  cur«a have 
been  effected.  The  benefit  of  therapeutic  measures,  if 
to  be  obtained  at  all.  must  tie  shown  at  an  early  period. 
and  if  the  morbid  jirocess  ha.s  gone  so  far  as  to  result  in 
destruction  of  the  articular  surfaces,  little  or  nothing  can 
be  gained  by  any  Ireaimcnt  It  must  be  ailmitled  that 
iu  spinal  disease,  especially  when  the  arthropathy  is  as- 
siK-iuted  witii  gasinc  crises  and  with  other  symptoms 
suggestive  of  advauceil  cord  destruction,  the  prognosis 
is  wellnigh  hopeless 

The  trt'itiiuiU  of  these  Joint  affections  consists  in  tbe 
exhibition  of  the  iiniideof  potassium  in  very  large  doses 
— even  one  lialf,  or  In  some  cases  two  thirds,  of  an  ounce 
daily  in  Vichy  water— and  in  the  free  application  of  the 


cry  to  both  the  spine  and  the  affected  joints, 
.'iiret'ul  Imudaging  and  the  applicalion  of  si  raps  of  the 
1  in moniiited  mercury  plaster  are  of  use.  while  perfect 
t'St  is  indispensable  Alhiii  Mcl^ne  Hamttlou 

1  Aniprfi'SD  Jnuniil  iil  the  Mnfliral  Srl«icrg.  vol.  illl..  1S3L  p.  05. 

'  \^n]na  IjiDrei.  ISW,  viil.  1..  p.  Sr7. 

'  Ijinih'ii  l^rHvl.  July.  IMI. 

•  Uifna  nw  li'siiuiliullRi  dii  BT9if-ine  nervMii.  IHTS-Ta.  p.  100  et  aeq. 

'  iilai-iuies  •>l  Itie  .NiTviius  SyBt«ui  |i.  ^\i  elHq 

ARTIFICIAL  EYES,— (French.  (Kii  nrtifieid;  Ger 
nan.  Kiinetliehe  Atige.) 

llitlorn—'VUv  use  of  an  artificial  eye  to  hide  the  ugli 
less  of  an  empty  socket  or  to  conceal  the  deformity  of 
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ArtlAclal  Bjern^ 


a  shrunken  and  discolored  eyeball  dates  from  very 
early  times.  Historians  have  traced  its  origin  to  the 
Egyptians  of  the  third  and  second  century, B.C.,  basing 
their  claim  on  the  discovery  of  mummies  and  animals 
in  whose  orbital  cavities  artificial  eyes  had  been  placed. 
Artificial  eyes  are  also  mentioned  in  the  works  of  Am- 
brose Pare  (1582).  and  of  Hieronymus  Fabricius  (1613). 
Crudely  constnicted  of  gold,  silver,  glass,  and  painted 
wood,  the  ancient  eyes  bore  but  little  resemblance  to 
the  modern  finished  article,  but  were  rather  imitations 
of  eyes  than  artificial  eyes  These  materials  later  gave 
way  to  specially  prepared  glass  or  porcelain,  and 
toward  the  commencement  of  the  eighteenth  century 
the  porcelain  eyes  were  still  further  improved  by  an 
enamel,  which,  by  reason  of  its  durability,  its  resistance 
to  the  chemical  action  of  tears,  and  the  facility  with 
which  it  received  and  retained  colors,  was  generally 
adopted  The  industry  was  brought  to  a  scientific  basis 
by  Boissonneau.  who  introduced  between  1840  and  1866 
many  improvements,  and  created  practically  the  eye  that 
is  worn  to  day. 

Manufacture  — First  class  artificial  eyes  are  made  in 
man^  of  the  large  cities  of  Europe  and  America  The  art 
consists  in  the  preparation  of  the  material  from  which  the 
shell  is  made  and  in  its  shaping  and  coloring  The  chem- 
icals that  enter  into  the  composition  of  the  glass  are  anti- 
mony, calcium,  borax,  uranium  or  manganese,  oxide  of 
tin,  arsenic,  and  fine  flint.  The  artist  is  seated  before  a 
table  with  a  blow  pipe  attached,  the  flame  being  regulated 
by  hydraulic  pressure  so  that  it  is  strong  and  steady  To 
this  lieat  the  tubing,  closed  at  one  end,  is  subjected  As 
soon  as  it  is  at  a  white  heat  the  maker  blows  the  ball  and 
shapes  it,  then  at  the  proper  moment  he  takes  a  stick  of 
pigmented  glass  and  places  a  drop  on  the  summit  of  the 
ball;  it  is  then  heated  again  and  at  the  same  time  flat- 
tened. This  colored  glass  represents  the  iris  By  a 
process  of  teasing  the  iris  is  made  to  have  a  blending 
of  colors,  a  highly  artistic  process ;  then  a  darker  stick 
of  glass  is  fused  to  the  centre  of  the  iris  to  form  the 
pupil ;  as  the  next  step,  the  cornea  is  formed  of  trans- 
parent crystal  The  colored  tubing  is  now  drawn  out 
until  it  has  the  diameter  of  the  finest  silk  thread,  and. 
by  using  its  melted  tip  as  a  brush  or  pencil,  the  delicate 
shadings  and  vein  tracery  are  produce<l.  After  this  the 
ball  is  again  heated,  is  cut  from  the  stem  on  which  it 
was  previously  held,  and  its  sharp  edges  are  rounded  off. 
When  completed  the  shell  has  an  ovoid  form,  concavo- 
convex,  the  surfaces  bein^  smooth  and  enamelled  The 
pupil  in  the  artificial  eye  is  made  of  the  average  size,  or. 
when  made  to  order,  of  the  size  of  the  patient's  pupil  in 
daylight.* 

Within  the  past  few  years  ophthalmic  surgeons  and 
opticians,  having  become  dissatisfied  with  the  results 
obtained  b^  prescribing  practically  the  same  shaped  eye 
for  all  orbits,  have  paid  greater  attention  to  the  fitting 
of  individual  orbits  with  individual  eyes,  by  making 
such  alterations  in  their  outlines  and  changes  in  their 


FIG.  351. 


Pig.  352. 


Figs.  351  and  352.— Fig.  351.  Anterior  View  of  Eye  Adapted  to  Deep 
Upper  Fornix.  Fig.  25St,  ProQle  View  o(  Same  Eye-  1,  Nasal  ex- 
tremity ;  2,  temporal  extremity 

curvature  tliat  thev  may  be  adapted  not  only  to  normally 
shaped  orbital  beds,  but  to  those  that  present  cicatricial 
bands  or  other  obstacles  to  the  wearing  of  the  average 

*  Tbis  description  is  taken  from  the  previous  edition  of  the  Refkr- 
KNCK  Handbook.  Its  accuracy  has  been  verified  by  the  present  writer 
during  a  visit  to  the  factory  of  MtUler  Bros.,  Wiesbaden,  Germany,  in 
the  summer  of  1808. 


eye     Such  modifications  are  represented  in  the  accom- 
panying figures. 

The  ingenious  adaptation  of  the  common  eye  of  the 
shops,  shown  in  Figs  356  and  857,  was  suggested  by  Dr. 
J.  L.  Borsch,  Jr  .  Paris,  France.  It 
may  with  little  trouble  be  adapted  to 
most  orbits  with  entire  satisfaction. 
In  a  normal  socket  the  plate  will 
be  at  right  angles  to  the  sides  of 
the  shell.  The  plate  is  fastened  to 
the  eye  by  means  of  silicate  paste 
and  the  line  of  juncture  is  pro- 
tected by  a  thin  layer  of  wax  In 
order  to  overcome  the  expansion 
of  the  air  contained  between  the 
plate  and  shell  that  would  neces 
sarily*  follow  when  the  tempera- 
ture of  the  eye  is  raised  to  that  of  the  socket,  the  shell 
and  plate  are  brought  to  the  temperature  of  100**  F.  or 
over  while  being  cemented. 

The  object  of  wearing  an  artificial  eye  is  cosmetic,  to 
conceal  a  glaring  deformity,  and  therapeutic,  to  prevent 
asymmetrical  growth  of  those  bones  of  the  face  which 
enter  into  the  formation  of  the  orbit.    A  further  object 


FIG.  863.— Solid  Eye. 
One  of  three  patterns 
described  by  Mr.  Snell 
in  Ophthalmic  Re- 
view, and  devised  to 
avoid  the  suction  in- 
cident to  the  usual 
concavo-convex  shell. 


Fio.354.— The  Average  Eye.  1, 
Nasal  exu^mliy ;  2,  temporal 
extremity. 


FIG.  855. —A  Complete  Ball  with 
Indentations  on  Superior  and 
Inferior  Sides  for  Lids. 


is  to  give  relief  to  the  conjunctival  irritation  caused  by 
distorted  eyelids  and  inturned  eyelashes,  often  the  ac- 
companiments of  eyeless  orbits 

The  Comjxiratite  Value  of  Substitute  Operations, — For- 
merly, enucleation — removal  of  the  ball — was  the  only 
radical  operation  performed,  but,  with  the  object  of  pre- 
serving or  creating  a  bed  over  which  an  artificial  eye 


Fig.  366. 


FIG.  857. 


FIGS.  31)6  AND  357.— Fig.  356  Shows  the  Common  Eye  with  a  GUub 
Plate,  whlcii  Forms  the  Base  of  the  Concavity  of  the  Eye.  The  plate 
may  l>e  cemented  forward  or  Iwckward,  or  to  one  or  the  other  side. 
In  order  to  tilt  the  oomea  into  any  desired  direction.  Fig.  357«  the 
plate. 

may  be  worn,  and  by  which  movement  and  concomitant 
rotation  will  be  imparted  that  will  be  superior  to  that 
following  simple  enucleation,  various  other  operations 
have  been  suggested:  optico  ciliary  neurectomy,  or  divi- 
sion of  the  optic  and  ciliary  nerves  with  retention  of  the 
ball;  sclero-optic  neurectomy,  or  resectioH  of  the  pos- 


Fio.  358. 


FIG.  359. 


Figs.  368  and  860.— Fig.  868.  Aluminum  Button-Shaped  Vitreous. 
Fig.  350,  Aluminum  Vitreous  with  Flat  ur  Concave  Base. 

terior  part  of  the  sclera  and  of  the  adjoining  optic 
nerve,  eviscero  neurotomy,  or  emptying  the  scleral  sac 
and  dividing  the  nerve;  evisceration,  or  emptying  the 
scleral  sac;  evisceration  with  the  insertion  of  an  artificial 
vitreous ;  implantation  of  a  glass  or  metal  globe  (such  as 
is  shown  in  Figs.  355  and  3(K))  in  Tenon's  capsule  after 
enucleation :  abscission  of  the  anterior  third  or  fourth  of 
the  ball ;  and  complete  keratectomy  or  abscission  of  the 
cornea.  But  most  of  these  operations  have  few  advo- 
cates because  of  their  failure  to  accomplish  the  objects 
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for  wbicli  tbcy  wi-ri'  di'vi«>(i  or  bircaune  they  have  bwn 
proves  tobi'uii  iiuiiilUi-ifni  bunier  lo  flvmpaihvlic  fn- 
flamtiiatioti.  Tbe  RtroDt'cxt  rival  to  enucleation  is  Ihe 
Mules'  opcralioD — cviscLTUtion  with  the  Insenion  of  nn 
arliftcial  viireous.  Optratorsarf  divided  in  theiropioioD 
as  In  the  value  of  tliis  pnx'cdure.  It  is  eoiiceiicd  tliai  it 
will  give  iileul  cosint-tie  reimtls  when  suroessrid.  It  Imm. 
however,  not  been  gent-mlly  adopted  for  the  folluwio); 
reasons:  the  rractiuu  U  far 'raon>  Hcvere  than  tliat  arier 
enucleation ;  the  recovery  is  more  prulontn^l— h  aerious 
obstacle  to  the  breadwinner;  tlie  danicer  of  synipatlietic 
iDflamraalion  U  not  avnidcil:  the  arliHtiui  vllrenns  In 
aubjcct  to  fructMn'orulteniiioD  insliatw:  fmni  accidentR. 
primary  success  iit  no  assuraiiee  iliac  tlie  vilrcous  mibxtl. 
tuto  will  bn  pcntianeollv  retained :  euiiclealion  of  tlie 
M-leral  sac  nmy  lie  cIcniaDtled.  The  advantages  etaiiiuil — 
viz.,  ihat  tliuai^ificialeyois  innrc  movable,  nwltit;  to  Ihe 
belterstunipsccun-d.  and  tliat  (heo|H'rati«neaD  lie  safely 
performed  in  panophtlialniitis — lio  not  warmni  lis  fre- 
quent performance  iir  lis  un<|uallllcd  adoption  as  a  sub' 
fltitute  for  enueleation.  If  weexrcpt  the  iniilali'd  cases 
in  wliicli  Mules'  opcmlion  is  suceetutful.  the  nuM  n)ov- 
able  support  for  the  pixitlK-sis  is  aHonlcd  when  as  the 
first  step  of  enucleation  Ihe  distal  extremilies  of  the  riH'Ii 
muscles  are  united  by  suture  to  a  mass  that  is  covered 
by,  and  later  becomes  amatjnited  with,  the  eonjuiKriiva. 
"Tlie  cnniparativc  viiliic  of  eniicli'ation.  eviseeration. 
and  Mules'  openilion.  consiih'nil  only  in  n'fercnce  to 
the  eonconiilant  movements  of  the  pnithctils.  is  well 
shown  in  the  table,  made  from  recent  invc»ii,iratiotis.* 


Cft(ti«ii/f(«--lr((>VM(£j/r.— IiMhe  choice  of  an  ariittcial 
eye  one  must  be  giiiili'd  by  the  sizcHud  shape  of  llu-  siM-ket 
and  by  Ihe  condition  of  rlieorbiliil  cimlculs.  Only  loev- 
(^epliiinul  cases  is  the  seli^-tion  from  the  1ar)re  sliH'k  car- 
ried !.y  optieians  dilllcull.  Wlu-n  irn-Kularily  of  llii- 
<'oiijuni*livid  KIR  demands  a  Miw-cially  const  rueteil  eye  n 
IcailLii  paitL-rn  way  Is-  moulded  froiii  which  the  arti'llcal 
'   is   fashiiiiied.      In  ca-iCH  of  small 


siVki'l 

plass    sh-'lls   iKi- 


(if    i 


scales 


I. in  uiirii 

the   cul  ri,-s!ic    hiis    bi-i'ii    sutlieii'mlv 
ria.  3eo.-GlBM      slri'lc'li.'d.     U    is    r-ssiinml    m.i    otilv 
B"^"-  lliiil   lb,,  ivi-  sliidl  l-iok   uill  bill  thii'i 

it  shall  l>i'  ciiiifiiitiihly  w..rii  iiu.l 
not  cause  Irritation.  Tbi'  |pi>iiiis  tn  !"■  cunsiiliTrd  nn; 
that  it  shall  resemble  lln'  Knuiiit  eve.  Mimi  it  sliall  hiivi' 
both  mobility  and  mabiliry.  .iiid' rhal  it  sliiill  iiisih- 
bc  adapted  to  the  orbilul  conieiir^i. 

The  si  ability  depends  upon  llir  iKinniH'  iKljiisitiii'iit 
to  the  conjimclival  bed  behind  ami  1<>  Ihi'  liil.-i  in  Innir. 
upon  the  degree  of  rurvatui>'.  uml  ii]»in  ibe  l-'nL'rli  of 
the  prothesis  In  relallon  to  the  leiiirlhof  ihec<imiiii>:-:iLn'. 
The  siKe  of  Ihe  eye  must  he  parlicuhiriy  n  (.iirilid :  if  It 
Is  too  large  the  lower  lid  in  piisheil  in.  the  iid-d< -sjie  is 
effaced,  and  the  eye  is  spontaneously  [inirnidi^l;  it 
it  is  too  small  it  shifts  its  position  indepr'iidcntlv  of  the 
movements  of  the  other  eye,  and  engiitres  ilsi'if  iu  ihe 
superior  eiil-de-sac.  so  that  Its  lower  border  is  proiniderl 

.  rr-linmr>-. 


fn)m  the  inferior  cul-de-sac.  A  contraction  of  the  coa- 
juuctival  aac  may  form  a  bridle  that  will  necessitate 
eiilting  a  pieti^  out  of  the  eye  or  surreal  intervention  in 
the  orbit  for  the  destruction  of  the  bridle  and  rehabilita- 
tion of  ilie  sac. 

A  defective  or  mttfltted  protheds  will  cause  pain 
throughout  the  entire  orbit  or  at  that  portion  of  the  coo- 
jimciiva  which  is  wounded  by  the  im- 
pv'rfectlun  and  aggravated  by  all 
movements.  If  the  eye  is  too  con- 
vex forwanl.  it  encroaches  upon  the 
lid  at  an  acme  angle  and  wounds 
it:  if  it  is  loo  flat,  its  posterior  sur- 
face rests  in  contact  with  the  cnmca  ^la.  381  — Lucnlul 
or  with  tlie  cicatrix  and  produces  PoaierlDrvie*. 
pain.  An  old  eve  lliat  has  lost  its  ■boniiw  Mpume « 
polish  gives  the  insalion  of  a  foreign  S^JIS'Si^.dlS 
IkhIv  in  Ihe  orbit.  uilon  idio  itaUo* 

lit  Interl  nn  Arlijieial  Eyf.—Tbc       lower  lomli. 
upper  till  is  elevated  hy  traction  on 
the  skin  below  the  orbilal  margin:   the  upper  edge  of 
Ihe  sliell  is  intriHliiccd  under  the  upper  lid  and  slmott 
in  contact  with  it  until  tlie  superior  border  of  Ihecoinea 
is  hidden  by  the  ciliary  bonier  of  Ihe  lid. 

The  lower  lid  is  now  retracted  and  partly  everted, 
sufHdently  far  to  permit  Ihe  lower  edge  of  the  eye  lo 
escape  it  and  to  pass  into  the  lower  cul  de-sac.  By  eaay 
movements  vertically  anil  laterally  the  eye  is  forced  into 
lite  sock<'t,  where  It  is  held  by  tlie  lids. 

T/>  lirmoTt  th*  i^.~Tlic  head  of  a  Urge  pin  or  a 
simitar  instmment  is  inserted  under  the  lower  border  of 
ihe  eye.  during  ever^on  of  the  lower  lid.  and  by  tblt 
mean's  Ihe  artiflcial  eye  is  gently  pried  out  so  that  the 
Inferior  edge  may  |ias8over  the  lower  lid.  when,  by  hold- 
ing Ihe  head  slightly  forward,  the  eye  will  fall  into  the 
extended  hand,  .\fter  a  short  experience  the  insertioa 
and  removal  of  the  eye  are  easily  and  safely  done. 

Can  of  the  Eye.— The  eye  should  not  be  worn  for 
twenty-four  consecutive  hours.*  At  night  it  ahoutd  be 
lakcii  out  and  cleansed  with  snap  and  water  and  allowed 
to  remain  in  oil  until  morning.  I'nder  favorable  dr- 
arlltlclBl  eye.  when  well  made  and  fitted. 


down  and  i 
by  a  new  one. 

Cure  Iff  Ihe  Orbi(. — How  soon  after  operation  may  a 
glass  eye  he  worn*  The  inierval  depends  upon  the 're- 
action folluwhig  operulion.  u|Hm  Ihe  disease  of  theeye 
tliat  ni'cesiiitated  iU  removal,  and  ujMn  the  time  required 
for  pi-rfcct  licalin":  of  the  tissues.  Writers  specify  the 
average  inltTval  after  the  usual  operationsnsfour  w'eekfi. 
We  have,  in  a  nutidicr  of  instances,  when  it  was  impor- 
lant  that  tlic  patient  should  return  lo  his  occu[wtioD  as 
soon  as  iiiisslble,  inserted  the  eye  seven  days  after  eau. 
i-li-.iIion  iind  have  liad  no  reason  to  regret  the  action. 
Whi'U  nil  signs  of  pn-vious  disease  and  of  n-nctiou  from 
ilic  opemijon  luivi-  disappeared,  and  there  lias  been  nu 
cnmplnint  of  symiiatlielic  trouble,  Ihe  eye  may  l>e  worn 
wilhoiit  fear  nf  ('oiiset[Uenc<«.  After 'enucle.-it ion  for 
synipiithi'Iieirriliition.  at  l«ist  two  months  ahould  elapse 
bi'cause  of  \\\i:  danger  of  exciting  a  pHtbologlcal  prnceta 
lliiit  niii.v  he  destructive  to  the  opposite  eve.  Cases 
liiLvr>  bi'rii  recorded  by  Lawsim.  Monren.  Keyser,  Salo- 
iiKin.  iind  Waricinmnt  in  which  sympathetic  ophllialniis 
bas  fiilloH  rd  Ilie  wearing  of  an  anifielal  eye  over  atro- 
phied gli'lxs  and  after  enucleation.  This  acrident  is 
all  the  more  pmhidile  in  the  cas(>  of  a  Rtump  that  is 
ii^iilled  and  iminful.  In  threatening  sympaihctic  dis- 
i-ase  the  pmlliesisis  lindly  toleraled.  On  the  other  liand. 
unneii'-wary  delay  (-nhancirs  the  difflciilties  of  Inserting 
ami  wiiirinp  an  a'rtilii'ial  eye.  in  consequence  c>f  slirinb 
iiig  of  the  cimlenis  of  the  orbit,  which  is  prone  to  be 
rapid  and  prognssive.    For  the  lirst  few  days  after  fitting 
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an  eye  it  should  be  worn  only  an  hour  or  two  at  a  time, 
80  that  the  tissues  may  become  gradually  accustomed  to 
its  presence.  Should  inflammation  of  the  mucous  mem- 
brane arise,  it  is  to  be  treated  by  desistance  from  wearing 
the  prothesis  and  by  applications  of  cauterants  or  astrin- 
gents, such  as  silver  nitrate,  tannic  acid,  alum,  etc. 

Haicard  Farde  HanseU. 

ARTIFICIAL  LIMBS.    See  Limbn,  Artificial 

ARTIFICIAL  RESPIRATION.— This  procedure  is  fre- 
quently required  for  the  purpose  of  sustaining  a  feeble 
•■  and  failing  respiration,  or  to  restore  that  function  after 
the  lungs  have  ceased  to  act.  Its  value  as  a  restorative 
measure  is  undoubted,  and  by  its  use  very  many  lives 
have  been  saved.  If  death  in  its  proper  sense  has  taken 
place,  all  efforts  are  fruitless,  but  in  many  instances  the 
respirations  cease,  the  pulse  is  imperceptible,  and  all 
signs  indicate  an  absence  of  life,  yet  the  heart  remains 
in  action  and  the  blood  continues  to  flow  Clinical  ex- 
perience and  experimental  work  have  shown  how  life 
may  be  restored  so  long  as  there  remains  any  contractile 
power  in  the  cardiac  muscle,  and  on  this  is  based  the 
hope  of  artificial  respiration. 

The  length  of  time  that  may  elapse  between  the  cessa- 
tion of  breathing  and  its  restomtion  is  uncertain.  This, 
however,  is  not  of  much  practical  importance,  as  in 
nearly  all  cases  it  is  impossible  to  determine  when  the 
respiration  ceased.  In  cases  of  drowning,  smothering, 
poisoning,  etc.,  there  is  more  or  less  struggling  and  we 
are  unable  to  say  how  much  air  was  breathed.  In  the 
cessation  of  breathing  during  ansesthesia.  and  in  cases  of 
shock,  the  patient  is  under  observation  and  the  change 
is  quite  evident.  In  such  cases  assistance  is  at  hand  and 
efforts  to  restore  are  commenced  at  once.  Many  remark- 
able stories  are  told  of  long  periods  of  suspended  anima 
tion  after  which  recovery  has  taken  place,  but  all  are  un 
reliable.  Three  or  four  minutes  are  generally  given  as 
the  limit,  and  it  is  probable  that  if  respiration  has  cea.sed 
for  that  length  of  time,  death  has  taken  place.  The 
important  fact  is,  that  a  very  slight  interchange  of  air  will 
support  life,  and  no  matter  how  long  the  respirations 
have  apparently  ceased  there  is  the  possibility  of  moder- 
ate breathing,  and  every  effort  should  be  made  to  resusci 
tate.  What  is  of  great  importance  is  the  length  of  time 
that  artificial  respiration  should  be  maintained.  Many 
cases  are  reported  in  which  it  was  performed  for  ten, 
fifteen,  and  twenty  minutes  before  breathing  began,  and 
in  some  cases  it  is*  stated  that  an  hour,  or  even  a  longer 
time,  elapsed  before  natural  breathing  was  secured.  It 
ahould  always  be  continued  for  twenty  minutes,  and  if 
there  is  the  faintest  sign  of  life  no  limit  should  restrict 
the  operator.  In  some  cases  in  which  breathing  con- 
tinues, but  is  weak,  as  in  opium  poisoning,  it  may  be  re- 
quired for  hours.  In  the  asphyxia  due  to  gas  poisoning 
artificial  respiration  may  have  to  be  kept  up  for  days. 

The  apnoea,  or  asphyxia,  which  we  are  called  upon  to 
relieve  may  be  produced  by  two  distinct  conditions  It 
may  arise  from  an  absence  of  oxygen  and  the  saturation 
of  the  system  with  carbonic  acid  and  its  products,  or  it 
may  be  due  to  a  direct  action  on  the  medulla  and  to  paraly- 
sis of  respiration.  In  the  first  condition  the  air  breathed 
may  be  impure,  or  charged  with  carbon  monoxide,  or 
there  may  be  an  obstruction  to  the  entrance  of  air,  as  in 
drowning,  smothering,  hanging,  the  pressure  of  tumors, 
and  in  disease  of  the  air  passages.  In  the  second  condi- 
tion the  cause  may  be  traced  to  shock,  to  opium,  chloro- 
form, and  other  poisons,  and  to  disease  of  the  brain. 

The  various  methods  of  carrying  out  artificial  respira- 
tion are  directed  to  the  relief  of  these  two  conditions. 
The  alternate  expansion  and  contraction  of  the  lungs 
brings  to  them  the  pure  air  and  carries  off  the  impure,  and, 
at  the  same  time,  the  respiratory  centre  may  be  reflex ly 
excited  by  the  entrance  of  the  pure  air  into  the  lungs,  by 
'  the  sudden  pressure  over  the  chest  walls,  and  by  the 
drawing  forward  of  the  tongue. 

The  preliminary  treatment  of  the  patient  is  of  as  much 
importance  as  the  artificial  respiration.     It  varies  some- 


what with  the  various  causes,  but  it  must  always  be  care- 
fully observed  if  we  wish  to  obtain  success. 

In  the  first  place,  it  is  necessary  to  make  a  correct 
diagnosis.  Unless  the  cause  is  known,  all  efforts  may 
prove  of  no  avail,  as  some  important  detail  may  be 
overlooked.  If  the  air  of  the  room  is  impure  the  patient 
should  be  removetl  to  more  favorable  surroundings.  If 
any  foreign  body  obstructs  the  entrance  of  air  it  should 
be  removed ;  the  stenosis  of  the  larynx  should  be  over- 
come by  intubation  or  by  tracheotomy ;  in  cases  of  drown- 
ing or  smothering,  efforts  should  be  made  to  remove  the 
fluid  or  foreign  substance  that  may  have  entered  the 
lungs.  If  poisons  have  been  taken,  the  proper  antidote, 
the  stomach  pump,  and  lavage  will  be  required. 

Wlienever  there  are  indications  for  employing  artificial 
respiration  the  necessary  steps  should  be  taken  without 
delay,  as  the  first  few  efforts  may  save  the  patient's  life. 
At  the  same  time  the  many  other  means  of  resuscitation 
may  be  carried  on  by  assistants.  Heat  to  the  surface  of 
the  body  and  the  extremities  is  of  much  service;  if  the 
body  heat  has  been  lowered  by  exposure  or  by  immersion 
in  cold  water  this  becomes  a  necessity.  Death  from  drown- 
ing is  much  more  rapid  in  cold  than  in  warm  water,  and 
hope  of  recovery  is  much  greater  if  the  temperature  of 
the  body  is  maintained.  Fortunately,  heat  is  usually 
readily  procured.  The  transfer  of  the  patient  to  a  warm 
room,  the  removal  of  his  damp  clothing,  the  application 
of  hot  blankets  to  the  body  and  of  hot  water  bottles  to 
the  extremities,  and  the  employment  of  friction  over 
the  surface  of  the  skin,  are  all  measures  which  are  gener- 
ally available.  In  some  cases  it  may  be  preferable  at  once 
to  immerse  the  body  in  a  hot  bath  without  waiting  to  re- 
move the  clothing. 

Of  drugs,  the  cardiac  and  respiratory  stimulants,  such 
as  strychnine,  digitalin,  ammonia,  efher,  and  brandy, 
may  be  administered  hypodermically :  also  hot  stimu- 
lating rectal  enemata  may  be  used.  Oxygen  may  be 
added  to  the  air  inhaled,  particularly  in  the  asphyxia  of 
noxious  and  poisonous  gases. 

Blood-letting  has  been  recommended.  In  all  cases 
in  which  the  system  has  been  deprived  of  oxygen,  the 
lungs  are  congested  and  the  right  cavities  of  the  heart 
are  distended.  Under  such  conditions  the  abstraction 
of  venous  blood  will  lessen  the  engorgement  and  allow 
the  heart  to  regain  its  contractile  power. 

So  far  as  the  question  of  position  is  concerned,  it  is 
generally  recommended  that  the  patient's  body  be  in 
dined  slightly  upward  and  a  pad  of  clothing  be  placed 
under  the  back  to  raise  the  chest,  as  this  allows  of  the 
greatest  degree  of  ex  pansion.  Under  ordinary  conditions 
this  advice  should  be  followed,  but  in  the  failure  of  res- 
piration during  anaesthesia  it  is  desirable  at  once  to  lower 
the  head  and  Sioulders,  as  this  position  favors  the  flow 
of  blood  to  the  cerebral  centres  and  will  of  itself  revive 
many  patients.  In  cases  of  drowning  the  patient  should 
first  be  placed  with  the  face  downward  and  the  head 
lower  than  the  body,  the  tongue  being  drawn  forward. 
This  allows  any  water  that  may  be  present  to  escape,  and 
the  emptying  of  the  lungs  may  be  further  assisted  by 
pressure  on  the  chest  waUs.  The  position  of  the  head 
is  a  matter  of  the  utmost  importance,  as  upon  it,  in  a 
great  measure,  depends  the  freedom  of  the  air  passages. 
In  asphyxiated  patients  the  relaxed  tissues  allow  the 
epiglottis  to  close  the  larynx  and  the  tongue  to  fall  back 
against  the  posterior  pharyngeal  wall.  It  was  generally 
taught  that  traction  on  the  tongue  would  overcome  both 
these  obstructions,  but  it  is  now  well  known  that  draw- 
ing the  tongue  forward  exerts  little  or  no  influence  on 
the  epiglottis  unless  the  base  is  grasped  and  very  forcibly 
raised.  The  epiglottis,  however,  is  very  readily  raised 
and  the  air  passages  kept  free  by  maintaining  the  head 
in  a  proper  position :  but  much  confusion  has  arisen  from 
the  many  positions  that  have  been  advocated.  Sylvester, 
in  descnbmg  his  method  of  artificial  respiration,  directed 
the  head  to  be  held  '*in  a  line  with  the  trunk."  The 
committee  of  the  Royal  Medico-Chirurgical  Society,  in 
their  report  on  artificial  respiration,  states  that  "when 
the  head  of  the  subject  was  allowed  to  hang  back  over 
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the  edge  of  tlic  table,  air  Kenied  to  paRS  into  ibe  chest 
more  readily  tlian  when  the  biicli  of  Ihe  ht'Hil  rested  on 
the  table."  A  few  years  later,  Dr.  Howard  in  liis  In- 
Testigations  arriretl  at  Ihc  same  coaciusion,  and  in  his 
directions  he  recotnmendH  that  "a  roll  oF  clotUing  be 
placed  under  the  back  just  below  the  shoulder  blades, 
the  head  hauging  back  as  low  as  poaslhle."  Id  a  later 
paper  (Lancet,  Slay  22,  IB80).  iu  discusHing  the  proper 
position  of  the  beail  to  keep  the  epiglottis  raised,  he 
etat4!S:  "  Haviue,  by  bringing  the  patient  ti>  the  edge  of 
the  table  or  bed,  or  by  elevation  of  the  chest,  provided 
that  the  head  may  swing  ijiiite  fiee.  with  one  hand  under 
the  chin  and  the  other  on  liu-  vertex,  Bleadilv  but  flnnlv 
carry  the  head  backward  and  downward;  tile  neck  will 
share  the  motion,  which  must  lieciintinuett  till  the  utmost 
possible  extension  of  both  head  nod  neck  is  obtained." 
These  diverse  views  causeil  some  confusion  iu  regard  to 
the  proper  position  iti  whiel)  to  plaei'  Ihe  head,  but 
neither  one  siit>pl>Lnti-d  the  other.  The  influence  of  Dr. 
Howard's  work,  however,  was  widely  felt,  and  many 
cuts  representing  Dr.  Sylvester's  method  of  resuscitation 
represent  the  patient  witli  shoulderB  mixed  and  head 
hanging  low. 

Professor  Hare,  in  a  paper  (/oAm  Hvpkiat  JTotpitdi 
Bulletin,  January.  1SH5)  in  wliieh  be  d<-scribed  some  ex- 
perimenta  made  uiM)n  this  subject  by  himself  and  Dr. 
Edwant  JIarliu.  luis  advanced  a  step  further  and  advo- 
cated an  entirely  different  iHisitiim  of  the  head.  While 
agreeing  as  to  the  elfect  of  tbe  Howard  position  on  Ihe 
epiglottis,  lie  shows  that  it  ut  ttie  same  time  causes 
the  soft  palate  to  apply  ilscif  against  tiie  dorsum  of  the 
tongue  and  thus  cut  on  the  entrance  of  air  through  the 
mouth.  The  importance  of  this  is  apparent  when  we 
consider  how  large  is  tbe  number  of  pcrxfliis  in  whom 
the  nasal  passages  are  more  or  less  obstructed.  He 
states:  "It  the  head  is  extended  and  simultaneously  pro- 
jected forward,  both  Ibe  tongueand  epiglottis  are  raised, 
and  the  soft  palate  is  no  drawn  as  to  permit  of  free 
breathing  through  the  mouth  as  well  as  the  nost-." 

Of  Uie  many  methods  of  pcrfonuins  artiQcial  respira- 
tion, that  introduced  by  Dr.  Henry  R.  Sylvester  (lian. 
kin'i  Absii-aet.  1858.  li.)  is  almost  universally  adopted. 
Hodiflcations  suggested  by  others  may  be  eombined  with 
it.  but  In  nearly  all  ease»  tlie  principles  of  this  method 
are  followed  to  a  greater  or  tessexlent.  The  object  is  to 
imitate  the  action  of  tlii'  n'.spirBtory  muscles,  by  alter- 
nately raising  and  lowering  Ihe  arms.  The  patient  is 
placed  upon  his  Imck.  and  the  movementsare  made  slowly 
and  deliUrately  about  fifteen  times  in  the  minute.  Tlie 
directions  are  as  followK:  "Standing  at  the  jMitieiil's 
head,  grasp  Ihe  amis  just  above  the  elbows,  and  draw  the 
arms  steiiilily  and  gently  upwanl  ulH>ve  the  bi-ad  and 
keep  lliem   mn-tilietl   upward  for  two  SL'Conds.     Then 


turn  down  the  patient's  arms  and  press  Iheni  gentlyand 
flmily  for  two  seconds  against  llic  sidi-s  of  Ihe  {^nist," 

In  le.'ie.  two  years  previous  to  Dr.  Svlvcster.  Dr. 
Afarshall  Hall  had  iutroduced  bis  "readv  metlind."  In 
this  llie  patient  is  placed  on  his  face  iinil  pn:ssiire  made 
upon  the  back  to  expel  tlie  air  in  the  lungs.  He  is  (hen 
turned  on  tlii'  side,  in  whieli  position  the  lungs  can  more 
easily  expand.  The  directions  are:  "l'lac<'  the  |>atieut 
with  the  face  downward  and  one  of  tlie  anus  under  tlie 
forehead,  in  which  position  the  tongue  will  fall  forward 
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leaving  the  entrance  into  the  windpipe  free.  Turn  tlie 
body  very  gently  on  the  side  and  a  tittle  beyond,  and  then 
brisKly  on  the  face  again.  Repeat  the  movement  about 
fifteen  times  per  minute,  occasionally  varying  the  ride. 
On  each  occasion  that  the  body  is  placed  on  the  face. 


make  uniform  and  eflieient  pressure  on  the  back  and 
sides,  removing  tlie  pressure  imine«liately  before  turning 
the  body  to  the  side." 

These  rival  methods  produce«l  a  great  deal  of  contro- 
versy. Each  one  had  its  followers  who  praised  their 
method  and  decried  the  other.  Tlie  subject  attracted  so 
much  attention  that  the  Royal  Medical  and  Surgical  8o- 
ciety  appointed  a  cominittei'  to  inquire  into  the  relaUve 
merits  of  the  two  methods.  The  work  of  this  committee 
was  very  tboroiiglily  done  and  their  report  was  a  valu- 
able contribution  t()  the  subject  of  artifleial  respinitioB 
(Trans.  Royal  Med.  Chir.  Soc..  vol.  liii..  1802),  In  re- 
gard to  the  two  modes,  the  evidence  was  very  decidedly 
ID  favor  of  that  ad  v(x»ted  by  Dr.  Sylvester.  They  found 
that  by  his  method  tbe  amount  of  air  drawn  into  tbe 
lungs  averaged  about  thirty  cubic  Inches,  while  in  Mar- 
sbatl  Hall's  method  not  more  than  llfleen  cubic  iaches 
could  be  obtained.  Quite  recently,  in  18lt3.  Hare,  in  bis 
ex|)eriinentM.  which  were  carried  out  with  much  more 
exactness,  obtained  tbe  same  ]irepondemtIng  evidence 
in  favor  of  the  Sylvester  method.  He  found  that  tbe 
amount  of  air  e\p<'lled  from  tbe  lungs,  when  the  latter 
method  was  employed,  was  sixty -two  cubic  Inches,  while 
in  Hall's  it  aniouuled  to  only  twenty -two  cubic  inchea. 

In  addition  to  the  atlvantagc  just  mentioned,  Uiere  are 
others  whieli  Sylvester's  methiKl  possesses.  It  may  be 
easily  and  perft-etlj-  carried  on  liy  one  person,  while  the 
other  metliod  re(]uireB  tbe  presence  of  an  assistant  to  sup- 
port the  head  in  a  proper  position.  In  the  former  the 
two  sides  of  the  ciiest  are  being  acted  upon,  while  In 
Hall's  method  only  one  side  is  uudeigolng  expansion. 

Another  method.  ascrilR-d  bolb  to  Professor  Pacini  and 
to  Dr,  Bain  {"  Ilohiies'  System  of  Surgery,"  v.,  906),  re- 
uiiirestbat  traction  be  made  directly  upon'  the  sbouldeiv. 
According  to  Prof.  Pacini,  the  operator,  standing  at  Ibe 
palieut's  hrad,  should  phice  a  thumb  u|x>n  the  nead  of 
each  humenis  unil  his  fingers  in  each  axilla,  and  should 
then  draw  tbe  patient  upward  by  (be  sbouhlers  until  be 
occupies  a  silting  pusturif,  Aei-ording  to  Dr.  Bain's 
methotl  the  opemtor's  liHiids  are  to  be  placed  in  such  ft 
manner  tlial  the  tliuml>s  sliuti  rest  iiiion  the  patient's 
clavicles  while  Ills  fingers  press  apilnst  tbe  sides  of  the 
chest  in  tlie  uxilhe.  The  next  step  is  to  lift  the  patient's 
shoulders  upward. 

Ill  the  older  methods  of  resuscitating  Ibe  a))parenllj 
drowned  Ihe  effort  was  made  to  exiH.'l  the  air  from  the 


i-Hi.'x  coutroctioii  which  takes  place  in  the  diaphmgnt 
A'ben  pressure  isexerted  U|ion  it.  Among  these  methoda 
siHH'ia)  mention  should  he  made  of  that  of  Dr.  Benjamin 
Howard  {lAinert.  August  11,  18*7).  It  is  thus  described 
by  ils  author:  "Turn  the  patient  face  upward,  titcroll  of 
<'lolhiDg  put  under  his  back  just  lieibw  the  shoulder 
blades,  Ihe  hi>ad  banging  back  us  low  as  possible.  Place 
thepatieot'shands  together  above  his  head.    Kneel  with 
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the  patient's  hips  between  your  knees.  Fix  your  elbows 
against  your  hips.  Now,  grasping  the  lower  part  of  the 
patient's  chest,  squeeze  the  two  sides  together,  pressing 
gradually  forwaixi  with  all  your  weight  for  about  three 
seconds,  until  your  mouth  is  nearly  over  the  mouth  of 
the  patient;  then,  with  a  push,  suddenly  jerk  yourself 
back.  Rest  about  thi^'e  seconds,  then  begin  again. 
Repeat  these  movements  about  eight  or  ten  times  a 
minute.'* 

In  what  is  known  as  the  Michigan  method,  the  patient 
is  placed  with  the  face  downward.  The  operator  stands 
astride  the  body  and  seizing  the  shoulders  raises  them 
as  high  as  he  can  without  permitting  the  head  to  leave 
the  floor,  and  then  returns  them  to  their  original  position ; 
he  next  places  his  hands  on  the  lower  ribs  and  presses 
downward  and  inward  with  gradually  increasing  force; 
he  then  suddenly  lets  go  to  begin  again  with  the  first 
motion. 

Another  way  that  is  froquentljr  recommended  is  to 
apply  pressure  to  the  soft  abdommal  walls,  directing  it 
upward  against  the  diaphragm.  In  this  way  a  large 
amount  of  air  is  expelled ;  but  the  objections  are,  that 
considerable  force  is  required  and  that  there  is  danger 
of  injuring  neighboring  organs. 

Dr.  Howard  Kelly  {Johns  Uopkins  Bulletin,  January, 
1895)  describes  a  method  which  he  has  adopted  and  which 
should  prove  of  service  when  the  respirations  cecise  dur- 
ing an  abdominal  section,  as  it  prevents  the  escape  of 
the  abdominal  contents  during  the  manipulations.  It 
also  places  the  patient  in  the  most  favorable  position 
under  such  circumstances,  the  value  of  the  lowered  head 
being  well  recognized.  He  thus  describes  it:  "An  as- 
sistant steps  upon  the  table  and  takes  one  of  the  patient's 
knees  under  each  arm,  and  thus  raises  the  body  from  the 
table  until  it  rests  upon  the  shoulders  The  amesthetizer 
in  the  mean  while  has  brought  the  head  to  the  edge  of  the 
table,  where  it  hangs  extended  and  slightly  inclined  for- 
ward. The  patient's  clothing  is  pulled  down  under  her 
armpits,  completely  baring  the  abdomen  and  chest.  The 
operator,  standing  at  the  head,  institutes  respiratory 
movements  as  follows:  inspiration,  by  placing  the  open 
hands  on  each  side  of  the  chest,  posteriorly,  over  the 
lower  ribs,  and  drawing  the  chest  wall  forward  and  out- 
ward, holding  it  thus  for  about  two  seconds;  expiration, 
reversing  the  movement  by  replacing  the  hands  on  the 
front  of  the  chest  over  the  lower  ribs,  and  pushing  back- 
ward and  inward,  at  the  same  time  compressing  the 
chest." 

A  verjr  valuable  addition  to  our  many  methods  of  re- 
suscitation is  that  of  Professor  Labord,  presented  to  the 
Paris  Academy  of  Medicine,  in  1892,  and  the  subject  of 
numerous  papers  in  the  Tribune  Medicale  during  the 
following  year.  The  object  of  this  method  is  to  induce 
reflex  action  on  the  part  of  the  diaphragm  and  lungs  by 
traction  on  the  tongue.  He  traces  the  impulse  through 
the  glosso-pharyngeal  and  lingual  nerves  to  the  respir- 
atory centre,  and  tnence  to  the  phrenic  and  other  respir- 
atory nerves.  The  mode  of  applying  this  method  is  ex- 
tremely simple.  After  the  ordinary  preliminary'  meas- 
ures have  been  carried  out  the  tongue  is  held  deeply  and 
drawn  forcibly  forward,  about  fifteen  times  to  the  min- 
ute. The  claims  of  Professor  Labord  are,  that  it  not  only 
is  a  good  means  of  resuscitation,  but  the  best,  and  in  his 
reports  of  successful  cases  there  are  man}^  in  which  other 
methods  had  been  adopted  without  success.  Very 
many  others  have  also  reported  favorable  results.  Two 
points  are  to  be  carefully  observed,  viz.,  to  grasp  the 
tongue  deeply  so  that  the  wMiole  organ  is  acted  on  and 
not  the  tip  only,  and  to  draw  the  tongue  sharply  and  relax 
it  suddenly  and  completely.  As  in  all  methods  it  must 
be  conducted  patiently  for  some  time.  During  its  per- 
formance other  methods  of  exciting  the  reflex  action  may 
be  attempted.  The  finger  of  the  other  hand  may  be 
placed  in  the  pharynx,  the  mucous  surfaces  of  the  nose 
and  fauces  may  be  tickled,  or  ammonia  and  other  volatile 
substances  may  be  used.  Labord's  method  is  particularly 
▼iduable  in  resuscitating  newly  bom  infants.  In  them 
the  lungs  have  not  acted,  and  some  excitation  is  required 
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to  awaken  the  respiratory  centre.  Sylvester's  and  sim- 
ilar measures  are  not  of  much  service  in  such  cases,  as 
the  respiratory  muscles  are  not  properly  developed,  nor 
can  the  compression  of  the  chest  walls  avail,  as  the  lungs 
have  not  yet  been  inflated. 

In  infants  dependence  must  be  placed  on  reflex  excita- 
tion and  insufllation.  For  the  former  we  have  Labord's 
rhythmic  traction  of  the  tongue,  slapping  the  surface  of 
the  body,  etc.,  while  at  the  same  time  an  attempt  may  be 
made  to  compress  the  chest  walls  and  to  carry  out  Sylves- 
ter's movements.  To  inflate  the  lungs,  the  most  ready 
method  is  to  breathe  directly  into  the  mouth  of  the  child 
eighteen  or  twenty  times  a  minute.  To  insure  a  proper 
passage  of  the  air,  the  larynx  is  to  be  pressed  upward 
and  back,  to  close  the  oesophagus,  the  tongue  is  to  be 
drawn  forwanl,  and  the  nasal  cavities  are  to  be  closed. 
Expiration  is  aided  by  pressing  upon  the  chest  walls. 
Catheters  or  i*ubl>er  tubes  mav  be  intro^luced  into  the 
larynx,  and  various  bellows  and  pumps  have  been  devised 
for  forcing  air  into  the  lungs,  but  the  objections  to  them 
are,  the  valuable  time  lost  if  they  aix;  not  at  hand  and 
the  difliculty  in  placing  them  in  proper  position  for  use. 

Faradization  has  been  proposed  as  a  means  of  con- 
tracting the  diaphragm,  and  has  been  employed  as  an 
adjunct  to  other  eflforts  to  inflate  the  lungs.  It  is  not 
of  much  value  alone,  but  should  always  be  utilized 
when  at  hand.  One  electrode  is  to  be  pressed  over  the 
right  phrenic  nerve,  justout.side  the  carotid  arten'.  while 
the  other  is  to  be  placed  over  the  lower  ribs.  The  left 
side  is  avoided  in  order  not  to  interfere  with  the  heart's 
action.  The  current  should  be  applied  regularly  dur- 
ing the  elevation  of  the  arms,  and  cut  off  as  soon  as  the 
aims  begin  to  descend.  The  abdominal  electrode  should 
not  be  placed  too  low  for  fear  of  contracting  the  abdom- 
inal muscles  instead  of  the  diaphragm. 

In  all  attempts  at  artificial  respiration  it  is  quite  evi- 
dent that  one  method  must  not  be  followed  to  the  ex- 
clusion of  all  othere.  Fortunat<»ly,  no  one  of  them  pre- 
cludes the  employment  of  another,  but  rather  there  is 
every  reason  to  expect  a  greater  benefit  from  their  con- 
bined  use.  If  a  suflScient  number  of  assistants  are  avail- 
able, Sylvester's,  Labord's  compression  of  the  chest  walls, 
and  electricity  may  be  conducted  at  the  same  time.  The 
only  precaution  required  is,  that  they  should  be  carefully 
and  regularly  conducted,  and  that  the  various  efforts  to 
promote  inspiration  and  expiration  should  coincide. 

Beaumont  Small. 

ARUMBARO  SPRINGS.— Municipality  of  Morelia, 
State  of  Michoacan,  Mexico.  These  springs  are  thermal. 
According  to  an  examination  by  Dr.  Zufiiga  the  water 
presents  the  following  characteristics:  **  Perfectly  trans- 
parent, yellow  in  color,  unctuous  to  the  touch,  of  a 
saline  taste  and  alkaline  reaction.  **  A  qualitative  ex* 
amination  showed  the  following  chemical  ingredients: 
carbonates  of  calcium,  magnesium,  potassium,  sodium 
and  iron,  sulphuric,  sulphurous,  and  phosphoric  acids, 
chlorine  and  organic  matters.  Total  solids  per  United 
States  gallon,  approximately  118  grains.  The  soda  salt 
appears  to  be  the  preponderating  constituent.  The 
water  discharges  sulphureted  hydrogen  in  abundance, 
giving  to  it  its  peculiar  odor.  It  is  used  for  bathing, 
although  no  buildings  have  so  far  been  erected.  The 
baths  appear  to  be  beneficial  in  cases  of  eczema,  herpetic 
eniptions,  rheumatism,  and  diabetes. 

-lV.  J.  Ponce  de  Leon. 

ASAFCETIDA. — "A  gum  resin  collected  from  Ferula 
fatida  (Bunge)  Regel  (fain.  UinhelUfer(t) "  (U.  S.  P.).  To 
this  definition  the  British  Pharmacopoeia  adds  "and 
probably  other  species.  ^ 

Over  the  desert  steppes  of  Western  Asia  grow  in  great 
numbers  a  variety  of  gigantic  perennial  species  of  Urn- 
bellifercp,  which  perpetuate  themselves  during  the  long 
dry  seasons  by  very  large  fleshy  roots,  protected  against 
decay  and  foraging  animals  by  antiseptic  and  obnoxious 
resins  and  volatile  oils.  So  abundant  are  these  plants 
that  immediately  after  the  occurrence  of  the  first  rains, 
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it  is  their  aenninatinff  leaves  which,  aoeording  to  the 
tiaTeUer  Attchison,  duefly  impart  the  tinge  of  green  to 
the  landscape.  Later,  these  huge  leaves  interlace  so 
thickly  as  to  become  obstructive  to  travel,  and  huge 
flower  stalks  shoot  up  to  the  height  of  many  feet. 
These,  like  their  branches,  terminate  in  great  umbels  of 
small  greenish  or  yellowish-white  flowers.  Among  these 
plants  are  numerous  species  of  the  genus  Flenaa  L., 
several  of  which  have  been  supposed  to  yield  the  sub- 
stance under  consideration.  It  is  fairly  well  established 
that  this  is  collected  from  the  species  named  above,  as 
well  as  from  F,  amtfaUda  L.,  assuming  these  to  be  dis- 
tinct. It  is  probable  also  that  it  is  collected  from  F. 
narihex  Boiss.,  and  perhaps  also  from  F,  alliaeea  Boiss. 
and  F,  pemea  Willd.  The  voung  leaves  and  shoots  of 
these  plants  are  used  as  pot  herbs  in  their  native  home. 
.  The  histoTy  of  asafoetida  in  Europe  before  the  twelfth 
century  is  not  clear,  although  it  has  been  held  to  have 
been  an  article  of  commerce  from  near  the  beginning  of 
the  Christian  era;  but,  from  the  twelfth  century  down, 
there  is  no  doubt  of  its  presence  in  European  drug  lists. 
On  the  other  hand,  of  its  use  in  Asia  there  is  evidence  in 
Arabian  and  Sanscrit  writings  of  great  antiquity. 

The  principal  supply  of  this  drug  is  collected  in  Af- 
ghanistan, and  exiK>rted  to  India  (Bombay),  whence  it 
comes  to  Europe  or  America.  It  is  usually  packed  in 
large  cases,  but  sometimes  in  bags  or  "  mats.^ 

Our  knowledge  of  the  collection  of  asafoetida  rests 
principally  upon  the  evidence  of  two  travellers,  who 
had  the  fortune  to  see  it  at  an  intcrvbl  of  nearly  two 
hundred  years  from  each  other.  The  first  of  these  was 
the  celebrated  Kaempfcr,  who  observed  it  in  the  Persian 
province  of  Laristan.  His  description  has  been  repeat- 
edly quoted,  and  is,  in  the  main,  as  follows:  **  About 
the  middle  of  April,  when  the  leaves  have  done  grow- 
ing, the  fields  are  visited  bv  the  peasants,  who  dig  away 
the  ground  around  the  older  roots,  tear  off  the  leaves 
from  Uie  crown,  and  then  carefully  cover  it  up  with 
earth  and  leaves,  to  protect  it  from  the  rays  of  the  sun. 
Alter  leaving  the  plants  in  this  way  for  several  weeks, 
tlMjv  again  uncover  them,  remove  a  portion  of  the  top 
ana  cover  them  again,  being  careful  that  nothing  touches 
the  newly  cut  surface.  In  one  or  two  davs  more  the 
exuded  Juice  is  scraped  off  with  a  knife,  a  fresh  surface 
is  made  by  cutting  off  a  thin  slice,  and  the  covering  is 
repeated.  This  is  continued  until  the  root  is  exhausted, 
the  product  growing  better  as  the  season  a<lvanees.  The 
soft  juice  is  mixed  with  earth  to  give  it  body.'' 

The  other  authority  is  Staff  Surgeon  Bel  lew,  who  saw 
asafoetida  collected  during  a  visit  to  Afghanistan  in  1857. 
The  process  was  something  like  that  observed  by  Kaemp- 
fer,  but  it  was  done  at  a  season  when  the  young  leaves 
were  sprouting,  and  instead  of  cutting  off  the  top  of  the 
joot  they  cut  or  gashed  it  in  several  i>laces;  the  digging 
away  of  the  earth  and  the  cov(?ring  of  the  roots  to  keep 
off  the  h(?at  of  the  sun  were  the  same  in  both  cases. 
Mr.  Bellew  states  that  the  juice  is  mixed  with  gypsum 
or  flour,  although  some  very  fine  juice,  ohtainecl  from 
the  bud,  is  usually  sold  pure.  This  latter,  like  the  fine 
juice  of  Kaempfer's  later  cuttings,  probably  never 
reaches  the  European  markets. 

Good  asafoetida,  when  the  cases  are  first  opened,  is  a 
moderately  soft,  yellowish-gray,  nither  li^nacious  mass, 
of  a  not  very  homogeneous  texture;  sometimes  lighter. 
whitish  or  yellowish  tears  are  common  in  the  mass: 
oftener  coarse  impurities  are  the  cause  of  its  unevenness. 
Upon  exposure,  this  liglit -colored  asjif(ptida  turns  fii-st 
pink,  or  roddish  plum  or  violet  pink,  and  then  gradually 
becomes  brown.  Its  odor  is  characteristic:  strongly 
alliaceous,  penetrating,  and  persistent.  It  is  exhaled, 
like  that  of  onions,  in  the  breath  of  persons  taking  it. 
Taste  bitter  and  acrid,  nauseous.  AV'hen  in  lumps,  even 
if  long  kept,  asafoetida  is  usually  not  (|uite  brittle,  but 
if  finely  broken  and  dried  it  can  be  ground  to  powder, 
in  the  cold. 

The  quality  is  considered  fine  according  to  the  abun- 
dance of  clear,  whitish  tears  which  it  contains,  and  the 
absence  of  impurities  and  insoluble  residue.    Occasion- 


ally mdmens  mn  met  with,  fonahtlug  wboOy  cC 
but  theae  m  nre.    The  United  Stetaa  Fhu 
requirae  that  it  ■hoold  diaolve  at  lent  to  ttie 
sijf^  per  cent  in  aloohoL 

In  spite  of  tUt  lequirament,  aneh  uafoBtlda 
now  be  found  in  cor  mariGets.    Yeiy  mudi  of  Itvl 
yield  little  more  than  twenty  per  cent. ,  and  importattoH 

e elding  as  low  aa  twelve  per  oent^  have  not  bea»- 
lown  of  late.  This  state  of  the  naafistida  tnde  ta 
been  regardedaa  in  the  nature  of  a  aoandal  in  theUiritei 
States  Custom  Droartment.  Many  authoiitiea  ngmt 
lowering  tlie  itanasni  to  aooommodate  the  adulte»te, 
but  it  would  appear  a  better  policy  to  apply  rtrartt 
methods  of  ezdoakm,  which  would  doubtleM  cnrelkt 
evil  radically,  even  thouch  slowly.  When  It  is  coarid- 
eredthat  the  chief  cost  or  thearticle  ia  the  molt  of  Hi 
long  transportation,  much  of  it  over  very  ezpenin 
stages,  it  will  be  recognized  as  exceedingly  waateftd  ts 
import  from  ei|^ty  to  ninetyper  cent,  of  sand  aal 
crushed  stona  Foliflek,  in  1807,  determined  tfaeow- 
position  of  an  almost  pure  nmple  of  asafoetida  to  to  n 
follows:  ** Ether-soluble  resin  (femUc  add  eater  of  sa- 
reehiol  tannol,  dAaOtOH),  61.4;  ether-hnaolnhle  nrfi 
(free  asareslnol  tannol),  0.(N);  gum,  8S.1:  Tolatile  oi, 
0.7;  vanillin,  0.06;  free  fenilic  add,  1.96;  moistBn^ 
2.86;  foreign  matter,  8.6."  This  composition  is  I7  m 
means  constant,  as  the  relative  propoitiona  of  nslB  asl 

fum,  and  to  a  less  extent  of  the  oil.  are  quite  varisUa 
he  impurities  and  ash  should  not  exceed  tea  orliftea 
per  cent.  The  gum  is  mostly  insoluble  to  water.  Tto 
resin  jrields  resordn  when  fused  with  potaasa,  and  va- 
belliferon  and  oils  when  subjected  to  destructive  distilla- 
tion. The  oil  is  light  yellow  and  posaessea  very  stre^f 
the  odor  of  the  drug.  It  hi  related  to  the  volatile  off  cf 
mustard,  but  is  not,  like  it,  a  strong  local  Inltani.  Bli 
of  a  very  complex  cmnpooitJon,  whi(pli  baa  not  yet  htm 
perfectly  worked  out  It  contains  about  twen^-ilve  per 
cent  of  sulphur. 

Asafcetida  is  a  typical  antispasmodic,  aa  weD  as  one 
of  our  best  carminatives.    It  stunulatea  the  appetite  sad 
the  gastric  secretions  and  movemeata,  aa  web  as  toe  ia- 
temal  functions.    As  an  antispasmodic  it  la  partienkrif 
useful  in  hysteria,  and  is  sometimes  useful  to  spasmoitfe 
affections  of  the  respiratoiy  organa,  as  pertosris  sad 
asthma.    It  frequently  permits  sleep  by  aluying  excile- 
ment,  and  especially  by  removing  Intestinal  inititiaa 
It  is  very  largely  used  in  veterinary  practice.    The  date 
is  0.3  to  1.5  gm.  (gr.  v.  to  xx.).    Four  preparatioDS  sie 
official!  The  Piluue  Asafoetidse  contain  each  0.2  gn. 
(gr.  iij.)  asafcetida  and  three  times  as  much  soap;  tbe 
Filulse  Aloes  et  Asafoetidse  contain  0.09  gm.  (gr.  U) 
each    of   aloes,    asafoetida,   and  soap;   the  Emubom 
Asafoetidffi  (formerly  **Mistura '')  has  a  strength  of  4wr 
cent,  and  the  dose  £s  15  to  SO  c.c.  (fl.  ;  ss.  to  L).    Vik 
preparation  is  remarkably  effective  when  used  ss  so 
enema,  in  which  case  the  dose  may  be  doubled.    Tte 
tincture  has  a  strength  of  20  per  cent,  and  the  dose  is  t 
to  4  c.c.  (fl.  3ss.  to  i.).    Asafoetida  is  frequently  used 
externally  in  plasters,  being  a  mild  rubefacient 

It  may  be  added  that  asaioetida  renders  bait  attrKdve 
to  certam  fishes,  notably  bullheads.  ff.  K  Bvut^- 

ASAPROL.— Abrastol-beta-naphthol-alpha-moDO -flol ' 
phonate  of  calcium— C,oH6.0H(80i),Ca+3HfO.  An 
a (jucous  solution  of  beta-naphthol-alpha-mono-sulpbooic 
acid  is  saturated  with  calcium  carbonate,  and  the  wt 
crystallized  out.  It  is  a  white  or  pale  redddsh  ciystsDi* 
powder  without  odor  and  soluble  in  one  part  and  t  W* 
of  water  and  three  parts  of  alcohol.  It  is  of  neutnjl  wsc- 
tion,  is  not  changed  by  heat,  and  is  incompatible  '^^ 
sulphates,  and  with  quinine  and  antipynne.  It  is  sod- 
septic,  antineumlgic,  and  antirheumatic,  and  is  elinu* 
nated  by  the  kidnevs  in  the  form  of  a  naphthol  sulph^ 
ether.  It  may  be  detected  in  the  urine  by  the  fonns*** 
of  a  blue  ring  on  the  addition  of  ferric  cldoride.         . 

Internally  it  may  be  employed  as  an  antiseptic  ^ 
intestinal  indigestion,  enteritis,  and  typhoid  fe^^V^ 
an  antirheumatic  it  is  claimed  by  Dujardin-BeauiD^ 
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Buck,  Stackler,  and  others  that  asaprol  is  equal  in  value 
to  the  salicylates,  and  at  the  same  time  does  not  cause 
headache,  buzzing  in  the  eara,  and  depression  of  the 
heart.  It  has  been  tried  with  moderate  effect  in  influ- 
enza, malaria,  and  chorea,  and  with  relief  of  the  pain  in 
neuralgia.  Locally,  as  antiseptic,  astringent,  and  styptic 
it  may  be  applied  in  one  to  four  per-cent.  solution  or 
ointment,  and  in  whooping-cough  a  one-per-cent.  solu- 
tion may  be  sprayed  into  the  throat. 

The  dose  internally  is  gr.  xv.  tolx.,  or  more,  three  times 
a  day,  given  in  gaultheria  wat«r  or  elixir  of  orange,  or 
in  capsules.  For  typhoid  fever  gr.  iij.  to  v.  should  be 
given  every  two  hours.  W.  A.  Bastedo. 

ASARABACCA.    See  Snakeroot,  Canada. 

ASBOLINE. — A  product  of  the  destructive  distillation 
of  pine  roots,  prepared  by  Braconnot.  It  is  a  yellowish 
or  brownish  oily-looking  liquid  consisting  mainly  of 

f^yrocatechin,  homopyrocatechin,  and  allied  substances, 
t  is  used  in  medicine  against  the  tubercle  bacillus. 

W.  A.  Bastedo. 

ASCARIS  LUMBRICOIDES.    Sec  Xemai4)da. 

ASCITES. — (Synonyms  Hydrops  Ascites,  Hydroperi- 
toueum,  Dropsy  of  the  Peritoneum. ) 

Definition. — Ascites  is  an  accumulation  of  free  fluid 
in  the  peritoneal  cavity. 

It  is  either  (1)  a  part  of  a  general  dropsy  involving 
pleurse,  pericardium,  and  the  subcutaneous  tissues  of 
the  body,  or  (2)  a  strictly  localized  dropsy  caused  by 
disease  in  the  peritoneal  cavity.  Class  (2),  if  of  long 
standing,  may  secondarily  cause  oedema  of  the  legs,  as  a 
result  of  the  anaemia  which  usually  develops,  or  as  a  re- 
45ult  of  pressure  upon  the  iliac  veins.  Class  (1)  includes 
diseases  of  the  heart,  kidneys,  lungs,  and  blood.  Class 
<2)  includes  atrophic  and  hypertrophic  cirrhosis  of  the 
liver,  cancer  and  syphilis  of  the  liver,  amyloid  liver, 
atrophy  of  the  liver  due  to  external  pressure  or  growth, 
abscess  or  echinococcus  of  the  liver  causing  pressure  upon 
the  portal  vein.  Tumors  of  the  stomach  and  pancreas, 
peritoneal  adhesions  and  enlarged  lymphatic  glands  may 
cause  ascites  by  pressing  upon  the  portal  vein.  Throm- 
bosis of  the  portal  vein  or  of  the  inferior  vena  cava  like- 
wise may  cause  ascites.  Chronic  peritonitis,  either 
simple,  tuberculous,  or  cancerous,  and  perihepatitis 
chronica  {Znck^rgnssleher)  are  causes  of  ascites,  li^ukte- 
mia  and  splenic  ancemia  are  occasionally  associated  with 
this  condition ;  and  so  also  are  intrathoracic  growths  and 
mediastino-pericarditis.  A  small  ascites  may  occur  in 
apoplexy ;  it  has  also  been  noted  in  intestinal  obstruc- 
tion. Occasionally  on  the  post-mortem  table  there  have 
been  found,  in  the  different  cavities  of  the  body,  col- 
lections of  fluid  which  had  not  been  demonstrated  by 
physical  signs  during  life.  Immediately  preceding  death 
there  is  an  intense  congestion  of  the  viscera  which  fre- 
quently results  in  an  outpour  of  serum.  This  condition, 
when  involving  the  peritoneal  cavity,  is  termed  pre- 
agonal ascites. 

Pathology. — From  an  etiological  standpoint  all  varie- 
ties of  ascites  (chylous  ascites  is  discussed  under  the  cor- 
responding heading  in  Vol.  II.)  may  be  classed  under 
three  heads: 

1.  Ascites  due  to  sta^ation  of  blood  in  blood-vessels. 

2.  Ascites  due  to  mterfereuce  with  the  escape  of 
lymph. 

3.  Ascites  due  to  disturbance  of  capillary  secretion, 
i,e.f  alteration  in  the  walls  of  capillaries. 

In  certain  diseases  we  have  combinations  of  the  above 
causes:  for  example,  a  chronic  heart  disease  with  incom- 
pensation  may  secondarily  produce  changes  in  the  capil- 
wry  walls,  as  a  result  of  lack  of  nourishment  resulting 
from  the  imperfect  renewal  of  blood. 

The  third  class  is  distinctly  a  conception  of  modem 
pathologists  and  will  require  more  detailed  discussion. 
^Tie  former  belief  that  the  process  which  resulted  in 
dropsy  was  merely  a  filtration  of  fluid  through  an  ani- 


mal membrane  has  been  discarded.  It  is  now  held  that 
the  capillary  walls  are  to  be  regarded  as  living  organs 
with  a  capacity  for  secretion.  The  prompt  passage  of 
the  crystalloids  from  the  blood  and  the  lymph  is  accom- 
plished with  the  aid  of  a  force  inherent  in  the  capillary 
walls.  The  fact  that  the  proportion  of  salts  or  cf  sugar 
in  the  lymph  is  often  greater  than  that  in  the  blood  sug- 
gests a  capillary  secretion.  The  fact  that  the  proportion 
of  albumin  in  pure  transudates  in  different  parts  of  the 
body  varies  considerably,  points  to  a  differing  constitu- 
tion of  the  vessel  wall  in  these  several  regions.  Accord- 
ing to  Reuss*  table,  transudates  in  different  parts  of  the 
body  give  the  following  percentages  of  albumin : 

Pericardium 18.3 

Peritoneum ll.l  ** 

Subcutaneous  cellulnr  tissue 5.8  *^ 

Cerebral  and  spinal  fluid 1.4  ^^ 

Heidenhain  believes  that  the  specific  function  of  the 
capillary  walls  plays  a  controlling  part  in  the  formation 
of  lymph.  Whenever  the  removal  of  lymph  fails  to 
keep  pace  with  its  formation,  dropsy  results.  This  in- 
vestigator has  demonstrated  that  the  formation  of  this 
material  can  be  influenced  by  various  substances  present 
in  the  blood.  Subcutaneous  injections  of  an  infusion  of 
crabs  or  leeches  so  increased  the  transudation  of  water 
from  the  blood-vessels  into  the  lymph  that  the  quantity 
of  lymph  flowing  from  the  ductus  thoracicus  was  in- 
creased even  to  flfteenfold.  This  exciting  substance 
must  stimulate  the  specific  functions  of  those  capillary 
cells  in  the  capillary  walls  which  secrete  the  lymph. 
Class  3  includes  the  varieties  of  ascites  usually  termed 
inflammatory  and  cachectic.  In  the  majority  of  cases, 
the  changes  in  the  vessel  walls  are  the  result  of  pro- 
tracted ischaemia,  of  imperfect  oxygenation,  or  of  chem- 
ical changes  in  the  blood,  or  are  due  to  the  effect  of  high 
or  low  temperature  or  to  active  traumatism.  It  is  also 
probable  that  either  irritation  or  paralysis  of  the  vaso- 
motor nerves  may  lead  to  an  increased  vascular  secretion. 
The  exact  changes  in  the  vessel  walls  are  not  known, 
but  there  are  probably  alterations  of  the  endothelial  cells 
and  of  the  cementing  substance  between  them.  It  is 
quite  possible  that  Class  8  may  include  Class  1  and 
that  our  so-called  pure  transudates  of  obstructed  circu- 
lation are  capillary  secretions  rather  than  filtrations,  the 
capillary  cells  being  stimulated  to  secretion  by  irritating 
substances  circulating  in  the  blood. 

In  cases  of  hydroimia  with  oedema,  Ziegler  looks  upon 
the  increase  in  the  amount  of  water  in  the  blood  as  only 
one  factor  which  is  favorable  to  the  occurrence  of  oedema. 
In  cachectic  and  nephritic  subjects  oedema  occurs  often 
when  no  hydraemic  plethora  is  present,  and  conversely 
oedema  may  be  absent  when  hydrsemic  plethora  is  pres- 
ent. So  it  is  held  that  the  oedema  of  cachectics  and 
nephritics  is  due  to  alteration  in  the  vessel  walls  caused 
either  by  the  hydrated  condition  of  the  blood  or  by  a 
poison  circulating  in  the  blood. 

Two  factors  are  present  as  causes  of  ascites  in  inflam- 
matory changes  in  the  peritoneum,  viz. :  alterations  in 
the  walls  of  the  blood-vessels,  and  the  destruction  of  a 
large  number  of  lymphatic  vessels  through  which  the 
fluid,  secreted  in  excessive  amount,  should  be  carried. 
The  ascites  almost  invariably  associated  with  perihepa- 
titis chronica  is  to  be  explained  by  the  ctwxistence  of  a 
chronic  peritonitis.  In  a  few  cases  of  perihepatitis  in 
which  there  was  no  ascites,  general  peritonitis  was  absent. 
yl«?e7^c/wirf  is  either  a  transudate  or  an  exudate.  Transu- 
dates are  found  in  non -inflammatory  conditions  and  are 
usually  light  yellow  in  color,  while  exudates  are  found 
in  inflammatory  conditions  and  are  darker  in  color. 
There  are  essential  differences  in  their  composition,  a 
fact  which  may  be  of  aid  in  diagnosis.  Peritoneal 
transudates  have  a  specific  gravity  varying  between 
1.005  and  1.015,  while  that  of  exudates  frequently 
reaches  1.030.  The  difference  in  the  specific  gravity  is 
due  to  the  difference  in  the  amount  of  albumin ;  exudates 
contain  from  four  to  six  per  cent.,  while  transudates  con- 
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tain  from  one  to  two  and  a  half  per  cent.  TrauRiidatefi 
do  not  coagulate  spontaneously ;  in  exudates  a  coagulum 
is  frequently  observed  after  standing  for  twenty-four 
hours. 

Microscopically  the  transudate  shows  only  a  few  iso- 
hited  leucocytes  and  endothelial  eel  Is  derived*  from  serous 
surfaces  and  undergoing  fatty  degeneration.  Exudates 
contain  many  more  formed  elements  and  may  be  serous, 
serofibrinous,  sero-purulent,  purulent,  putrid,  hemor- 
rhagic, cliylous,  or  chyloid. 

Following  the  administration  of  potassium  iodide 
it  is  possible  to  obtain  the  iiKiine  reaction  in  ascitic 
fluids. 

Etiology. — Atrophic  cirrhosis  of  the  liver  is  the  most 
common  cause  of  asiMtes.  It  is  less  conmionly  found  in 
the  hypertrophic  form.  The  frequency  of  ascit(>s  in  dis- 
eases of  the  heart  and  kidneys  is  illustrated  by  the  statis- 
tics of  300  cases  of  general  dro])sy,  as  revealed  after 
death,  taken  const^cutively  from  the  post-mortem  books 
of  St.  George's  Hospital.  Ix)nd<m.  from  1888  to  1897. 
One  hundrt^d  and  sixty-three  of  these  were  due  to  nffvc- 
tions  of  the  heart  or  aorta.  As  reganis  ascites,  1  in  2.5 
of  the  cardiac  cases  and  1  in  2.2  of  the  renal  (not  tarda 
ceous)  cases  presented  this  condition.  Any  of  the  organic 
heart  lesions  when  incompensati'd  may  be  followed  by 
ascites.  It  is  most  frecjueutly  as.s(K'iated  with  mitnil 
stenosis.  The  pleune  and  peritoneum  are  especially 
liable  to  dropsical  invasi<m  with  the  large  white  kidney 
of  nephritis  and  the  advanced  gmnular  kidney  in  which 
8<*condary  ('anliac  changes  have  l)een  added  to  th(f  n^nal. 
Diseases  of  the  lungs,  such  as  emphysema  and  fibroid 
<'lianges.  may  caus*»  ascites  by  oblit^'rating  pulmonary 
ves«;is.  This  results  in  an  incn^ase  of  i)ressure  in  the 
right  heart,  and  secondarily  in  the  veins  ami  capillaries, 
with  transudation. 

Di-\oNosiH. — liiHjkrtion. — In  ascites  of  moderate  degree 
with  the  patient  lying  <lown,  the  abdomen  is  full  at  the 
sides  and  tlat  on  ton;  in  the  upright  ]>osition  it  projects 
below  the  navel.  If  the  ascites  is  enormous  there  is  a 
uniform  distention  and  no  change  of  shape  with  change 
of  position.  The  superficial  alHlomiual  veins  Iw'comc^  en- 
larged in  cases  of  hmg  standing.  In  cirrho.sis  of  the  liver 
the  veins  surn)unding  the  umbilicus  may  be(^ome  very 
prominent  and  form  the  caput  medusa?.  When  the 
amount  of  fluid  is  excessive  there  is  a  markeil  hernial 
protrusion  of  i\u*  navel. 

PalfMttion. — Fluctuation  is  obtained  by  ])lacing  one 
hand  flat  upon  one  side  of  the  alxiomeii,  and  tapping 
gently  (m  the  oppo.<iite  side  with  the  other,  as  in  direct 
percussion.  A  similar  si'nsation  may  be  IvW,  however, 
if  the  abdomen  be  very  fat  or  tympanitic.  In  order  to 
exclude  this  pscudo-fluetuaticm,  an  assistant  presses  the 
edge  of  hi»  hand  along  the  linea  alba;  this  manrpuvr(> 
does  not  interfere  with  the  tninsmi.ssion  of  the  wave  in 
as<'ites,  but  etTectually  interrupts  it  in  the  other  condi- 
tions mentioned. 

IWcumon. — In  the  horizontal  positicm  tliere  is  dulness 
at  the  sides,  and  tympany  over  the  upper  and  middle 
portions  of  the  abdomen.  The  fluid  S(H'ks  the  depend<*nt 
part-sand  the  intestines  float  to  the  top  so  far  as  the 
mesentery  will  permit.  The  area  of  duhn*s^  changes 
with  the  position  of  the  patient.  On  assuming  th<"  side 
position,  dulness  is  obtained  over  the  lower  .side  an<l 
tympany  over  the  upper.  If  the  as<-ites  is  enormous, 
tlie  intestines  and  stomach  do  not  reach  the  suifnce, 
C(»nsequcntly  there  is  dulness  over  the  entire  abchmien. 
The  amount  of  fluid  neces.sjiry  for  demonstnition  varies 
with  the  size  and  S4?x  of  the  patient. 

Toma'ssign  has  beenempl(»yed  to  distinguish  betw<'en 
an  exudate  and  a  transudate,  or  inflanunatory  and  non- 
inflammatory conditions.  In  infliunmatory  conditions 
of  the  ])eritoneum  the  mes(*ntery  contracts,  dmwing  the 
int^^tinesover  to  the  right  side.  Asa  result,  the  patient 
assuming  a  horizontal  jMxsition,  tympany  is  elicitttd  over 
the  right  side  and  dulneas  over  t  jie  left.' 

Exploratory  puncture  is  the  crucial  test,  ami  should 
always  be  em[)loyed  before  operation. 

DiFFKiiENTiAL  DiAOMOBis.— The  aacitcs  of  heart  dis- 


ease is  as.sociated  with  a  du.sky  skin,  while  that  of 
Hright's  di.sease  is  assrK*iat(Ml  with  a  pale  skin.  Diseases 
of  the  heart,  lungs,  kidnevs.  and  blood  shoidd  be  ex- 
clude<l  by  careful  examination.  A  satisfactory  examina- 
tion of  thealKlomen  by  palpation  can  be  made  only  after 
the  withdrawal  of  the  fluid.  Palpation  is  then  very 
easy  on  account  of  the  relaxed  alxlominal  muscles.  An 
enlarge<l  liver  or  spleen,  grcjwths  on  the  liver  or  in  the 
neighlwrhood  of  the  portal  vein  can  then  be  easily  felt. 
At  times  the  nodules  of  tuberculous  or  carcinomatous 
peritonitis  can  be  made  out.  If  primary  cancer  or 
tuberculosis  is  found  in  other  parts,  the  problem  ia 
simplified.  The  great  value  of  microscopical  examina- 
tion of  the  fluid,  as  a  material  aid  in  differential  diag- 
nosis, should  be  stnmgly  emphasized.  The  fluid  should 
be  centrifugatwl.  the  sediment  spread  on  cover  slips, 
dried  in  the  air,  fixed  in  absolute  alcohol  and  ether,  then 
stained  with  hiematoxylin.  Quincke,  Rieder,  Dock,  and 
AVarthiu  have  found  in  exudates  cells  which  seem  pecul- 
iar to  can(rer  and  sarcoma  of  stMous  membranes.  Rieder 
found  cells  undergoing  division,  their  nuclei  presentin|r 
numerous  karyokinetic  figures,  especially  asymmetrical 
division  forms,  which  an^  found  to  a  slight  degree  or 
not  at  all  in  endothelial  cells.  Dock  found  in  cancerous 
effusions  more*  cells  showing  mitost's  than  in  simple  or 
tuberculous  inflammations.  AVarthin  concludes  from 
his  investigations  that  the  pn^sence  of  numerous  cell- 
(livisi<m  forms  in  the  cells  of  the  sediment  of  serous 
exudates  may  be  taken  as  strcmg,  perhaps  conclusive, 
evidence  that  the  eflusicm  is  due  to  the  presence  of  a 
new  growth,  inasmuch  as  mitoses  arc  but  rarelv  found 
in  cells  of  purely  inflammatory  exudates.  Quincke 
claims  that  carcinoma  probably  exists  if  a  marked  gly- 
cogen reaction  can  Ih^  obtiiined  in  the  endothelial  oelhi. 
Endothelial  cells  an' sometimes  mistaken  for  the  so-called 
cancer  cells.  Quincke  states  that  the  diagnosis  should 
l)e  made  only  wlu'n  large  epithelial  cells  of  variable  form, 
measuring  at  times  120//  in  diameter,  are  found  in  large 
numbers,  esix'cially  when  arranged  in  groups,  unless  in- 
deed cancen>us  nodules  presi>nting  the  characteristic  al- 
veolar structure  are  found.  Hemorrhagic  exudates  are- 
as a  rule  tuberculous  orcancenuis.  The  fluid  should  be 
centrifugated.  spreads  made  and  stained  for  tubercle 
Uicilli ;  though  thestt  are  rarely  found  even  in  undoubtcxi 
cases  of  tuberculosis  of  the  peritoneum.  A  guinea-pig 
should  be  inoculated  with  the  si'diment.  since  eyenTvhea 
the  bacilli  an»  not  found  the  pig  often  develops  tubercu- 
losis. The  diazo  reaction  is  ocrcasionally  present  in  the 
urin(>  of  tulMTculous  and  cancerous  peritonitis,  but  does 
not  h(dp  in  diffen^ntiating  one  from  the  other,  asithaa 
l>een  found  in  both. 

Tin?  (|uantity  of  fluid  varies  gn^atly  with  the  disease, 
but  is  usually  largest  in  atrophic  cirrhosis  of  the  liver 
and  in  perihepatitis  chronica.  W.  Hale  White  reports 
the  cas<>  of  a  patient  with  perihepatitis  who  was  tapped 
thirty-five  times;  the  total  amount  of  fluid  withdrawn 
was  seven  luindnHi  and  ninety  pints;  the  largest  quan- 
tity taken  out  at  <me  time  was  thirt\'-one  and  a  half  pinta. 
Plitz's  case  (tf  atropine  cirrhosis  of  the  liver  was  tappeci 
forty-seven  times,  with  the  removal  of  twelve  huncired 
litres  of  fluid,  during  a  sickness  of  four  years'  duration. 

Pkoonosis. — The  majority  of  the  patients  die  within 
two  years.  Some  ca.ses  as.soeiated  with  incompensatetl 
lu-art  lesions  ivcover  under  cardiac  treatment  and  live 
for  niimy  years.  Occasionally  a  case  of  cirrhosis  of  the 
livfT  recovers,  if  a  suflicient  collateml  circulation  \n 
establislird.  Numerous  n'e()veries  have  be<»n  reported 
in  cas<'s  of  tid)<*rculous  peritonitis  with  ascites,  treated 
by  laparotomy.  Many  theories  have  l)een  advanced  to 
(*x plain  the  cause  of  recovery  in  the«*  ca.s<*s.  There  are 
tuberculous  disease's  of  the  ]>eritoneum  which  heal  spon- 
taneously. Ilildebnindt  believes  that  laparotomy  only 
inerejuses  the  natural  healing  factors.  This  author  be- 
lieves that  the  venons  hypenvmia  which  ensues  is  the 
impoitant  factor  in  the  healing  of  tulM*rculous(N*ritonitis. 
Following  opi'ration  he  has  obsiTved  an  involution  of 
the  tul>erculous  proce.s.s,  and  in  isolate<l  cases  a  complete 
h(*aliug  with  disappearance  of  the  tubercles  whi(&  he 
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liad  seen  in  the  first  laparotomy  (Munchener  med.  Wochen- 
•^hrift,  1898,  Nos.  51  and  52). 

Treatment. — The  ascites,  if  trouhlesome.  should  be 
relieved  immediately,  and  treatment  directed  to  the 
causative  disease  instituted  if  advisable.  The  first  is 
most  successfully  accomplished  by  the  simple  surgical 
procedure  of  tapping.  This  operation  is  strikingly 
free  from  the  danger  of  infecting  the  peritoneum. 
Flint  refers  to  a  patient  who  frequently  tapped  him- 
self with  a  jack-knife  and  used  a  clay  pipe  stem  for  a 
•cannula. 

Aspiration,  or  the  introduction  of  Southey's  tubes, 
may  be  resorted  to. 

If  the  diagnosis  of  tuberculous  peritonitis  seems  prob- 
:able,  then  laparotomy  should  be  performed.  The  fluid 
may  collect  so  rapidly  that  it  is  necessary  to  tap  every 
fortnight  or  oftener,  but  frequent  tappings  do  no  harm. 
In  ascites  due  to  heart  disease  and  anaemia,  treatment 
tappropriate  to  these  diseases  should  be  given.  The  use 
-of  diuretics  and  hydragogue  cathartics  is  usually  un- 
satisfactory. The  value  of  the  dehydrating  effect  of 
•dry  diet  should  be  emphasized.  Care  should  be  taken 
in  selecting  appropriate  cases,  since  it  is  well  borne  in 
•cardiac  dropsy  and  poorly  borne  in  renal  drops3\ 

James  R.  Arneill. 
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ASCLEPIADACE^.  — (3/i7)t?/?eed  Family,)  This  im- 
mense family,  of  more  than  two  hundred  genera  and 
fifteen  hundred  species,  is  an  exceedingly  difficult  one 
for  botanists.  There  is  probably  no  other  family  the  re- 
lations of  whose  members  are  so  poorly  known,  so  that 
4my  present  system  of  classification  must  be  regarded  as 
very  arbitrary.  Nevertheless,  the  composition  and  prop- 
•Arties  of  its  members  are  singularly  uniform.  Its  plants, 
with  few  exceptions,  abound  in  a  milky  juice  which  pos- 
sesses acrid,  naitiotic,  and  nauseating  properties,  so  that 
a  great  many  of  t|iem  have  been  used  as  nauseating  ex- 
pectorants,  alteratives,  and  mild  counterirritants.  The 
glucoside  asdepiadin  occurs  frequently  in  this  juice, 
as  do  many  other  glucosides.  The  onlj^  plants  which 
have  been  much  used  in  professional  medicine  are  several 
species  of  Aselepias  (see  Pleurttn/  Boot)  and  Coiiditrango. 
Many  are,  however,  used  in  native  and  domestic  practice. 
In  India  especially,  a  large  number  of  species  have  been 
used,  the  principal  of  which  are  described  by  Dymock 
and  Hooper  in  the  **  Pharmacographia  Indica"  as  fol- 
lows: Cryptostegia  grandifl&ra  Br.,  which  is  poisonous 
and  yields  a  rubber.  Calotropis  gigantea  R.  Br.  and 
C.  proeera  R.  Br.,  which  are  irritant  purgatives;  Tylo- 
phira  asthmatiea  W.,  and  A.  which  is  a  nauseating  ex- 
pectorant; DcBmia  extensa  Br. ;  Dregea  volnbilis  Benth. ; 
MBnudesmus  Indieus  Br. ,  the  root  of  which  is  a  much- 
used  and  powerful  diuretic;  Co»mo»tigma  racemosum 
Wight. ;  Oymnema  sylvestre  Br.  and  many  others  less  well 
Imown.  K  ff.  Bysby. 


ASEPSIS,  SURGICAL.— That  wound  infection  and 
suppuration  are  the  result  of  the  presence  of  vegetable 
micro  organisms  is  no  longer  a  theory  but  a  fact  proven 
by  expenmental  research  and  clinical  experience.  While 
no  one  will  deny  that  wounds  may,  under  certain  con- 
ditions, heal  kindly  without  the  use  of  any  precautions 
to  prevent  the  entrance  of  minute  living  organisms,  such 
result  obtains  with  great  rarity,  and  not  in  consequence 
of  a  lack  of  these  precautions  but  despite  such  negligence. 
The  almost  complete  disappearance  of  hospital  gan- 
grene, the  greatly  diminished  frequency  of  other  forms- 
of  wound  infection,  the  very  low  mortality  rate,  the 
safety  with  which  the  abdominal  and  cranial  cavities 
are  invaded  at  the  present  time,  render  unassailable  evi- 
dence of  the  value  of  surgical  asepsis.  The  term  asepsis 
now  indicates  an  absence  of  germs  in  a  wound.  Unfor- 
tunately, we  are  as  yet  unable  to  obtain  a  condition  of 
absolute  asepsis.  There  is  perhaps  in  every  wound  some 
form  of  organism  present,  but  by  proper  application  of 
the  means  now  at  hand,  aided  by  the  resistance  in  the 
tissues,  we  are  enabled,  in  a  large  percentage  of  wounds, 
to  obtain  healing  without  inflammation  or  suppuration. 
In  the  development  of  our  present  methods  or  asepsis, 
Lister  stands  out  as  the  pioneer,  and  although  his  idea 
that  air  infection  was  very  dangerous  has  been  proven 
fallacious  and  the  spray  has  fallen  into  disuse,  the  pres- 
ent technique  is  the  direct  outcome  of  his  teaching. 
Other  investigators  have  added  to  our  knowledge  during 
the  time  that  has  elapsed  since  his  writings,  and  the 
present  technique  is  the  result.  The  object  in  wound 
treatment  is  to  prevent  anything  coming  into  contact 
with  the  wound  surface  which  can  convey  infection,  and 
to  limit  the  number  and  the  virulence  of  bacteria  whose 
entrance  cannot  be  prevented.  To  accomplish  this  end 
requires  unremitting  care  and  attention  to  detail  as 
well  as  a  thorough  appreciation  of  the  dangers  resulting 
from  the  slightest  overaight.  The  more  cleanly  a  sur- 
geon is  in  his  daily  life,  the  more  easily  can  he  form 
habits  of  surgical  cleanliness.  Many  surgeons  obtain 
poor  results  because  of  an  imperfect  technique  and  fail 
to  perceive  such  imperfection.  Only  by  a  careful  in- 
vestigation of  poor  results  can  the  evil  be  remedied. 
The  young  surgeon  educated  to-day  under  the  influence 
of  the  present  teaching  more  readily  learns  and  practises 
aseptic  surgery  than  one  who  was  taught  and  practised 
under  the  old  regime.  The  infectious  agents  are  bacteria 
of  different  forms  which  exist  in  the  air,  the  soil,  and  the 
clothing,  upon  the  skin  and  mucous  membranes  of  the 
healthy  body,  in  the  beard  and  hair,  and  especially 
under  the  nails.  The  number  of  bacteria  in  the  air  is 
inconsiderable  compared  to  the  number  found  in  the 
other  places  mentioned.  The  infection  occurs  as  a  rule 
by  contact  with  a  broken  surface.  If  the  chances  of 
contact  infection  are  excluded,  air  infection  becomes  of 
little  moment.  This  can  be  almost  entirely  eliminated 
by  care  to  prevent  dust  being  raised  in  a  room.  No 
sweeping,  brushing,  taking  down  of  curtains,  opening 
windows  or  doors  on  opposite  sides  of  a  room  should  be 
allowed  just  before  an  operation.  A  moist  cloth  can 
remove  dust  and  dirt  with  the  least  possible  disturbance. 
Bacteria  can  scarcely  leave  a  moist  surface  and  pass  into 
the  air. 

There  is  some  tendency  at  the  present  time  again  to 
attribute  greater  importance  to  air  infection,  as  certain 
investigators  have  obtained  virulent  cultures  of  the  pyo- 
genic bacteria  from  the  air  of  hospitals.  The  methods 
of  handling  dressings  and  wound  discharges  will  de- 
termine, to  a  large  extent,  the  number  of  bacteria  which 
reach  the  air.  It  is  important,  therefore,  to  destroy  all 
wound  dressings  and  not  allow  them  to  lie  about  in  a 
dry  condition.  That  flies  and  other  insects  can  be  the 
medium  of  transportation  is  well  established,  and  while 
perhaps  not  a  frequent  means  of  infection  yet  it  is 
well  to  exclude  them  from  hospitals,  for  this  reason  as 
well  as  for  the  comfort  of  the  patients,  by  the  use  of 
screens.  The  most  frequent  source  of  wound  infection 
is  the  hands  of  the  surgeon  and  his  assistants.  This  can 
be  readily  appreciated  when  we  consider  the  great  fre* 
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quency  with  which  tlie  surgeons  an<l  their  helpers  are 
called  upon  to  handle  cases  in  which  bacteria  are  pres- 
ent in  countless  nuinl)ers,  all  possessing  some  degree  of 
virulence.  In  the  language  of  Keith,  **  It  is  the  willing 
and  tender  though  unclean  hand  "  which  conveys  the 
infection.  Therefore  the  fewer  and  better  traincMi  the 
assistants,  the  better  the  results  obtained.  If  the  chain 
of  careful  technique  is  broken  by  any  of  these,  the  result 
will  be  infection  with  its  consequent  inflammation,  sup- 
puration, and  sepsis. 

The  verj'  greatest  care  cannot  prevent  the  occurrence 
of  an  occasional  contamination  of  the  wound  surface. 
But  in  direct  proportion  to  the  care  exercised  will  the 
danger  of  infection  be  les.s(?ned.  Every  surgeon  sliould 
assume  the  right  to  inspect  the  hands' and  nails  of  his 
assistants  and  accept  or  reject  them,  for  he  alone  is  re- 
sponsible for  the  outcome  of  the  case.  No  mere  washing 
for  one  minute  in  this  and  for  one  minute  in  the  other  solu- 
tion will  render  the  hands  sterile.  Rubber  gloves  or  finger 
cots  sterilized  for  each  case  will  prove  very  useful  in 
handling  septic  cases  with  tiie  least  chance  for  contami- 
nation. Those  working  in  the  deadhou-^e  or  in  putrefy- 
ing materials  should  not  perfonn  or  assist  at  surgical 
operations. 

All  who  handle  wounds  should  keep  the  idea  of  asep- 
sis always  before  them  and  should  carefully  avoid  need- 
less contamination  of  their  hands.  In  dressing  wounds 
which  are  suppurating  or  are  inf(»cted  contact  should  be 
avoided  as  much  as  possible.  From  tifteen  to  thirty 
minutes*  careful  scrubbing  with  soap,  water,  and  freshly 
sterilized  brush  are  necessary  for  the  mechanical  cleans- 
ing of  the  hands.  The  water  either  should  be  running 
or  should  be  changed  fre(iuently  during  this  process. 
The  soap  should  be  carefully  select^'d  and  germ  free. 
Ordinary  green  soap  is  verv  frequently  usi»d  for  this 
purpose.  A  cheap  brush  oi  vegetable  fibre  can  be  ob- 
tained which  has  the  advantage  of  not  being  injured  by 
boiling.  Each  pei*son  engaged  in  the  operation  should 
have  an  individual  brush  for  his  final  scrubbing.  The 
nails  should  be  kept  short  and  all  visible  dirt  should  be 
removed  by  a  sterilized  scraper  aftt^r  a  primary'  washing 
and  before  the  final  scrubbing  which  should  extend 
above  the  elbows.  Such  mechanical  cleansing  is  the  first 
step  in  all  plans  of  sterilization  of  tiie  hands.  In  hospi- 
tals the  final  cleansing  of  the  hands  is  preceded  by  a 
complete  change  of  the  clothing,  the  openitor  and 
assistant's  removing  the  outer  clothing  and  donning 
a  white  sterilized  suit  and  cap.  Some  operators  go  so 
far  as  to  change  the  shoes  as  wrll.  In  private  j>nicti('i; 
sucii  a  ciiango  is  not  often  i^ossiblc.  tlirreforc  the  coat, 
vest,  collar,  and  lie  are  removed  and  a  large  sterilized 
apron  is  used  to  cover  th<' clot liinir  to  within  a  few  inches 
of  the  feet.  Ill  such  wav  the  obiect  desired  can  be 
accoin])li^he(l.  If  the  apron  and  cloiliin.i^  beneath  be- 
come S{itur:ited  with  water.  <are  must  be  used  to  pre- 
vent such  spot  cominii'  into  contact  with  the  wound, 
hands  of  surireon,  or  iinytlnnir  an  inch  will  touch  tiie 
wound. 

A  numlx'r  of  inve<tiiratoi-s  have  made  bacteriological 
tests  of  the  elliciency  of  diirerent  methods  for  the  ]>rep- 
arations  of  the;  hands.  In  lss.">  Kinnmel  made  a  num- 
ber of  experiments  to  determine  the  value  of  ditTi  rent 
antiseptic  solutions,  such  as  boric  acid,  tlivmol.  carbolic 
acid,  and  corrosive  sublimate.  After  rin-inir  the  hands 
in  soap  and  water,  and  inunei.sini;  in  one  of  tlw  alM»ve 
solutions,  he  drew  his  fiuL^'r  tips  over  the  surface  of  a 
sterile  nutrient  gelatin.  He  found  the  coloin'es  hast 
abundant  when  live  per  cent,  carbolic  or  1  to  l.oon  bi- 
chloride of  mercury  was  used.  He  concluded  that  ]ui- 
mary  importance  should  be  attached  to  the  mechanical 
cleansing,  while  chemical  agents  were  of  secondary 
importance.  FOrster  about  the  siime  tim*-  obiain<'d 
the  same  results.  FQrbringer  in  lsss  showed  that  a 
sterile  culture  resulting  after  such  a  test  by  no  nu*ans 
indicated  that  thefingers  were  sterile,  for  ^crapinirs  from 
beneath  the  nails  of  such  fingers  would,  wlnn  thrown  on 
gelatin,  ]iroduce  an  excessive  growth  of  bacti'iia.  This 
result  was  obtained  even  after  the  utmost  care  in  cleans- 


ing and  scraping  this  part  prior  to  the  disinfection.  He 
was  led  to  believe  that  the  grease  adherent  to  the  skin 
protected  the  germs  from  the  action  of  the  chemicals. 
Acting  on  this  idea  he  used  a  strong  solution  of  alkab. 
which  proving  inadequate  he  abandoned  for  ether.  Thi» 
was  not  satisfactory  owing  to  its  rapid  evaporation.  Al- 
cohol was  found  to  have  the  solvent  property  of  ether 
without  the  rapid  evaporation.  His  method  was  as  fol- 
lows: 

1.  Thorough  cleansing  of  subungual  space. 

2.  Scrubbing  the  hands  for  one  minute  with  water 
and  soap. 

3.  Scrubbing  hands  with  sterile  brush  in  eighty  or 
ninetv  five  per  cent,  alcohol  for  one  minute. 

4.  Uin.sing  in  three  per  cent,  carbolic  or  three-tenths 
of  one  per  cent,  of  bichloride  solution. 

lie  did  not  claim  germicidal  action  for  the  alcohol 
The  more  recent  investigations  show  that  the  tests  with 
alcohol  give  as  good  results  without  the  fourth  step  as 
when  the  germicides  are  used.  The  great  objection  to 
bichloride  of  mercury  is  the  cracking  of  the  hands  which 
follows  its  use.  Some  operators,  notably  Kelly  and 
others,  u.se  the  solution  of  potassium  permanganate  and 
oxalic  acid  (Schatz'  method)  in  addition  to  the  mechan- 
ical cleansing  mentioned  before:  others  use  turpentine, 
and  still  otheis  use  sterilized  ground  mustard  in  their 
technique.  Less  depends  upon  plans  used  than  upon 
the  thoroughness  with  which  the  preparation  is  accom- 
plished. The  method  most  in  vogue  is  some  modifica- 
tion of  FQrbringer's  with  the  use  of  a  longer  time  for 
the  preparation  than  his  instnictiims  would  indicate. 
First  scrub  the  hands  and  aims  to  elbows  with  soap  and 
water,  after  cleansing  nails  thoroughly  until  no  dirt  is 
visible.  Then  scrub  thoroughly  the  hands,  arms,  ami 
crevices  about  the  nails  in  a  basin  of  alcohol  for  at  least 
five  minutes.  This,  with  or  without  the  use  of  bichloride 
of  mercury,  will  give  the  best  results  and  has  the  ad- 
vantage of  being  verj'  simple  and  easy  of  application. 
After  this  pn'paratiou  has  been  completeii,  the  greatest 
care  shoidd  be  exercised  to  keep  from  touching  any- 
thing which  is  not  sterile.  That  almost  irresistible  de- 
sire to  scratch  the  nose  or  to  adjust  spectacles  must  be 
controlled.  *       ^  » 

Mikulicz  ad\ised  the  use  of  sterile  cotton  gloves  to 
protect  against  infection  from   the  hands.     As  might 
])e  expected,  this  was  not  successful  owing  to  the  facil- 
ity with  winch  fluids  pasw'd  to  and  from  the  hands 
carrying  ndcrobes  through  the  gloves.     More  recently 
thin  rubber  gloves  and  fingei'scots  have  been  introduwii 
to  provide  a  sterile  linger  and  hand.     These  are  not  in- 
jured by  boiling  or  by  steam,  therefore  can  be  made  per- 
fectly sterile,  and  will  undoubtedly  have  a  large  field  of 
usefulness.     The  chief  objection  that  can  be  offered  to 
rubber  gloves  is  that  they  interfere  to  a  greater  or  less 
extent   with  the  manij>ulations.     Some  surgeons,  how- 
ever, become  quite  expert  in  their  use  and  claim  that 
the  tactile  sense  is  not  perceptibly  lessened.     The  finger 
cots  allow  greater  freedom  to  the  hands  but  do  not  cover 
them  sulhciently  and  if  not  snug  may  be  left  in  the 
wound.     This  might  prove  troublesome  in  operations  in 
the  abdomen  and  other  cavities.    Sterile  glycerin  or  sterile 
taUr  will  aid  in   putting  the  gh)ves  on  the  hand.    The 
cleansing  process  must  be  just  as  thorough  as  when 
o]>erating  without  the  gU)ves.     Dr.   A.   C\   Wiener,  of 
Chicago,  has  suggested  the  use  of  celluloid  dissolved  in 
a<('tone  as  a  substitute  for  collodion.     Enough  celluloi<l 
is  dissolved  in  the  proj)er  amount  of  acetone  to  jmxlure 
a   thin  syrupy  licjuid.     For  holding  small  dressings  in 
])lace.  sealing  wounds  and  abmsions  of  the  hands  before 
openition,  and  like  purposes,  it  appears  to  be  superior 
to  collodion,  as  it  adheres  much  more  tenaciously. 

Dr.  James  H.  Bullitt,  of  Louisville,  Ky.  has  propo?<^' 
the  possibility  of  eliminating  the  finger  nail  and  crevicp 
as  a  factor  in  wound  infection  by  sealing  up  the  nails  Ij.^* 
means  of  this  ])repamtion.  He  has  found  that  if  a  thin 
solution  be  first  applied  to  the  nail  and  the  contiguous 
skin  and  then,  after  this  has  dried,  in  a  few  minutes  a 
furtlK  r  coat,  or  coats,  of  a  thicker  solution  of  thceonsist- 
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ence  of  cream  be  applied,  that  the  nails  can  be  com- 

Sletely  sealed.  If  a  half -hour's  time  be  then  given  for 
rying  and  hardening  it  will  be  found  that  the  hands 
can  be  thoroughly  washed,  scrubbed  with  a  brush,  and 
subjected  to  all  of  the  usual  preparations  for  a  surgical 
operation  without  the  celluloid  loosening  its  hold.  In 
using  this  material ^for  such  purpose,  it  is  recommended 
that  the  hands  and'nails  be  thoroughly  washed  and  pre- 
pared just  as  is  usual  for  operation,  and  that  the  celluloid 
be  then  applied,  after  which  it  is  desirable  to  permit  a 
half  hour  to  elapse  before  the  hands  are  again  placed  in 
water.  Sealing  the  nails  in  this  way  leaves  the  tactile 
sense  of  the  fingers  unimpaired,  an  objection  offered  by 
manv  operators  to  the  use  of  gloves,  whether  of  rubber 
or  01  cotton  fabric.  Bacteriological  investigation  upon 
this  point  will  be  of  interest,  and  if  the  method  achieves 
the  object  desired  it  will  prove  quite  an  adjuvant  to  our 
present  technique. 

Tlie  Patient. — It  is  undoubtedly  a  fact  that  the  con- 
dition of  the  patient  is  often  responsible  for  a  wound  in- 
fection. It  has  been  proven  that  bacteria  can  and  do 
exist  in  the  blood  of  apparently  healthy  individuals,  only 
becoming  localized  after  a  trauma,  and  in  other  cases 
the  resistance  of  the  tissues  is  below  par;  therefore,  when 
time  is  allowed,  the  patient  should  be  placed  on  tonics 
and  nutritious  food.  The  kidneys,  skin,  and  intestines 
should  be  rendered  active.  In  this  way  the  bacteria 
present  are  eliminated  and  the  resistance  of  the  tissues 
to  infections  is  increased.  A  number  of  warm  or  Turk- 
ish baths  should,  whenever  practicable,  be  given  prior  to 
operation.  One  warm  bath  should  be  insisted  upon  in 
all  cases  in  which  it  does  not  endanger  the  patient.  A 
bichloride  of  mercury  bath  will  render  the  bacteria  on 
the  surface  less  active,  but  is  irritating  to  sensitive  skins. 
On  the  afternoon  before  an  operation  is  to  be  performed 
the  field  should  be  shaved  and  thoroughly  cleansed  with 
soap,  water,  and  brush.  This  should  extend  some  dis- 
tance away  from  the  point  of  incision.  The  scrubbing 
should  be  done  gently  when  over  a  suppurating  lesion 
in  the  abdomen,  to  prevent  rupture.  After  rinsing  with 
plain  sterilized  water  a  bichloride  scrubbing  should  be 
added,  then  the  part  should  be  covered  with  a  thin  layer 
of  green  soap,  and  over  this  a  thick  fold  of  gauze,  or  in 
lieu  of  this  a  gauze  compress  saturated  with  bichloride 
of  mercury  solution,  1  to  2,000,  should  be  laid. 

Sensitive  skins  are  sometimes  blistered  if  either  of 
these  applications  is  left  on  too  long.  Especial  atten- 
tion must  be  given  to  the  axilla,  the  umbilicus,  the 
pubes,  and  also  the  scalp.  The  preparation  of  mucous 
surfaces  will  of  necessity  be  more  or  less  imperfect.  The 
object  is  to  promote  the  highest  degree  of  ase])sis  possi- 
ble with  the  least  injury  to  the  mucous  membrane,  for 
the  intact  membrane  will  resist  infections  much  better 
than  one  which  has  been  damaged.  The  eye  cannot  be 
scrubbed  and  cannot  stand  any  strong  germicides  to  pro- 
mote asepsis.  Moreover,  the  normal  secretions  in  this 
part  seem  to  have  some  antiseptic  action.  The  integu- 
mentary surfaces  of  the  lids  and  brows  should  receive  a 
thorough  scnibbing  with  soap  and  water.  The  con- 
junctival sac  should  be  irrigated  thoroughly  with  a 
saturated  solution  of  boric  acid  or  Thiersch's  solution. 
If  the  conjunctiva  or  the  tear  sac  is  infected,  no  opera- 
tions upon  the  eve  should  be  imdertaken  except  those 
of  emergency.  The  results  will  certainly  justify  wait- 
ing until  the  process  subsides  under  proper  treatment. 
The  nose  can  be  cleansed  only  by  the  use  of  the  spray 
or  douche  and  some  of  the  simpler  antiseptic  solutions. 
of  which  an  ordinary  saline  is  one  of  the  best.  Dobell's 
solution  is  also  very* popular.  Prior  to  operations  about 
the  mouth  it  is  advisable  to  have  a  dentist  care  for  the 
teeth  in  order  tJiat  the  chance  of  infection  will  be 
diminished.  Before  an  operation  the  teeth  should  be 
thoroughly  scrubbed  with  brush  and  tooth  wash  or 
powder.  The  mouth  should  then  be  washed  out  with 
tincture  of  myrrh,  peroxide  of  hydrogen,  or  bichloride 
of  mercury  solution,  and  subsequently  rinsed  with  plain 
sterilized  water.  The  anus  and  rectum  can  be  cleansed 
by  means  of  two  or  more  scrubbings  of  external  parts 


followed  by  plain  enemata  prior  to  the  operation.  And 
when  the  patient  is  anesthetized,  the  bowel  can  be  thor- 
oughly scrubbed  with  soap  and  water  and  flushed  with 
a  weak  solution  of  corrosive  sublimate  followed  by  one 
of  plain  boiled  water.  The  same  plan  can  be  followed 
with  the  vagina,  using  a  small  nail  brush,  a  jeweller's 
brush  (Gerster),  or  a  small  piece  of  gauze  on  forceps  to 
reach  the  upper  part.  About  five  days  prior  to  a  trache- 
lorrhaphy, after  cleansing  the  vagina,  the  cavity  of  the 
uterus  should  be  curetted  and  cleansed  by  flushing  with 
carbolic  or  bichloride  solution  and  plain  watei.  Many 
operators  advise  the  same  step  before  a  hysterectomy, 
but  it  is  not  generally  considered  necessary.  The  room 
should  be  light  and  well  ventilated,  devoid  of  curtains  or 
superfluous  furniture.  The  temperature  should  be  about 
75**  P.  It  should  be  so  arranged  that  cleaning  can  be 
easily  accomplished  by  means  of  a  mop  and  wet  cloths 
without  impregnating  the  air  with  dust.  When  operat- 
ing in  private  houses  the  furniture,  carpets,  and  curtains 
must  not  be  disturbed  at  the  time  of  the  operation.  The 
utensils  should  be  glass,  porcelain -lined,  or  granite  ware 
which  can  readily  be  rendered  clean  and  sterile  by  hot 
water.  Hard  rubber  makes  the  best  portable  trays, 
owing  to  its  light  weight.  The  tables  and  other  furni- 
ture for  the  operating  room  should  be  of  the  simplest 
kind,  and  those  made  of  iron  and  enamelled,  with  or 
without  glass  tops,  are  the  best.  Where  these  cannot  be 
obtained  a  plain  table  made  of  hard  wood  will  answer 
every  purpose.  They  must  be  kept  scrupulously  clean. 
All  basins,  pitchers,  etc.,  which  will  be  used  should  be 
well  scoured  and  boiled  or  scalded  just  prior  to  use. 
Sheets  and  blankets  should  be  sterilized  and  the  patient 
should  be  well  covered  except  at  the  site  of  operation. 
The  towels  must  be  sterilized  and  kept  tightly  wrapped 
until  ready  for  use.  These  materials  may  be  sterilized 
in  the  same  way  that  gauze  and  dressings  are  prepared. 

Sponges. — The  best  silk  sponges  are  expensive  so  that 
resterilization  would  be  necessary,  and  this  is  more  or  leas 
unreliable.  Boiling  unfortunately  hardens  the  sponges 
and  destroys  their  usefulness.  This  has  rendered 
their  thorough  sterilization  somewhat  difllcult.  Very 
good  sponges  can  be  obtained  for  about  two  dollars  and 
a  half  per  pound,  and  these  can  be  thrown  away  after  an 
operation.  Many  methods  of  preparing  sea  sponges 
have  been  proposed.  The  following  (Schimmelbusch) 
is  useful  and  very  simple:  The  sponges  are  beaten, 
washed,  and  kneaded  repeatedly  in  cold  and  warm  water 
until  the  dirt,  shells,  and  other  foreign  matter  are  entirely 
removed.  They  are  then  pressed  together,  surrounded 
by  gauze,  and  put  into  a  one-per-cent.  solution  of  soda, 
iust  removed,  while  boiling,  from  the  fire.  They  are 
kept  in  this  solution  for  half  an  hour.  The  soda  is  then 
washed  away  with  boiled  water  and  the  sponges  are 
stored  in  a  tight  jar  and  covered  with  a  solution  of 
bichloride  of  mercury  (1  to  2,000). 

Still  another  method  of  sterilizing  sea  sponges  is  the 
following:  After  the  usual  beating  and  rinsing  to  free 
from  dirt  and  lime,  they  should  be  immersed  in  a  solution 
of  muriatic  acid,  3ij.  to  O  i,  for  twenty -four  hours. 
They  should  next  be  soaked  in  a  saturated  solution  of 
permanganate  of  potassium,  and  then  decolorized  in  a 
hot  saturated  solution  of  oxalic  acid.  The  latter  is  re- 
moved by  passing  the  sponges  through  lime  water. 
When  washed  in  plain  sterilizedwater  they  are  placed  in  a 
solution  of  bichloride  of  mercury  (1  to  1,000)  for  twenty- 
four  hours  and  are  kept  in  three-percent,  solution  of 
carbolic  acid  until  needed.  In  the  latter  steps  of  prepa- 
ration the  sponges  should  be  handled  by  means  of  steril- 
ized rubber  gloves  and  sterile  forceps.  The  difficulty 
of  sterilization  and  the  cost  are  objections  to  sea  sponges, 
and  while  the  advantages  of  a  good  sponge  are  appar- 
ent, it4S  place  is  being  largely  taken  by  pads  of  absorb- 
ent gauze  and  mops  or  wipers  made  of  cotton  covered 
by  gauze  (Tupfers).  These  can  easily  be  made  by 
squares  of  gauze  with  diagonal  comers  tied  together  and 
enclosing  a  small  pledget  of  cotton.  When  desired  they 
can  be  made  of  very  small  size  for  use  in  cavities.  They 
are  easily  sterilized  by  steam  and  are  very  convenient 
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and  inexpensive.  As  fur  us  possible  the  ed^es  should  Ik» 
turned  in  to  pi  went  lu  veilings  being  left  in  the  wound. 
These  mops  und  pads  shouhl  Ik*  wnippe<l  in  gauze,  one 
dozen  in  a  iMickage.  and  so  sterilized.  In  this  way  they 
can  readily  be  counted  so  that  noni^  shall  remain  in  the 
wound.  J^arge  flat  gauze  pads  with  a  string  attached 
are  now  often  used  in  abdominal  work  in  place  of  the 
large  flat  sponges  formerly  so  much  in  vogue. 

The  inntruiiu'ittH  should*  be  made  entirely  of  metal,  of 
very  simple  design  and  easily  cleansed.  They  sliould 
be  kept  perfectly  clean  by  thon)ugh  scrubbing  with 
bnish,  soap,  and  water  before  and  after  each  operation. 
This  should  have  the  most  can'ful  attentirm  lest  shreds 
of  tissue  and  clots  of  l)lofKl  remain.  Proper  cleansing 
having  been  obtained,  the  instruments  muy  be  rendercnl 
sterile  by  boiling  in  one-per-crnt.  solution  of  carbrmatc 
of  sodium  for  five  minutes.  The  scnlium  stilt  seems  to 
aid  in  the?  destruction  of  micro-organisms  which  may  b<' 
present  (Schimmelbusch).  It  alsi)  prevents  rusting  of 
the  instruments  which  occurs  in  plain  water.  The  ordi- 
nary tish  kettle  is  very  useful  for  boiling  instruments, 
as  the  tray  ciin  be  lifted  and  the  instruments  tmnsferred 
to  another  tmy  or  towel  without  being  handled.  Wip- 
ing them  and  placing  in  a  towel  exposes  tliem  to  a  chance 
of  contamination  and  is  not  as  a  rub*  advisal)le.  Cutting 
instruments  unfortunately  lose  their  eilge  when  boiletl, 
hence  oth(?r  means  are  necessary  to  render  them  germ 
free.  Immersion  for  a  short  time  in  nlcoliol.  then  in  pure 
carbolic  acid  for  five  or  ten  minutes,  again  in  alcohol 
which  dissolves  the  carbolics  acid,  and  finally  in  freshly 
boiled  water  will  lx»  the  In^st  plan  for  sterilization. 
Germicidal  drugs  other  than  carboli(r  acid  are  seldom 
used  for  the  preparation  of  instruments.  Bichloride  of 
mercury  acts  destructively  upon  metal.  After  steriliza- 
tion the  instniments  slioul<l  be  kept  in  luisinsaml  covered 
with  hot  water  or'  towels  and  should  not  be  handled 
again  before  the  operation.  One  assistant  should  have 
entire  char^^e  of  the  instruments,  or,  perhaps  letter,  the 
table  containing  them  is  so  placed  tliat  the  opemtor  can 
get  them  himself.  If  an  instrument  falls  upon  the  floor, 
is  handled  by  styptic  hands,  or  is  soiled  by  infectious  ma- 
terial during  an  operatitm,  it  should  be  discarded  or 
resterilized.  When  not  in  use  instruments  should  be 
kept  in  a  clean,  dust-proof  case. 

The  Dremngs. — Butter  or  cheese  cloth  is  almost  uni- 
versally used  at  the  present  for  a  woimd  dressing  and  is 
known  to  the  profession  as  gauze.  Surgeons'  absorbent 
cotton  is  also  very  largely  used  as  a  wound  drr^v-^ing. 
Other  materials,  sufli  as  oakum,  jute,  etc.,  are  usi-d  less 
fre((U«'ntly.  The  materials  most  suitable  for  bandages 
arebutt<Tcloth,  unb!<*a('li<Ml  cotton,  flannel,  and  crinoline. 
The  dressiii!]:.  gauze,  cotton,  and  bandages,  also  aprons, 
towels,  gauze  siM>iiir<'S,  blankets,  and  slK'cts.  can  all  be 
rendered  aseptic!  l)v  exp(>sure  to  steam  in  a  sterilizing 
apparatus  for  one  hour  on  tlirei*  successive  days.  The 
sterilizer  of  Arnold.  E.  Boecknian.  or  a  similar  one  may 
be  us<*d  for  this  purpose.  The  chief  object  is  to  obtain 
amoving  or  live  st<*ani  with  sutlicient  pressuie  to  be 
forced  into  all  ])arts  of  the  material  undergoing  steriliza- 
tion. Heat  applied  ]»efore  closing  the  sterilizer  will 
tend  to  prevent  cond(?nsation  of  the  steam  and  siitum- 
tion  of  the  dressings.  The  sinie  end  can  Ik  reached 
by  allowing  the  steam  tt)  pass  through  the  materials 
after  opening  the  sterilizer.  When  taken  from  the 
sterilizer  they  should  be  dry  and  subsequently  handled 
as  little  as  possible  and  with  the  ;rre;itest  precaution  to 
prevent  contamination.  If  l(»lded  in  nauze  before 
sterilization  they  should  be  opened  only  when  ready  for 
use  and  in  the  mean  while  confined  in  closed  retainers. 

Sutui^es  and  Lifidturei*. — The  suture  an<l  liL'aturc  ma- 
terials now  in  use  are  catgut,  silk,  silkwonii  liut,  kan- 
garoo tendon,  silver  wire,  and  horsehair,  each  having 
its  pecidiar  indications  for  use.  Of  these,  catgut  and 
kangaroo  tendon  are  sterilized  with  most  difliculty.  The 
other  materials  arc?  less  readilv  affected  by  heat  and  are 
therefore  the  more  easily  rentlered  sterile.  Th<'  former 
have,  however,  the  advantage?  of  being  readily  absorbed, 
and  will  be  on  this  account  less  likelv  to  act  as  a  funign 


Ixxly  and  pnive  subsequently  a  source  of  irritation.    Silk- 
wonii  gut  is  not  absorbent,  lias  no  tendency  to  become 
softeneil  by  wound  secretions,  and  is  therefore  not  lo 
likely  to  carry  infection  into  the  wound  as  catgut  or 
silk.     It  is  very  useful  when  a  firm,  strong,  and  non- 
absorbable material  is  indicated.     Silk  sutures  and  liga- 
tures should  he  ndled  on  glass  spools  and  sterilized  with 
the  dressings  by  steam  or  bv  boiling  in  plain  water  just 
lM>fore  use.  or  the  method  in  use  at  the  Johns  Hopkins 
Hospital  (Halsted)  can  be  adopted.     The  silk   is  cot 
in  lengths  of  from  nine  to  twelve  inches,  and  ten  of  these 
strands  are  wound  on  a  glass  reel.     Several  of  these 
recfls  of  desired  sizes  of  silk  arc  placed  in  a  glaas  tube, 
which  is  loosely  plugged  with  cotton.     The  tube  is  then 
placed  in  a  stcnim  sterilizer  for  an  hour  on  the  first  dar 
and  on  the  two  following  days  for  half  an  hour  eadn 
time.     When  removed  from  the  sterilizer  the  cotton  is 
puslKKl  tightly  into  the  tubes,  and  they  are  kept  in  asep- 
tic glass  jars  until  wanted.     Frequent  boiling  of  ^ 
appears  to  lessen  its  strength  to  some  extent.    BoO- 
ing  .silk  or  silkworm  gut  in  soda  solution  will  soften 
it  and  caus(;  deterioration.     The   sterilization   of  cat- 
gut is  a  more  diflicult  task,  and  most  methods  have  been 
far  from  satisfactory'.     The  preparwl  gut  offered  for  sale 
is  as  a  nih^  most  uusatisf actor}' ;  this  is  especially  true  of 
t  hat  kept  in  oil.     The  latter  is,  however,  rarely  sold  at  the 
present  time.     Catgut  kept  in  alcohol  in  a  sealed  glass 
tube  can  be  sterilizini  by  boiling  for  two  hours.     Kelly 
for  some  years  used  catgut  that  had  been  soaked  in  ether 
and  then  boilcnl  in  absolute  alcohol  under  pressure,  bat 
he  abandoniKl  the  method  after  several  cases  of  infection, 
which  were  thought  to  be  due  to  imperfect  steriliza- 
tion of  the  gut,  liad  occurred.    He  has  recently  used  Kro- 
nig 's  cumol  method  modifie<l  by  Clark  and  Miller.    This 
he  descrilH'S  as  follows:  1.  Cut  the  catgut  into  desired 
lengths  and  wind  twelve  strands  into  a  tigure-of -eight 
fonn  so  that  it  may  be  slipped  into  a  large  test  tube.    % 
Bring  the  catgut  gmdually  up  to  a  temperature  of  80'*  C. 
and  hold  it  at  this  point  one  hour.     8.  Place  the  catgut 
in  cumol,  which  must  not  be  above  a  temperature  of 
100'  C. ;  raise  it  to  105^  O.  and  hold  it  at  this  point  for 
one  hour.     4.  Pour  off  the  cumol  and  either  allow  the 
heat  of  the  sand  bath  to  dry  the  catgut  or  transfer  it  to 
a  hot-air  oven  at  a  temiKrature  of  100''  C.  for  two  hours. 
5.  Transfer  the  rings  with  sterile  forceps  to  test  tubes, 
previously  sterilizetl  as  in  the  laboratory.     Cumol  is  not 
explosive  but  very  inflammable:  can*  must  therefore  be 
used  to  kiM'p  it  from  the  flame.     Kangaroo  tendon  is 
not  geuemllv  ust^d,  but  is  useful   when   early  absorp- 
tion is  not  tJesired.     It  can  Ik*  pn.»])ared  in  a  manner 
similar  to  that  employed  for  the  sterilization  of  catgut. 
The  irregularity  of  the  temhm  makes  it  somewhat  ditli- 
cult  to  haiKlle.     Silkworm  gut  can  be  readily  sterilized 
by  steam  or  by  boiling  and  can  then  l>e  kept  immersed 
in  alcohol.     It  can,  however,  be  l>oiled  with  the  instru- 
ments at  the  time  of  opemtion  and  thus  rendered  per- 
fectly sterile,     IJy  eutting  off  the  two  irregular  ends  of 
the  re(|uired  number  of  strandsand  making  the  first  turn 
of  a  reef  knot,  they  can  easily  be  handled  and  one  strand 
removed  at  a  time  by  holding  at  the  knot  and  pulling 
it  from  the  convexity  of  the  looji.     Another  good  plan 
is  to  place  the  strands  in  test  tubes  in  which  they  can  be 
sti-rilized  and  kept  aseptic  until  ready  for  use."    Silver 
\vire  is  easily  sterilized  by  Iwiling  with  the  instruments. 
It  is  a  favorite  suture  with  many  operators,  especially 
when  a  considerable  thickness  of  tissue  Is  to  be  approxi- 
mated.    Some  abdominal  operators  use  it  in  suturing  the 
abdominal  wall  in  tiers.      It  is.   however,   not  so  fre- 
(juently  used  as  some  of  the  other  materials  and  often 
causes  irritalit)n  when  embedded  in  the  tissues.     Horse- 
hair makes  a  very  valuable  material  for  suturing  the 
skin  where  tension  will  be  slight.     Black  hairs  are  best 
as  they  are  larger  and  stronger.     The  hairs  are  readily 
])repare(l  as  f«»llows:  Take  a  small  bunch  of  hair  from 
the  hoi-se's  tail  and  brush  it  in  a  direction  opposite  to 
its  growth  to  remove  the  short  hairs.     Then  wash  it 
thoroughly,  first  in  soap  and  water  to  remove  grit  and 
dirt,  and  then  in  ether  to  remove  fats.     Finally,  boil  and 
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Asepsis. 


keep  in  alcohol  until  needed  for  use.  Or  the  small  bundles 
can  be  put  into  a  test  tube  and  sterilized  by  steam  as  is 
done  in  the  case  of  silkworm  gut.  The  liair  suture  is 
best  inserted  as  a  buttonhole  suture  or  as  the  chain  stitch 
of  Billroth.  In  order  to  do  this,  tie  the  first  stitch  as  in 
simple  continuous  sutures,  then  pass  the  needle  through 
both  lips  of  the  wound  and  hook  the  emerging  end  of  the 
suture  under  the  other  to  lock  the  stitch. 

Fluid  far  Irrigation. — Water  as  generally  seen  is  not 
germ  free.  The  best  and  simplest  method  to  render  it 
sterile  is  by  boiling  with  or  without  previous  filtration. 
The  latter  is  to  be  preferred,  because  there  will  be  less 
sediment  and  the  vessels  will  the  more  readily  be  kept 
clean.  These  vessels  should  be  provided  with  covers 
which  are  put  in  place  after  the  sterilization.  It  is  well 
to  supplement  the  cover  by  a  few  folds  of  sterile  gauze 
era  towel.  Some  of  the  water  should  be  sterilized  long 
enough  before  the  operation  to  allow  time  for  cooling. 
The  dipper  for  conveying  the  water  from  one  vessel  to 
another  can  be  sterilized  with  the  water.  In  fresh  and 
clean  wounds  germicidal  solutions  are  to  be  used  only 
in  preparing  the  field  and  the  hands  prior  to  operation, 
and  only  plain  sterile  water  or  a  normal  salt  solution,  6  to 
1,000,  used  during  the  operation.  In  accidental  wounds 
and  septic  conditions  an  effort  is  to  be  made  to  destroy 
the  organisms  by  the  use  of  chemicals  such  as  1  to  1.000 
bichloride  of  mercury  solution,  or  from  one  to  five  per- 
cent, solution  of  carbolic  acid,  or  one-percent,  solution  of 
acetate  of  aluminum.  In  fresh  aseptic  wounds  many 
gurgeons  use  the  dry  method  of  operating  and  obtain 
excellent  results.  No  fluids  of  any  kind  come  into 
contact  with  the  wound,  and  dry  gauze  sponges  remove 
the  blood.  In  this  way  one  of  the  things  necessary  for 
bacterial  growth,  moisture,  is  markedly  lessened. 

The  Drainage. — Material  for  drainage  is  used  to  re- 
move from  wound  spaces  the  serum  which  would  form 
a  pabulum  for  bacterial  growth,  and  in  accidental  or  in- 
fected wounds  to  remove  pus  and  incidental  colonies  of 
Incteria,  but  in  many  cases  some  additional  drainage 
material  is  necessary.  This  object  may  be  accomplished 
by  a  simple  counter  opening  at  a  dependent  part. 
Strands  of  sterilized  silk,  horsehair,  catgut,  and  silk- 
worm gut  are  frequently  used  for  this  purpose.  The  other 
materials  which  are  employed  for  drainage  are  gauze 
and  tubes  made  of  decalcified  bone  (Neuber),  of  gla.ss, 
or  of  pure  rubber,  fenestrated  as  desired.  The  latter  is 
one  of  the  best  and  most  universally  used.  Glass  tubes 
are  used  almost  exclusively  in  abdominal  and  pelvic 
work,  and  are  less  useful  in  other  parts  of  the  body. 
Tubes  of  glass  and  rubber  can  be  made  perfectly  sterile 
by  boiling,  and  they  produce  as  little  irritation  as  any  of 
the  other  forms  of  arain.  Owing  to  the  tendency  the  tis- 
sues have  to  become  adherent  to  the  meshes  of  the  gauze, 
it  has  been  proposed  to  surround  the  gauze  drain  by 
gutta-percha  tissue.  This  tissue  cannot  be  boiled  as  it 
18  destroyed  by  heat,  and  dependence  must  be  placed  on 
alcohol,  bichloride  of  mercury,  or  other  chemical  disin- 
fectant which  is  washed  away  before  the  drain  is  inserted. 

Drainage  should  be  empl<»yed  only  when  there  is  a  dis- 
tinct reason  for  so  doing  as  where  there  is  excessive 
wound  secretion,  where  contamination  of  the  wound  has 
occurred,  where  dead  spaces  are  unavoidable,  and  where 
the  wound  is  connected  with  mucous  surfaces.  The 
danger  of  contamination  of  the  wound  through  drainage 
must  not  be  overlooked.  When  the  object  for  which  the 
drain  has  been  inserted  has  been  accomplished,  or  when 
its  presence  produces  irritation,  its  use  should  be  discon- 
tinued. The  size  of  the  drain  must  be  suited  to  the 
amount  of  fluid  to  be  removed.  If  rubber  tubing  is 
used,  it  should  just  emerge  from  the  skin  to  prevent 
flexion  and  obstruction,  which  may  occur  if  it  projects 
too  far  out,  and  it  must  not  be  choked  by  the  pressure 
of  the  nearest  suture.  A  sterilized  safety  pin  passed 
through  the  margin  will  prevent  the  tube  slipping  into 
the  depths  of  the  wound. 

The  Wound. — In  making  a  wound  the  surgeon  should 
endeavor  to  injure  the  tissues  as  little  as  possible,  using 
sharp  knives  and  making  a  clean-cut   incision.    The 


tissues  should  be  torn  asunder  as  little  as  possible  so 
that  the  amount  of  dead  tissue  will  be  small,  thus  less- 
ening the  favorable  soil  for  bacterial  growth.  For  the 
same  reason  rough  sponging  and  injurious  chemicals 
are  to  be  avoided.  Hajmostasis  must  be  complete,  and 
suitable  drainage  arrangements  should  be  made  for  the 
removal  of  the  wound  secretions  in  the  larger  wounds 
and  in  those  in  which  infection  is  likely  to  take  place. 
The  dead  spaces  must  be  as  nearly  as  possible  effaced 
by  position,  suturing,  and  bandaging;  in  fact,  every- 
thing should  be  excluded  from  the  wound  which  will 
lessen  the  vitality  of  the  part  or  form  a  nidus  for  the 
growth  of  bacteria.  It  is  a  well-known  fact  that  too  much 
tension  upon  a  suture  will  favor  the  formation  of  a  stitch 
abscess:  therefore  the  stitches  are  to  be  drawn  only 
tight  enough  to  approximate  the  edges  without  tension. 
When  the  suturing  is  complete,  the  wound  and  adjoining 
field  should  be  freed  from  blood  by  a  piece  of  moist  gauze 
and  dried  thoroughly.  The  dressing  is  then  to  be  ap- 
plied, the  character  of  which  will  depend  largely  upon 
the  situation  and  size  of  the  wound.  The  small  and  su- 
perficial wountls  can  be  scaled  by  the  use  of  collodion  or 
celluloid,  and  if  a  drain  is  needed  its  point  of  emergence 
can  be  left  opyn.  In  the  latter  case  it  is  wise  to  apply  a 
sufficient  quantitv  of  gauze  over  the  wound  to  take  up 
the  secretion,  and  then  to  cover  this  with  cotton  and  a 
bandage.  In  the  larger  wounds  plain  sterilized  gauze 
in  voluminous  folds  should,  after  being  shaken  up,  be  ap- 
plied and  covered  with  cotton  and  a  bandage.  The  part 
is  then  to  be  placed  at  rest,  and  if  an  extremity,  in  an 
elevated  position.  The  application  of  chemical  dusting 
powdere  to  the  wound  will  depend  largely  upon  the  ex- 
perience of  the  operator.  The  substances  most  used  for 
this  purpose  are  iodoform  and  boric  acid,  neither  of 
which  is  germicidal  or  sterile  as  usually  seen.  Iodoform 
can  be  made  sterile  by  placing  it  in  a  gauze  bag  and  im- 
meraing  in  a  strong  solution  of  mercuric  chloride. 

For  some  yeare  the  writer  has  adopted  the  practice  of 
dressing  aseptic  wounds  without  any  dusting  powder, 
and  has  found  that  they  remain  dry  and  heal  as  kindly 
as  with  the  use  of  such  substances.  When  an  inspection 
of  the  wound  is  demanded  there  is  no  crust  covering  the 
wound  to  prevent  the  discovery  of  a  small  focus  of  sup- 
puration, and  there  is  no  obstruction  to  the  free  removal 
of  wound  products  by  the  dressing.  When  it  is  found 
necessary  to  use  adhesive  plaster  for  coaptation  or  to  pre- 
vent separation  of  wound  surfaces,  several  folds  of  steri- 
lized gauze  should  be  placed  between  the  wound  and  the 
adhesive,  for  this  material  cannot  be  rendered  sterile. 

Subsequent  Dressings. — The  same  degree  of  care  in  the 
preparation  of  the  hands  sliould  be  observed  for  the  dress- 
ing of  wounds  as  at  the  time  of  the  operation.  Rubber 
gloves  and  finger  cots  will  find  a  very  useful  field  where 
many  wounds  are  to  be  dressed  in  succession.  If  drain- 
age has  been  used,  the  wound  should  be  dressed  at  the 
end  of  twenty-four  or  forty -eight  hours,  and  the  gauze 
or  tube  removed.  After  this  time  there  should  be  some  dis- 
tinct indication  for  such  interference  before  the  wound  is 
again  disturbed.  Repair  will  not  be  hastened  by  needless 
inspection.  Fever,  pain,  odor,  and  saturation  of  dress- 
ings will  indicate  the  necessity  for  an  examination.  The 
sutures  should  be  removed  when  they  have  fulfilled  the 
indication  of  their  insertion  or  when  they  are  producing 
irritation  and  thus  are  failing  in  this  purpose. 

Accidental  Wounds. — A  large  percentage  of  such 
wounds  are  infected  before  they  reach  the  surgeon  and 
therefore  require  especial  efforts  at  sterilization.  The 
wound  and  surrounding  skin  must  be  thoroughly  cleansed 
with  soap  and  water,  and  washed  with  an  antiseptic  solu- 
tion, either  of  corrosive  sublimate  (1  to  2,000)  or  of  carbolic 
acid  (1  to  100).  The  solution  is  removed  by  flushing  with 
sterile  water.  Complete  approximation  is  iiot  often  ad  vis? 
able  and  drainage  is  the  rule  rather  than  the  exception.  A 
dusting  powder,  of  which  iodoform  is  the  best,  may  then 
be  applied,  and  over  this  the  same  dres.sing  as  in  an  aseptic 
wound.  Van  Arsdale  has  recommended  the  use  of  a  five- 
per-cent.  solution  of  balsam  of  Peru  in  castor  oil  as  a 
wound  dressing.     This  can  be  sterilized  by  heat  and  will 
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be  found  useful  especially  in  accidental  and  suppurating 
wounds.  It  prevents  the  dressings  from  adhering  to  the 
wound  and  piemiits  of  their  easy  and  almost  painless  re- 
moval. The  appearance  of  infection  in  a  wound  de- 
mands the  establishment  of  free  drainage  and  the  use  of 
antiseptic  irrigation.  The  application  of  a  hot,  moist 
antiseptic  dressing  will  often  prove  iM-neficial. 

Asepftis  of  N//eriVi/  0})e.rationH. — In  alnlominal  opera- 
tions, in  which  contamination  of  the  cavity  by  pus. 
fffices,  bile,  or  urine  may  Ik?  feared,  it  is  essential  that  the 
general  peritoneum  be  protectetl  by  the  interposition  of 
gauze  pads  or  sponges  to  take  up  such  mattTial.  These 
sponges  or  pads  are  removed  after  the  field  has  l)een 
cleansed  and  the  danger  of  further  contamination  is 
passtKl.  Following  this,  the  general  cavity  is  Xo  lie 
flushed  thoroughly  and  a  complete  toilet  made.  Similar 
steps  are  necessary  in  opening  a  c<'n'bml  abscess  which 
is  likely  to  be  followed  by  a  general  inflammation  of  the 
meninges.  Some  minor  surgical  pHK-eduR-s  demand 
as<*ptic  precautions,  such  as  aspinition  and  injection  of 
cavities,  stiline  infusion  —  hypodermic  injections  —  and 
the?  us(?  of  catlietn-s  and  sounds  for  urethra,  bladder,  and 
ureters.  Aspinitoi-s  and  syringes  should  be  so  con- 
stnicted  as  to  Ik*  easily  sterilized.  A  hy  po<|ernuc  syringe 
is  now  on  the  market  which  is  made  entirely  of  metal 
and  can  be  boiliMl.  Overlach's  syringe  with  rublKT 
piston,  glass  barrel,  and  metal  moilntings  can  also  be 
sterilized  by  boiling.  The  needles  should  be  boiled  in 
soda  solution  before  they  are  us<'d.  The  fluid  to  be  in- 
jected into  the  tissues  should  be  lM)iled,  unless  it  is  its(?lf 
germicidal.  Fountain  syringes  niad<»  of  rublxT  or  glass 
can  be  boiled  and  are  freciuently  ns<"d  for  making  saline 
inject i<ms  into  the  blootl  and  tis.sues.  They  nuist  be 
freshly  sterilized  before  they  are  us<*d.  It  is  essen- 
tial that  the  skin  should  also  be  sterilized  in  .s\ich  pm- 
cedures.  It  is  claimed  bv  Cazeneuve  and  others  that 
the  urine  from  healthy  kidnevs  in  a  healthy  bladder 
is  always  sterile.  Decomposition  of  the  urine  and  in- 
flammation of  the  bladder  occur  only  as  the  result  of  the 
prt»sence  of  micro-organisms,  which  as  a  rule  enter  from 
withcmt.  The  entrance  of  septic  germs  does  not  always 
produce  an  inflammation  of  the  bladder,  as  they  are  nip- 
idlv  expelled  with  the  urine.  Any  obstruction  to  outflow 
will  favor  their  retention  and  growth,  and  the  develop- 
ment of  inflammati(m  in  the  ureters  and  kidneys  as 
well.  Every  effort  must  be  made,  therefore,  to  prevent 
infection  of  this  tmct.  Catln'ters  are  made  of  soft  rub- 
ber, metal,  silk,  or  lincu  seah'd  by  gum.  The  metal  and 
soft  rubber  are  best.  Thcv  should  Ijestcrilizctl  bv  boilinir 
for  five  minutes,  and  then  anointrd  with  sterilized  glyc- 
erin or<»il  ln'fore  tlicvan'  introduced.  Sounds  and  otli<T 
instruments  sjjnuld  Ix*  treated  in  the  s;inie  way.  If  such 
procedure  would  injure  the  instrument,  dej^endence  nuist 
be  placed  on  a  stionir  laibolic  solution.  Ibisk  friction  for 
one  minute  with  a  wet  towel  followed  by  similar  treat- 
ment with  a  dry  ilotli  will  niakr  the  ^^olid  instruments 
sterile  (Schirnnielbuscli).  A  virulent  urethritis  contra- 
indicates  catherization,  and  belnre  any  instrument  is 
pas.sed,  iIk*  urethra  should  In*  (l«'anse<l  by  the  evacua- 
tion of  the  urine  or  by  tlu^hinir  the  canal  wiih  water  or 
normal  salt  solution.  Cmistant  warchiulness  in  all  sur- 
gical procedures,  both  larire  and  small,  is  alxolutely 
essential  for  the  prevention  of  s.-pnC  cnntaniination. 
This  watchfuhK'ss  can  be  cultivated  to  a  very  hiirh  de- 
gree so  that  it  becomes  more  or  lcv>;  a  niatter  of  habit. 
When  this  occurs,  howevrr,  tlun*  «nicrs  the  (lanir<'r  of 
carelessnes.s.  Therefoie  it  is  well  to  n  inembcr  ihat  our 
technique  is  always  oj)en  to  improvement  and  that  the 
danger  lies  in  indifference  and  a  lack  ot  care. 

r/.  (fiii'i'iinl  SJu  rriU. 

ASEPTOL  is  the  trade  name  of  a  snlutinn  of  so/olic 
acid,  of  the  strength  of  thirty-three  jier  cent.  So/olic 
acid,  CellidlSOaK.)!!,  is  formetl  when  carbolic  acifl  is  dis- 
solved in  concentmted  sulphuric  acid,  in  chemically 
equivalent  parts.  It  is  a  syruj)y,  reddiNii-lunwn  tlui«l. 
miscible  in  all  proportions  in  water,  alcohol,  and  Lr]yc<rin. 
It  is  less  poisonous  than  carbolic  acid  and  ha.->  a  nmic 


agreeable  odor.  Specific  gravity;  1.168.  It  poaaeses 
antiseptic  properties  and  is  used  externally  for  the  same 
purpose  as  carbolic  acid.  It  is  devoid  of  caustic  proper- 
ties, is  less  irritating,  and  is  not  so  powerful  an  antiseptic, 
being  estimated  Xa  possess  about  one- third  its  germicidal 
power.  A  solution  of  ten  per  cent,  may  be  geneiallv 
employed  as  an  antiseptic  wash.  In  diphtheria  it  u 
recommended  as  a  local  application.  It  may  be  givMi 
internally,  but  the  official  salt,  sulphocarbolate  of  so- 
dium, is  to  be  preferred.  Beauuiont  SmaU, 

ASH  BARK.— The  hark  of  various  species  of  /Voaaw 
L.  (fam.  OUacar).  The  commonly  used  species  are  the 
F.  tJTtl^ior  L.  of  Europe  and  the  F.  Amcricann  L.,  or 
White  Ash,  of  America,  the  inner  root  hark  of  which  has 
been  employed.  The  tluorescent  glucoside  fraxin,  very 
common  in  the  genus,  seems  to  Ix^  less  important  thera- 
peutically than  the  volatile  oil  and  amaroid,  which  are 
present  with  a  considerable  amount  of  resin.  Its  com- 
position woidd  indicate  its  utility  as  a  stimulant  to 
nutrition.  Its  empirical  use  in  the  treatment  of  dys- 
menorrhcea  and  metritis  is,  however,  not  explained. 
The  dose  is  1  to  4  gm.  (gr.  xv.  to  Ix.),  and  it  is  advised 
to  be  given  in  the  form  of  a  wine.  H.  H.  Rtubif. 

ASH,  PRICKLY.— Xanthoxyllm.  *'Thebarkof  Xaa- 
thoxybtiH  Arnencaniim  Miller  and  of  Xanth€arylum  Clttn- 
HemiliM  L.  (fam.  Rutactat) "  (U.  S.  P.).  Prickly  a<h  de- 
rives its  name  from  its  armature  of  thorn-like  prickles 
and  its  superficial  resemblance,  when  in  flower,  to  the 
true  avSh  {Frnxinufi),  to  which  it  is  not  related.  The  genus 
Xahihojpylum  L.,  as  recognized  by  Bentbam  and  Hooker, 
contains  nearly  one  hundred  species,  distributed  widely 
in  both  temperate  and  tropical  regions  of  both  hemi- 
spheres. In  most  of  these  regions,  one  or  more  species 
are  used  as  ours  is,  and  many  of  them  are  employed  also 
in  fish  puisiming.  Of  the  two  species  naminl  above,  the 
former  is  the  northern,  the  latter  the  Southern  prickly 
ash.  The  latter  is  n*ganled  by  Dr.  Engler  as  represent- 
ing a  distinct  genus.  Fagnra  L..  and  is  called  by  hhn 
F.  CuroUniana  (Lam.)  Engler.  This  view  is  apparently 
corre(?t. 

Th(?  fruits  of  both  the  northern  and  southern  species 
have  (H)mi)osition  and  pnipertiesgenerallv  similar  to  those 
of  the  bark,  and  are  ustnl  similarly,  but  in  rather  smaller 
dosc's.     The  Cuban  species,  to  which  the  name  A'  C7<ifti- 
JlfiruUx  L.  has  also  been  aj^plied,  is  a  distinct  specit^s 
(.V.  ('nrihivuiH  1a\\\\,).     Northern  prickly  ash  is  a  lari?e 
shrub,  rarely  attaining  to  the  dimensions  of  a  very  small 
tree.     Its  spinesare  not  bonieupon  corky  prolul>eianres. 
Southern  ]»riekly  asli  becomes  a  small  tree,  and  its  spim*s. 
at  least  u])(m  the  older  portions,  are  elevated  ujKm  larue 
conical  corky  excrescences.     The  bark  of  the  fonner  is 
in  small  quills  or  pieces  of  them,  very  thin  (rarely  «- 
ceedinir  one  twentieth  of  an  inch  in  thickness).  bn.)wn  or 
purple  with  light    gmy   patches,  very   rarely  entirely 
gray,  and  usually  with  minute  black* spots  resomhlinjr 
tly  sj>eck.s.     Its  inner  .surface  is  smooth  and  whitish,  be- 
coming  yelh)w,  and   with  a  greenish  tinge.     It  lm«  a 
sharp,  brittle  fmeture,  e.xhibitinu:  an  outer  green  ami  ad 
inner  vellowish-white  hiver.     The  siuithern  bark  is  even 
thinner  in  (piillsof  thesiime  size.  th<mgh  the  older  piK^-s 
become  twice  as  thick,  and  it  is  more  uniformly  jrray. 
The  spine  characters  assist  in  the  dilTerentiation.    1^>('' 
barks  have  a  very  bitter  and  pungent,  afterward  acrid 

taste. 

O'lnjKHiition. — As  to  their  genend  nature  the  eoDStim- 
ents  agree  in  the  two  barks,  though  the  comiwuiids  arc 
dilT("rent.  There  are  two  resins,  one  very  acrid.  The 
oil  is  also  verv  acrid.  The  bitter  taste  isduetoatliv 
tinct  substance.  uanthoxyUn.  A  small  aimmnt  of  tanmii 
is  also  j)resent. 

PmiHi'titx. — Th<*  action  of  prickly  a.sh  is  that  of  «u 
aromatic  l)itt<*r,  ])ut  it  has  otherchanicteristic  proportij*''- 
Its  locally  stimulating  powers  are  very  marked.  ^^' 
ternally  it  is  an  active  counterirritiint  and  relieves  neu- 
ralgia and  rheumatism.  It  excites  profuse  .secn'ti(»n m 
the  mouth  and  stomach,  and  apparently  in  the  intt-sliu^ 
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It  stimulates  the  heart  quite  strongly,  apparently  re- 
flexly.  It  promotes  excretion  as  well  as  secretion  and  is 
an  excellent  diaphoretic,  diuretic,  and  expectorant.  This 
eliminative  power  makes  it  of  service  in  the  treatment 
of  rheumatic  and  syphilitic  conditions.  It  was  one  of 
the  most  extensively  used  of  aboriginal  drugs,  and  has 
always  been  a  favorite  in  domestic  practice,  and  it  is 
unfortunate  that  it  has  been  displaced  professionally  by 
less  worthy  articles.  The  official  preparation  is  the  fluid 
extract,  the  dose  of  which  is  1.  to  4.0  c.c.  (fl  3  i  to  1). 
The  root  of  X  Senegaleiise  DC.  is  similarly  used  under 
the  name  of  artar  root.  It  contains  the  alkaloid  arta- 
fine.  11.  H.  Hvsby. 

ASHEVILLE,  N.  C— Asheville  is  situated  in  Western 
North  Carolina  upon  a  hilly  table  land,  at  an  elevation  of 
2,350  feet,  in  the  culmination  of  the  Alleghany  Moun- 
tains, between  the  diverging  ranges  of  the  Great  Smoky 
Mountains  and  the  Blue  Kidge. 

Completely  surrounding  this  plateau  of  some  thirty 
miles  in  width,  with  the  Blue  Ridge  to  the  south,  east, 
and  northeast,  and  the  Smoky  Mountains  to  the  west  and 
northwest,  are  the  projecting  spurs  and  peaks  of  these 
ranges  with  an  elevation  double  and  almost  treble  that 
of  Asheville.  The  meteorological  conditions  of  the  pla- 
teau—the temperature,  the  purity  of  the  air,  and  the 
amount  of  precipitation — are  peculiarlv  influenced  by 
these  high  mountain  chains.  The  rain  clouds,  especially 
those  approaching  from  a  southerly  direction,  are  satu- 
rated at  a  higher  temperature  than  they  meet  on  approach- 
ing and  passing  over  these  mountain  ranges,  and  on  that 
account  they  precipitate  their  moisture  before  reaching 
Uie  plateau.  In  consequence  there  is  a  difference  of  from 
fifteen  to  twenty  inches  of  annual  rainfall,  and  from  ten 
to  twelve  degrees  in  relative  humidity,  between  places 
situated  immediately  in  the  surrounding  mountains  and 
the  Asheville  plateau. 

In  the  winter  season  the  temperature  is  moderated  by 
the  prevailing  air  currents  from  the  south,  but  as  they 
come  as  a  rule  from  a  northerly  direction  in  the  summer, 
the  summer  months  are  cool  and  pleasant. 

Preferring  not  to  make  use  of  tabulated  meteorological 
statistics  which  are  difficult  to  decipher,  and  to  be  com- 
plete would  occupy  my  entire  available  space,  I  may 
say  that  Asheville  is  practically  an  all-year  resort,  hav- 
ing, in  the  parlance  of  climatologists.  a  medium  elevation, 
and  offering  favorable  conditions  for  out-of-door  life  at 
all  seasons  of  the  year. 

The  Winter  Months. — January  and  February  present, 
however,  periods  of  cold  weather,  lasting  for  a  few  days, 
and  exceptionally  for  a  week,  and  several  of  such  "*  cold 
spells  "  are  observed  during  these  months. 

Such  a  cold*  spell  is  as  a  rule  initiated  with  a  consider- 
able wind  movement  from  the  north,  during  which  the 
temperature  falls  rapidly  to  10°  F.  or  to  zero,  and  tem- 
peratures below  zero  have  been  observed  during  several 
of  the  twelve  winters  during  which  the  writer  has  had 
charge  of  the  local  weather  bureau.  As  already  stated, 
these  cold  spells  do  not  last,  the  wind  subsides  after  from 
twenty-four  to  thirty-six  hours,  and  then  the  tempera- 
ture rises.  The  days  are  bright,  and  during  the  hours 
of  sunshine  invalids  can  be  out  of  doors,  when  properly 
clothed,  without  suffering  from  cold. 

The  humidity  averages  between  50  and  55  per  cent,  in 
the  two  winter  months,  and  the  dry  atmosphere  and 
large  amount  of  sunshine  have  a  stimulating  and  ex- 
hilarating effect  upon  all  cases  which  are  otherwise  in  a 
condition  to  profit  from  climatic  treatment.  The  amount 
of  ozone  in  the  air  reaches  its  greatest  proportion  in 
these  months,  and  70  per  cent.,  of  a  scale  from  0  to  100, 
has  frequently  been  recorded. 

In  some  years  the  winters  have  been  very  mild,  but 
frosts  occur  in  the  spring  months  as  late  as  the  latter 
part  of  April.  Snow  rarely  falls,  and  when  it  does,  it 
melts  away  under  the  sun  upon  the  same  day  or  within 
a  day  or  two  thereafter.  The  average  snowfall  is  less 
than  two  inches. 

The  spring  season  has  its  beginning  between  February 


20th  and  March  10th,  during  which  the  vegetation  be- 
gins to  spring  up,  and  the  trees  to  leaf  out.  The  days 
are  comfortable,  and  while  not  hot,  temperatures  up  to 
75°  F.,  during  the  houra  from  10  a.m.  to  8  p.m.,  are 
quite  common. 

Thunder  storms  occur  with  the  advent  of  such  warmer 
weather,  and  are  attended  with  brisk  showers,  especially 
upon  the  environing  high  mountain  ranges,  where  one 
can  often  see  such  storms  in  progress  while  the  plateau 
enjoys  bright  sunshine. 

The  relative  humidity  during  the  spring  months  aver- 
ages between  60  and  65  per  cent. 

One  of  the  features  of  the  spring  is  the  beautiful  and 
varied  fiora  of  this  region,  and  the  azalea,  laurel,  and 
rhododendron,  as  well  as  the  smaller  flowers  of  the 
mountains,  are  the  delight  of  all  visitors. 

The  Summer. — In  some  years  past  June  has  been  as 
warm  as  any  of  the  summer  months,  and  the  highest 
maximum  temperature  may  fall  in  this  month  or  in  July 
or  August.  The  highest  temperature  recorded  in  the 
past  twelve  years  was  91.3^  F.,  but  90"  F.  is  frequently 
reached  during  the  summer  of  every  year. 

Usually  there  are  cool  breezes  during  the  day,  and 
unless  one  is  exposed  to  the  direct  rays  of  the  sun,  there 
is  no  discomfort  on  account  of  heat.  When  the  sun  goes 
down  the  air  cools  rapidly,  and  the  nights  are  always 
comfortable  and  bed  covers  are  necessary,  at  least  after 
midnight. 

The  rainfall  during  the  summer  months  is,  as  a  rule, 
greater  than  in  the  winter,  and  heavy  rains  of  short 
duration  occur  more  frequently.  I  have  known  an  inch 
of  rain  to  fall  in  the  course  of  an  hour  or  two,  but  the 
excellent  natural  drainage  carries  the  water  off  quite 
rapidly,  and  the  streets  become  dry  in  a  few  hours. 

The  average  rainfall  for  the  summer  is  four  inches  per 
month,  and  the  average  humidity  varies  between  70  and 
75  per  cent. 

The  Autumn. — With  but  few  exceptions,  in  the  twelve 
years  of  my  experience,  the  fall  weather  has  been  con- 
tinuously pleasant  and  enjoyable  until  January,  when, 
as  stated  above,  colder  weather  usually  sets  in.  With 
frosts  in  October  the  foliage  of  the  great  variety  of  trees 
and  shrubs  begins  to  turn,  assuming  every  possible  shade 
and  hue  from  the  green  of  the  pine,  to  yellow,  crimson, 
red,  purple,  and  brown,  and  this  change  goes  on  until 
December  or  even  later,  when  the  leaves  begin  to  fall. 
Visitors  never  tire  in  their  admiration  of  this  ever- 
varied  play  of  colors  in  the  closely  adjacent  forests,  and 
thousands  of  boxes  of  leaves  and  branches  of  myrtle, 
mistletoe,  holly,  and  galax  are  mailed  from  Asheville 
during  the  fall  and  winter  months  to  distant  friends  and 
relatives. 

The  fall  months  are  always  delightful,  the  tempera- 
ture declining  in  average  and  maxima  gradually:  and 
after  October  1st  artificial  heat  is  frequently  required  in 
houses  in  the  early  morning  and  evening. 

The  total  annual  rainfall  is  forty  inches,  and  is  nearly 
equally  distributed  over  all  the  months,  with  a  slight 
increase  in  summer.  There  is  no  distinctly  rainy  season 
or  month,  and  no  distinctly  dry  season  for  any  part  of  the 
year. 

Having  given  the  essential  infoi-mation  as  to  the 
climate,  I  may  now  consider  other  subjects  which  are  of 
interest  and  about  which  inquiries  are  frequently  made 
the  by  distant  physicians  and  intending  visitors. 

The  city  has  a  permanent  population  of  fifteen  thou- 
sand and  a  floating  population  of  several  thousand  more, 
the  latter  consisting  of  people  who  are  in  search  of  health 
and  pleasure.  The  railway  station  is  situated  in  the 
valley  near  the  confluence  of  the  French  Broad  and  the 
Swanannoah  Rivers,  at  a  distance  of  a  mile  from  the 
centre  of  the  city,  which  is  located  on  a  bluff  about  three 
hundred  and  fifty  feet  above  the  river  valley.  The  streets 
from  the  depot  and  in  the  central  parts,  as  well  as  some  of 
the  residence  streets,  are  well  paved  with  brick,  and  brick 
pavement  and  macadam  extend  to  Biltmore,  a  distance 
of  two  miles,  to  the  Vanderbilt  estate.  Electric  trolley 
lines  connect  the  different  parts  of  the  city  with  the  de- 
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pot  and  with  Biltiuore,  and  also  extend  to  other  suburbs, 
giving  ample  facilities  and  goo<l  service  for  all  purposes. 
'The  business  part  of  the  cit^'  is  well  and  substantially 
built,  and  the  business  establishments  compare  favorably 
with  those  of  even  larger  cities  either  North  or  South. 

Apart  from  its  mercantile  business,  Asheville  is  prac- 
tically a  town  of  hotA'ls  and  bonnling-houses,  and  the 
available  accommodations  are  ample  in  kind  and  good 
in  quality  according  to  the  rates  charged.  As  to  the 
latter  it  must  not  be  forgotten  that  provisions  and  fuel 
are  more  expensive  than  in  thickly  iK)pulated  centres, 
which  are  nearer  to  their  sources  of  supply  and  have 
low  rates  of  transportaticm. 

The  rates  in  the  cheaper  boarding-houses  vary  from 
$4  to  S8  IKT  week,  but  most  of  these  do  not  offer  accom- 
modations suitable  for  invalids.  The  Ix^tter  houses 
charge  from  $10  to  $15  per  week  and  give  goo<l  accom- 
modations. A  few  of  them  refuse  invalids  altogether, 
catering  to  well  people  and  pleasure -seekers  only. 

There  are  several  good  commercial  hotels  in  the  centre 
of  the  c.Uy,  with  daily  mtcs  of  from  $2  to  S:J.  These  are 
suitable  for  a  brief  stav  when  one  tirst  arrives;  but  in- 
valids  should  be  advis<'d  to  avoid  such  hotels  for  per- 
manent quarters  on  account  of  tli<^  want  of  facilities  for 
out-of-door  life.  The  more  fashionable  hotels  are  the 
Battery  Park  and  the  Kenil worth  Inn.  The  former  is 
open  all  the  year,  and,  though  centrally  locate<l,  it  has 
large  groimds  and  abundant  piazza  room,  and  is  other- 
wise first  class  in  all  its  appointments.  It  is  thepo])ular 
hotel  in  Asheville  with  the  wealthier  cla.<is  of  visitors. 

The  Kenilworth  Inn  is  open  only  during  the  Avinter 
season,  from  the  middle  of  January  to  May.  It  is  situ- 
ated near  Biltmore,  about  two  miles  from  the  cit  v.  This 
is  also  one  of  the  finest  equipped  modern  hotels  of  the 
South. 

A  special  institution  for  tul)erculous  patients  was 
•established  over  twenty  years  ago  by  Dr.  J.  W.  Gleits- 
mann,  now  of  New  York.  After  it  had  iM'en  conducted 
for  several  years  and  had  shown  excellent  clinical  results, 
it  was  closed  in  1883.  The  Winyah  Sanitarium  for  tuber- 
culous patients  was  established  In  1888  and  has  l)een  in 
successful  openition  since.  New,  modem,  and  perfectly 
appointed  buildings  and  cottages  were  erected  during 
1899,  and  were  opened  for  patients  last  January,  and 
cottages  with  an  aggregate  of  sixty  private  rooiiis  for 
patients  are  in  progress  of  construction,  to  be  completed 
in  the  fall  of  1900.  With  their  occupation  the  old  build- 
ings will  be  abandoned.  This  iiistitutioii  is  situatrdin 
a  small  wocxlcd  park  of  seventeen  acres,  in  the  out<ikirts 
of  the  city,  and  the  electric  car  line  passes  tlirou^h  its 
grounds.  The  admissions  are  ]inul<'d  to  such  ]>atients 
only  as  have  a  reasonable  prospect  tor  iinprovenient  and 
recovery,  and,  as  far  as  lliere  is  room,  ur(?onipauying 
friends  can  also  obtain  accommodations. 

While  there  is  no  city  hospital  receiving:  all  patients 
free,  the  Mission  hospital  has  limited  faeiliries  for  caring 
for  the  city  poor,  as  well  as  for  those  wlio  can  atTord  to 
pay  for  private  rooms.  It  admits  no  contagious  di.**eas«». 
Although  small  it  is  well  C(|uipped  with  modern  appli- 
ances and  is  under  the  care  of  a  staff  of  local  physicians. 

The  water  supply  of  the  city  is  from  the  headwaters 
of  the  Swanannoah,  and  is  perfectly  pure,  as  shown  by 
competent  analysis  and  baeteriolo/rical  examination. 

The  city,  except  in  some  of  the  n<irro  ipiarters,  is  well 
sewered.  Under  the  diligent  labors  of  a  competent  board 
of  health,  the  general  sanitary  conditions  of  Asheville 
have  been  nuich  improve<l,  and  they  are  now  as  good  as 
those  of  other  progres.sive  cities.  Kxpectoration  in 
public  places  and  upon  sidewalks  is  forl^idden  under  fine ; 
and  the  prospect  for  an  onlinance  recpiiring  meat  ins]»ec- 
tion,  the  testing  of  dairy  cows  for  tubereuh ►sis.  as  well  as 
the  disinfection  of  rooms  previously  occupied  by  tubercu- 
lous patients  is  good,  and  willprobablv  be  a  law  before 
these  pages  go  into  print.  The  mortafity  of  the  city  is 
very  low,  especially  among  the  white  population ;  malaria 
is  unknown,  and  phthisis  among  the  natives  is  nire. 

Asheville  has  a  system  of  good  graded  schools,  a  mili- 
tary academy  for  boys,  and  several  colleges  for  girls. 


and  these  private  institutions  are  of  a  hi^h  standard  and 
well  conducted.  Students  from  localities  in  which  the 
climate  is  unfavorable  to  delicate  and  rapidly  growing 
youths,  and  invalided  parents  who  come  to  jfshevilte 
for  permanent  homes  with  their  children,  are  offered  ex- 
cellent educational  advantages. 

Asheville  has  also  a  good  public  library. 

The  principal  religious  denominations  are  all  repre- 
sented and  their  church  edifices  would  be  creditabk?  to  a 
larger  cit}'. 

Cottages  and  larger  houses,  furnished  and  unfumished, 
are  plentiful  for  rent,  the  prices  varj'ing  f rom  $10  per 
month  upward. 

Many  inquiries  are  constantly  being  received  by  the 
writer  from  invalids  as  to  opportunities  for  employment 
Most  of  the  invalids  who  arrive  here,  in  quest  of  em- 
plovment  are  physicallv  unfitted  for  labor  of  any  kind, 
and  it  is  a  great  mistaKC  to  send  to  this  or  any  other 
health  n;sort  phtlnsical  patients  who  must  depeni^  upon 
th(?ir  own  exertions  to  make  their  way. 

Sourc:i>s  for  amusement  and  recreation  are  chiefly 
lindted  to  driving,  horseback  riding,  and  walking  ami^ 
the  beautiful  scenery  of  this  region.  Golf  links,  said  to 
be  among  the  finest  in  the  country,  baseball  grounds,  an 
opera  house,  and  the  gayeties  of  the  &shioiiable  faoteb 
furnish  their  part  in  season. 

Carriage  hire  and  riding  horses  may  be  obtained  in 
Aslieville  at  very  reasonable  rates. 

A.sheville  is  on  the  Southern  Railway,  about  half  way 
between  Salisbury,  N.  C,  and  Knoxville,  Tenn. 
Through  sleepers  leave  New  York  City  over  the  Penn- 
sylvania Railway  via  AVashington  at  4:90  P.M.  and  arrive 
at  Aslieville  at  i:dO  p.m.  the  next  day. 

Through  sleeping  accommodations  exist  also  from 
Nashville,  Tenn..  and  Cincinnati,  Ohio,  the  trains leavinr 
the.se  cities  at  8  p.m.  and  arriving  at  Asheville  the  fol- 
lowing day  in  time  for  dinner. 

There  is  also  direct  connection  from  New  Orieans  via 
Montgomery,  Birmingliam,  and  Atlanta;  and  the  South- 
em  Ilailway  gives  an  excellent  service  over  all  its  lines, 
taking  special  pains  with  its  Ai^eville  iMtronage. 

Karl  van  Buck. 

ASPARAGIN.— C4H«N,0,,H,0.  A  crystalline  prin 
ciple,  obtained  from  asparagus  officinalis.  '  It  also  is  veiT 
widely  distributed  in  nature,  having  been  found  in  al- 
monds, licorice  root,  iH'lladonna  leaves,  i>otatoes,  lily 
of  the  valley,  marshmallow,  and  many  other  plants. 

It  is  neither  an  alkaloid  nor  a  glucoside,  but  an  organic 
princii)le  derived  from  malic  acid.  AVhen  decomposed 
by  strong  acid,  it  is  converted  into  ammonia  andaspartic 
acid.  It  occurs  in  hard,  brilliant,  colorless  crv'stak 
with  a  faintly  saline,  cooling  taste,  soluble  in  water,  one 
part  in  twelve. 

The  use  of  asparagus  is  being  revived,  and  this  princi- 
ple is  recrmiiiien<led  as  the  best  mt*ans  of  obtaining  its 
thempeulic  ]iroperties.  It  is  administered  in  doses  ot 
one  gmin  to  one  grain  and  a  half  thn?e  times  a  day. 

Asparagus  has  long  iK^en  supposed  to  possess* thera- 
peutic properties,  but  it  has  not  received  much  attentio*^ 
The  roots  and  shoots  are  official  in  the  Fa^nch  CodC^* 
uihI  at  many  EuroiH*an  watering-])laces  it  occupies    ^ 
iuipt>rtant  position  in  the  articles  of  diet  in  lithiasis  i*"^ 
in  the  treatment  of  gouty  patients.     It  increases  thefl*-^^, 
of  urine  and  imparts  i.  peculiar  strong  odor.     It  nr""^^ 
cause  v<'sical  irritation,  and  should  Ik^  used  with  cant 
when  the  renal  tissue  is  diseased.     In  cardiac  drops; 
is  reconiinended,  as  its  action  is  said  to  resemble  thai 
convallaria.  Beaumont  Sinah 


ASPARAGUS. — The  common  ganien  asparagus, 
ojffit'huih's  Linn.   (Fam.   LiliaccaiX  will  hardly  be  m  ^ 

more  familiar  by  description.     It  is  ;.  native'of  Eurc5^^P|^ 
and  cultivated  everywhere.    Both  the  underground  ^^^'^ 
tion  and  steins  are  oflicial  in  France.  ^^^r\\ 

*•  As])arjigus  root,"  as  the  rhizome  is  improp^^^  • 
called,  ctaitains  resin,  glucose,  dextrin,  bitter  extract"^^!^ ' 
and  other  simple  constituents,  but  no  asparagin. 
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AsfMiractii*. 
Asphyxia. 


fresh  sprouts  have,  in  addition,  the  interesting  com- 
pound asparagin,  discovered  in  1805  by  Vauquelin  and 
Kobiques. 

As  a  medicine  asparagus  is  of  h'ttle  use.  Its  property 
of  modifying  the  odor  of  the  urine  is  known  to  every 
one,  and  is  caused  by  methyl  mercaptan,  a  decomposi- 
tion product  of  protein.  It  may  increase  the  quantity 
of  urine  excreted,  but  does  not' do  so  always.  It  ap- 
pears to  make  it  slightly  irritating,  and  to  prompt  to 
more  frequent  micturition.  In  large  doses,  it  has  been 
comparea,  in  its  effects  upon  the  heart,  to  digitalis,  but 
is  rarely  now  used  with  tliis  in  mind.     (See  Aftpnragin,) 

W.  P.  Bolles. 

ASPERMIA.    See  Sterility  in  ths  Male. 

ASPHYXIA  (a,  privative,  a^v^^f,  a  pulse). —Diminution 
or  suspension  of  the  phenomena  of  hsematosis  and  of  the 
respiratory  function  from  hindrance  to  the  entrance  of 
air  into  the  lungs 

Turned  from  it«  primitive  sense,  the  word  in  medical 
technology,  and  even  in  common  language,  has  now 
quite  a  different  meaning,  experiments  having  shown 
tnat  the  physiological  fact,  qualified  summarily  under 
the  name  asphyxia,  may  be  the  consequence  of  several 

gsithological  states,  or  of  distinct  functional  troubles, 
rcodly  speaking,  there  will  be  asphyxia  when  any  ob- 
stacle whatever  hinders  air  from  penetrating  the  pul- 
monary vesicles,  or  when  the  fluid  that  penetrates  them 
is  of  any  other  nature  than  the  medium  in  which  the 
animal  is  destined  to  live.  Consequently  the  name  as- 
phyxia is  applied  generically  to  all  accidental  conditions 
in  which  life  is  threatened  by  any  interception  of  the 
respiration  which  impairs  the  quality  of  the  blood,  but 
does  not  diminish  its  quantity. 

Many  writers,  objecting  to  the  term,  advise  its  abolish- 
ment from  medicine,  and  seemingly  with  good  reason, 
since  asphyxia  may  be  confounded  with  apnuea,  suffoca- 
tion, syncope,  shock,  dyspnoea,  and  other  disorders  of 
respiration,  and  with  suspended  animation  from  various 
causes.  On  the  other  hand,  it  is  preferable  to  retain  this 
name  rather  than  coin  a  new  one,  which  in  its  turn  may 
be  inadequate  to  explain  phenomena  that  may  be  sub- 
sequently revealed  by  science.  Under  the  title  are 
grouped  many  accidents  or  diseases  that  have  no  other 
relations  between  themselves  than  a  gradual  lowerinff  of 
the  hsematosis,  of  the  pulse,  of  the  temperature,  and  of 
sensibility  and  motion. 

Varieties. — Several  conditions  resemble  or  complicate 
but  do  not  constitute  asphyxia.  Apnoia,  or  syncope  of 
the  lesser  circulation,  is  physiologically  opposite  to  as- 
phyxia, since  the  stoppage  of  respiration  is  owing  to  the 
saturation  of  the  blood  with  oxygen.  Apmjtn  occurs 
when  the  blood  is  shut  off  from  the  air  passages;  as- 
phyxia, when  the  air  is  shut  off  from  the  blood.  Apnoea 
isbreaildessness  ;  asphyxia,  ditficulty  of  taking  in  breath. 
Poisoning  by  toxic  vapors,  the  fumes  of  sulphuric  acid, 
chlorofonn,  mephitic  gases  in  general,  and  more  espe- 
cially the  gas  produced  by  burning  charcoal,  do  not  occa- 
sion asphyxia,  but  a  true  poisoning,  resembling  narcotic 
poisoning,  in  which  the  oxygenation  of  the  blood  has  no 
recognized  part.  Of  the  toxic  gases,  the  disastrous  in- 
halation of  which  is  erroneously  attributed  to  asphyxia, 
an  exception  must  be  made  in  favor  of  oxide  of  carbon. 
This  gas  acts  by  paralyzing  the  blood  globules,  and  by 
obstructing  the  gaseous  exchanges  of  which  they  are 
the  agents.  Between  poisoning  by  the  inhalation  of 
toxic  vapors  and  asphyxia  there  is  this  capital  difference: 
in  the  pretended  asphyxias  the  hiematosis  continues,  in 
real  asphyxia  hcematosis  ceases.  Asphyxiation  by  light- 
ning and  by  vacuum,  being  of  no  practical  interest, 
cannot  be  touched  upon ;  and  the  complex  state  in  which 

ghenomena  analogous  to  asphyxia  are  thought  to  occur 
I  the  foetus,  from  impeded  circulation  of  the  placenta, 
does  not  appear  to  call  for  special  mention  in  connection 
with  our  subject.  Infantile  ajtphyxia,  or  the  apparent 
death  of  the  new-born,  is  a  distinct  morbid  condition 
brought  on  by  a  cerebral  congestion,  or  by  a  syncopal 


state,  and  will  be  studied  elsewhere.  The  term  locaf- 
asphyxia  is  rather  a  bold  innovation  that  has  been  applied 
to  symmetrical  angioneurotic  gangrene  of  the  extremi- 
ties, as  seen  in  Raynaud's  disease  and  in  the  aborted 
form  known  as  digiti  mortvi.  Its  supposed  cause  is  pri- 
vation of  oxygen,  but  in  reality  it  is  due  to  embolic  arrest 
of  circulation  in  the  parts  affected,  resulting  from  pro- 
path  ia  or  from  lesion  of  the  cord  or  its  envelopes. 
Secondaj'y  a^)hyxia  may  occur  after  drowning  or  other 
cause  of  asphyxia.  The  individual  having  recovered 
from  the  primary  effects  of  the  asphyxia,  dies  suddenly, 
without  apparent  cause,  after  a  lapse  of  a  few  minutes- 
or  several  days.  Sucli  cases  are  explained  as  the 
secondary  results  of  the  arrested  interstitial  nutrition 
that  took  place  during  the  period  while  breathing  was 
temporarily  arrested. 

Phenomena. — Interruption  or  suspension  of  the  res- 
piratory phenomena  may  be  influenced  by  divei"se  circum- 
stances. It  is  a  matter  of  common  experience  that  ner- 
vous impulses  from  without  act  upon  the  respiratory 
centre  in  various  ways.  Cold  water  dashed  on  the  skin 
affects  the  breathing,  and  of  all  the  apsychical  nerve 
centres,  the  one  that  controls  respiratory  events  is,  per- 
haps, most  frequently  and  deeply  affected  by  the  action 
of  the  will  and  the  emotions.  "When  pulmonary  absorp- 
tion ceases,  that  is  to  say,  when  oxygen  is  diminished, 
and  carbon  dioxide  is  stored  up  in  the  blood  and  in  the 
tissues,  the  rhythm  and  character  of  the  respiration  be- 
come changed  by  the  venous  blood  mixture  affecting 
the  inhibitory  nerves  of  the  heart  and  the  medulla  ob- 
longata, labored  respiration  follows,  and  this  in  turn 
gives  place  to  dyspnoea  and  unconsciousness,  which 
merge  into  asphyxia,  and  a  fatal  termination  ensues  un- 
less some  restorative  event  occurs. 

Many  of  the  modifications  that  occur  in  asphyxia  have 
been  noted  in  physiological  experiments.  The  blood  of 
an  asphyxiated  animal  resists  slow  combustion  and 
putrefaction;  when  the  venous  blood  enters  the  deep 
tissues  of  the  organs  suppression  of  the  urinary  and 
other  excretions  follows;  the  glycogenic  function  of  the 
liver  is  interfered  with  and,  if  the  asphyxiation  be  sufB- 
ciently  slow,  the  temperature  is  lowered.  An  excess  of 
carbon  dioxide  in  the  blood  excites  powerful  respiratory 
movements;  while  hyperoxygenation,  or  saturation  of 
the  blood  with  oxygen,  checks  the  respiratory  move- 
ments. Hearts  of  frogs,  plunged  in  carbon  dioxide,  stop 
beating  in  about  ten  minutes,  but  continue  to  contract 
during  more  than  three  hours  in  air.  and  at  least  an  hour 
in  nitrogen  gas.  Hearts  of  new -bom  rats  placed  in  tepid 
water,  saturated  with  carbon  dioxide,  and  others  in  or- 
dinary water  of  the  same  temperature,  show  that  those- 
placed  in  the  carbonized  water  beat  much  quicker  than 
the  others.  It  is  demonstrated  that  the  contractile  power 
of  the  heart  is  preserved  much  longer  in  oxygen  than  in 
carbon  dioxide.  There  is  also  a  Toss  of  muscular  con- 
tractility, notably  in  the  muscles  that  control  defecation 
and  micturition,  and  in  females  near  the  full  term  of 
pregnancy  the  foetus  is  expelled.  The  pupils,  at  first 
contracted  then  dilated  to  the  maximum,  offer  in  the 
fibres  of  the  iris  a  phenomenon  of  the  same  order ;  the 
expansion  in  this  instance  being  consequent  upon  the 
irritation  of  the  centre  in  the  medulla  governing  the  ac- 
tion of  the  pupil.  In  the  diminished  respiration  from 
deficiency  of  oxygen  lies  the  true  cause  of  dyspncea  and 
asphyxia.  No  animal  can  maintain  the  respiratory 
process  in  an  atmosphere  devoid  of  oxygen,  or  in  one 
that  does  not  contain  at  least  ten  per  cent,  of  this  gas, 
and  such  quadrupeds  as  whales,  hippopotami,  and  seals 
or  the  pygopodous  birds  would  drown  in  the  same  man- 
ner as  a  dog  if  kept  submerged  long  enough.  It  is 
mainly  by  virtue  of  the  arterial  plexus,  known  as  the 
retia  mirabilia,  which  stores  up  a  supplementary  supply 
of  oxygenated  blood,  that  these  animals  are  enabled  to 
remain  so  long  submerged  and  resist  asphyxiation. 

Absence  ot  the  respiratory  nuinnur  in  the  chest,  and 
abundance  of  mucous  rales  in  the  bronchi,  always 
accompany  asphyxia.  Diminution  of  sensibility  also 
comes  on  gradually,  and,  following  an  ascending  and 
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centripetal  march,  appears  last  In  the  cornea.  Progres- 
sive auaratliesia  measures  the  degree  of  asphyxia,  and 
absolute  general  insensil)iiity  indicates  complete  arrest 
of  life  ]M»ginning  at  the  lungs.  After  all  other  move- 
ments have  ceased  the  heart  continues  to  beat,  and 
finally  stops  in  a  state  of  diastole. 

Etiology. — Asphyxia  is  one  of  the  most  frequent  of 
the  imin(Mliate  caus(*s  of  d(>ath.  It  mav  H'sult  from  any 
of  the  cjiuses  that  hinder  respiration.  Yhese  caust^  may 
arise  from  circumstances  inhen'nt  to  the  individual,  or 
they  may  Vm  exterior  to  him.  Asphyxia  Ining  bn>ught 
about  by  the  circulation  of  non-oxygcnateil  bhMxl  in  the 
linigs  and  thcj  respiratory  c<*ntrt*  in  Xhv  medulla  obhm- 
gata,  may  be  pnKluced  by  any  caus<*  that  tends  to  oxy- 
gen starvation  and  the  a(*cunudation  of  carlH)n  dioxide 
in  the  bl(M)d.  Arrest  of  the  thoracic  movemenis  and  hin- 
drance of  luemalosis  may  sometimes  be  prcxluced  by  any 
of  the  causes  of  thonicic;  spasm;  by  hemorrhage  at  the 
base  of  the  brain  or  in  the  medulla  oblongata,  or  by  poi- 
soning by  curare;  bv  the  slow  ami  gradual  feebleness 
which  precedes  and  leads  to  fatal  disease;  by  the  intn)- 
duction  of  air  into  the  blo<jd,  and  by  tlu!  action  of  cold 
or  of  heat. 

Mechaniml  obntarleM  to  respiration  often  bring  on  cya- 
nosis and  anaesthesia,  resulting  in  arrested  htematosis. 
Special  instances  occur  in  the  cjisc  of  arn-st  of  respira- 
tion by  a  foreign  body  in  the  larynx,  or  by  a  polypus, 
by  crdVma  of  the  glottis,  by  an  al)scess  of  the  pharynx 
or  of  the  ton.sils  by  a  goitre  compn.'ssiiig  the  trachea, 
by  an  accumulati(m  of  mucus  in  the  trachea  in  capillary 
bronchitis,  by  an  extensive  pneumonia,  by  a  c(»nsider- 
able  hydrothorax.  by  strangulation,  by  intestinal  pneu- 
matosis compres.sing  thg  diaphragm  into  the  thoracic 
cavity;  by  pressure  on  the  chtfst,  not  capable  of  being 
overcome  by  respiratory  efforts,  such  as  the  falling  in  of 
earth,  being  crushed  in  a  cn)\vd,  or  by  the  accident  of 
overlying  that  often  happens  to  young  children,  and  by 
changes  in  the  pressure  of  the  air  br(»athe<l,  no  matter 
whether  this  be  a  gradual  diminution,  a  sudden  diminu- 
tion, or  an  incn*ase.  Asj^hyxia  may  also  n*sult  from 
traumatic  cause,  jus  injury  to  the  spinal  cord  or  the  Iwise  of 
the  brain,  a  double?  wound  of  the  chest  admitting  air.  an 
opening  of  the  diaphragm  pennitting  the  passage  of  the 
abdominal  organs  into  the  thorax,  and  fnnn  hemorrhage. 

Tu  the  foregr>ing  in.stances  the  air  surrounding  the  in- 
dividual does  not  present  any  alteration,  the  inspiratory 
elTorts  prmlncf*  still  some  effect,  but  this  effect  is  insutli- 
cient  to  i)res<>rve  life. 

SuhinevHioti  in  any  licpiid  medium  whatever  causes 
a.si)hyxia,  and  it  maybe  caused  by  being  surrounded  hy 
a  medium  devoid  of  oxygen  and  iujproper  to  support 
sullici(»nt  h;emat(Ksis,  us  liydro'ren,  nitrogen,  and  the 
protoxide  of  nitrogen,  gases  not  toxic.  i)roperIy  speak- 
ing, but  considered  irrespiral)le. 

The  three?  tyj)iral  modes  of  as]>liyxiri.  the  most  im- 
portant practicjilly  and  tlie  lu-st  studi<*<l  in  theory,  occur 
in  HtraniinUitioii.  xuhnu  rsimi,  and  fnufiu'im  id. 

In  occlusion  of  tlie  air  passaircs  from  nieclianical  im- 
pediment, such  as  irarottiuir.  throttling.  (»r  by  a  noose 
or  ligature,  death  results  essentially  from  asphyxia.  In 
some  ca.ses  of  hanging  death  nuiy  (M-cur  troni  as])hy\ia 
in  combination  with  coma,  the  conjoint  cans*  s  of  (»cclu- 
sion  of  the  air  pass-i'j^es  and  disturi>.Mnee  of  tlie  cerebral 
circulation  giving  rise  to  the  condition  known  a<  neuro- 
paralysis. It  is  obsiTved  in  a  ir«'nrral  m;inner  that  all 
kinds  of  death  causi'd  by  the  ])riv.ition  of  resjtjrahle 
air  have  annmg  themsi'lves  the  Lrnatest  nscniManec 
Whatever  be  the  ob.stacle  that  inttnwpts  tin-  connectiiMi 
of  the  lungs  with  the  atmosplnre.  tin-  a]>])anni  (lilTcr 
ences  arc  onlv  sccondarv.  an<l  the  e><cnti;il  xvin|)tom< 
are  identical,  beca\is(?  allact  in  supiuessing  the  function^ 
of  the  blood  and  hiematosis.  In  fairt.  the  ])henomena  of 
as])hyxia  an^  crmstant,  and  nOatcd  to  <listnrl»ano«s  in  the 
respiration,  innervation,  and  circulation,  which  varyae- 
cording  as  the  asphyxia  is  the  result  of  submersion  or  of 
the  absen(*e  of  oxygen  in  the  .surroundinir  medium,  ae 
cording  as  it  is  inunediate  or  slow.  The  fatal  result  of 
asphyxia  is  owing  to  the  inti-oductory  arrest  of  the  pul- 


monary circulation,  the  capillaries  of  the  lungs  being 
inculpable  of  convcWng  venous  blood.  The  stagnatioii 
of  the  blood  in  the'  lungs  is  followed  by  paresis  of  the 
respiratory  centre  and  stoppage  of  the  heart. 

It  is  doubtful  whether  life  be  ever  recalled  in  anjr  esse 
after  stoppage  of  the  heart  following  on  asphyxia,  yet 
the  facts  of  suspended  animation  prevent  theYormula- 
tion  of  precise  statements  in  this  regard.    Pigeons  ap- 
parently dead  from  the  effects  of  chloral  hydrate  recover, 
and  fisll  frozen  for  a  considerable  time  can  be  resusci- 
tated by  immersion  in  cold  water.     The  writer  has  seen 
frozen  terrapins  resuscitated  in  the  same  manner.    A 
striking  dilTen?nce  is  observed  in  dogs  submitted  to  ex- 
periment .    They  recover  after  they  have  been  deprived  of 
air  for  thn^e  nnnutes  and  fifty  seconds  or  even  four  min- 
utes, but  they  die  if  they  are  submerged  in  water  for  a 
period  of  two  minutes.    *  Thev  recover  after  two  minutes 
and  fifteen  seconds  if  chloroformed  before  submersion. 
Dr.  B.  W.  Richardson  reports  a  case  of  recovery  in  a 
child  with  croup  who  was  completely  asphyxiated  for 
eh?ven  nunutes,  and  cases  of  recoverv  from  hanging  are 
known  in  which  the  time  was  much  longer. 

Asphyxia,  though  not  always  the  nu^df  cf  death  in 
those  submergcHl,  is  commonly  present  in  a  certain  num- 
ber of  oises.  Tlic  resistance  of  new-born  animals  to  this 
mode  of  asphyxiation  is  especially  noted  in  the  greater 
time  required* to  drown  a  new-bom  pup  than  an  adult 
dog.  One  nnnute  and  a  half  usually  suffices  to  drown 
a  dog,  while  a  new-l)om  pup  often  requires  as  much  as 
fifty  minutes.  This  great  difference  is  owing  to  the  less 
active  change  of  tissues,  and  the  smaller  consumption  of 
oxygen  in  the  young  animal.  The  more  active  the  vital 
combustion,  and  the  gri^ater  the  demand  upon  the  gen- 
eral store  of  oxygen  in  the  blood,  the  quicker  the  young 
animal  perishes  when  the  respiration  is  obstructed. 

Accidents  owing  to  the  absence  of  respirable  air.  or 
to  confinement  in  places  where  the  air  is  not  renewed, 
are  of  comnum  occurrence.  Asphyxia  from  this  cause  is 
less  prompt  than  that  by  strangulation.  The  phenomena 
connect  and  follow  one  another.  Efforts  to  hold  the  iw- 
pimtory  function  in  abeyance  are  soon  followed  hyhead 
troubles,  with  nausea,  loss  of  consciousness,  diminution 
of  the  pulst?.  and  insensibilit}'  of  the  skin.  The  more 
energetic  the  subject  the  more  intense  are  the  effects  of 
asphyxia. 

Although  no  warm-blooded  animal  can  live  in  any 
medium  not  containing  a  sufficient  mixture  of  oxygen, 
yet  animals  may  Ix^come  habituated  to  deterionittd  air. 
and  in  certain  conditions  of  suspended  animation  they 
may  live*  for  a  certain  length  of  tim<*  with  impunity  in  a 
vacuum,  and  even  in  a  medium  charged  with  carbon 
dioxide.  Hats  and  nuc(;  live  in  air  c<mtaining  but  on*-, 
and  even  0.5  per  cent,  of  oxygen,  and  carnivora  and 
birds  resist  death  in  an  atmosphere  in  which  the  pro- 
])ortion  of  oxygen  is  so  small  as  bandy  to  support  the 
eond)ustiou  of  a  candle.  There  is  also  a  tendency  in 
the  new-born  to  resist  asphyxia  from  conlinwl  air. 
Young  sj>arrows  without  feathers  have  Ixvn  known  to 
live  twenty-four  hours  in  a  spa(H»  where  the  adult 
sj)arro\v  die^l  in  two  hours.  Manuots  in  a  state  of 
liihernation  live  under  an  exhausted  receiver,  but  die 
when  aw:iken<"d.  Cold-bhunled  animals  resist  longerthe 
])rivation  of  atmospheric  air,  as  can  l>e  fully  seen  in  the 
<as('  of  frogs. 

It  is  suniei<'ntly  demonstrated  that  death  in  contine<| 
air  is  due,  as  is  d<'ath  in  nitrogt'u.  to  simple  privation  oi 
o\  ^  L'^en.  1  )eath  from  asphyxia  may  also  rnvur  in  atni*^- 
jihrres  wliieli  are  still  rich  in  oxygen,  but  in  which  the 
])roportion  of  carbon  dioxide  is  too  high,  as  in  cn^^"^' 
(•i'll;irs.  ;ind  the  like. 

Tin*  important  facts  relating  to  the  cadaveric  It!''^"*'^ 
\\\v  inatineiit,  and  the  medico-legal  (piestions  likcb' ^"^ 
:in«sr  in  connection  with  asphyxia,  will  be  found  in  ^"^ 
tojlowing  article.  frn'nfj  ('.  R^- 

ASPHYXIA,    MEDICO-LEGAL    RELATIONS    OP-- 

W'lnif  is  iisjfhiij-ia  f     Nothing  is  more  difllcult  ^^"^ 
express  in  a  definition  all  that  any  medical  or  Ic^ 
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term  may  mean.  No  proof  of  this  assertion  is  required 
by  the  reader  who  sees  how  differently  authors  define 
the  meaning  of  such  terms,  and  how  constantly  the 
simplest  deSnitions  are  varied,  qualified,  and  amplified 
by  file  authors  themselves. 

Nor  can  the  derivation  of  the  word  itself  determine  its 
present  technical  meaning,  for  it  has  long  since  acquired 
a  meaning  distinct  from  the  meaning  derived  from  the 
Greek,  a,  privative,  and  the  verb,  <T^fc/v,  to  pulsate, 
without  pulse,  as  all  death  is  that. 

The  definition  accepted  by  lexicographers  is  best  stated 
in  the  Century  Dictionary,  as  follows:  Asphyxia,  the 
extreme  condition  caused  by  lack  of  oxygen  and  excess 
of  carbon  dioxide  in  the  blood,  brought  about  by  a  suffi- 
cient interference  with  respimtiou,  as  in  choking, 
drowning,  or  paralysis  of  the  muscles  of  respiration. 

In  its  medico-legal  sense,  asphyxia  is  the  cesjsation  of 
the  heart's  action  which  arises  from  inteiTupted  respira- 
tion, caused  either  by  expelling  the  air  from  the  body 
or  by  preventing  the  entrance  of  pure  air  into  the  body. 
When  air  is  eliminated  from  the  body,  or  pure  air  pre- 
vented from  entering  the  body,  the  action  of  the  lungs 
is  paralyzed,  and  the  blood,  no  longer  aerated,  loses  it« 
vital  qualities  and  circulating  powers.  The  combina- 
tion of  these  conditions  causes  death.  Death  so  result- 
ing is  called  death  from  asphyxia,  and  the  condition 
produced  by  this  combination  is  asphyxia. 

While  asphyxia  in  a  certain  measure  produces  general 
effects  which  are  practically  similar  in  character,  yet, 
as  above  indicated,  it  is  not  always  caused  by  similar 
agencies,  nor  does  asphyxia  always  preselit  symptoms 
entirely  uniform.  On  the  contrary,  there  are  found  in 
cases  of  asphyxia  produced  by  diifercnt  agencies  strik- 
ingly different  physical  symptoms,  both  external  and  in- 
ternal. For  sake  of  illustration :  in  the  cases  of  asphyxia 
resulting  from  suffocation,  there  is  rarely  any  positive 
disarrangement  of  the  vascular  system  of  the  brain,  and 
ecchymoses  are  comparatively  slight,  and  often  unappar- 
ent  to  the  untrained  eye ;  while  in  the  cases  of  asph vxia 
resulting  from  strangulation,  the  vascular  system  of  the 
brain  presents  strong  evidence  of  death  by  strangula- 
tion, the  condition  of  hypenemia  being  marked,  and  ec- 
chymoses  are,  as  a  rule,  much  more  pronounced  in  num- 
ber and  in  extent,  so  much  so  as  to  challenge  the  obser- 
vation of  the  unprofessional  witness. 

There  have  been  almost  as  many  divisions  and  sub- 
divisions of  asphyxia  as  there  have  been  treatises  de- 
voted to  the  subject.  However,  for  the  purposes  of  this 
Article,  asphyxia  may  be  divided  as  follows: 

1.  Asphyxia  from  the  want  of  respirable  air,  and  from 
the  inhalation  of  noxious  gases. 

2.  Asphyxia  from  suffocation. 

8.  Asphyxia  from  strangulation  other  than  from 
hanging. 

4.  Asphyxia  from  strangulation  from  hanging. 

5.  Asphyxia  from  drowning. 

In  this  article,  however,  asphyxia  from  drowning  will 
not  be  discussed,  as  a  separate  article  upon  this  branch 
of  the  subject  will  be  found  elsewhere  in  this  work 
<8ee  Drowning). 

Haw  Asphyxia  May  be  Praren. — Without  trenching 
too  much  upon  that  branch  of  medical  jurisprudence 
which  treats  of  the  introduction  of  expert  testimony,  it 
is  not  amiss  briefly  to  sketch  the  principles  applicable 
to  the  admissibility  of  expert  testimony  m  reference  to 
asphyxia. 

In  such  cases,  in  the  administration  of  justice,  it  fre- 
quently becomes  necessary  to  determine  the  nature  and 
cause  of  physical  injury  and  death.  These  questions 
arise  in  tribunals  vested  with  the  power  to  try  civil 
causes  and  also  in  tribunals  vested  with  the  power  to  try 
criminal  cases. 

The  judgment  of  human  courts  is  fallible  enough  at 
all  events,  but  it  is  evident  that  no  judgment  can  be  ap- 
proximately just  unless  founded  upon  a  true  statement 
of  facts.  Recognizing  tliis  axiomatic  truth,  the  admin- 
istrators of  the  law  recognize  the  further  principle  that 
in  determining  the  nature  and  cause  of  physical  injuries 


and  death,  they  must  look  for  help  from  that  profession 
the  members  of  which  have  devoted  their  time  and  talent 
to  the  study  of  the  human  body,  its  nature,  and  its  in- 
firmities. 

The  rules  that  are  prescribed  by  the  courts  in  securing 
the  help  of  medical  experts  constitutes  a  large  part  c3 
medical  jurisprudence. 

In  questions  arising  from  injuries  and  deaths  from 
asphyxia,  the  courts  exercise  the  function  above  men- 
tioned, and  summon  to  their  aid  medical  experts. 

The  questions  upon  which  these  experts  are  to  shed 
light  are  necessaril v  these :  Was  asphyxia  the  cause  of 
the  injuries  or  the  aeath  of  the  person ;  and  second,  if  so, 
by  what  means  was  asphyxia  effected  ? 

These  opinions,  given  by  the  medical  witnesses,  con- 
stitute expert  evidence. 

The  law  recognizes  the  value  of  such  evidence  (in 
many  cases  it  is  the  only  methcxi  of  arriving  at  a  just 
conclusion),  but  both  the  law  and  the  science  of  medicine 
recognize  the  dangers  of  relying  upon  expert  evidence 
alone,  and  usually  it  has  its  greatest  weight  when  sup- 
ported by  collateral  evidence. 

The  Lay  Witness. — However,  the  law  does  not  rely 
alone  upon  expert  evidence,  in  arriving  at  the  facts  in  a 
case  of  death  supposed  to  have  been  caused  by  asphyxia; 
if  it  did,  oftentimes  justice  would  miscarry.  Indeed,  in 
the  majority  of  cases  it  is  necessary  to  have  witnesses 
both  lay  and  expert. 

The  physical  facts,  including  the  surroundings,  the 
position  of  the  body,  its  appearance  after  death,  etc., 
are  facts  which  may  all  frequently  be  proven  as  well  by 
one  of  the  commonalty  of  men  as  by  the  skilful  scientist. 
To  illustrate:  Should  the  subject  of  investigation  be 
w^hether  or  not  the  deceased  died  from  strangulation,  lay 
witnesses  would  be  permitted  to  testify  as  to  the  posi- 
tion in  which  the  body  was  found,  the  marks  of  violence 
upon  it,  the  prints  of  fingers  or  marks  of  hands,  the  dis- 
coloration of  the  skin,  the  protrusion  of  the  tongue,  etc. 
But  they  will  rarely,  if  ever,  be  permitted  to  give  opinion 
as  to  whether  or  not  the  deceased  was  strangled  to  deatii. 

In  a  great  number  of  cases,  the  lay  witness  is  very 
valuable  and  sometimes  is  indispensable.  He  is  in- 
dispensable when  no  physician  viewed  the  body  after 
death.  In  such  a  case,  without  lay  testimony,  the  ex- 
pert opinion  is  neces.sarily  useless,  having  no  physical 
facts  upon  which  to  base  an  opinion. 

Nevertheless,  the  legal  proiession  recognizes  the  dan- 
ger of  determining  the  cause  of  death  m>m  asphyxia, 
when  the  physical  facts  upon  which  the  expert  opinion 
is  based  are  derived  entirely  from  lay  witnesses.  The 
justness  of  this  can  be  readily  appreciated  when  it  is 
considered  how  ea.sily  the  lay  witness  might  fail  to  dis- 
cover some  physical  sign  which  would  readily  appear 
to  the  medical  expert,  and  have  the  effect  of  compelling 
a  radically  different  opinion  as  to  the  cause  of  death. 

Tlie  Expert  Witnesft. — The  testimony  given  by  the  ex- 
pert witness  is  twofold ;  first,  it  is  purely  opinion  evi- 
dence, based  upon  hypothetical  questions.  When  such 
evidence  is  permitted  to  be  given,  the  hypothesis  sub- 
mitted to  the  expert  must  be  made  up  of  facts  testified 
to  by  other  witnesses. 

The  opinion,  therefore,  of  the  witness  can  have  no 
weight  with  the  court,  unless  the  facts  upon  which  it  is 
based  are  accepted  by  the  court  as  the  true  facts  of  the 
case. 

But  the  expert  witness  is  not  confined  to  purely  hypo- 
thetical questions  where  he  has  made  a  personal  ex- 
amination of  the  body  And  in  a  case  of  asphyxia,  the 
expert,  having  examined  the  body,  will  be  permitted  to 
testify  that  in  his  opinion  death  was  or  was  not  caused 
by  asphyxia,  and  by  what  means  he  believes  asphyxia 
w^as  effected. 

Upon  cross  examination  it  may  be  elicited  as  to  how 
carefully  his  examination  was  made,  and  the  witness  can 
be  compelled  to  give  in  detail  his  reasons  for  his  conclu- 
sions. 

The  student  will  readily  conclude  that  in  preparing  to 
testify  as  to  whether  or  not  a  death  was  caused  by  as- 
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phyxia,  great  care  should  be  taken.  In  fact,  before  one 
is  Veully  competent  to  [msR  upon  such  a  question,  he 
should  be  U»amed  and  ex|H?rience<l  in  medicine.  He  can- 
not hope  to  be  able  thoi-ou;rhly  to  prepare  himwlf  by 
the  stud}'  of  workH  u|)on  mnlicMU  jurisprudence  alone. 

Starting  with  tlie  pn)])er  foundation  of  pn>fe8$iona1 
accomplishments,  it  is  well  for  the  witness  to  freshen  his 
mind  upon  the  minutite  of  the  subject,  and  if  called  to 
respond  to  hypothetical  questions  alone,  this  Avill  be 
doubly  essential,  for  the  witness  may  expect  a  rigorous 
cross  examination,  often  conducted'  bv  an  adroit  atlvo- 
cate,  coaclu»d  to  the  edge  by  some  accomplished  medical 
expert. 

If.  however,  the  witness  has  had  (M'CHsion  to  examine 
the  bo<ly  and  its  surroundings,  and  propf>s«*s  to  ti.»stify 
as  to  the  cause  of  death  based  uptm  his  own  personal 
examination,  he  will  find  that  he  will  requin*  accurate 
information  not  included  in  his  science.  He  will  Ik*  ex- 
pected to  hav<»  a  distinct  recollection  of  tliesurroimdings 
and  of  every  detail  of  the  physical  appearance  of  the 
body,  internally  and  externally!  For  this  reason,  when- 
ever any  substantial  «loubt  exists  as  to  the  cause  of 
death,  and  c»specially  when*  crime  is  susi>ecled,  the  phy- 
sician should  by  allmcntns  make  an  autopsy. 

On  such  Of'cjlsicms  memory  should  not  iV  trusted  too 
far,  and  copious  notes  should  be  made  by  the  physician 
concerning  the  surroundings,  and  es|H*cially  concerning 
the  results  of  his  physical  examination 

The  extent  of  his  ability  as  physician  will  tell  him 
best  what  to  look  for  and  what  to  make  note  of.  in  re- 
gard to  the  conditi(m  of  the  Imdy,  and  his  knowledge  of 
medical  jurisprmlence  will  prompt  him  to  decide  what 
facts  concerning  the  j)osition  of  tlu^  Ixnly,  etc.,  he  should 
preserve. 

Having  progres.sed  thus  far.  it  now  remains  for  me 
briefly  to  discuss  the  four  divisions  of  a.sphyxia  which  it 
is  the  j)rovince  of  this  paper  to  treat,  nainely:  (1)  As- 
phyxia from  the  want  of  respirable  air  and  the  inhalation 
of  noxious  gases ;  (2)  asphyxia  from  suffocation:  (3)  as- 
phyxia from  .strangulation  other  than  fnnu  hanging;  (4) 
asphyxia  from  strangulation  from  hanging. 

(1)  At^phyxiafrtmi  the  M'aut  of  JiespirttbJe  Air  and  tlw 
ItJiahitioit  of  2iojnioiis  Gttnt'A. — Do\ibtless  this  division  of 
the  8ubjc»ct  embraces  what  is  moi-e  commonly  uuderstocnl 
to  be  asphyxia.  In  this  division  are  included  such  in- 
stances as  where  the  asphyxiated  person  has  been  shut 
in  a  small  ajmrtment  with  no  means  of  n'ceiving  fresh 
air:  instances  of  death  in  which  the  illuminating  gas  is 
blown  out,  or  turned  cm  in  the  room,  when  the  victim 
was  asleep:  instances  in  which  unf<»rtnnate  miners  meet 
the  fatal  damj)  of  the  mines,  or  inifortunale  laborers 
perish  in  sewers  by  reason  of  bcinir  overcome  with  what  is 
known  in  the  popular  vernacular  as  "sewer  gas."  And 
the  books  do  pres<'nt  instances  of  <leatli  coniinir  to  one  who 
was  keeping  guard  over  flowers  which  exhaled  a  poison 
in  their  perfume  which  was  deatlly  to  the  watcher. 

The  three?  most  eouinion  wavs  bv  which  death  is 
caused  bv  this  class  t)f  asphvxia  are  as  follows: 

{a)  There  is  a  certain  amount  of  oxygen  in  all  ]>ure 
healthy  air.  When  this  air  is  taken  into  the  lunirsa 
part  of  this  oxygen  is  <'xhauslcd.  and  the  air  is  exju'lled 
from  the  bo<ly,  char;re<l  with  a  j)oisonous  L'^as.  called 
carbonic  acid  gas.  AVhenever  tin*  air  heconics  cliarired 
with  this  gas  to  a  certain  ]M'rc<nta.ue  further  iidialation 
is  deadly.  Deaths  occur  usiuillv  from  this  cause  when 
a  large  number  of  people  are  placed  in  a  small,  ill-venti- 
lated room  or  apart mc^nt. 

(b)  This  same  pois(m(ms  gas  friMpiently  destroys  life 
by  being  generatetl  in  a  room  where  the  vicliiu  is  sleep- 
ing, in  a  most  unexpected  manner,  as  from  the  combus- 
tion of  charcoal,  coke,  or  anthnicite  <'oal.  Sometimes  it 
is  turned  directly  into  the  room  from  a  defective  iras 
pipe  or  an  opcm  burner. 

(r)  Asjihyxia  is  oft<'n  pnHluced  ])y  irdialinix  anotlxT 
noxious  gas.  even  more  deadly  than  the  carbonic  acid 
gas.  and  that  is  sulphureted  hydrogen  iras — eonunonly 
calli  d  s<*wer  gas — whi(?h  is  most  fnrquently  found  in 
sewers  or  the  vaults  of  privies. 


In  the  investigation  of  the  cause  of  death,  where  as- 
phyxia from  noxious  gases  is  supposed  to  be  the  agency, 
the  first  proceeding  uiould  be  to  discover,  if  poosibk!, 
the  presence  of  the  gas  in  the  air,  and  then  to  tmce  it  to 
its  source.  If  this  can  be  done,  it  requires,  as  a  mle, 
little  skill  to  determine  that  the  gas  was  the  cause  of  the 
death ;  although  it  is  possible  that  a  dead  body  may  be 
found  in  the  midst  of  such  poison,  and  yet  death  hare 
arisen  from  another  cause,  as  when  murder  has  been 
committed  and  the  assassin  turned  on  the  gas  to  hide  his 
crime.  It  is  also  frequently  the  case  tliat  death  ensues 
from  such  a  small  charge  of  the  poisonous  gas  as  to 
render  its  detection  difficult.  In  such  cases,  and  in  cases 
in  which  the  expert  does  not  visit  tlie  scene  of  death,  be 
must  rely  mainly  upon  the  signs  and  evidences  upon  the 
Ixxiy  in  arriving  at  his  conclusion  as  to  the  cause  of 
death. 

The  usual  signs  pointing  to  such  death  are  swollen 
head,  face,  neck,  and  abdomen,  jaws  firmlv  set,  discol- 
ored lips  (dark  blue),  abdomen  often  violet-coloned. 
The  body  preserves  its  warmth,  especially  when  poison- 
ing results  from  carbonic  acid  gas,  for  some  hours,  and 
the  rigor  of  death  is  tardy  in  setting  in,  although  these 
indications  are  frequently  not  all  found  in  one  case. 

When  death  lias  not  ensued,  the  physician  will  find, 
when  the  ])atieut  is  suffering  from  carbonic  acid  gas 
poi.soning.  a  disposition  to  sleep,  a  rapid  losing  of 
strength  and  sensibility,  lieavy  breathing,  accompanied 
at  times  with  frothing  at  the*  mouth,  and  occasion^/ 
with  delirium  and  convulsions. 

When  the  patient  is  asphyxiated  with  sewer  gas* 
nausea  and  irregular  respiration,  mther  than  labofpd 
respimtion,  agitated  pulse,  cold  skin  and  loss  of  motion, 
fmthy  stiliva  tinged  with  blood,  and  closed  eyes,  are 
comnionly  accepted  symptoms. 

(2)  SuffX'atiou. — Following  the  definition  in  Wharton 
and  Stillc's  work  on  **  Medical  Jurisprudence. "  suffocation 
may  be  said  to  ensue  when,  "  by  any  means  air  is  ex- 
cluded from  the  larynx  or  chest,  or  the  cliest  is  prevented 
from  receiving  it." ' 

Suffocation  is  most  commonly  accomplished  in  two 
ways: 

(«)  By  expelling  the  air  from  the  lungs,  by  pressure 
u]>on  the  alxlomen  and  clu^st.  and  by  such  *continaed 
l)ressure  preventing  the  physical  action  necessan*  for 
resj>iration.  Cases  of  this  kind  are  more  usually  found 
where  small  children  have  l)een  overlaid  by  olcier  per- 
sons during  slec]),  and  occasionally  where  one  has  li^en 
caught  in  a  jam  of  heavy  material,  or  pressed  exces- 
sively in  a  great  crowd. 

IK'ath  in  such  cases  is  attributed  to  the  fact  that  pre* 
lire  upon  the  alxlomen  and  chest  compresses  the  ntal 
organs,  expels  the  air  from  the  lungs,  and  so  closes  the 
lungs  jind  windpipe  as  to  prevent  otlicr  air  from  enter- 
ing. Death  of  this  character  usually  results  from  ac- 
cident. 

Ueek  rei)orts  the  cas«*  of  a  child  who  died  from  be- 
ing wr:ipi)ed  up  too  closely  by  the  parents,  when  it  va* 
being  taken  to  a  nurse. 

(h)  Hy  covering  the  mouth  and  nostrils  so  as  topw- 
vent  the  ingress  and  egress  of  air,  most  frequently ac- 
eoniplished    by  the  us<*  of  iMnlclothes,  or  other  hVa^ 
clothes,   a  metlxMl   made  famo\is  among  all  Euglis*^' 
speaking   people   by  the  genius   of   ShakesiH»arp.  vr^^ 
makes  his  >rK>rish  hero  adopt  it  as  a  means  of  reveng}^? 
his  imagined  wrongs  upon  the  innocent  and  lH?auti^^ 
Desdemona. 

In  this  division  should  also  be  included  those  ca.**^^^ 
which  the  victim  has  Ixnm  covered  by  dirt,  ashes.  st«*^^' 
or  the  like,  as  by  being  buried  alive  or  caught  uml^^.^ 
slide  of  snow.     And  in  the  same  conm»ction  shoul*^  j 
mentioned  those   easi»s  in  which  feeble  or  intoxir-^^Vj^ 
jK-rsons  have  fallen  face  downward  in  snow  or  sar»  ^  ..^ 
oiher  similar  substance,  and,  lading  unable  to  rise,  %'^ 
been  sutTocated.  .. 

SutTocation  is  not  often  adopted  as  a  method  of  sui^^^^^ 
an<l  it  is  infrequently  resorted  to  for  the  purpose  ot)x^^^ 
cide.     Perhaps  it  more  freuuentlv  occurs  bv  acddec^^ 
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Unless  some  facts  are  proven  which  point  to  the 
cause  of  the  death,  the  expert  is  at  a  great  disadvantage 
in  attempting  to  determine  whether  or  not  death  was  due 
to  external  cause,  or  was  the  result  of  apoplexy,  faucial 
disease,  or  pulmonary  congestion. 

Some  of  th&  most  common  physical  indications  of  death 
by  suffocation  are  lividity  of  the  face  and  sanguineous 
engorgement  of  the  viscera  of  the  thorax  and  abdomen. 
There  are  frequently  bloody  infiltration  of  the  eyes  and 
eyelids,  and  very  small  ecch  vmoses  of  the  neck  and  chest ; 
a* partial  engorgement  of  tne  lung;  little,  if  any,  blood 
in  the  left  ventncle  of  the  heart,  while  the  right  ventricle 
of  the  heart  is  generally  engorged.  Sometimes  a  reddish 
froth  is  found  in  the  trachea  and  bronchiae.  As  a  rule, 
the  body  is  slightly  if  at  all  discolored,  and  the  vascular 
system  of  the  brain  shows  rarely  any  evidence  of  disorder. 
One  of  the  most  common  indications  is  congestion  of  the 
kidneys.  When  a  dead  body  is  found  in  earth,  ashes,  or 
snow,  or  the  like,  the  question  presents  itself  at  once 
whether  the  death  preceded  the  fall  or  the  burial.  Per- 
haps the  best-recognized  test  is  to  examine  the  stomach, 
gullet,  and  air  passages.  If  the  foreign  matter  is  found 
I  the  stomach  or  in  the  gullet,  this  is  regarded  as  very 
positive  evidence  that  death  followed  the  fall  or  burial, 
as  only  by  the  action  of  a  body  instinct  with  life  could 
the  foreign  matter  be  so  drawn  in.  On  the  contrary,  if 
the  foreign  matter  is  found  only  in  the  nostrils  and 
mouth,  this  is  positive  evidence  that  death  was  not 
caused  by  sulTocation. 

Suffocation  frequently  is  caused  by  foreign  substances 
becoming  lodged  in  the  windpipe  or  in  the  oesophagus. 
Children  and  infirm  people  more  frequently  suffer  in 
this  way.  This  often  makes  it  necessary,  in  order  to 
determine  the  cause  of  death,  to  make  an  examination 
of  Uie  windpipe  and  gullet,  frequently  bv  incision. 

(8)  Asphyxia  from  Strangulation  Other  than  by  Hanging. 
— The  first  question  to  be  determined  in  this  division  is, 
of  course :  Was  death  caused  by  strangulation,  and  if  so, 
by  what  means?  Under  this  head  we  shall  consider  the 
indications  of  strangulation  other  than  that  accomplished 
by  hanging. 

As  in  all  cases  of  asphyxia,  the  trouble  in  strangula- 
tion is  the  lack  of  air  in  the  body.  But  the  means  used 
to  create  this  lack  is,  in  strangulation,  different  from  the 
means  employed  in  either  of  the  two  preceding  divisions. 

In  strangulation,  the  access  of  air  into  the  lungs  is  in- 
terrupted by  a  pressure  upon  the  windpipe  at  the  throat. 
This  method  provides  a  double  means  of  death,  and  in 
the  majority  of  instances  death  is  the  result  of  combined 
causes,  namely,  the  lack  of  breath  caused  by  the  press- 
ure upon  the  windpipe  and  the  closing  of  the  larynx, 
and  congestion  of  the  brain  caused  by  pressure  upon  the 
veins  of  the  neck.  Either  of  these  might  be,  in  itself, 
sufficient  to  cause  death,  according  to  the  violence  of 
the  attack,  but  it  is  rarely  the  case  that  the  expert  can 
definitely  proportion  the  responsibility. 

In  the  majority  of  cases,  there  are  many  apparent 
physical  signs  that  point  with  ^reat  clearness  to  the 
cause  of  death,  and  give  great  aid  m  arriving  at  a  proper 
conclusion. 

Some  of  the  physical  indications  that  tend  to  lead  to 
the  conclusion  that  death  has  resulted  from  strangulation 
may  be  enumerated  here.  One  of  the  most  common  in- 
dications is  the  presence  of  ecchymoses  upon  the  face, 
neck,  and  chest  caused  by  extravasated  blood.  The 
presence  of  these  ecchymoses  points  strongly  to  death 
by  strangulation,  although  it  is  usually  conceded  that  the 
absence  thereof  will  not  be  conclusive  proof  to  the  con- 
trary. Frequently  these  ecchymoses  are  so  minute  as 
to  fail  to  attract  the  attention  of  the  lay  observer,  and 
for  this  reason  a  careful  examination  by  the  medical 
expert  is  often  invaluable. 

An  examination  of  the  brain  will  disclose  more  or  less 
congestion  and  disarrangement  of  the  vascular  system 
generally,  and  congestion  of  the  kidneys  and  liver  is 
very  common. 

Aside  from  these  indications,  the  swollen  face,  often 
the  protruding  tongue  and  eyes,  and  the  distoi*tion  of 
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the  features  generally  throw  much  light  upon  the  sub- 
ject. 

As  strangulation  other  than  by  hanging  is  usually 
homicidal,  great  attention  should  be  paid  to  noting  any 
mark  of  violence  upon  the  body,  any  evidence  of  struggle 
either  upon  the  body  itself  or  upon  the  surroundings. 
The  condition  of  the  clothing  may  be  strongly  indicative 
of  attack  and  resistance. 

Death  from  manual  strangulation  may  be  accomplished 
by  means  of  the  hands,  coi3,  or  other  ligature. 

When  the  hands  are  used,  it  is  verj'  easy,  as  a  general 
thing,  to  determine  that  the  strangulation  was  manual ; 
but  when  a  cord  or  ligature  was  used,  the  conclusion 
cannot  be  so  safely  or  easily  arrived  at.  In  such  cases, 
the  mark  of  the  cord  or  ligature  will  give  aid.  Where 
the  strangulation  was  manual^  as  distinguished  from 
strangulation  from  hanging,  the  mark  of  the  cord  will  ^ 
be  very  nearly  horizontal,  whereas  in  strangulation 
from  hanging,  the  mark  will  be  higher  on  one  side  than 
on  the  other,  and  will  at  the  point  of  the  knot  ap- 
proach near  the  head.  The  mark  of  the  cord  or  ligature 
in  manual  strangulation  is  also,  as  a  rule,  much  lower 
on  the  neck  than  when  the  strangulation  results  from 
hanging,  as  the  weight  of  the  body  invariably  causes  the 
cord  to  slip  as  high  as  possible,  only  being  stopped,  as  a 
rule,  by  the  head. 

There  are  seldom  (in  manual  strangulation)  any  in- 
juries to  the  vertebrae,  and  the  ligaments  of  the  neck 
are  rarely  torn ;  while,  on  the  contrary,  such  results  are 
frequent  when  strangulation  is  caused  by  hanging. 

And,  finally,  it  may  be  observed  that  in  manual 
strangulation  the  throat  is  rarely  so  perfectly  closed  as 
in  strangulation  from  hanging,  for  the  suddenness  of 
the  fall,  combined  with  the  weight  of  the  body,  tends 
thoroughly  to  shut  all  the  air  passages.  While  the  posi- 
tion of  the  body  usually  throws  some  light  upon  the 
question,  yet  this  is  by  no  means  decisive,  for  it  is  an 
easy  matter  for  the  assassin,  after  accomplishing  murder 
by  manual  strangulation,  to  suspend  the  body  by  a  cord 
in  order  to  cast  about  the  death  the  appearance  of  sui- 
cide. The  foregoing  signs  are  merely  helpful,  and 
rarely  unconnected  with  collateral  evidence  entirely  sat- 
isfactory to  the  conscientious  administrators  of  the  law. 

Human  experience  has  demonstrated  that  few  signs  of 
this  nature  are  to  be  absolutely  relied  upon,  for  often- 
times incidental  and  accidental  physical  facts  tend  to 
incriminate  an  innocent  man,  and  frequently  the  guilty 
deliberately  make  evidence  of  this  character  in  a  speedy 
and  skilful  manner  for  the  purpose  of  creating  the  im- 
pression of  self-murder. 

The  importance  of  a  careful  investigation  and  physi- 
cal examination  is  very  apparent,  when  it  is  considered 
that  while  the  law  takes  great  care  to  punish  the  de- 
struction of  human  life,  it  also  takes  greater  care  that  no 
innocent  mt^n  shall  be  punished.  To  such  a  degree  is 
this  carried  that  if  from  the  evidence  the  jury  should 
have  a  reasonable  doubt  as  to  the  fact  that  tne  death 
was  homicidal,  under  the  instructions  of  the  court  an 
acquittal  is  necessary. 

(4)  Asphyxia  from  Hanging. — In  determining  whether 
or  not  death  was  caused  by  hanging,  either  when  the 
dead  body  is  found  suspended  or  when  it  shows  certain 
external  evidences  of  such  a  death  although  no  longer  sus- 
pended, many  of  the  evidences  found  in  death  from  man- 
ual strangulation  should  be  considered  and  sought  for. 

The  congestion  of  the  brain  and  the  derangement  of 
the  organ  in  other  respects  are  largely  alike  in  the  two 
forms  of  asphyxia,  although  more  pronounced  in  death 
from  hanging;  the  ecchymoses  are  also  in  evidence 
again,  usually  in  a  more  pronounced  manner,  and  the 
same  physical  distoilions  and  swellings  of  the  face  and 
neck  will  be  found,  save,  as  in  the  congestion  and 
ecchymoses,  to  an  accentuated  degree.  But  to  the 
unskilled  observer  these  indications  may  be  said  to  be 
similar  in  death  fiom  hanging  and  in  death  from  man- 
ual strangulation.  After  having  observed  these  indica- 
tions, which  are  largely  alike,  as  just  set  forth,  it  is 
probably  best  to  look  carefully  for  those  marks  which 
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are  common  in  both  cases,  but  diflFercnt  in  form  or  de- 
gree. Tlu*  first  should  be  the  mark  of  the  cord.  In 
hanging  it  will  be  found  not  to  be  horizontal,  one  side 
usually  being  much  higlierand  terminating  in  something 
like  a  point:  the  mark,  furthermore,  is  invariably  higher 
than  in  manual  strangulation,  the  weight  of  the  body 
dmwing  downward  and  forcing  the  cord  to  the  base  of 
the  head,  while  the  air  pa.ssages  arc  closely  shut  by 
virtue  of  the  weight  of  the  body  or  the  sudden  force 
of  the  fall.  The  marks  of  the  cord  are  usually  deeper 
and  more  distinct,  and  there  will  rarely  be  the  same  evi- 
dence of  finger  marks  upon  the  face  and  throat.  There 
are  more  pronounced  excoriations  in  connection  with 
the  marks  of  the  cord.  The  great  majority  of  deaths 
from  hangingaredue  to  the  combined  causes  of  asphyxia 
and  apoplexv;  while  in  manual  strangulation,  perhaps 
a  majority  of  deaths  ensue  from  asphyxia  alone. 

One  of  the  most  comm<m  physical  evidences  found 
up(m  a  body  when  death  is  attriliutable  to  hanging 
consistsof  injuries  to  the  ligaments  of  the  spinal  column 
and  the  traring  of  the  carotici  arteries  in  the  neck. 

The  lens  of  iho  eye  is  said  to  be  often  cnicked  by  the 
sharp  shock  of  descent,  and  this  sometimes  gives  help 
to  the  expert,  if  he  is  prepared  to  make  a  proper  ex- 
amination. 

The  elTect  ujion  the  genital  organs  of  both  the  male 
and  the  female  victim  f»flen  throws  great  light  upon  the 
<piestion.  It  is  mentioned  by  the  authorities  that  hang- 
in*:  caii.M'S  a  certain  excited  condition  of  these  orirans 
both  in  the  male  and  female,  but  usually  more  pnmounced 
in  the  male.  However,  evidences  f)f  this  are  not  always 
present,  and  in  view  of  the  fact  th>it  often  they  are  found 
alter  death  from  other  forms  of  violence,  they  alone  will 
not  sullice  to  prove  that  death  was  caus(»d  by  hanging. 

The  usnal  elTr-ct  upon  the  male  genitals  is  a  state  of 
tumefaction:  spermatozoa  are  fr)und  in  the  urine  and 
in  tlie  urethra,  and  frequeully  there  is  an  emission  of 
semen.  In  the  female,  there  is  often  found  a  dilated 
and  intlanu'd  condition  of  the  genitals,  and  sometimes  a 
hlofMly  discharge. 

Another  indication  commonlv  oliscrved  is  the  (lis- 
charge  of  the  l)owels. 

As  many  deaths  resulting  from  hanging  are  suicidal, 
it  is  often  a  rpiestion  of  grave  importance  to  determine 
whether  the  hanging  was  in  fact  suicidal  or  homicidal. 
It  is  the  unanimous  o])inion  of  those  who  hav(»  made 
profound  study  of  this  subject  that  in  th(»  absen<-e  of 
collateral  evidence  the  presumption  is  that  the  death 
w  as  suicidal. 

HaiiirifJir  is  such  an  easy  and  convenient  method  of 
exit  from  the  world  that  the  w  retched  and  <lesi)ondent 
frecpiently  ado]>t  it,  in  ridding  themselves  of  those  "ills 
thev  have."  This  is  probablv  due  in  a  ci*rtain  measure 
to  the  fact  that  unlike  manv  other  metho<ls  of  suicide, 
hanging,  when  once  beirun,  can  rarely  be  stopped  by 
th(?  Would-be  suicide.  The  tirst  compres.sion  of  the  air 
passages  tends  to  benumb  all  sensibilities,  to  stu])efy  the 
will,  and  to  paralyze?  those  other  members  of  the  body 
which,  uj)on  a  change  of  mind,  would  be  necessiuy  to 
elTect  a  self-rescue.  Therefore,  doubtless,  in  many  in- 
stances in  which  the  resr)lution  todestroyonr-'sself  isoidv 
])artially  fixed,  when  the  first  step  has  been  taken  there 
is  rarely  an  ojiportunity  to  go  back. 

Hanging  can  be  acccmiplished  in  .so  many  ways,  and 
with  such  sim])l<*  apjiliances.  as  also  to  pre^-nt  a  royal 
road  to  death  to  the  uielaiu'holy  and  desponding. 

The  main  things  to  consider  in  this  coiuiection  are: 
the  pf>sition  of  the  body,  whether  it  swings  clear  or 
barely  touches  the  ground:  whether  the  hands  and  feet 
are  bound :  whether  or  not  the  cord  or  other  deviei'  gives 
evidence  of  being  prepared  by  another:  and  sometimes 
the  manner  in  wliich  the  knot  is  tied. 

There  is  no  doubt  also,  as  a  rule,  that  in  suicide  there 
an;  no  marks  of  violence  upon  the  body,  and  mrely  any 
evidence  that  would  tend  to  show  struggle. 

But,  in  the  end.  evidence  purely  cx])ert  and  hyj»o- 
theti(*al.  in  this  as  in  all  methods  of  determining  the 
cause  of  injury  and  death,  is  to  be  received  with  caution. 


and  is  most  valuable  when   considered  together  with 
proven  fa(rts  that  point  to  a  cause  of  the  death. 

John  Bell  Kethle. 

ASPIDIUM.    ^oa  Male  Fern. 

ASPI  OOSPERM  A.— QUEBRACHO  WhiU  Qvebrafho. 
"The  bark  of  Aspidoiperma  (^ut^racJio-Uancv  Schlech- 
tendahl  (fam.  Apocyndceas)"  (U.  S.  P.). 

This  plant  is  not  to  be  confused  with  the  quebracho 
Colorado  (red  quebracho),  the  wood  and  bark  of  which 
are  very  largely  employed  for  the  preparation  of  an  ex- 
tract used  in  tanning,  and  pertaining  to  the  (^nebrachia 
Moi^mgii  Brilton  (fam.  An/tautliacefr).  The  title '*que- 
brj\cho"  means  axe  breaker,  and  is,  for  obvious  reasons, 
applied  to  various  trees.  In  the  last-named  species  it  is 
the  ironlike  wood  which  has  given  the  name.  In  that 
under  consideration,  it  is  the  great  abundance  of  $t<me 
cells  in  the  bark  which,  occurring  in  mas.ses,  chip  out 
the  v(\}j^Q  of  the  axe.  The  tree  is  of  medium  size,  widely 
spreading,  evergreen  and  hand.some.  and  inhabits  the 
northwestern  portion  of  the  Argentine  Republic  and  ad- 
jacent countries.  The  supply  of  bark  is  irregular,  and  it 
is  usually  scarce  and  dear.  It  occurs  in  irregu!ar  chiplike 
or  blocklike  pieces,  and  is  about  the  thickest  and  rough- 
est bark  of  commerce,  resembling  only  dita  bark  in  this 
particular.  The  gmy  outer  surface  is  most  coars<.'ly  and 
deeply  fis.sured.  while  the  texture  is  so  compact  and 
tough  that  there  is  little  tench'ncy  for  it  to  scale  ofif. 
Half  the  thickness  or  more  consists  of  cork  and  cortex, 
the  latter  filled  with  large  groups  of  stone  cells.  The 
color  of  this  layer  may  l)e  either  of  a  yellowish  white 
or  pale  yellow,  or  more  or  less  rusty  or  brick  red.  The 
inner  bark  con.sists  of  seveml  thick  Iayei*s  of  very  coarse 
bast  fibres  an(i  varies  from  nearly  white  to  a  rather  daik 
brown.  It  is  very  cominict.  tough,  hard  and  woody, 
and  of  splintery  fracture.  All  parts  of  the  bark  have 
an  intensely  bitter  taste.  The  variation  in  the  color  of 
the  bark  cannot  be  ex])lained  in  the  present  state  of  our 
knowledge.  It  is  not  the  darkening  of  age.  as  the 
writer  has  bark  whi<h  has  been  kept  for  many  years, 
but  which  is  almost  while  thnmghout.  It  isnotimprob 
able  that  a  nund)er  of  closely  related  .species  are  in  use. 
H  .so.  the  matter  is  in  much  need  of  investigation,  as  the 
composition  and  properties  may  dilTer  more  than  the 
physical  chanicteristics  of  the  bark. 

Com])onition. — Although  aspidospenna  contains,  along 
with  a  small  amount  of  tannin,  no  less  than  six  alkaloids, 
its  action  is  remarkably  sim]de.  owing  to  the  fact  that 
the  alkaloids  agree  mther  closely  in  their  general  action. 
AKpidoHptriniite,  f/'whnt/'/n'ne,  tjuehrnrhainine,  and  anpido- 
sjMvi/uitifie  are  crystalline,  aapidommiue  and  hydtoque- 
brnrhiiie  an^  not. 

Projk  rfif'M. — Their  combined  action  is  first  to  stimulate, 
then  to  (lej)ress  the?  respiratory  centres  and  to  prmluce  a 
nauseating  expectorant  effect,  followed  by  muscular  de- 
pres.sion  or  weakness,  inchuling  motlerate  cardiac  depres- 
sion. Abnormal  tempemture  may  be  reduced.  The 
drug,  u.sed  in  moderate  doses,  thus  l)ecomes  capable  of 
increasing  both  the  number  and  the  depth  of  the  respira- 
tions, and  c)f  relieving  spasmodic  conditions,  while  in 
large  doses  it  induces  c<mvul.sive  breathing  and  ends 
in  fatal  respiratory  paralysis.  Vomiting  very  rarely  ac- 
c(mi])anies  the  nausea.  It  is  said  that  aspidosamine, 
us<h1  alone,  acts  as  an  emetic.  Little  has  been  done 
therapeutically  with  the  individual  alkaloids,  that  usu- 
ally sold  asaspidospernu'ne  being  an  alkaloidal  mixture. 
Neither  has  the  therajn'utical  use  of  quebracho  in  any 
form  been  greatly  d<*veloped.  It  is  said  to  be  used  in 
its  native  hona*  partly  as  an  antiperiodic.  and  partlv,  like 
coca,  to  oveieome  the  dyspno'a  of  mountain  travel.  Its 
chief  use  in  professional  medicine  is  to  relieve  the  dysp- 
ncea  of  asthma  and  other  spa.smodic  conditions,  as  well 
as  of  emphysema.  Owing  to  its  weakening  effect  upon 
the  heart,  it  is  c«)ntraindicated  in  case  of  organic  disease 
of  that  organ.  The  results  of  its  continual  use  have  not 
been  found  satisfactory.  l)eing  those  of  continued  de- 
pression of  the  nerve  centres,  with  salivation  and  nausea. 


678 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


A  peculiar  effect  has  been  reporieU,  in  some  cases,  of 
promptly  curing  erysipelas  by  the  hypodermic  injection 
into  the  affected  part  of  a  lialf-^rain  of  commercial  as- 
pidospcnuiuc.  The  dose  of  aspidosperma  is  1  to  4  gm, 
■  -  ■    o  1).    There  is  an  official  fluid  extract,  but  Uie  ex.- 

I  Rutby. 


Academy  of  Medicine.  November  3,  1808,  Dr.  Georges 
Die ulafoy  brought  to  the  notice  of  the  profession  a  valu- 
able method  of  detecting  the  presence  of  fluids  in,  as 
well  as  of  removing  them  from,  various  parts  of  the 
body.  Tlie  process  is  called  pneumatic  aspiration,  or 
simply  aspiration.  Briefly  stated,  it  is  a  method  of  ex- 
ploring diseased  parts  with  a  hollow  needle,  connected 
with  a  vacuum,  or.  as  it  Is  called  by  the  inventor,  a 
"previous  vacuum," 

Instrl- ME  NTS. —While  several   different  patterns  of 
aspirator  have  been  devised   and   recommended,   only 
two    retjulre    notice    here,   as 
tbey  comprise    the    principal 
advantages    of    each    of    the 

The  Dieulafoy  aspirator 
(Fi^.  364)  consists  of  a.  glass 
synngc  holding  three  or  four 
ounces,  and  having  two  out- 
lets at  its  lower  end,  each  of 
whirh  has  a  stopcock,  B,  B; 
a  rubljer  lube,  into  which  is 
let  a  glass  index,  E ;  and  four 
needles  of  various  sizes.  The 
apparatus  Is  used  as  follows: 
The  needle  having  been  con- 
nected with  the  syringe  by 
means  of  the  tube,  and  the 
outlets  closed,  the  piston  is 
withdrawn  to  its  full  extent, 
and  secured  by  a  quarter  turn. 
The  needle  is  now  to  be  intro- 
duced at  the  proper  place, 
and  aa  soon  as  its  point  is 
buried  in  the  tissues  the  corre- 
sponding cock  is  to  be  opened, 

„..».-™.  „,„,.,.,  ^  j^to^  ,£^'?.ts,i5'  :rz 

piraior.  instrument.       The     needle    is 

carefully  pushed  forward  as  far  as  Is  desirable,  or 
until  fluid  is  found,  which  will  bo  indicated  by  its  ap- 
pearance in  the  index,  if  not  in  the  syringe.  The  lat- 
ter may  be  emptied  by  clo^ng  its  outlet  leading  to  the 
tube,  opening  the  other,  and  unlocking  and  driving  the 
piston  home.  Another  vacuum  is  to  be  made  as  before, 
and  ihe  process  may  be  repeated  indefinitely  without 
removing  the  needle  or  disconnecting  the  syringe. 

Should  the  needle  become  stopped  up  during  the 
operation  efforts  may  be  made  tt,  clear  it  by  reversing 
the  action  of  the  syringe,  and  forcing  a  little  fluid  back, 
or  it  may  be  partially  withdrawn,  or  carried  a  little 
deeper,  or  its  direction  may  be  changed.  These  ma- 
nceuvres  failing,  it  must  be  taken  out,  cleared,  and  in- 
troduced in  another  place. 

With  this  instrument,  stimulating  or  other  liquids 
may  be  injected  into  a  cavity  by  filling  the  syringe  with 
the  fluid,  instead  of  exhaustmg  the  air. 

Potaln's  aspirator  (Pig.  365 •)  comprises  an  air  pump, 
A,  having  two  openings.  C,  D,  each  of  which  is  supplied 
with  a  metallic  valve,  working  in  opposite  directions, 
the  former  allowing  an  exit,  and  the  latter  an  entrance, 
of  air  to  the  pump :  a  bottle,  with  a  capacity  of  a  pint 
or  more,  fitted  with  a  rubber  stopper,  B.  which  is  per- 
forated by  a  double  metallic  tube,  whose  outer  poriion 
'.trminates  in  two  branches,  each  having  a  stop-cock. 
K,  L !  two  rubber  tubes,  with  Ibe  necessary  needles, 
complete  the  apparatus. 
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It  is  made  ready  for  use  by  connecting  the  bottle  with 
the  needle  by  the  indexed  tube,  E,  and  with  the  pump 
by  tlie  tube,  O.  The  cock,  K,  nearest  tie  pump,  ill 
opened;  tjie  other  is  closed.  The  air  is  exhausted  from 
the  tMttle  by  a  few  sharp  strokes  of  the  piston,  and  the 
cock,  K,  is  closed.  The  puncture  is  now  made,  and  as 
soon  as  the  point  of  the  needle  la  under  the  skin  the  cor. 
responding  cock,  L,  is  to  be  opened,  and  the  explora- 
tion carried  to  completion.  Another  vacuum  is  readily 
established  without  disturbing  the  needle  or  its  cotmec- 

By  attaching  a  rubber  tube  to  the  inner  end  of  the 
metallic  one,  long  enough  to  reach  to  the  bottom  of  the 
bottle,  and  by  changing  the  tube  O  from  iJ  to  (7,  so  aa 
to  force  air  into  the  bottle,  instead  of  exhausting  It,  the 
apparatus  may  be  used  for  injection  or  irrigation,  or  the 
bottle  may  be  emptied  of  its  contents  by  simply  work- 
ing the  pump.  This  action  Is  due  to  the  fact  that  the 
iuner  orifice  of  tlie  tube  A' is  on  the  side  just  below  the 
stopper,  and  hence  independent  of  tlie  tube  fn  the  bottle. 

As  a  more  perfect  vacuum  can  be  obtained  with  Dieu- 
lafoy's  instrument,  it  is  the  best  one  for  diagnostic  pur- 
poses. It  is  also  well  suited  for  evacuating  or  injecting 
small  quantities  of  fluid,  especially  when  it  Is  desirable 
to  be  exact  as  to  tlie  amount.  But  for  drawing  off  large 
effusions,  or  for  irrigating  large  cavities,  Potain's  ap- 
paratus saves  time  and  labor.  And  it  may  be  said  that 
for  general  use  the  latter  instrument  Is  the  more  service- 
able of  Ihe  two,  as  it  can  be  made  to  do  the  work  satis- 
factorily in  most  of  the  cases  requiring  this  operation. 

The  peculiar  feature  of  Ihe  aspirator,  which  distin- 
guishes it  from  the  suction  trocar,  and  which  makes  it 
so  much  more  valuable,  lies  in  what  Dieulafoy  calls  the 
"previous  vacuum."  As  this  extends  to  the  point  of  the 
needle  the  operator  ts  notified  of  the  presence  of  fluid 
the  instant  it  is  reached,  and  therefore  there  is  little 
danger  of  passing  through  a  small  collection  of  fluid 
without  knowing  it,  or  of  wounding  deeper  structures 
unnecessarily,  a  matter  of  much  importance  in  tapping 
joints  and  other  cavities.    The  strong  suction  power  of 
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this  Instrument  enables  one  to  use  smaller  needles,  as 
well  as  to  evacuate  fluids  which  are  too  thick  to  be 
withdrawn  with  an  ordinary  trocar. 

The  aspirator  should  always  be  tested  just  before  it  is 
used  upon  a  patient,  because,  from  its  peculiar  construc- 
tion, it  is  very  liable  to  get  out  of  order.  The  piston 
Sets  loose,  the  needles  are  easily  plugged  with  rust  or 
irt,  the  tubes  crack  and  break,  the  cocks  stick,  the 
stopper  may  not  fit  the  btrttle.  All  of  these  points  re- 
quire attention  In  order  to  avoid  embarrassment  and 

It  would  be  well  If  all  aspirator  needles  were  made 
after  the  pattern  recommended  by  Dieulafoy,  namely, 
Nos.  1,2,  3,  and  4,  having  the  respective  diameters  of  0.5, 


with  hot  water  (carbolixed),  dried,  and  threaded  with  a 
wire  to  keep  them  patent. 

Small  trocars  can  be  used  with  the  aspirator  in  place 
of  Uie  needles  for  purposes  of  evacuation  and  Irrigation. 
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For  diagnostic  explorations  they  arc  inferior  to  the 
needles,  from  the  fact  that  with  the  former  it  is  impos- 
sible to  make  use  of  the  previous  vacuum.  The  trocars 
are  of  special  value  in  tapping  the  chest,  or  any  other 
cavity  in  which  there  is  danger  of  doing  harm  by  the 
point  of  the  needle. 

In  aspirating  the  cranium,  pericardium,  spina  bifida, 
and  intestine  the  smallest  needle.  No.  1,  should  be  used. 
For  the  bladder,  joints,  strangulated  hernia,  and  tumors, 
No.  2  is  suitable;  while  for  abscesses,  thorucic  and  peri- 
toneal effusions,  the  larger  sizes  are  ai)propriate. 

Owing  to  the  fineness  of  the  needle,  and  to  the  elasticity 
of  the  tissues,  almost  any  organ  or  part  of  the  body  may 
be  safely  explored  with  the  aspirator.  For  example, 
the  head,  chest,  stomach,  liver,  gall  bladder,  spleen,  in- 
testines, uterus,  tumors  of  various  descriptions,  and  aneu- 
risms have  been  punctured  without  untoward  n?sults. 
The  principal  diseases,  however,  in  which  the  aspirator 
has  l)een  proved  by  experience  to  be  of  espt^cial  value 
are  the  following: 

Retention  of  urine. — In  the  sevewr  stages  of  this  affec- 
tion, aspiratitm.  as  a  temporary  resouitre,  is  often  of  grvat 
8er\'ice.  It  is  safe,  sjx'edy,  and  effectual.  So  little  pain 
attends  the  operation  that,  as  a  rule,  aniesthetics  are  not 
required.  If  n*lief  is  not  obtained  in  these  cases  from 
milder  measures,  together  with  a  moderate  trial  of  the 
catheter,  it  is  far  In^ter  to  aspirate  the  bladder  above 
the  pubesthan  to  irritate  and  perhaps  lacerate  the  urethra 
by  prolonged  an<l  often  fruitless  efforts  at  catlicterization. 
The  operation  is  iH'st  p<Tfonned  with  Potain's apparatus. 
It  iH'ing  in  n*a(liness,  the  nc(»dle  is  entered  on  the  median 
line  just  above  the  symphysis,  and  carried  backward  and 
downward  toward  the  h(>llow  of  the  saenim,  to  such  a 
depth  that  the  point  will  not  escajM?  as  the  bladder  con- 
tmets.  When  the  viscus  is  nearly  emptied  the  patient 
is  apt  to  experience  a  pricking  sensation,  which  is  due 
to  the  needle's  impinging  <»n  the  posterior  wall.  It  should 
be  withdniwn  a  short  distance,  and  the  urine  allowed  to 
escape  as  long  as  it  will  without  producing  too  much 
pain.  The  puu(;ture  in  the  skin  may  be  covered  with  a 
bit  of  adhesive  plaster.  This  operation  can  \w  saf(rly 
repeated  as  often  as  may  Iw  necessary  for  two  or  thive 
days,  by  which  time  the  urethral  irritation  is  generally 
so  far  sulxlued  by  appropriate  measures  that  the  power 
of  voluntary  micturition  is  restored,  and  the  primary 
obstruction  Van  receive  the  nujuired  attention. 

Aspirating  the  bladih'r  is  preferable*  to  the  operation 
of  tapping  by  the  rectum,  Iwcau.se  it  is  safer,  it  is  more 
easily  perfonned.  there  is  less  liability  to  mistakes,  and 
it  is  not  followed  by  n'Cto-vesioal  or  other  fistuhe.  by 
extravasation  of  urine,  or  by  pelvic  or  ]>rostatic  inflam- 
mation and  suppuration,  accidents  whicli  have  occasion- 
ally supervened  upon  tht?  rectal  operation. 

Afferiiomt  of  the.  Joints. — While  almost  anv  large  joint 
containing  a  considerable  quantity  of  fluid  may  be  as- 
pirated, the  operation  is  chiefly  conflned  to  the  knee. 
Large  effusions  in  that  articulation,  whether  of  wruni, 
bloo<i.  or  pus,  can  be  safely  and  <juickly  removed  by 
this  methcKi.  The  needle  is  tf)  Iw  ins<'rte<l  wherever  the 
swelling  is  most  prominent,  which  is  \isually  above  or 
to  the  inside  of  the  patella.  Can-  should  be  taken  not 
to  wound  the?  cartilages  with  thr  point  of  the  instrument, 
as  s<»rious  results  have  been  known  to  ensue.  After  the 
operatitm  the  patient  should  be  kept  in  bed.  the  limb 
should  l)e  placed  upon  a  posterir)r  splint,  and  fimi  pn'ss- 
un*  should  be  applied  by  means  of  flannel  or  rubber 
bandages.  Hhouhl  the  fluid  reaceunuilate  the  operation 
may  Ihj  safely  repeate<l  (under  aseptic  precautions)  as 
often  as  is  nec(?s8«iry.  Aniesthetics  an-  required  t>nly  in 
childnm.  and  in  nerv(ms  or  timid  subjeet*^. 

Strangulitted  Hernia. — It  was  thought  nt  one  time  that 
aspiration  might  prove  to  be  very  beneficial  in  the  treat- 
ment of  this  affection,  but  it  has  not  stood  the  test  of  ex- 
perience. The  needle  is  apt  to  iK'Come  clogged,  or  from 
varicms  causes  the  tumor  cannot  be  suft1<*iently  reduced 
bv  this  means  to  enable  it  to  be  returned  to  its  ])ro|x»r 
place.  It  is  true  that  many  nis<'S  of  successful  reduction 
of  tlic  hernia  after  aspiration  have  been  reiH>rted  from 


time  to  time,  but  as  the  operation  oftener  fails  than  suc- 
ceeds it  is  less  frequently  resorted  to  at  present  thaji 
it  was  formerly.  Fatal  results  have  followed  this  pro- 
cedure, yet,  when  carefullv  performed  with  a  No.  2 
needle,  it  is  attended  with  little  danger,  and  it  is  occa- 
sionally successful. 

Atufcetm. — Aspiration  is  frequently  of  the  greatest  value 
in  detemu'ning  the  presence  and  cliaractcr  of  fluids,  but 
as  a  method  of  treating  ordinary  abscesses  it  is  far  in- 
ferior to  free  incisions,  drainage  tubes,  and  antiseptics. 
The  pus  usually  n^accumulates  after  each  evacuation, 
until  finally  a  spontaneous  opening  takes  place,  unless 
it  is  anticipated  by  an  artificial  one.  Oc*casionaUy.  how- 
ever, a  favorable  result  follows  repeated  aspirations,  as 
occurred  in  the  case  of  an  extensive  pya*mic  abscess  over 
the  sacrum,  in  the  practice  of  a  colleague.  It  was 
aspirated  twenty -one  times  in  twenty  five  days,  twenty 
ounces  of  pus  Iwing  withdrawn  at  the  first  operatioUp 
and  three  ounces  of  serum  at  the  last.  But  such  cases 
are  prolwibly  best  treatinl  by  the  method  of  incision,  as 
above  mentioned  An  exception  to  this  nde  is  an  abscess 
occurring  in  a  person  the  subject  of  the  hemorrhagic 
diathesis.  Such  cas<*s,  when  active  interference  isneces- 
sarj'.  should  bt^  aspirated  rather  than  incised,  as  the 
hemorrhage  would  be  less,  and  probably  could  Ix?  more 
easily  controlled.  He|>atic.  p<»rinephritic,  and  some  other 
deep  collections  of  pus  may  occasionally  he  treated  by 
re|K>ated  aspirations.  The  diagnosis  is  thus  rendered 
certain,  the  shock  of  the  operation  is  less  than  that  which 
follows  incision,  and  in  a  certain  proportion  of  cases  a 
favorable  result  will  hi*  obtained. 

H(rmat4nna . — Collecti(ms  of  blood  in  the  cellular  tissue 
resulting  from  contusion  or  other  injury  may  oft4*n  be 
satisfactorily  treated  by  a.spirat ion,  one  or  twooi>eratioDS 
bi'ing  sufllcient  in  many  cases  to  effect  a  cure,  A  large 
needle  or  trocar  may  be  uwd  to  evacuate  the  contents, 
and  firm  pn*ssure  should  Ik»  applied  to  prevent  a  n'tum 
of  the  affection.  The  withdrawal  of  effused  blo(xI  by 
this  methcxi  is  much  more  succt^ssful  than  the  evacuation 
of  pus.  and  seldom  does  harm. 

Pleuritic  ejftmons  can  Ih»  n-adily  drawn  off  with  Po- 
tain's aspirator.  It  is  iM'tter  to  use  a  tn)car  than  a  neiHlle 
in  thes(;  cas(*s,  as  by  so  doing  there  is  less  danger  of  in- 
juring the  lung.  The  puncture  may  be  made  in  the 
eighth  or  ninth  intercostal  sjiace.  about  two  inches  below 
the  angle  of  the  scapula.  The  operation  should  cease 
the  instant  pain  or  coughing  sc>ts  in.  but  it  may  be  re- 
pcatetl  as  often  as  iiK'cssary .  Should  the  fluid  reaccumu- 
late  less  rajiidly  after  each  evacuation,  and  the  general 
health  improveOrat  least  Remain  good,  a  favorable  result 
may  be  expecte<l  by  persisting  in  the  treatment. 

It  is  the  opinion  of  many  who  have  had  a  large  experi- 
ence with  this  operation,  that  ether  should  seldom.  If 
ever,  1m'  given  during  its  performance.  A  number  of 
fatalities  have  resulted  fnnn  this  practice.  The  paints 
neither  si»vere  nor  of  long  duration.  Children  may  he 
restrained  by  moderate  fi»rce,  and  adults  seUlom  request 
an  amesthetic  if  the  danger  is  ex  plained  to  them.  Should 
it  be  thought  necessary  to  administer  ether,  a  few  whiffs, 
just  enough  to  i>nMluce  primary  ana^thesia,  is  sufficient, 
and  is  much  safer  than  complete  etherization.  But  the 
rule  should  1k'.  use  no  ana>stlieti<'s  in  tapping  the  chest. 

The  jtericnnliiim  may  be  safely  as])iratcHl  with  the 
small(>st  needle,  as  follows:  The  i)unctun^  is  to  1h»  made 
in  the  fourth  intercostal  space,  one  inch  (2.5  cm.)  fnim. 
the  left  border  of  the  sternum,  and  the  instniment  c«rrii»d 
slowly  backward,  upward,  and  a  little  towanl  themtHlian 
line.  The  puncture  may  also  lie  made  in  the  fifth  inter- 
sjiace.  an  inch  and  a  half  to  the  left  of  the  sternum.  To 
avoid  wounding  the  heart  it  is  iin]>ortant  that  the  vacuum 
should  extend  throughout  the  needle  at  the  earliest  mo- 
ment possible,  r >it  t  le  danger  necKi  l>e  apprehended,  even 
if  that  organ  is  touche<l  with  the  needle.  The  latter 
shoulfi  immediately  be  withdrawn  under  these  circum- 
stances  and  intnHluced  in  another  place.  Aspirating 
the  pericardium  is  an  operation  that  will  not  often  be 
re(iuired. 

Should  it  be  deemed  advisable  to  evacuate  the  fluid  in 
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ease,  but  a  complex  of  symptoms  dependent  ou  an 
anomaly  of  re  f  met  ion.     (8et^  Uyperntetrofua.) 

Hypermetropia  may  be  briefly  defined  as  a  structural 
anomaly  in  which  the  refmctive  power  of  the  eye.  in  a 
state  ol  rest,  is  insufficient  to  focus  parallel  rays  upon 
the  retina.  In  the  highest  grades  of  hypermetropia,  the 
total  accommodative  power  of  the  eye  (absolute  range 
of  accommixlation)  may  be  inadequate  to  meet  the  re- 
quirements of  distinct  vision,  even  at  a  distance,  and  the 
condition  may  then  bear  a  superficial  resemblance  to 
amblyopia;  but  in  the  medium  and  lower  grades  there 
is  ordinarily  developed  a  state  of  habitual  tension  of  the 
accommodation,  under  which  the  adjustment  for  dis- 
tance, and  in  many  cases  for  the  near  also,  may  be  easily 
and  unconsciously  performed.  In  other  cases,  little  or 
no  inconvenience  is  felt  in  distant  vision,  but  the  greater 
exercise  of  the  accommodation  requiR'd  for  reading  or 
other  near  work  is  felt  to  involve  effort,  and  becomes 
wearisome.  The  fatigue  in  accommodation  for  near  ob- 
jects does  not,  however,  imply  an  actual  insufficiency  of 
the  accommodation  for  the  work  imposed  upon  it.  for 
the  position  of  the  absolute  near  point  (;>)  in  youthful 
hypermetropes  is,  in  most  cases,  well  within  the  distance 
at  which  the  book  is  usually  held  in  reading,  and  it  is 
also  true  that  in  hypermetropia  complicated  with  stra- 
bismus, in  which  condition  the  crossed  eye  takes  no  part 
in  the  visual  act,  reading  is  not  ordinarily  attended  with 
especial  difficulty,  at  least  during  childhood  and  youth. 
The  principal  determining  cause  of  asthenopia  is,  in 
fact,  to  be  .sought  in  the  clos<*  correlation  of  the  two 
functions.  acconini<Hlati(m  and  convergence,  whereby 
any  given  exercise  of  tlie  accommodation  tends  to  evoke 
a  corresponding  exercise  of  the  convergence,  and,  con- 
versely, any  given  exercise  of  the  convergence  tends  to 
evoke  a  eorresi)onding,  and  no  greater,  exercise  of  the 
accommodation.  Hence,  in  hypermetropia.  either  the 
accommofhition  re(|uired  for  distinct  vision  at  any  given 
short  distance  may  be  associated  with  excessive  conver- 
gence, and  so  may  lead  to  the  development  of  convergent 
strabismus,  or  the  convergence  necessary  for  binocular 
vision  at  the  given  distance  may  be  associated  with  in- 
sufficient f)r  stmiued  accommodation  for  that  distance, 
and  so  may  give  ris(?  to  asthenf>pia. 

Asthenopia  may  be  defined,  then,  as  fatigue  incident 
to  a  conflict  between  accommodation  and  convergence 
when  partially  divorced  through  the  displacement  of  the 
region  of  accommo(hitiou  in  hypermetropia. 

Although,  .strictly  spejiking,  asthenopia  is  a  misnomer, 
for  it  is  not  a  condition  of  weakness,  nevertheless  weak- 
ness (paresis)  t)f  acconimrxlation  may  give  rise  to  a  train 
of  symptoms  not  readily  to  be  distinguished  from  true 
asthenopia.  In  paresis  of  aceoininodation  following 
diphtheria,  the  sinuilation  of  astheno])ia  is  j>erfect,  but 
the  history  of  .sore  throat,  the  accompanying  afTection 
of  speech  and  of  deglutition  due  to  i)aresisof  the  faucial 
muscles,  the  absence  of  previous  disturbance  of  the  ac- 
comnuMlation.  and  above  all  the  absence  of  hyperme- 
troi)ia  make  the  diflVrential  diairno>is  easy. 

Fatigue  from  long  continued  tension  of  both  accom- 
modation and  convergence  in  reading  or  in  fine  work  at 
too  short  a  distance,  as  !»y  bad  light,  etc..  may  develop 
into  a  condition  of  disability  in  wjiieh  all  use  of  the  eyes 
becomes  wearisome  or  painful.  Astigmatism,  regular 
or  irregular,  distortion  of  the  cornea  from  keratitis  or 
corneal  ulcers,  dazzling  of  the  retina  by  difTus<-(l  light 
transmitted  by  corneal  nebula*.  elTusions  in  the  field  of 
the  pupil,  structural  defects  in  the  crystalline  lens,  etc., 
may  thus  di.sable  the  eyes  for  continued  exertion  by 
making  it  impossible  to  distinguish  small  objects  exeej>t 
at  an  abnormally  short  distance:  but  these  are  essentially 
cas<'S  of  im]>erfe(!t  vision,  an<l  the  disiibilities  to  which 
they  give  rise  are  not  proiK>rIy  to  be  clas.sed  with  as- 
thenopia. 

Astiirmatism  may,  however,  be  a  cause  also  of  tnie 
asthenopia.  Thus  in  simple  hypermetropic  astigmatism 
(Ah),  or  in  mixed  astigmatism  (Anili  or  Ahni).  if  the 
ocular  meridian  of  least  refnicti(Hi  is  horizontal  or  ap- 
proxinijiteiy  horizontal,  the  hypermetropia  in  this  me- 


ridian may  give  ri.st*  to  a  <lisplacemeut  of  the  region  of 
a<'commo(lation  just  as  in  simple  hyp)ermetropia;  and  in 
compound  hyj)ermetropic  astigmatism  (H  -j-  Ah)  this  dis- 
placement may  be  equal  to  the  sum  of  the  displacements 
due  to  the  hypermetropia  (H)  and  to  the  hy|K*rme tropic 
astigmatism  (Ah).  But  in  astigmatism  then*  is  also  im- 
pairment of  the  acuteuessof  vision,  due  to  the  asymmet- 
rical ocular  refraction,  and  for  this  reason  the  disability 
resulting  from  any  given  gnide  of  hypermetropic  as- 
tigmatism is  t)rdinarily  greater  than  that  resulting  from 
an  e(iual  gnule  of  uncomplicated  hypermetropia.  In 
asthenopia  complicated  by  hypermetropic  astigmatism 
it  is,  therefore,  often  more  important  to  correct  the  as- 
tigmatism, by  means  of  appropriate  convex  cylindrical 
gla.sses,  than  to  correct  tlie  hypermetropia,  by  convex 
spherical  gla.sses,  without  regard  to  the  astigmatism. 

The  name  aMhenopin  er  hyiiempHia  was  formerly  used 
to  designate  a  .state  of  persistent  weariness  and  irritability 
of  the  eyes  brought  on  by  long-continued  appli(rati(m  to 
fine  work,  especially  when  pursued  under  unfavorable 
physical  or  hygienic  ccmditions.  The  frequent  continu- 
ance of  the  disiibility  even  under  prolongetl  rest  from 
work,  also  the  fact  that  a  like  train  of  symptoms  may 
follow  enforced  disuse  of  the  eyes  as  a  result  of  injury, 
inrtammation,  etc.,  led  similarly  to  the  recogniti(m  of* a 
so-cali<'d  iisihenopia  ejc  anojw'a.  Many  of  the  cases  for- 
merly included  under  one  or  the  other  of  these  two  groups 
were,  in  fact,  cases  of  trui^  asthenopia  dependent  on 
hypermetroj)ia  or  on  hypermetropia  with  astigmatism, 
complicated,  perhaps,  by  some  other  structural  defect 
involving  im])aired  acut^'ness  of  vision.  In  other  cases, 
in  the  absence  of  noteworthy  refractive  error,  the  ex- 
planation of  the  disability  must  be  sought  in  a  disor- 
dered state — irritability,  atony,  t^tc,  of  the  acconnntxia- 
tion.  Under  these  conditions,  general  hygienic  measures, 
careful  attention  to  any  acc(mipanying  irritiitiou  of  the 
conjunctiva,  etc.;  in  some  ca.ses  the  use  for  a  time  of 
mydriatics,  to  .secure  complete  jdiysiological  rest  of  the 
accommodation;  in  other  cases  carefully  regulated  and 
progres.sive  usi*  of  the  eyes  in  reading,  either  -with  or 
witliout  gla.s.ses.  and  mild  stimulation  of  the  accomnn^la- 
tion  by  tli'e  systematic;  use  of  myotics,  particularly  of 
piliKiirpine  in  a  weak  solution,  are  often  most  useful. 

A  condition  of  hypenesthesia  is  not  infrequently  de- 
veloped, genenilly  in  pers<>ns  of  irritable  temperament, 
which  nijinifests  itself  by  over-sen.sitiveness  t<»  light  or 
by  discomfort  or  ])ain  in  the  eyes,  headache,  dizziness, 
nausea,  or  other  nervous  .symptoms,  after  even  mmlerate 
use  of  the  eyes  in  near  work.  Sncli  ca.ses  are  more  fre- 
(luently  observed  in  women  than  in  men,  and  oftenest  in 
women  in  ccimpanitively  easy  circumstances,  or  who 
lead  a  sedentary  mther  than  a  physically  active  life. 
iSuch  i)atients  often  suffer  from  impaired  digestion  and 
nutrition,  constipation,  menstrual  derangements,  etc.  In 
genenil  they  need  careful  hygienic  suj)ervision,  regula- 
tion of  the  diet,  correction  of  constipatiim  by  daily  small 
doses  of  laxatives,  combined,  perhaps,  with  belladonna 
or  hyoscyamus,  or  with  strychnine,  iron,  arsenic,  etc. 
Hefnictive  errors  (hypermetropia,  anisometropia,  astig- 
matism, etc.).  so  slight  as  ordinarily  to  be  negHgible, 
may  also  recpiire  correction  by  means  of  very  carefully 
adjustcni  glass<'s.  The  regular  use  of  the  eyes  in  n^<1ing 
should  be  encourage^  at  fir.st  for  perhaps  only  a  few 
minutes  at  a  time,  increasing  by  very  gnidual  additions 
as  the  patient  actjuires  confidence  and  the  eves  gain  in 
('a]»acity  for  exertion.*  Pilocarpine,  instilled  daily  into 
the  eyes  in  very  small  <loses,  is  also  often  of  dt-cided 
ben<'fit. 

Disease  of  the  frontal  sinus<'S  or  of  the  ethmoidal  cells 
may  be  a  cnuFe  of  persistent  headache,  with  inability  to 
use  the  eyes  in  near  work.  Sensitiveness  to  pres.snre 
made  against  the  roof  and  inner  side  of  the  orbit.  es|H»- 
eially  in  the  region  of  the  pulley  of  the  superior  oblitjuo 
muscle,  has  been  noted  by  Ewing  as  a  diagnostic  sign  of 
this  eouditinn  (Transactions  of  the  American  <>)ditlm1- 
n»ol«»gical  Society.  liMMi). 


*  K.  I)y«.r:  'H-aiLs.  Am.  <.U>htlial.  8*K-iely,  1865. 
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A  special  type  of  ocular  hypenesthesia  has  been  de- 
scribed by  FOrster,  and  named  by  him  kopiopta  *  hystenca. 
This  affection  stands  in  close  relation  to  parametritis, 
and  is  generally  rebellious  to  all  therapeutic  measures 
directed  to  the  eyes;  its  course  is  extremely  tedious,  but 
recovery  generally  takes  place  when  the  pelvic  disease 
has  been  arrested  or  has  run  its  course. 

Muscui^R  Asthenopia. — As  in  hypermetropia,  with 
accurate  convergence,  the  accommodation  is  forced  to 
perform  its  work  at  a  disadvantage,  so  in  myopia  the 
relaxation  of  the  accommodation  in  near  vision  may  give 
rise  to  conditions  unfavorable  to  the  perfect  and  easy 
exercise  of  the  convergence.  As  a  consequence  of  the 
close  physiological  connection  between  the  two  adjust- 
ments, the  voluntary  effort  to  accommodate  tends  to 
evoke  a  corresponding  degree  of  convergence,  and  the 
effort  to  converge  tends  to  evoke  a  corresponding  degree 
of  accommodation.  In  hypermetropia,  as  has  been  al- 
ready stated,  either  the  convergence  may  be  accurately 
adjusted  for  single  vision  with  the  two  eyes,  in  which 
case  the  relative  accommodation  may  be  insufficient  for 
continuous  distinct  vision  at  the  distance  of  the  point  of 
intersection  of  the  visual  axes,  or  the  accommodation 
may  be  exerted  to  the  degree  necessary  to  admit  of  dis- 
tinct vision,  and  the  correlated  excessive  impulse  to  con- 
verge may  lead  to  crossing  of  the  eyes.  So  in  myopia, 
normal  convergence  may  be  associated  with  useless  or 
harmful  tension  of  the  accommodation,  or  the  relaxation 
of  the  accommodation  in  near  vision  may  be  associated 
with  insufficient  tension  of  tlie  recti  intemi  muscles,  thus 
necessitating  a  special  voluntary  effort  to  maintain  single 
vision  with  the  two  eves  ana  so  leading  to  muscular 
fatigue,  or,  in  default  of  this  special  exertion,  permitting 
one  of  the  eyes  to  diverge  (relatively  or  actually),  with 
sacrifice  of  binocular  vision. 

Fatigue  of  the  recti  intemi  muscles  is  mentioned  by 
Scarpa  (1801)  as  an  occasional  cause  of  asthenopic  symp- 
toms, and  it  was  at  one  time  the  fashion  to  invoke  dis- 
ordered action  of  the  external  muscles  of  the  eyeball  as 
the  principal  cause,  and  to  extol  the  division  of  one  or 
another  of  these  muscles  as  the  principal  remedy  in  as- 
thenopia generally.  But  the  recognition  of  muscular 
asthenopia,  as  a  distinct  type,  l)ecame  possible  only  after 
correct  views  had  come  to  be  held  regarding  the  nature 
and  mechanism  of  acconim<Hlatiou ;  and  its  connection 
with  myopia  was  revealed  only  in  connection  with  the 
exhaustive  study,  by  Donders.  of  the  accommodation  in  its 
relation  to  the  eVrors  of  refraction. 

Muscular  asthenopia  is  a  direct  result  of  the  pei*sistence 
of  the  physiological  connection  between  accommodation 
and  convergence,  notwithstanding  the  displacement  of 
the  farthest  point  of  distinct  vision  (r)  in  the  myopic  eye. 
If,  for  example,  we  assume  a  myopia  of  four  dioptrics, 
the  far  point  will  be  only  one-fourth  of  a  metre  (about 
ten  English  inches)  from  the  eye,  and  this  will  be  the 
greatest  distance  at  which  fine  print  can  be  distinctly 
seen  under  full  relaxation  of  the  accommodation.  But 
full  relaxation  of  the  accommodation  is,  under  normal 
conditions,  associated  with  full  relaxation  of  the  conver- 
gence, whereas  the  requirements  of  single  vision  demand  a 
convergence  of  four  metre  angles. f  The  relation  normally 
existing  between  accommodation  and  convergence  must 
therefore  needs  be  materially  altered  in  order  to  admit 
of  distinct  binocular  vision  at  or  near  the  far  point ;  and 
8uch  altered  relation  is,  in  fact,  observed  in  the  greater 
number  of  cases.  But  myopia  is.  as  a  rule,  an  acquired 
affection,  and  is  often  of  rapid  development,  in  which 
case  the  necessary  adaptation  may  fail  to  keep  pace  with 
the  change  of  place  of  the  far  point,  and  thus  a  state  of 
conflict  iR^tween  accommodation  and  convergence  may 
arise.  In  this  conflict  the  convergence  is  oftenest  the 
victor,  for  the  reason  that  double  vision,  when  first  de- 

♦  From  KoirtoM,  Ui  become  weary,  and  wi^.  eye. 

f  Metrt  arif/ff,  a  name  proposed  by  Na<?el  to  desifrnate  the  unit  of 
convergence  correHpondlnpr  to  one  dloptrie  of  acc-ommodation.  In 
oonversrence  for  a  point  3,  2,  1,  ^,  >^  ^,  etc.,  metres  distant,  the  con- 
verjrence  Is  said  to  be  of  ^,  H,  1,  2,  3,  4,  etc.,  metre  angles,  and  the 
accommodation  (In  emmetnipla)  is  similarly  of  V^  ^,  I,  2,  3,  4,  etc, 
dioptrles. 


veloped,  gives  rise  to  very  great  confusion  of  sight,  while 
excessive  accommodation  may,  in  a  young  person,  in- 
volve no  particular  inconvenience  other  than  the  necessity 
of  holding  the  book  or  work  nearer  to  tlie  eyes.  In  other 
cases,  however,  tlie  habit  is  formed  of  relaxing  the  ac- 
commodation in  onler  to  see  distinctly  at  or  near  the  far 
point,  and  a  special  effort  of  tlie  will  may  then  be  re- 
quired to  effect  the  necessary  convergence.  The  fatigue 
which  attends  this  effort  to  maintain  the  convergence, 
simultaneously  with  relaxation  of  the  accommodation, 
constitutes  muscular  asthenopia.* 

Regarding  the  curability  of  asthenopia  opposite  views 
have  prevaile<l  at  different  times.  Until  the  dependence 
of  accommodative  asthenopia  upon  hypermetropia  had 
been  demonstrated  by  Donders.  it  was  generally  believed 
to  be  curable,  at  least  in  certain  cases,  and  the  means 
adopted  were  such  as  we  now  recognize  as  tending  to 
bring  about  a  state  of  improved  co-ordination  between 
accommodation  and  convergence,  namely,  the  use  of  con- 
vex glaSvSes  of  the  least  power  compatible  with  the  com- 
fortable use  of  the  eyes,  which  glasses  were  afterward  to 
be  exchanged  for  progressively  weaker  glasses,  in  the 
hope  of  being  able  ultimately  to  dispense  witli  them  alto- 
gether. That  this  plan  of  treatment  was  not  altogether 
irrational  is  evident  from  the  experience  of  the  very 
large  number  of  young  hypermet ropes  who  are  able  to 
use  their  eyes  freely  in  prolonged  near  work,  a  fact  en- 
tirely in  accordance  with  the  observation  of  Donders,  that, 
with  parallel  visual  axes  and  also  under  moderate  con- 
vergence, the  hypermet i-opic  eye  ordinarily  brings  into 
use  much  more  of  its  accommodation  than  does  the  em- 
metropic eye  under  like  conditions.  Moreover,  it  is  not 
uncommon  for  asthenopic  symptoms,  occurring  in  con- 
nection with  hypermetropia  of  moderate  grade,  to  disap- 
pear after  a  few  weeks  or  months  of  relief  from  strain 
affonled  by  the  use  of  weak  convex  glasses  in  reading 
and  study.  In  these  cases  the  glasses  give  great  relief 
when  first  worn,  but  after  a  time  the  need  of  them 
comes  to  be  less  urgently  felt,  so  that  the  child  begins 
to  do  without  them,  and  at  last  forgets  to  u.se  them  at 
all.  But  these  cures,  however  satisfactory  they  may  be 
for  the  time  being,  are  apt  to  be  followeii  by* relapses, 
which,  again,  may  vield  to  a  new  course  of  treatment  by 
gla.sses,  until,  with  ipcreasing  age  and  the  accompanving 
restriction  of  the  range  of  accommodation,  the  habitual 
use  of  convex  glasses  becomes  imperative. 

Asthenopia  may  be  treated  also  by  acting  directly  upon 
the  accommodation  by  the  methodical  use  of  myotics. 
In  his  original  study  of  the  action  of  Calabar  bean,  Don- 
ders observed  that  the  range  of  accommodation  is  posi- 
tively increased  after  the  instillation  of  this  drug,  and 
that  this  increase,  which  is  greatest  after  about  two  hours, 
diminishes  rather  slowly.  He  observed,  also,  a  material 
increa.se  in  the  accommodation  as  related  to  the  conver- 
tible conditions  which  determine  the  development  of  asthenopia 
may  be  stated  in  a  general  form  as  follows : 

In  the  normal  condition  of  the  eyes  (emmetropia),  under  an  exercise 
of  the  accommodation  equal  to  n  dioptries^  each  eye  is  adjusted  for 

distinct  vision  at  a  distance  of  —  metre,  and  with  this  ac(*ommodation 

of  n  dioptries  there  is  associated  a  degree  of  convergence  e<\ua\  to  n 
metre  angles ;  the  visual  axes  intersect,  therefore,  at  the  exact  dis- 
tance (—  metre;  for  which  the  two  eyes  are  severally  accommodated, 
?i 

and  the  two  adjustments  are  performed  in  perfect  harmony. 

In  hypermetropia  a  given  exercise  of  the  accommodation,  say  of  h 
dioptri«*s,  is  required  for  distinct  vision  at  a  distance,  at  the  same  time 
that  the  convergence  is  relaxed  to  zen)  (parallelism  of  the  visual 

axes),  so  that  for  vision  at  the  distance  of  —  metre  a  degree  of  con- 
vergence equal  to  n  metre  angles  must  be  nsso<"lated  with  an  exercise 
of  the  accommodation  equal  to  n  -j-  h  dloptiles ;  the  relatively  exces- 
sive demand  thus  made  upon  the  accomiiuHlation  may  Ije  attended 
with  fatigue  from  relative  insufficiency  of  the  a(*<'oinnuKlation  (ffc- 
commodative  asthenoitia). 

In  myopia,  say  of  m  dioptries,  distinct  vision  at  a  di.«»tance  is  im- 
possible, and  for  vision  at  a  distance  (within  the  limits  of  the  region 

of  accommodation)  of—  metre  frf)m  the  eye,  an  exercise  of  the  ac- 

n 

commodation  equal  to  n  —  m  dioptries  must  be  asso<*iated  with  a 
convergence  of  n  metre  angles;  the  n*latlvely  excessive  demand  thus 
made  upon  the  convergence  may  1m*  attentletl  with  fatigue  from  rela- 
tive iosufflciency  of  the  recti  intemi  mu.scles  K)i\\u*cu\or  Oi^ihimnna), 
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^encc.  amounting  to  rather  moro  tlmn  0.8  dioptric  eleven 
hours  after  the  instillation :  and  he  makes  the  very  signiti- 
cant  remark  that  '^hypennet ropes,  under  the  double  ad- 
vantage of  smaller  circles  of  diffusion  and  of  easier  t4.^n- 
sion  of  accommo<lation,  lose  for  a  time  their  asthenopia." 
The  introduction  of  piU>carpine  in  ophthalmic  therapeu- 
tics has  miule  it  practiciible  to  keep  up  a  moderate  myot- 
ic action  for  an  almost  indefinite*  period,  without  injuri- 
ous spasm  of  accommodation.  In  cas<^s  of  asthenopia  in 
young  persons,  associated  with  hypennetropia  of  low 
grade,  pilocarpine  may  be  employed  in  the  form  of  a 
weak  solution,  instilling  any  desired  fraction  of  a  minim, 
measured  by  means  of  a  slender  glass  ])ipett<i.  The  in- 
stillation may  1x3  made  morning  and  evening,  and  after 
a  few  weeks  at  night  only ;  <»r  the  effect  may  be  gnidu- 
ally  diminished  bv  reducing  the  quantity  used  or  the 
strength  of  the  soluticm.  In  this  way  it  is  often  practi- 
cable to  tide  over  an  attack  of  asthenopia  in  a  young  per- 
son without  interrupting  school  work,  and  so  to  post- 
pone the  use  of  glasses  for  perhaps  many  years. 

In  asthenopia  dependent  on  hvpermetropia  of  high 
grade,  the  only  effective  resource  is  in  the  use  of  convex 
glasses,  and  these  should  be  of  a  strength  sutlicient  to 
correct  fully  the  rt*fractive  error.  Owing  to  the  fact 
that  a  part  of  the  hypermetropia  is  almost  alwavs  la- 
tent (see  Hifpermetropia),  fully  correcting  (neutralizing) 
glas.ses  often  prove  less  acceptable  in  the  Ix'ginning  than 
those  of  less  power,  but  in  everj'  cas<*  the  Reflection  of 
glasses  should  Im»  made  with  distinct  reference  to  the 
total  hypermetropia,  and  in  the  expectation  of  idtimately 
applying  the  full  correction.  In  a  few  cases  of  asthe- 
nopia any  exercise  of  the  accommodaticm  even  with  con- 
vex glasses  is  attended  with  pain,  so  that  it  may  be 
found  nec(^ssary  to  have  recourse  to  atropine  for  the  pur- 
pose of  maintaining  for  a  time  a  stjite  of  complete  physi- 
ological rest.  During  the  maint^'nance  of  the  mydriasis 
Heading  may  be  permitted  with  the  aid  of  stronger  con- 
vex glas.ses  which  must  be  exchanged  for  neutralizing 
glasses  when  the  accommodation  is  allowed  to  resume  its 
function.  The  hypi^rmetrope  who  reepiires  convex  glass- 
es for  reading  sees  perfectly  at  a  disUmce  with  the  same 
glasst^s,  and,  as  a  rule,  finds  it  more  convenient  and  com- 
fortable to  wear  them  constantly;  but  m  this  he  mav 
generally  be  permitt^'d  to  follow  his  own  pleasure,  (f 
for  any  reason  he  is  disinclined  to  wear  glas.ses  constantly, 
a  compromise  may  often  be  effected  by  i)rescribing  spec- 
tjicles  for  continuous  reading  and  an  eyeglass  {ptM^-nfz) 
for  occasional  use. 

In  muscular  jisthenopia  the  tr(»atment  consists  prima- 
rily in  the  correction  of  the?  myopia,  together  with  any 
jistiirmatism  that  may  be  present,  by  means  of  neutraliz- 
ing concave  spherical  or  spherico-cylindrical  glas.ses. 
The  glasses  should,  Jis  a  rule,  be  mounti'd  in  a  spectacle 
frame  nither  than  as  a  pinn^-nrz,  an<l  they  should  be 
worn  continuously.  The  relief  affonled  by  neutralizing 
glasses  is  generally  in.mediate  and  complete,  but  in  a 
few  ca.s«'s  it  may  be  necessary  to  prescribe  stronger  con- 
cave glass<*s,  wjiich  shall  over-correct  the  myopia  an<l  so 
compel  some  exercis**  of  the  accommodation  in  distant 
vision  and  a  correspondingly  increased  exercise  of  the 
accommodation  in  near  work.  This  over-correction, 
which  may  !)<•  carried  as  high  as  three  dioptrics  in  chil- 
dren or  in  young  adults  with  ample  range  of  accommo- 
dation, is  free  from  the  dangers  and  disiibilities  which 
attend  the  wearing  of  too  strong  concave  glasses  in 
uncomplicated  myopia. 

The  dec<'ntration  of  concave  glasses  outwards,  or.  what 
amounts  to  the  same  thing,  the  grinding  of  the  necessary 
concave  s])herical  or  spherical  and  cylindrical  surfaces 
on  prisms  of  from  1'  to  8' angle,  S4't  with  bases  of  the 
prisms  toward  the  nosi*.  is  occasionally  of  advantage*  by 
correcting  the  refractive  <'rror  and  at  the  same  time 
giving  some  measure  of  direct  relief  to  the  recti  intend 
muscles.  In  the  higher  grades  of  relative  muscular  in- 
sufiiciency.  division  of  the  tendon  of  the  rectus  e.xternus 
nuiscle  in  one  eve  or  in  both  eves  mav  be  indicated, 
but  operative  interference  should  be  considered  only 
after  an   exhaustive    investigation  of    each    particular 


case,   and   generally   after  a   full   trial   of   less  radical 
metho<ls.* 

In  the  treatment  of  asthenopia,  whether  accommodative 
or  muscular,  the  chief  reliance  is  to  be  placeil  upon  the 
con-ection  of  the  underlying  error  of  refraction  (hyper- 
metropia. myopia,  astigmatism,  anisometropia)  by  means 
of  appropriate  glasses  (convex,  concave,  cylindrical,  or  of 
different  power  for  the  two  eyes).  A  practically  normal 
ndation  of  accomnunlation  to  convergence  is  thus  estab- 
lished, and.  apart  from  subsequent  structural  changes 
in  the  eyes,  the  glasses  which  perfectly  correct  the  re- 
fractive error  in  youth  suffice  until,  with  advancing  age, 
the  sight  begins  to  \w  presbyopic  (see  Acfommoilation  and 
Refraction.  Atttigmatisin,  Ily])ertnetropta,  ^fyoJn'<^,  Pres- 
byopia,  Si>ect/t^les).  John  Green. 

ASTHMA.— Symptomatology. — Asthma  is  a  disease 
characterized  by  attacks  of  true  intermittent,  but  severe, 
dyspncpa,  accompanied  bv  general  sibilant  rfiles.  In  a 
typical  case  of  tlie  complaint  the  patient  ma}*  retire  to 
lx»(l  in  apparently  good  health,  and  with  no  more  warn- 
ing of  the  impending  attack  than  in  a  case  of  nocturnal 
epilepsy;  but  after  a  few  hours*  sleep  his  respiration 
becomes  labored  and  whistling,  so  that  it  even  mav  be 
heard  by  others  while  he  is  still  asleep.  Soon  be  is  him- 
self awakenea  by  his  difficulty  of  breathing,  though  if 
accustomed  to  such  visitations  he  may  endeavor  to  con- 
tinue his  slumlx^r,  and  for  a  while  succeed  in  doing  so. 
Ere  long,  however,  not  only  sleep,  but  all  rest  becomes 
impossible  by  the  supervention  of  a  most  urgent  dysp- 
n(ra,  whose  symptoms  would  indicate  great  peril  to  life 
in  any  other  disease.  In  a.sthma,  however,  though  the 
distress  be  great,  alarm  is  significantly  absent  from  the 
patient. 

Careful  observation  now  will  show  that  the  diflSciilty 
in  the  breathing  is  mainly  due  to  some  interference  with 
the  ejrpi ration.  Unlike  croup,  asthma  allows  the  air  to 
readily  enter  with  the  inspiration,  but  the  expiration  ap- 
pears as  a  laborious  struggle  which  succeeds  in  forcing 
the  air  out  only  with  painful  slowness,  rendering  this 
process  from  two  to  four  times  the  length  of  the  inspira- 
tion. This  disproportionate  expiration  is  characteristic, 
for  though  the  expiration  is  prolonged  in  emphysema 
and  ])hthisis,  yet  it  never  equals  the  delay  of  asthma. 
The  patients,  tlierefore,  dreiid  the  most  ordinary  acts 
which  entiiil  a  prolongation  of  the  expiration,  like  cough- 
ing, or  even  speaking,  but  especially  laugldng,  for  in 
some  this  is  it,s<'lf  sufficient  to  induce  an  attack,  while 
on  the  other  hand  a  forced  inspiration  will  often  serve  to 
break  up  the  ])aroxysm. 

Owing  to  tins  impeded  exit  the  residual  air  increases 
in  the  lungs  to  such  an  extent  tliat  the  intercostal  spaces 
become  much  widened  and  the  girth  of  the  chest  so  ex- 
panded that  the  ordinarily  worn  clothes  of  the  patient 
will  not  come  together  by  fn>m  one  to  three  inches.  The 
u]>per  abdoUK'n  also  l>ecom<*s  similarly  distended  bv  the 
forced  des<'ent  of  the  diai>hragm  pushing  down  the  liver, 
stomach,  and  spleen.  The  walls  of  the  chest  finally  8(*em 
too  fixed  to  allow  of  any  but  the  slightest  expansion  and 
retraction  in  breathing,  and  this  condition  gives  U>  the 
patient  a  sense  of  sufff>cative  tightness,  as  iif  caused  by 
some  external  compression.  Salt(»r  notes  also,  as  a  fn*- 
(pient  symptom,  a  persistant  itcinng  of  the  chin,  and 
often  between  the  shoulder  blades  and  sternum  as  well, 
su])ervening  with  the  first  .symptoms of  asthmatic  bn^ath- 

*  Ttif  ln(li^*^^llnlnat4'  cutting  of  the  nrtl  and  even  of  the  obllqae 
rruisrh's,  in  tlie  hopt'  of  thereby  curinfr  asthenopia,  which  was  at  4)ne 
time  hoinewliat  extensively  prartlsi'd,  hiuj  tieen  justly  refemwl  to  by 
I)t»n<Iers  us  "a  nielunc!M»Iy  imtre  in  the  hi8tor>'of  operative  ophthalmic 
sniyery."  Kxujr^rerated  erpenertefl  Ideas  refrarding  disturbed  bal- 
ance <»f  the  fK-nlar  inusrU's,  as  th«'  determining  causn  not  only  of 
dlfTererit  eoridltlons  <»f  disability  more  or  leaa  closely  almulatlnfr 
a.sthenopin,  but  also  of  all  sorts  of  nen'ous  manlft^tatlons  orruiTlnjf 
in  other  and  even  remote  parts  of  the  iMxly,  have  borne  fndt.  In 
re<'»'nt  tlm«*s,  in  reports  of  numerous  antl  oft-repeated  opermtionft  on 
(»ne  and  th**  wime  nuis<Me  or  on  diffen'nt  miu*ele!R,  for  which  It  is  dlffl- 
<Mi[t  to  find  Justifleation  In  the  known  fart«  of  phytdology  or  patholotrv. 
0|M'nitlons  on  the  o<'uIar  nuiscles  have  a  legitimate  place  In  the  tniit. 
men!  of  mijsiMilar  a>»then«»pia,  as  truly  as  in  strabismus:  In  both  nm- 
dltlons  gnive  and  often  Irn'parable  harm  may  result  from  a  hastv  or 
lll-con.slilere<l  resnin  to  operulive  procedures. 
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ing  and  passing  off  with  the  full  development  of  the 
paroxysm. 

Diagnosis. — Physical  exploration  of  the  chest  now 
affords  a  group  of  characteristic  symptoms  which  render 
the  diagnosis  of  asthma  a  matter  of  no  great  difficulty. 
The  lung  distention  exaggerates  the  pulmonary  resonance 
on  percussion  and  extends  its  area  in  every  direction, 
behind  the  clavicles,  over  the  heart,  and  downward  over 
the  regions  of  normal  splenic  and  hepatic  dulness.  From 
the  same  cause  the  vocal  fremitus  either  disappears  or 
is  much  diminished  in  those  localities  where  it  is  well 
marked  in  health.  Auscultation,  however,  is  the  most 
decisive  in  its  indications,  for  the  normal  vesicular  mur- 
mur is  quite  displaced  by  high-pitched  sibilant  rfiles, 
which  often  attract  the  attention  of  bystanders,  as  they 
become  audible  to  some  distance  from  the  patient.  On 
applying  the  ear  to  the  chest,  however,  one  distinguishes 
very  fine  rales,  mingled  with  others  larger  and  i^raver  in 
tone,  which,  moreover,  seem  to  shift  in  location  as  if 
sometimes  near  to  the  ear,  and  then  farther  off,  like  a 
wavy  passage  of  air  over  various  musical  tubes  In 
simple  asthma  these  rfiles  are  purely  sibilant,  but  in  pro- 
longed attacks,  or  when  bronchitis  is  also  present,  they 
become  more  or  less  crackling. 

As  the  disordered  respiration  continues,  the  sufferings 
of  the  patient  for  breath  become  extreme.  His  whole 
frame  partakes  in  the  struggle  for  air,  which  leads  him 
involuntarily  to  trj'  to  expand  the  chest  yet  more  and 
more.  He  strives  to  make  immovable  his  back,  shoulders, 
and  head,  so  that  from  them  the  accessory  muscles  of 
respiration  may  pull  upon  the  already  tense  walls  of  the 
thorax.  Hence  he  fixes  his  arms  or  plants  his  elbows  on 
a  table  or  other  support,  while  his  head  is  thrown  back, 
his  mouth  panting,  his  eyes  widely  opened  and  fixed, 
and  his  face  pale  and  bedewed  with  perspiration.  He 
speaks  only  in  monosyllables,  and  resents  everything 
which  calls  him  off,  even  for  a  moment,  from  his  efforts 
to  breathe.  The  pulse  grows  small  and  feeble,  and  the 
patient  l)ecomes  so  cyanotic  and  cold  that  his  wet,  clammy 
skin  and  ghastly  expression  are  apt  to  inspire  strangers 
with  fear  of  his  near  dissolution. 

The  duration  of  an  attack  varies  greatly,  not  only  in 
different  patients,  but  in  the  same  patient  at  different 
times.  The  attack  may  come  on  in  the  night  and  pass  off 
soon  after  daylight,  or  it  may  be  prolonged  into  a  series 
of  exacerbations  and  incomplete  remissions  for  several 
successive  days  and  nights,  until  the  sufferer  becomes  al- 
most fatally  exhausted.  In  like  manner  the  subsidence 
bears  little  relation  to  the  severity  or  duration  of  the  at- 
tack. Either  as  the  effect  of  remedies  or  spontaneously, 
the  breathing  may  become  suddenly  easier,  the  rigidity  of 
the  chest  walls  pass  off,  the  inspirations  grow  fuller  and 
the  expirations  shorter,  and  the  patient,  who  but  a  few 
moments  before  seemed  about  to  perish  in  his  distress, 
will  soon  return,  after  a  moderate  expectoration  of  a 
clear  frothy  mucus,  to  regular  and  natural  breathing, 
with  no  other  indication  of  his  recent  sufferings  than  an 
expression  of  fatigue.  At  other  times,  especially  if  bron- 
chitis supervenes,  the  attack  paases  off  in  a  series  of 
irregular  paroxysms  of  difficult  breathing,  alternating 
with  coughing  and  free  expectoration.  In  many  fully 
developed  attacks,  however,  the  patient  has  careiully  to 
watch  for  its  decline  by  avoiding  all  causes  of  exacerba- 
tion or  relapse,  especially  from  eating,  so  that  some 
asthmatics  are  obliged  to  go  to  bed  fasting  if  they  are  to 
pass  that  night  free  from  dyspna'a. 

Etiology. — In  asthma,  as  in  other  markedly  spasmodic 
diseases,  the  afferent  impression  wiiich  induces  the  attacks 
varies  indefinitely,  both  in  kind  and  in  seat.  The  sensory 
nerves,  however,  which  are  distributed  to  the  mucous 
membrane  of  the  n'spiratory  tract,  including  the  olfac- 
tories, afford  the  most  frecjuent  instances  of  the  curious 
impressibility  which  excites  reflexly  the  asthmatic  .spasm. 
On  this  account  bronchitis  itself  takes  the  lead,  for 
asthmatic  breathing  occurs  in  so  large  a  proportion  of 
both  acute  and  chronic  forms  of  this  affection  that  some 
writers  have  gone  the  length  of  ascribing  all  asthmas  to 
bronchitis.     It  is  easy  to  show,  however,  that  asthma 


lacks  no  element  of  a  true  neurosis,  and  that  in  many 
typical  cases  there  is  no  bronchitis  whatever.  Yet,  so 
great  is  the  proclivity  to  it  in  bronchitis,  that  even  com- 
pamtively  transient  affections,  like  measles  and  pertussis, 
sometimes  entail  a  lifelong  asthma  as  a  sequel  to  the 
bronchial  irritation  attendant  upon  their  course.  In  the 
initial  or  "dry"  stage  of  acute  bronchitis,  along  with 
the  sense  of  soreness  and  tightness  across  the  chest,  aus- 
cultation reveals  the  presence  of  true  asthmatic  wheezing, 
while  in  chronic  bronchitis  asthmatic  attacks  often  occur 
upon  very  slight  provocations,  such  as  by  rising  too  sud- 
denly, or  from  attempting  too  long  a  sentence  m  talking. 

After  the  irritation  of  bronchitis,  the  list  of  excitants 
of  asthma  which  take  their  start  from  the  sensory  nerves 
of  the  respiratory  mucous  membrane  varies  in  a  most 
extraordinary  degree.  Nearly  every  asthmatic  has  his 
specialty  of  the  kind,  so  to  speak,  often  with  a  most  un- 
accountable caprice  of  choice.  The  writer  has  known  of 
a  gentleman  who,  while  in  his  room  on  an  upper  floor, 
yet  could  tell  at  once  by  his  breathing  that  buckwheat 
flour  had  just  been  brought  into  the  house.  The  prox- 
imity of  certain  animals,  especially  cats,  will  induce  an 
attack  with  many  asthmatics,  who  may  suffer  from  this 
cause  for  a  long  time  without  being  aware  of  its  origin 
until  they  accidentally  discover  that  the  tightness  comes 
on  so  soon  as  they  come  near  a  horse  or  a  dog,  or  pay  a 
visit  to  a  menagerie.  The  proclivity  to  asthma  from  de- 
ranged innervation  within  the  nasal  cavity  is  also  illus- 
trated by  numerous  histories  of  cures  by  the  removal  of 
polypi  or  other  causes  of  nasal  obstruction  or  irritation. 
The  smell  of  powdered  ipecacuanha  is  often  mentioned 
as  a  similar  excitant,  but  although  this  may  be  ascribed 
to  irritation  by  minute  particles  of  ipecac  inhaled — and 
the  like  may  be  said  of  asthma  from  the  inhalation  of 
mustard  or  of  the  fumes  of  a  sulphur  match — yet  such  an 
explanation  cannot  hold  good  in  asthma  caused  by  the 
smell  of  violets  or  of  other  fragrant  flowers.  In  fact  noth- 
ing can  be  more  whimsical  tban  the  behavior  of  asthma 
as  regards  either  what  may  be  resented  as  an  ingredient 
of  the  air  inspired,  or  simply  from  the  general  character 
of  the  outer  atmosphere.  One  a.sthmatic  may  find  com- 
fort in  the  air  of  a  particular  locality  which  another  asth- 
matic can  enter  only  at  his  peril.  Salter  mentions  the 
instance  of  two  friends  who  could  not  exchange  visits  at 
their  country  houses,  which  were  on  opposite  sides  of  a 
ridge,  though  both  were  suited  with  the  air  of  London. 
The  air  of  large  cities,  in  fact,  despite  its  smoke  and  dust, 
agrees  oftener  with  asthmatics  than  does  the  pure  air  of 
the  country. 

Next  to  the  respiratory  tract,  the  most  frequent  exci- 
tants of  asthmatic  attacks  proceed  from  the  alimentary 
canal,  especially  from  its  gastro- duodenal  portion.  Most 
asthmatics,  indeed,  are  also  dyspeptics,  and  are  thus 
doubly  obliged  to  be  particular  in  their  dietary.  The 
list  of  forbidden  articles  is  singularly  varied,  as  we  might 
expect  from  the  range  in  this  respect  among  dyspeptics 
as  a  class.  Some  will  have  asthma  if  they  take  cheese, 
others  almonds,  others  apples  or  wine  or  tea  or  tobacco, 
etc. ;  the  peculiarity  being  that  the  particular  idiosyncrasy 
is  generally  consistently  adhered  to,  perhaps  for  many 
3ears,  or  at  least  as  long  as  natural  tastes  or  likings  are 
apt  to  last.  With  many  patients,  however,  it  is  not  so 
much  a  particular  article  whi(!h  brings  on  a  paroxysm, 
but  a  too  hearty  meal  for  them  of  any  kind.  On  the 
other  hand,  constipation  is  the  sure  provocative  with 
some  who  are  also  often  promptly  relieved  by  a  cathartic. 
In  women,  uterine  derangements  have  their  share  in  the 
causation  of  asthma,  though  not  as  frequently  as  they 
serve  to  excite  other  spasmodic  diseases;  while  a  certain 
proportion  remains  whose  attacks  seem  to  be  induced 
solely  by  mental  excitement,  particularly  of  a  depressing 
kind. 

Among  the  special  predisposing  causes  of  asthmatic 
seizures  is  the  state  of  sleep,  for  the  majority  of  distinct 
attacks  set  in  after  the  patient  has  been  asleep  for  some 
time,  and  oftenest  during  the  hours  of  profound  slum  her, 
after  midnight.  Some  asthmatics  are  obliged  to  keep 
awake  after  noting  certain  of  their  usual  premonitory 
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signs,  or  the  attack  will  suroly  develop  if  they  happen  to 
sleep  at  all.  The  relation  of  sleep  to  the  attacks  is  also 
well  illustrated  in  i>eptic  asthma,  for  though  the  offend- 
ing article  of  diet  be  taken  in  the  morning,  yet  it  will  not 
bo  until  its  customary  hour  in  the  night  that  the  asth- 
ma which  it  induces  will  come  on.  This  chronometry  of 
asthma  exemplities  the  real  but  imperceived  continuous- 
ness  of  the  spasmodic  nervous  diseases,  in  all  of  which 
the  outbn-aks  are  sudden  only  in  the  manifestation  of 
certain  symptoms,  and  which  mere  symptoms,  like  spasm, 
etc.,  are  therefore  too  often  mistaken  for  the  whole  dis- 
ease. The  reasons  which  have  been  adduced  by  various 
writers  for  this  ncK'turnal  feature  of  asthmn,  as  in  the 
analogous  instance  of  nocturnal  epilepsy,  are  too  hypo- 
thetical to  call  for  extended  discussion.  It  is  interesting, 
however,  to  note  that  tlie  mere  fact  of  darkness  seems  to 
dispose  to  the  attacks.  Not  a  few  patients  can  prevent 
them  by  keepiijg  a  light  burning  brightly  in  their  rooms, 
while  if  the  light  be  put  out  they  will  soon  wake  up  with 
difficult  breathing. 

Asthmatic  dyspnoea  is  also  occasionally  secondary  to 
other  diseases  or  morbid  states,  in  which  case  it  ranks 
only  as  a  symptom  of  them.  Thus,  in  heart  disease,  par- 
ticularly in  mitral  stenosis,  the  widespread  congestion  of 
the  bronchial  mucous  membmne  may  excite  real  asthmatic 
symptoms,  which,  moreover,  should  not  be  confounded 
with  true  cardiac  dyspna'a.  In  the  latter,  the  patient 
resembles  one  who  is  out  of  breath  from  muscular  ex- 
ercise?, as  after  running,  but  canliuc  asthmn,  properly 
speaking,  shows  tin*  siiine  dcrMngcment  of  expimtion  as 
ordinary  asthma,  and  is  evidently  due  to  the  bronchial 
hypeneinia  acting  as  a  retlcx  excitant.  Toxicmia  also 
sometimes  produces  asthmatic  attacks,  especially  in  gout 
and  in  uneinia.  In  the  gouty  cases  the  attacks  are  sud- 
den, nocturnal,  and  (quickly  accompanied  by  a  great 
bronchial  tlux.  which  may  be  i)inkish  from  capillary 
hemorrhage.  A  patient  of  mine  once  expectomtrd  two 
large  basinfuls  of  sucii  mucus  betw<*cn  midnight  and 
morning,  but  aftt^r  three  such  attacks  they  ceased  and 
never  recurred  afterward.  In  gouty  asthma  alarm  is 
wholly  absent,  but  not  so  in  unemic  asthma.  Here 
again,  as  in  the  cardiac  ca.ses,  the  dyspncea  shouhl  not  be 
mistaken  for  asthma,  if  it  be  due.  as  it  connnonly  is,  to 
pulmonary  redema  or  to  pleurit ic efTusion.  True  ura'mic 
a.sthma  is  characterized  by  sudd<'n  attacks  of  ditlicult 
breathing  with  great  teiror.  and  often  also  with  severe 
palpitation  of  the  heart,  which  is  usually  much  hyper- 
trophied  from  the  arterial  obstruction  of  chronic  renal 
disea.se.  Aft<'r  a  few  attacks,  if  not  after  the  tirst  one, 
the  breathing  remains  permanently  shortened,  and  the 

fiatient  dreads  the  slightest  cause  of  cardiac  excitement, 
n  most  cases  unemic  asthma  is  a  late,  and  not  a  favor- 
able symj>tom  of  chronic  Bright's  disease,  ]>articularly  of 
the  granular  variety,  and  it  is  conunonly  ass<Hiated  with 
abundant  lighlcolored  urine  of  lowspeciticgmvity.  with 
or  without  albumin,  and  with  evidence  of  genend  en- 
darteritis as  illustmted  by  the  tortuous  and  rigid  temi)oral 
and  radial  arteries.  In  one  case,  howrvcr,  .seen  by  me  in 
consultation,  the  kidntv  jilTection  scenuMl  to  follow  the 
asthma  mther  than  to  precede  it.  The  patient,  a  gentle- 
man about  lifty  years  of  ag<',  was  su«ldenly  seized,  while 
apparently  in  j)erfect  health,  with  extreme  dyspiuea 
His  physician  on  arrival  tested  his  urine  and  found  it 
heavily  loaded  with  albumin.  This  albumin,  however, 
wholly  disappeared  in  a  few  days,  until  aftera  fortniirht. 
when  he  had  another  exactly  similar  seizure,  also  in  the 
daytime.  The  interesting  circumstanee  connect^'d  with 
the  second  seizure  was  that  he  had  sent  a  specimen  of 
urine,  passed  only  an  hour  before  the  attack,  to  he  ex- 
amined, and  it  wasfoimd  to  be  wholly  free  from  albumin 
and  of  normal  specific  gravity;  but  some  tested  immedi- 
ately after  the  seizure  set  in  became  nearly  sr)lid  <»n  boiling. 
This  observation  of  the  reapp<*aranc<'  ol'  albumin  (»nly  at 
the  attacks,  with  its  gradual  but  ultimately  final  disai>- 
peamnce  \mtilanoth<Ttit  of  dyspnn-a  arrived,  was  ie])eated 
a  number  of  times,  r)nce  by  myself,  as  dailv  examinations 
of  his  water  were  kept  up.  He  finally  suecumbed.  some 
months  later.  t(»  v^tensive  etfu.sions  in  both  pleura\ 


Asthmatic  attacks  are  also  sometimes  plainly  associated 
with  the  disappearance  of  chronic  skin  eruptions.  A 
patient  of  mine  always  In^came  asthmatic  wlienever  an 
old  eczema  of  the  chest  began  to  subside,  until  he  found 
that  he  could  rid  himself  of  the  infliction  by  an  artificially 
induced  eczema  with  crolon  oil. 

A«K. — Asthma  may  begin  at  any  age.  An  intelligent 
patient  of  mine,  .seventy  years  old.  stated  that  the  disease 
was  observed  in  him  on  the  tirst  day  of  his  life.  There 
is.  however,  a  special  proclivity  to  it  in  the  first  decennial, 
owing  to  the  predisposition  of  children  to  bronchitis.  Of 
225  cases,  Salter  had  71  imder  ten,  and  in  11  of  them  it 
began  in  the  first  year.  The  progno.sis  of  asthma  is  btUter 
in  chihlhood  than  later  on.  as  it  is  frequently  outgn)wn 
after  pul)erty,  particularly  if  the  causes  of  bronchitis  be 
carefully  avoided.  The  cases  which  Ix'gin  in  adolescence 
are  relatively  few,  and  arc  then  genemlly  of  the  purely 
spasmodic  form.  But  in  middle  life  the  |)roclivitv  to 
asthma  again  increases  with  the  greater  exposure  from 
out(h>or  fK'cupations.  but,  unlike  bronchitis,  asthma  as 
a  new  disca.se  begins  to  fall  off.  and  progre.ssivel}'  de- 
creases in  its  mtio  till  seventy.  The  common  impression 
that  asthma  is  a  disease  of  old  age  is  a  mistake,  arising 
rather  natumlly  from  the  freriuency  of  chronic  bronchitis 
with  asthmatic  wheezin.^  among  elderly  persons. 

Sf.x. — The  influence  oi  s<'X  is  considerable,  the  prepon- 
derance of  males  being  about  double  that  of  females. 
That  this,  however,  is  due  to  the  greater  exposure  of  men 
to  causes  of  bronchitis,  is  shown  by  the  fact  that  the 
cases  of  the  pure  spasmodic  variety  are  about  equally 
divided  between  the  sexes. 

Hkhkdity. — Asthma  belongs  also  to  the  marke«lly 
hereditiiry  dis<'ases,  as  might  be  expected  from  the  char- 
acters of  its  common  accompaniments.  An  inherit^*d 
proclivity  to  bronchitis  is  observable  as  often  as  a  family 
tendency  to  phthisis,  while  neuroses,  on  the  other  hand, 
are  more  frequently  of  constitutional  origin  than  any 
other  class  of  affections.  About  thirty-five  percent,  of 
all  asthmatics,  therefore,  will  show  some  sign  of  heredity, 
and  oftener  from  the  paternal  than  from  the  maternal 
side — a  fact,  moreover,  in  keeping  with  the  greater  f re- 
queue y  of  the  disea.se  among  men. 

PATiioi-(MiV  — Asthma  has  no  chamcteristic  anatomical 
lesions.  That  extensive  ])athological  alterations  are  often 
found  post  mortem  is  (|uite  true,  but  in  most  cases  they 
are  caused  by  intercurrent  affections,  particularly  by 
bronchitis.  Cnder  this  head  come  hypertiT)phy  of  the 
circular  nniscular  fibres,  with  consequent  narix)wing  of 
the  bronchioles,  it  may  be  even  to  occlusion,  collap.se  of 
lobules,  em])hysema,  and  dilatation  of  the  right  side  of 
the  heart,  with  the  various  sequela*  of  these  conditions, 
to  be  detailed  in  their  proper  place  (see  Bronrhitia).  But 
there  are  some  organic altemtions  which  may  be  ascrib(»d 
to  the  labored  n'spimtion  of  asthma  alone,  when  severe 
and  prolonged  attacks  come  so  often  that  the  parts  have 
no  o])portunity  to  return  to  their  normal  state  during  the 
intervals.  That  this  is  the  occasion  of  such  changes  ap- 
jiears  from  their  complete  absence  in  those  patients  who 
have  perfect  intermissions  between  theattack.s.  The  first 
of  these  effects  is  dilatation  of  the  right  heart,  cau.s<»d  by 
long  labor  in  the  difficult  propulsion  of  blood  through 
the  lungs  so  soon  as  apncea  occurs  in  any  form.  During 
a  paroxy.sm  of  asthma,  the  left  heart  and  the  systemic 
arleri<*s  are  relatively  empty  and  the  pulse  is  small,  while 
the  svstemic  venous  svstem  from  the  riirht  auricle  back- 

•  •  •  _ 

ward  is  everywhere  overloaded.  The  heart  beat  is  then 
found,  not  under  the  nipple,  but  in  thescrobicidus  conlis; 
partly,  it  is  true,  from  the  displacement  caused  by  the 
dilated  h'ft  lung,  but  eciually  also  from  the  distention  of 
the  right  ventriele.  Another  constant  result  is  emphy- 
sema, or  permanent  overdistention  of  the  air  vesicles, 
caused  by  the  progressive  accunudation  of  the  residual 
air  from  the  imperfect  expiration.  Emphy.sema  may  thus 
be  found  in  ohl  asthmatics.  wh<*ther  they  have  had  dironic 
bronchitis  or  not.  Lastly,  from  the  combined  demnge- 
ment  of  the  judmonarv  circulation  cau.sed  by  the  inter- 
mittent  apnu^a  and  the  permanent  emphysema,  we  have 
a  tendency  to  bronchial  fiux  to  relieve  the?  congested 
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vessels,  which  flnallv  adds  chronic  inflammation  to  chronic 
hypenemia,  and  thus  establishes  the  vicious  circle  of  im- 
peded circulation  causing  bronchitis,  and  bronchitis  in 
turn  causing  progressive  circulatory  impediment. 

These  slowl}'  induced  effects  finally  produce  those 
changes  of  personal  appearance  which  mark  old  asth- 
matics. As  the  general  nutrition  suffers  from  the  per- 
sistent congestion  of  the  liver  caused  by  the  impeded  out- 
flow of  the  right  heart,  these  patients  are  usuall}'  thin, 
pale,  or  cyanotic,  and  with  deficient  muscular  power. 
The  eyes  are  prominent  and  watery,  the  voice  is  weak,  the 
gait  slow  and  measured,  and  the  back  rounded,  often  to 
great  defonnity.  The  head,  however,  is  always  thrown 
back  between  the  elevated  shoulders,  and  the  trunk  of 
the  body  is  kept  so  rigid  that  the  arms  hang  passively, 
swung  by  the  movements  of  walking. 

Leyden  endeavored  to  demonstrate  that  the  cause  of 
asthma  lies  in  the  presence  of  sharply  tipped  octahedral 
crystals,  found  abundantly  in  the  expectoration  which 
terminates  a  paroxysm  ot  asthma,  and  which,  he  sup- 
posed, by  their  numerous  fine  points  set  up  a  reflex  irri- 
tation of  the  terminal  branches  of  the  vagus  in  the 
bronchial  mucous  membrane.  This  theory,  however,  is 
sufficiently  negatived  by  the  discover^'  of  the  same  crvs- 
talsin  the  secretions  of  other  bronchial  affections  in  which 
there  is  no  asthma.  That  astlima,  instead,  is  essentially  a 
functional  neurosis  is  readily  apparent  when  the  disease  is 
studied  in  uncomplicated  cases,  for  in  them,  though  there 
be  neither  bronchitis,  heart  disease,  nor  toxaemia,  we  have 
typical  attacks  developing  in  association  with  phenomena 
which  belong  to  nervous  diseases  alone.  Of  such  phe- 
nomena we  w^ould  cite:  1.  Extreme  suddenness  of  onset, 
as  the  immediate  asthma  caused  in  some  by  certain  odors. 
No  less  sudden  also  in  many  cases  is  its  departure,  as 
upon  the  inhalation  of  certain  fumes.  This  feature  mili- 
tates also  against  the  theory  of  Weber,  who  ascribes 
asthma  to  turgescenceof  the  mucous  membrane,  narrow- 
ing the  calibre  of  the  bronchi  as  an  acute  coryza  impedes 
breathing  through  the  nose.  StOrck  lent  support  to  this 
view  by  laryngoscopic  observation  of  tumefaction  of  the 
tracheal  mucous  menibmne  as  far  as  the  right  bronchus 
in  an  asthmatic  during  an  attack.  Bristowe,  moreover, 
cites  the  rapid  subsidence  of  cutaneous  turgescence  in 
some  cases  of  urticaria  evauida  as  affording  some  support 
to  congestive  swelling  of  the  bronchial  mucous  membrane 
being  a  factor  in  the  etiology  of  asthma.  But  though 
it  be  freely  granted  that  the  agonizing  stru<rgles  of  an 
asthmatic  for  air  may  have  considerable  effect  upon  the 
circulation  of  the  bronchial  walls,  yet  the  fact  remains 
that  no  known  swelling,  however  evanescent,  vanishes 
so  quickly  as  some  tiue  asthmatic  dyspnoeas  vanish,  the 
patients  becoming  natural  often  more  speedily  than  is 
common  after  either  epileptic  or  neuralgic  attacks.  2. 
Like  other  spasmodic  neuroses,  whether  sensory  or  motor, 
asthma  often  has  characteristic  prodromes  of  the  attacks. 
One  of  the  most  common  is  a  feeling  of  almost  irresistible 
drowsiness,  giving  way  to  which,  the  patient  well  knows, 
will  be  followed  by  the  old  dread  awakening.  With 
some,  on  the  other  hand,  unusual  w^akefulness  is  a  sure 
precursor.  As  in  epilepsy  and  in  migraine  some  are 
warned  by  the  temper  becoming  very  irritable,  or  the 
spirits  causelessly  depressed,  while  others  experience  un- 
wonted buoyancy  of  spirits.  Moreover,  as  in  these  neu- 
roses, the  attacks  are  som<»times  preceded,  but  oftener 
followed,  by  an  abundant  flow  of  pale,  limpid  urine.  3. 
Mental  influences  alone  are  known  both  to  excite  and  to 
suspend  the  attacks  with  some.  In  certain  patients  a  fit  of 
anger  may  induce  an  attack  immediately,  in  others,  more 
significantly  still,  it  invariably  insures  the  attack  dur- 
ing the  succeeding  night,  long  after  the  angry  emotion 
is  gone  or  forgotten.  4.  It  is  only  in  functional  neuroses 
that  we  find  many  and  widely  differing  ^»xciting  causes^. 
Thus  epilepsy  has  been  whollV  relieved  by  the  expulsion 
of  a  tapeworni,  or  of  a  renal  calculus,  or  by  trepanning. 
But  in  this  respect  asthma  surpasses  all  other  complaints, 
and  the  l)earing  of  this  fact  upon  the  nervous  clmracter 
of  the  disease  appears  when  contrasted  with  bronchitis, 
which  involves,  moreover,  just  the  same  parts  which 


asthma  affects.  Bronchitis  certainly,  as  well  as  any 
other  disease  with  palpable  lesions,  cannot  be  excited 
by  such  a  motley  array  of  mfluences  as  the  smell  of  cats 
or  of  violets,  the  eating  of  raisins  or  nuts,  by  constipa- 
tion, by  depressing  emotions,  or  by  the  extinguishment 
of  a  light.  5.  A  decisive  consideration  is  to  be  noted 
also  in  the  intermediate  condition  between  the  paroxysms. 
In  typical  asthmatics  in  whom  no  organic  changes  have 
yet  been  induced,  such  as  emphysema  or  the  effects  of 
chronic  bronchitis,  the  existence  of  asthma  cannot  be 
even  guessed.  The  patient  shows  to  inspection  and  to 
physical  exploration  of  the  chest  no  more  signs  of  being 
subject  to  violent  and  prolonged  attacks  of  dyspnoea 
than  an  epileptic's  muscles  tell  of  his  convulsions. 

Mechanism. — Asthma,  therefore,  may  be  regarded  as 
essentially  a  derangement  of  the  innervation  of  the  respir- 
atory apparatus,  disturbing  the  rhythmical  succession  of 
contraction  and  relaxation  by  a  muscular  cramp,  which 
interferes  chiefly  with  the  act  of  expiration.  But  the 
mechanism,  so  to  speak,  of  the  asthmatic  paroxysm  itself 
is  by  no  means  agreed  upon.  The  majority  of  authorities 
a.scribe  it  to  narrowing  of  the  bronchioles  by  spasm  of 
their  muscular  coat,  while  others  maintain  that  it  consists 
in  spa.sm  of  the  diaphragm  and  costal  muscles.  Each  of 
these  theories  may  be  said  to  explain  what  the  other 
leaves  unexplainea,  and  hence  it  is  doubtful  if  either  of 
them  alone  can  be  regarded  as  adequate.  The  arguments 
in  favor  of  the  latter  theory  are : 

1.  During  the  attacks  the  whole  aspect  of  the  patient 
is  that  of  extreme  external  muscular  rigidity.  Both  the 
thorax  and  abdomen  appear  fixed  and  immovable,  and 
show  none  of  those  strong  heaving  and  expansive  efforts 
which  are  visible  in  other  forms  of  dyspnoea.  Thus,  in 
asthma,  the  diaphragm  remains  depressed,  as  if  arrested 
in  inspiration,  and  the  muscles  of  the  distended  abdomen 
grow  hard  and  tense  as  they  labor  in  vain  to  overcome 
the  resisting  diaphragm  and  thus  assist  expiration.  From 
the  powerful  contraction  of  the  abdominal  muscles  it  even 
happens  that  the  lower  ribs  often  bulge  during  the  effort 
at  expiration.  On  the  other  hand,  when  there  is  obstruc- 
tion in  the  respiratory  tract,  as  in  laryngeal  croup,  oedema 
glottidis,  etc.,  the  phenomena  are  all  different.  The  difll- 
culty  is  then  plainly  in  the  inspiration,  and  not  in  the  ex- 
piration, and  the  ribs  to  which  the  diaphragm  is  attached 
actually  sink  in,  even  during  inspiration.  Why  obstruc- 
tion in  the  bronchi  should  reverse  all  these  effects  is  not 
explained. 

2.  The  theorv  of  bronchial  spasm  fails  to  account  for 
the  difficulty  oi  expiration  in  asthma.  If  contraction  oc- 
curs in  the  tubes,  it  must  interfere  with  both  inspiration 
and  expiration  equally,  unless  it  can  be  shown  that  the 
circular  fibres  have  a  valvular  action  at  the  points  of 
contraction,  admitting  the  incoming,  but  interfering  with 
the  outgoing,  current.  This  phenomenon,  however,  has 
never  been  induced  in  animals  experimentally,  and  iseven 
difficult  to  imagine.  3Ioreover,  that  nothing  of  the  kind 
occurs  is  proved  by  auscultation,  for  a  valvular  obstruc- 
tion to  the  expiration  would  totally  alter  both  the  quality 
and  the  pitch  of  the  expiratory  sibilus,  which  is  not  the 
case. 

3.  On  the  other  hand,  the  theory  of  diaphragmatic 
spasm  explains  why  inspiration  is  easier  than  expiration 
in  asthma,  because  it  is  well  known  that  partially  cramped 
voluntary  muscles,  like  the  diaphragm,  can  always  be 
stimulated  to  further  contraction,  though  still  disinclined 
to  yield  to  relaxation.  This  appears  strikingly  in  tetanus, 
in  which  disease  the  tonic  rigidity  of  the  muscles  never 
wholly  gives  way,  although  every  few  moments  fresh 
and  powerful  contractions  occur  in  res])()nse  to  the  slight- 
est external  impressions.  Meantime,  the  statement  that 
the  depressed  state  of  the  diaphragm  is  a  passive  condi- 
tion due  to  the  overdistention  of  tlie  lungs  with  residual 
air,  is  negatived  by  the  active  muscular  contraction  of 
the  abdomen  above  referred  to,  which  is  quite  different 
from  the  passive  distention  of  tlie  abdominal  walls  when 
the  diaphragm  is  depressed  in  emphysema. 

4.  The  asthmatic  paroxysm  is  always  aggravated  by 
certain  movements  which  confessedly  occur  only  in  the 
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diaphragm  itself.  Patients,  on  tbis  account,  especially 
dread  to  iaiigh  or  to  do  anything  which  slows  or  checks 
the  relaxation  of  the  diaphragm,  such  as  long  talking. 
But  how  these  actions  could  in  an}'  way  affect  bronchial 
constriction  is  difYicult  to  conceive. 

On  th(;  other  hand,  there  is  one  incontestable  proof  that 
constriction  of  the  bronchi  d<H'S  take  place  in  every  case 
of  real  asthma,  and  that  is  the  invariable  presence  of  gen- 
eral sibilant  riiles of  every  variety  of  size,  from  tine  whis- 
tling to  large  cooing  sounds.  In  true  &sthma  these  sounds 
are  purely  tubular,  and  from  their  shifting  character, 
above  alluded  to,  it  is  plain  that  they  are  pnxluce*!  by 
progressive  waves  of  contraction  in  the  bronchial  walls, 
and  not  by  a  unifonn  diminution  of  their  (*alibre,  such  as 
general  tumefaction  (Weber)  would  occasion.  These 
rales,  mort»over,  are  simultaneous  with  the  onset  of  the 
attack,  as  they  are  audible  sometimes  in  the  breathing  of 
an  asthmatic,  even  before  he  is  awakened  by  a  fit,  and  so 
constant  are  they  that  no  dyspnoea  can  be  termed  asth- 
matic if  there  lie  no  wheezing.  Now,  the  theory  of 
diaphragm  spasm  wholly  fails  to  account  for  tlu-se  char- 
acteristic bronchial  rules.  If  we  had  diaphragm  spasm 
alone,  the  symptoms  then  would  rather  resemble  burking, 
or,  more  properly,  the  dyspna?a  which  is  often  the  fatal 
complication  of  tetanus,  in  which  dis(»ase  death  results 
from  tonic  spasm  of  the  respirator}'  muscles.  Here,  as  I 
have  had  personal  occasion  to  note,  there  is  no  wheezing 
whatever. 

From  these  considerations  the  view  of  Lebert  seems  to 
us  preferable,  namely,  that  the  asthmatic  paroxysm  be- 
gins with  spasm  of  the  bronchial  muscles,  much  as  the 
tirst  discharge  of  epilepsy  often  begins  with  a  special 
group  of  muscles,  and  then  soreads  to  other  and  wider 
muscular  associations.  Considering  how  intimately  and 
constantly  the  muscular  actions  of  respiration  are* asso- 
ciated, it  is  ea<*y  to  conceive  how  disordered  innervation 
of  the  bronchial  muscles  may  become  quickly  accom- 
panied by  disordered  innervation  of  the  diaphragm,  and 
thus  check  the  return  of  inspired  air.  Some  ten  such 
respirations  would  sufllce  to  inflate  the  lungs  to  the  ex- 
tremest  degree  observable  in  asthma,  until  the  whole 
muscular  apparatus  of  expiration  would  join  in  thespa.sm 
and  complete  the  picture  of  this  dyspna»a,  in  which  ccm- 
diti(m  almost  the  only  movements  which  remain  in  the 
distressful  breathing  are  the  lifting  actions  of  the  neck 
and  shoulder  muscles.  Lebert  justly  insists  on  the  con- 
trast U'tween  the  pulmonary  dilatation  in  asthma  and  its 
al)sence  in  tlbrinous  bronchitis,  in  which  discasi*,  thouirh 
the  obstruction  is  irrcat  and  the  constriction  of  the  bron- 
cliiolcs  a  tubular  narrowinir,  vet  tlicrc  is  but  sliirht,  if  anv. 
dilatation:  wliich  proves,  therefore,  that  something  more 
than  l>roiicliial  constriction  is  needed  to  explain  all  the 
clinical  features  of  asthma. 

Tkkatmknt. — .Much  tlie  irreat<'r  nuniljer  of  re])Uted 
remedies  forastlnna  are  little  elsetlian  palliative,  beciuse 
their  openiti<m  merely  relieves  a  paroxysm  <»r  atta<k  of 
the  complaint,  just  as  opium  may  relieve  the  pain  of  a 
.sy])hilitic  node  without  produciuu:  the  least  (iTect  on  the 
cause  of  the  symptom  itself.  The  peculiar  motor  spasm 
of  asthma  is  not  the  disease,  ])ut  only  a  symptom  of  it. 
the  same  in  naUire  with  j>ain.  and  hence,  like  other 
mere  symptoms  in  nervous  diseases,  it  can  be  alTected  by 
a  great  variety  of  influences.  Thu<,  such  uidike  airents 
as  (caffeine,  chlond,  elher,  and  tobacco,  »)r  the  iidialatii»n 
of  stramonium  or  of  nitre  fumes,  are  each  spoken  of  as 
marvellouslv  relievin«r  certain  confirmrd  asthmati<'S.  No 
s<^>oner  does  the  patient  Ix'^in  to  e.\|)erienee  the  special 
effects  which  these  druirs  produce  in  a  lu-althy  man  than 
the  agony  of  his  breatiiinir  subsitles.  and  a  restful  calm 
succeeds*  as  by  magic.  Hut  the  threat  disip])oiiitm<'nt 
with  these  seemingly  elTcctive  n-medies  is  that  the  louir- 
est  use  of  them  brings  the  pati»*nt  no  nearer  L^ettini;  ri<l 
of  his  enemy  than  when  he  beiraii.  lie  may  break,  up 
his  attacks  for  years  with  his  s|)ecial  prescription,  but 
the  asthmatic  tit'  is  as  ready  to  return,  and  as  severely, 
as  if  no  remedy  for  it  ever  had  been  tried. 

The  reason  for  this  failure^  is  fundamt-nial.  These  so- 
called  remedies  for  asthma  are  all  nervines,  and  no  agent 


like  opium,  or  aeoDite,  or  stramonium,  or  ether,  whose 
wliole  medicinal  action  is  obtained  by  one  dose,  can  do 
anything  more  than  that  one  dose  do€«.  However  often 
repeated,  no  cumulative  progressive  effect  follows  upoa 
the  administration  of  nervines,  and  hence  they  can  affect 
only  the  functional  manifestations  of  a  constitutional 
disease.  All  that  such  medicines  can  do  is  to  produce 
some  immediate  but  temporary  change  in  some  symptom 
of  the  complaint,  but  no  more.  There  is  hence  a  parallel 
between  the  curious  vaiiety  of  tlie  exciting  causes  of 
asthma  in  different  persons  and  the  like  variety  both  in 
the  nervines  themselves  and  in  their  disproportionate 
eftlcacy  in  different  patients.  For  while  the  exciting 
causes  show  by  their  mcongniity  that  tliey  are  not  true 
but  only  accidental  elements  in  the  case,  so  the  diverse 
nervines  recommended  for  asthma  show  that  they  affect 
only  some  accessory  but  not  essential  factor  in  the  dis- 
ease. When  a  nasal  polypus  makes  one  patient  an  asth- 
matic and  a  loaded  rectum  another,  neither  of  these  cases 
throws  the  least  light  on  the  true  cause  of  asthma.  Like- 
wise when  a  nauseant  emetic  and  a  glass  of  hot  spirits 
and  water  are  each  said  to  **  work  like  a  charm  "  in  some 
asthmatics,  we  can  scarcf^ly  say  of  such  remedies  that 
they  bring  us  nearer  the  true  therapeutics  of  the  malady, 
for  it  is  plain  tliat  they  modify  only  some  chance  asso- 
ciation of  perverttnl  function. 

In  this  class  of  palliative  remedies  we  would  assign  the 
first  place  to  the  mydriatics,  belladonna,  hyoscyamus. 
stramonium,  and  duboisin.    The  wide  range  of  disorders 
in  which  these  medicines  have  been  found  beneficial  is 
due  to  a  general  principle  in  tlicir  operation,  which  also 
suggests  the  cxplanaticm  of  their  use  in  asthma— viz., 
that  they  relieve  disordered  innervation  of  involuntary 
muscular  fibre  by  a  motor  stimulant  action  which  restores 
its  rhythmical  contraction  when  it  has  been  arrested  by 
spasm  from  any  cause.     Spasm  and  paralysis  are  asso- 
ciated phenomena  in  unstripcKl  muscle,  tetanic  contrsctkm 
of  one  port  ion  and  relaxation  of  the  remainder  takmg  the 
place  of  the  normal  wave  movement  throughout  the 
whole.     Hence  the  use  of  belladonna  and  its  allies  in 
spasmodic  action  of  the  bladder  in  cystitis,  in  nocturnal 
incontinence  of  urine,  in  the  constipation  of  women  from 
reflex  pelvic  irritation,  in  spasmodic  gastrodynia,  in  car- 
diac pains  when  due  to  left  hypertniphy  deranging  the 
rhythm  of  the  two  sides  of  the  heart,  etc.     As  with  otlicr 
nervines,  the  earlier  they  are  given  in  the  attack  the 
more  ])ronounced  and  speedy  is  the  effect.     A  full  dose 
of  the  tincture  or  of  the  fluid  extract  of  belladonna 
should  be  given,  enough  to  prcnluce  well-marked  consti- 
tutional effects,  and  then  the  dose  should  be  repeated  in 
t  wo  h(>urs  if  there  be  only  imperfect  relief.     If  the  second 
dose  fails  to  affect  the  breathing,  a  very  effective  method 
is  to  give  a  hypodennic  of  atropine  injected  deeply  into 
the  nape  of  the  neck,  a  locality  which  is  the  seat  of  a  seix- 
sjttion  of  great  weariness  in  severe  attacks  of  asthma,  a.^^^ 
which  this  measure  oft<'n  mitigates  at  once,  after  other  c^' 
plovment  of  the  remedv  has  failed.     Ilvoscvamine  s(>n^^' 
times  affords  more  relief  than  atropine,  but  in  most  c-i"*^. 
is  not  superior  to  it.     Other  patients  are  best  relicr'^J^ 
]>y  the  inlmlati(m  of  the  smoke  of  stramonium  leaves-    ^^^ 
which  ]Mirpose  they  may  be  lit  at  the  bottom  of  a  <:^^^' 
or  us«'d  like  tobacco  in  a  pitu',  or  made  into  cigare"«^ 
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th<»  effort  being  to  inhale  the  fumes  as  deeply  as  p(»ss^  "v^^ 
when  the  dyspn<i»a  sometimes  is  foimd  to'  vanish  '^^'^"^ 
surprising  rapidity. 

('<»lTee  should  be  reckoned  also  among  the  nerv 
which  are  efT<*ctive  in  asthma  by  a  stimulant  action. 
should  be  made  very  strong,  taken  always  on  an  en 
stomach  and  taken  hot,  for  the  sipping  of  the  \\o\U 
not  without  its  own  effect,  as  it  has  Ix-en  shown  bv 
necker  that  the  act  of  swallowing  itself  powerfully  s 
ulates  the  cardiiic  and  pulmonary  branches  of  theVa 
('otri'c  taken  after  eating  aggravates  asthma  by  inte 
iiiir  with  diiii'stion.  In  s«»me  castas  I  have  found 
alkal<>i(l  caffeine  <d"  temporary  benefit,  but  on  the  w 
I  rcL'ard  it  as  inferior  to  the  freshly  made  and  stron 
fusion.  Hot  colTci*  is  particularly  goo<l  in  asthn 
bronchitis,  as  it  facilitates  the  expectoration  while  i 
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lieves  the  spasmodic  condition.  It  19  in  the  same  class 
of  cases,  also,  that  the  muscle  stimulant,  nux  vomica,  is 
sometimes  beneficial.  Here  again  the  tincture  or  the 
fluid  extract  of  the  drug  is  preferable  to  its  alkaloid, 
strychnine. 

Next  in  order  come  the  nervines  which  probably  re- 
lieve the  asthmatic  paroxysm  by  a  sedative  action  on  the 
initial  irritant  impression.  Among  these  we  would 
enumerate  alcohol,  the  ethers,  chloral,  and  opium.  It 
should  be  noted  that  while  alcohol  is  a  stimulant  to  the 
heart  and  to  some  cerebral  functions,  it  is  an  immediate 
sedative  to  the  sensory  nerves,  and  this  sedation  steadily 
increases  in  proportion  to  the  dose.  Sulphuric  ether, 
when  taken  internally,  resembles  alcohol  in  these  respects, 
though  its  sedative  effects  are  much  more  pronounced. 
Hence  the  use  of  both  alcohcTl  and  ether  in  the  muscle 
cramp  of  intestinal  colic  and  in  spasmodic  affections  of 
ducts  generally.  Full  doses  of  spirits,  therefore,  taken 
hot,  will  relieve  some  asthmatics  to  the  exclusion  of  all 
other  remedies ;  but  the  relief  does  not  occur  generally 
until  enough  is  taken  to  intoxicate  a  well  person,  though 
it  rarely  does  so  with  an  asthmatic.  Sulphuric  ether, 
however,  is  much  more  generally  effective,  especially  in 
the  preparation  of  the  Spiritus  Compositus,  or  Hoffman's 
anodyne,  owing  to  the  oil  of  wine  which  it  contains.  As 
this  latter  ingredient  is  expensive,  it  is  sometimes  fraudu- 
lently omitt^,  with  a  plain  falling  off  in  remedial  power 
over  the  attacks.  The  dose  for  the  paroxysm  should  be 
not  less  than  two  drachms.  As  the  latter  acts  in  a  differ- 
ent way  from  the  belladonna  (being  more  connected  with 
the  sensory  element  of  the  spasmodic  condition,  while 
the  belladonna  affects  the  motor),  an  unquestionable  gain 
is  secured  by  administering  these  two  remedies  together. 
As  might  be  expected,  there  is  much  contradictory 
testimony  about  the  value  of  opium  in  asthma.  This 
need  not  be  wondered  at  in  view  of  the  widely  different 
effects  of  opium,  e.g.,  as  a  soporific,  in  different  individu- 
als. The  mode  of  administration,  however,  counts  more 
with  this  remedy  than  with  any  other,  for  the  speedy 
effect  of  a  hypoaermic  of  morphine  is  much  oftcner  suc- 
cessful than  morphine  or  opium  taken  by  the  mouth. 
This,  however,  is  in  accordance  with  the  general  rule 
that  the  more  quickly  a  nervine  is  felt,  the  more  effective 
it  is  against  any  spasmodic  affection— f!.^'.,  arresting  an 
epileptic  fit  by  a  sudden  irritant  impression,  but  which  it 
fails  to  do  if  applied  gradually.  Chloral  in  large  doses, 
thirty  to  sixty  grains,  is  claimed  as  an  excellent  remedy 
for  asthma ;  but  the  patient's  tolerance  of  this  drug,  some- 
times fatal  in  only  fifteen-grain  doses,  should  be  well 
established  before  this  treatment  is  tried.  Inhalations 
of  nitrite  of  amyl  often  arrest  a  commencing  attack,  but 
are  not  of  much  use  in  a  fully  developed  paroxysm. 
The  fumes  of  the  nitrate  of  potash,  however,  inhaled  by 
burning  cigarettes  made  of  rice  paper  dipped  in  a  satu- 
rated solution  of  the  salt  and  then  dried,  are  much  more 
generally  effective.  This  remedy  undoubtedly  acts  by 
virtue  of  the  well-known  locally  sedative  properties  of 
potash  itself,  and  hence  may  well  co-operate  with  the 
different  action  of  the  fumes  of  stramonium  leaves  rolled 
Up  with  the  nitre  paper. 

I^astly,  we  have  the  pure  sedatives  whose  action  cannot 
"be  secured  until  nausea  has  been  occasioned  by  them. 
Asthmatic  spasm,  like  every  other  cramp,  rarely  holds 
^)ut  against  the  sickening  effect  of  tobacco,  lobelia,  or 
«ven  of  ipecacuanha.  Tobacco,  therefore,  is  effective 
m>nly  with  those  who  are  not  used  to  it.  Lobelia  has  the 
disadvantage  of  producing  too  much  prostration,  and  the 
came  may  be  said  of  tartar  emetic.  This  class  of  reme- 
•^es  works  much  better  in  bronchitic  than  in  peptic 
asthma. 

Besides  these  there  are  but  few  nervines  left  in  the 
pbarmacopceia  which  are  not  recommended  by  some  for 
^isthma,  although  no  one  is  ever  permanently  benefited 
by  any  of  them. 

Better  results,  however,  may  be  hoped  for  from  efforts 
directed  to  other  aims  than  simply  to  relieve  a  fit  of  the 
dyspnoea  when  present.  Asthma  is  at  no  time  absent 
from  the  asthmatic  any  more  than  epilepsy  from  the 


epileptic,  though  the  manifestations  of  either  are  only 
occasional.  Prophylaxis,  therefore,  assumes  an  excep- 
tional importance,  because,  as  in  other  spasmodic  neu- 
roses, the  malady  becomes  inveterate  in  proportion  to 
the  frequency  of  the  attacks.  As  in  the  case  of  epilepsy 
also,  the  slightest  attacks  of  asthma  are  as  much  to  be 
avoided  as  the  severer  ones,  if  there  is  to  be  any  hope  of 
the  patient  becoming  ultimately  free  from  them,  and 
hence  the  exciting  causes  in  each  instance  should  be 
carefully  noted  and  jealously  provided  against.  In  those 
cases  in  which  the  susceptibility  to  odors  indicates  the 
upper  respiratory  tract  as  the  seat  of  the  irritability, 
the  inhalation  of  carbolized  steam  should  be  tried.  The 
steam  should  be  made  to  surround  the  head  by  the  simple 
device  of  directing  it  under  an  umbrella,  held  low  by 
the  patient  himself,  so  that  he  may  inhale  without  more 
effort  tlian  in  ordinary  respiration,  because  breathing  by 
will  is  too  fatiguing  a  task  to  be  kept  up  for  long  by  any 
one,  and  it  is  this  fact  which  accounts  for  the  uniform 
failure  of  the  many  inhalers  and  atomizers  which  have 
been  invented  during  the  past  century.  This  treatment 
should  be  kept  up  twice  a  day  for  months,  the  object 
being  to  produce  a  permanent  change  in  the  susceptibility 
of  the  sensory  nerves  distributed  to  the  nasal  and  pharyn- 
geal mucous  membranes.  Occasionally  the  vapor  of 
turpentine  may  be  substituted  for  that  of  carbolic  acid. 
It  is  in  these  cases  also  that  much  may  be  expected  from 
the  French  procedure,  originated  by  Ducros,  of  painting 
the  posterior  wall  of  the  pharynx  with  aqua  ammoniae, 
although,  to  prevent  some  being  made  worse  by  the  irri- 
tant fumes.  Trousseau  recommends  inhalations  of  am- 
monia first  from  a  vial  and  then  touching  the  pharynx 
with  a  weak  solution,  to  be  made  stronger  as  the  patient 
becomes  accustomed  to  it.  Trousseau  refers  the  immu- 
nity of  many  patients  from  visits  of  asthma  so  long  as 
they  reside  in  the  vicinity  of  gas-works  to  the  presence 
of  ammonia  in  the  air  of  the  locality ;  but  while  this  pos- 
sibly may  be  operative,  yet  we  would  ascribe  it  more 
to  the  unmistakable  sedative  effect  upon  the  bronchial 
nerves  of  air  cliarged  with  creosote,  carbolic  acid,  and 
other  allied  products  of  wood  distillation.  It  is  in  this 
class  of  patients  also  that  the  bromides  are  useful,  owing 
to  their  paralyzing  the  refiex  excitability  of  the  pharyn- 
geal nerves.  A  dose  of  thirty  grains  of  potassium  bro- 
mide, with  a  drachm  of  Hoffman's  anodyne  at  bed- time, 
will  often  ward  off  a  nocturnal  visit  of  the  enemy. 

It  is,  however,  in  bronchitic  asthma  that  prophylaxis 
is  particularly  imperative.  As  comparatively  few  cases 
of  bronchitis  originate  from  direct  irritation  of  the  bron- 
chial mucous  membrane,  but  much  more  commonly 
from  some  partial  exposure  of  the  skin  to  unequal  degrees 
of  temperature  (see  Bronchitis),  so  the  particular  suscepti- 
bility of  different  cutaneous  regions  should  be  tested  and 
preventive  measures  adopted  accordingly.  As  a  general 
rule,  in  bronchitis  which  begins  usually  with  a  coryza  it 
is  the  nape  of  the  neck,  while  in  phthisical  cases  it  is  the 
anterior  surface  of  the  chest,  and  in  pharyngeal  or  ton- 
sillar ca.ses  the  feet,  which  are  the  most  susceptible  to 
those  impressions  of  passing  cold  that  set  up  their  special 
tracks  of  inflammation  or  hyperaemia  in  mucous  mem- 
branes. After  a  few  days*  continuance  of  the  catarrlial 
state,  however,  the  skin  of  the  whole  surface  partakes  in 
this  specific  irritability,  so  that  the  patients  may  become 
aware  of  a  draught  from  a  distant  open  door  which  othere 
do  not  feel.  Many  cases  of  bronchitic  asthma,  therefore, 
are  promptly  relieved  by  putting  on  a  whole  suit  of 
buckskin  over  a  light  under-flannel,  and  wearing  the 
same  until  settled  summer  weather.  These  patients  also 
should  guard  against  nocturnal  perspiration  about  the 
neck  and  shoulders,  by  the  use  of  light  flannel  instead  of 
cotton  or  linen  night-shirts.  Daily  inunctions  with  oil 
also,  applied  especially  to  the  feet,  and  preferably  done  on 
rising,  do  much  to  lessen  the  tendency  to  catching  cold. 
The  bronchitis  itself,  of  course,  should  be  treated  accord- 
ing to  its  indications,  with  especial  benefit  to  be  hoped  for 
in  asthmatics  from  the  emulsion  of  linseed  oil.  We  need 
also  only  allude  here  to  the  importance  of  making  the 
utmost  of  the  intermediate  summer  period  of  mitigation 


589 


AMIffinallsiii. 
Avtlffinatlsni. 


REFERENCE  HANDBOOK  OF  THE  31EDICAL  SCIENCES. 


of  bronchitis  with  many  patients  l)efore  the  malady  lias 
become  ten)  chronic,  as'  that  subject  is  to  be  fully  dis- 
cu^wed  under  its  jiroper  head. 

Peptic  aslhma  is  so  much  influenced  by  the  state  of  the 
alimentary  canal  that  some  have  si>oken  of  the  treatment 
of  asthma  in  general  as  if  it  were  mainly  a  matter  of 
regimen  ami  diet.  Indij[jestible  foo<l,  even  a  single  meal 
of  such,  is  to  be  scnipulously  avoided  in  every  form  of 
spasmmlic  disease.  The  patient  must  not  endeavor  to 
re<'()ncile  his  diirestive  apparatus  to  any  sec<md  trial  with 
an  oiTender.  Whether  the  proneness  to  spasnunlic  or 
ccMivulsive  disorder  Ix*  due  here  to  the  gn^ater  suscepti- 
bility of  the  nerve  centn's  to  refle.x  excitation  from  the 
alinientarv  canal  than  from  anv  other  nerve  distributitm, 
or  whether  the  susceptibility  is  caused  by  the  absorption 
of  nerve  poisons  genemted  in  some  intestinal  fermenta- 
tion, it  is  unquestionable  that  any  departure  fnmi  f^cunX 
di.irestion  is  to  1k'  dn.*aded  in  treating  such  complaints, 
and  in  none  more  so  than  in  asthma.  Experience  will 
best  t(?ach  each  one  all  the  particulai"s  as  reirards  what  he 
can  and  what  he  cannot  eat.  and  its  verdict  must  Ik*  ac- 
cepted. Moreover,  with  all  astlnnati<^.  the  diirestive 
power  decreases  as  the  day  weai*s  on.  antl  hence  the  Ix'St 
meal  should  be  taken  before  the  aftenKw^n.  while  in  the 
evening  c)nly  the  lightest  sui>per  sln)uld  be  allowed. 

But  as  the  prevention  of  peptic  asthma  wellnigh  in- 
volves the  treatment  of  all  the  varied  forms  of  dyspepsia, 
we  can  direct  attention  here  only  in  a  ^enenil  way  to  the 
5ubje(!t.  for  each  case  is  to  be  managed  acconling  to  its 
own  indications.  AV(?  may  remark,  hcnvever.  that  bis- 
muth appears  to  be  on(»  of  the  most  eflfective  preventives 
of  peptic  asthma,  probably  owing  to  its  antis<*ptic  j>rop 
crties.  A  good  form  of  a«lministration  is  in  capsules  of 
live  grains  each  of  bismuth,  carb..  and  of  pulv.  ealumba\ 
two  such  to  b(^  taken  an  hour  after  meals  and  at  night. 
Ten  gmins  of  sodium  benzoate  and  ten  gmins  of  bismuth 
siilieylate,  administered  in  two  capsules,  will  also  often 
be  found  elTective  in  preventing  intestinal  fermentation. 

In  conclusion,  we  would  reconmiend,  besides  prophy- 
lactic measures,  the  recoui*se  to  certain  remedies  whose 
benefit,  when  secured,  nui  pro]>erly  be  termed  histing  or 
curative,  insteatl  of  merely  palliative.  AVant  of  success 
with  them  may  be  due  often  to  a  faibu'c  to  recognize  the 
fact  that  to  be  truly  cunitive  in  such  a  deepseated  and 
lifelong  malady  as  asthma  a  remedy  must  be  given  con- 
tinuously without  reference  to  the  attacks,  and  long 
ennuirli  to  ]>roduce  a  decided  modilication  in  the  system 
it«<elf.  Such  a  r<'sult  n<*ver  can  b<'  olitained  from  nervines, 
however  stejulilv  or  lari:<'lv  thev  be  taken,  as  is  proved 
bv  t  he  absence  of  anv  rccoirni/.able  si irn.  cither  duriuLT  life 
or  after  death,  of  the  years  sjunt  by  many  in  consuming 
tobacco  or  (>i)iuin.  In  arsenic  and  the  ])()tassiuni  iodjile. 
however,  W(f  possr^s  trulv  cnn^tilutioiial  medicines, 
whose  value  in  asihfua  has  been  repeatedly  (h-nion- 
strated.  If  these  medicines,  however,  have  any  ell'ect 
on  asthma,  that  elTcct  is  wholly  (lilTen-nt  in  kind  from 
the  inmiediate  relief  pro(luc<(l  by  a  transient  acting  n<r- 
vine,  for  it  must  be  by  causiuir  ;i  jnore  or  lc>s  oriranic 
altenition  in  the  lesion  itself.  Their  proper  adnn'nistni- 
tion  in  asthma,  then-fore,  should  be  like  the  administra- 
tion of  iron  for  ana-mia.  or  mercury  tor  sypliilis.  or  the 
bromides  for  epilepsy,  the  ell'ect  bling  obtained  not  by 
one,  or  by  the  first  dose,  but  only  after  months  of  steady 
us(;.  I  feel  assured  that  if  a  combined  or  alteinate  arsefl- 
ical  and  iodide  treatnwnt  were  as  systematically  adopted 
in  the  treatment  of  asthma  as  the  aboveuameri  constitu- 
tional remedies  are  used  in  other  maladies,  many  a  case 
of  this  dist^ase  would  be  finally  i:ot  rid  ('f  which  now. 
under  the  deceptive  recourse  to  nervines.  becouie<  at  last 
an  incurable  habit  of  the  nervous  resj)irat<»ry  mechanism. 

To  obtain  the  best  results  with  constitutional  remedies. 
two  therapeutical  rules  .should  be  st«a«lily  followed. 
The  tirst  is  to  administer  along  with  them  <»ne  or  more  of 
the  restoratives,  in  order  to  prevent  the  injurious  ctTccts 
<»f  the  (-(Mitinued  taking  of  such  unnatural  subst:iiices  into 
the  svsteiPi  as  arsenic  or  iodine.  Nov.vmi»t(»ms  of  io(lism 
or  of  arseiuc  should  be  allowed,  because  the  remedial 
elVects  of  these  medicines  cease  at  otice  upon  the  appear 


ance  of  any  signs  of  their  poisonous  operation.  If  dimin- 
ishing tlte  dose  is  not  followed  by  a  cessation  of  the  symp- 
toms, these  drugs  must  be  omitted  for  a  time,  and'  then 
resumed  in  small  doses,  to  be  increas<Hi  again  only  as  tbe 
patient  can  tolerate  them.  The  best  restoratives  with 
arsenic  are  quinine  and  codliver  oil,  while  phosphorus 
and  tlie  muriated  tincture  of  iron  best  prevent  the  injuri- 
ous effects  of  iodine. 

The  second  rule  is  to  secure  the  co-operation  of  ner- 
vines, for  though  these  latter  cannot  be  curative  in  them- 
selves, yet  experience  proves  that  they  unquestionably 
promote  the  acti<m  of  constitutional  remedies  when  tbev 
relieve  some  of  the  symptoms  of  the  disease.  Thus  1 
have  repeatedly  noted  potassium  imiide  fail  adequately 
to  cure  a  syphilitic  nwle  until  opium  and  ccmium  were 
nddt^l  to  the  prescription.  *  And  on  the  same  principle  I 
have  iHtm  accustomed  in  astlmia  to  presr*ribe  a  combina- 
tion .somewhat  as  follows:  ^  Kal.  iodid.,  3  is.«i. ;  Liq. 
pot.  ars<'n..  3  i. ;  Spts.  eth.  sulph.  co.,  5"ss. ,  Tr. 
Ix'lladonna',  3  ij. ;  Si)r.  aun\nt.  cort.  ad  ?  vi.  3L  S.: 
Two  teasp<x>nfuls  in  water  an  htmr  after  nieals. 

In  a  certain  proportion  of  casi'S  a  curative  effect  is 
secured  by  counter- irritation  applietl  along  t lie  cervk-al 
and  upper  dorsid  verlebne.  The  actual  cautery'  is  tn  Ik? 
preferre<l.  and  one  form'of  this  irritation  is  lK>th  effective 
and  n»atlily  a])plie<l  without  expensive  apparatus,  namely, 
by  the  hot  glass  rcxl.  Spots  of  ink,  half  an  inch  or  ?•"> 
apart,  made  along  th(^  spinous  prcKvs.ses.  art*  to  ho  lightly 
toucheil  by  the  tip  of  a  glass  rr>d  raiseil  to  a  white  hi'Ht 
in  the  llame  of  an  alcohol  lamp.  This  .simple  prf»c<-duTv 
caus<'s  but  little  pain,  and  inmiediately  after  the  applica- 
ti<m  shows  a  C(mtinuous  red  line  as  if  made  l)y  the  pa«- 
Siige  of  a  hot  irtm.  The  applicjition  should  be'  repeated 
about  every  fourth  djiy. 

If  there  is  anv  historv  of  the  alternation  of  asthma 
with  th(»  disiippeamnce  of  a  cutaneous  eruption,  an  ar- 
tificial ec/.enm  by  croton  oil  on  the  chest,  as  already 
mention<»d.  is  often  positively  remedial  if  persevered  iu 
on  the  tirst  sign  of  a  return  of  the  dyspmea.  Asthma 
secondary  to  other  disi'ases  must  be  tK*ati»d  with  them. 
In  the  cardiac  cases,  and  in  gouty  patients  as  well,  a  con- 
tinued use  of  saline  waters,  like  the  Congress  or  natlmm 
of  Sanitoga.  will  afford  the  best  prospect  of  relief. 

In  all  cases  of  asthma,  however,  a  can^ful  examination 
of  the  nasiil  passjiges  should  l>e  made  at  the  iK'srinninsr 
and  re]>eated  thn)Ughout  the  tn'atment.     The  inner^a 
tion  of  the  outlets  of  all  loiiir  tubular  tracts  is  ch^U' 
associated  with  tbe  nervous  mechanism  controllinL'  tli<' 
muscular  movements  of  th<»  whole  tmct,   examples  <^f 
which  are  seen  in  the  heightened  irritability  of  the  whole 
genito  urinary  ajiparat us  by  a  narrowed  meatus,  ororitice 
of  the  prepuce,  by  the  pylorus  remaining  patent  so  that 
the  stomach  is  too  quickly  emptied  iu  dysentery,  etc 
We  need  not  wonder,  therefore,  if  the  normal  rhythm  ^f 
respinition  is  readily  deninged  by  a  jiolypus  or  otluT 
obstruction  in  the  nose,  and  all  .such  c(mdit  ions  .should  bi' 
fully  remedied  when  found.     But  aside  from  such  lesions 
many  asthmatic  attacks  may   be   prevente<l  or  alx^rtw 
early  by  a  spniy  of  carbolized  oil — one  part  of  earl>^^^^ 
acid  to   forty  of   sweet  almond  oil — used  especially  ^'^ 
r<'tiilng  at  night.  WiUiam  IT.  Thotiifnf^^- 

ASTIGMATISM*    (fnmi  a,    privative,    and  frrrtta^'^ 
])oint)  is  the  name  i)roposed  bv  Wbewell  (1840)  to  d*'^^^ 
nate  th<*  visual  anomaly  which  results  from  ur.e(|u:i'^      i 
fractinn  in  tht' planes  of  the  several  ocular  merit  111**^"*^^ 
Accurate   measurements  of   the  cornea   reveal,    in      _   ^{ 
irreater  number  of  eyes,  a  somewhat  different  nuli'^*^-^^- 
<urvature  in  dilTerent   meridians,  and  not  infretpi*-**^     '^. 
this  dilTcrence  is  sutlicient  to  give  rise  to  serious  \\t^y\„.^ 


I'll**  form  ''  nstitjinin."'  cf.  ""  inr^UiitUi ""  =  inrn}tyt>itUi^  ha^ 
laielv  jiiliipiiMl  liy  ei'rlain  P'nMX'h  writers. 

-^  F<T  «'<»u\»'iii»>n«-e.  the  familiar  syst**m  of  linos  and  «'in'les  i*^^^ 
L'M»LM;i|»liy  is  «'Xi«'rul«Ml  to  the  top<»irnipliy  of  the  rvelvall.  If  wt*  *'^  »*»*'' 
ij;ii«*  th<'  (i-ntiviif  the  cornea  and  the  central  fovea  of  the  ret^'^-^inff 
tlH'  ani«Ti<tr  and  iM>>t«Tior  {xWes,  n*s|ie<*tlvely,  the  line  «>)nra*^  ^  at* 
Thfiii  is  the  axis;  all  irn*at  ein*les  |Mi88inf?  through  the  two  j>oI*  i^  -^r*)' 
m»'ri(iiaiis;  the  I'n-at  ein-le  wliirh  out4<  all  the  nierldians  ni**.^--Iih 
J>et\veeri  the  poh«s  is  the  e<(uator ;  ami  the  i)4>rtlon  of  thewirf^' 
eluded  iH^tween  any  two  i>arullels  Is  a  zone. 
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fection  of  vision.  As  a  rule,  the  meridian  of  greatest 
curvature  is  vertical  or  approximately  vertical,  and  the 
meridian  of  least  curvature,  at  right  angles  to  the  former, 
is  horizontal  or  approximately  horizontal.  To  this  rule 
there  are,  however,  many  and  conspicuous  exceptions. 

The  crystalline  lens,  also,  may  be  the  seat  of  asym- 
metrical refraction,  either  through  inequality  of  curva- 
ture in  its  several  meridians,  or  through  some  deviation 
from  perfect  synmietry  of  position  as  referi-ed  to  the 
axis  or  the  eyeball.  Astigmatism  of  the  crystalline  lens 
is  generally  of  comparatively  low  grade,  and  the  meridian 
of  greatest  lenticular  refraction  is  of tenest  approximately 
horizontal,  rather  than  vertical.  Hence  lenticular  astig- 
matism tends  oftener  to  correct  than  to  increase  the  astig- 
matism due  to  asymmetry  of  the  cornea,  and  the  total 
astigmatism  of  any  eye  is  apt  to  fall  short  of  rather  than 
to  exceed  that  which  would  result  from  the  corneal  asym- 
metry alone. 

From  the  fact  that  neither  the  cornea  nor  the  anterior 
or  posterior  lens  surface  is  a  perfect  surface  of  revolution, 
and  that  not  one  of  these  surfaces  is  quite  accurately  ad- 
justed with  reference  to  the  axis  of  the  eyeball,  it  follows 
that  the  refraction,  whether  symmetrical  or  a.symmetrical, 
in  any  eye  is  actually  the  resultant  of  three  more  or  less 
asymmetrical  refractions.  In  practice,  however,  these 
complications  are  disregarded,  and  the  investigation  of 
the  elements  of  any  case  of  astigmatism  is  limited  to  the 


a  number  of  points  airanged  along  the  horizontal  line  M 
L  N,  these  points  will  be  severally  projected  at  /i,  each 
as  a  horizontal  line,  and  these  lines,  overlapping  each 
other  in  the  greater  part  of  their  length,  will  appear 
fused  into  a  single  horizontal  line.  It  follows  that  the 
line  M  L  N,  which  may  be  regarded  as  made  up  of  an 
infinite  number  of  points,  will  be  projected  as  a  horizontal 
line  at/i.  So  also  a  series  of  points  aiTauged  along  the 
vertical  line  O  L  P,  or  the  vertical  line  O  L  P  itself,  will 
be  projected  as  a  vertical  line  at^j.  Lines  lying  in  one 
or  the  other  of  these  two  directions  (parallel  to  M  L  N 
or  to  O  L  P)  are,  in  fact,  the  only  objects  which  can  be 
projected  by  the  asymmetrical  refracting  surface  with- 
out conspicuous  alteration. 

The  line  M  L  N  and  the  first  focal  line  /,  lie  in  the 
same  plane;  similarly  the  line  O  L  P  and  the  second  focal 
line /a  lie  in  a  pl^ne  at  right  angles  to  the  foi*mer  plane. 
The  intersections  of  these  two  planes  (prtjicijml  pfanes) 
with  the  refracting  surface  mark  the  meridians  of  least 
and  greatest  refraction  {principal  meindians),  which  are 
also  at  right  angles  to  each  other.  It  is  sufticient,  there- 
fore, in  any  ca.se  to  note  the  direction  of  one  of  the  prin- 
cipal meridians,  preferably  the  meridian  of  greatest  re- 
fraction, which,  in  the  case  of  the  cornea,  is  designated 
by  the  symbol  Mc 

The  phenomena  characteristic  of  astigmatic  refraction 
may  be  shown  experimentally  by  means  of  a  lighted 


measurement  of  differences  in  the  curvature  of  the  cor- 
nea in  different  meridians  and  to  the  study  of  the  refract- 
ive phenomena  as  a  whole. 

The  characteristic  property  of  a  pencil  of  light  after  a 
single  astigmatic  refraction  (or  rctlection )  is  that  it  has 
no  focus,  properly  so  called,  but  that  all  its  rays  pass 
through  two  nearly  straight  lines,  which  lie  at  right 
angles  to  the  axis  of  the  pencil  and  to  each  other  {ff>cal 
lines).  The  construction  of  such  a  pencil  is  shown  in 
Fig.  8S6,  in  which  L  represents  a  luminous  point;  A, 
B,  C,  D  a  portion  of  an  avSymmetrical  refnicting  surface 
(cornea),  of  which  the  meridian  of  greatest  refraction  is 
assumed  to  be  vertical,  and  which  for  convenience  in 
representation  is  taken  as  a  square;  /i  the  first  focal  line; 
and /a,  l3'ing  in  a  direction  at  right  angles  to  the  first, 
the  second  focal  line.  The  form  of  the  cross  section  of 
the  pencil  at  other  parts  of  its  course  after  refraction  is 
indicated  by  the  three  parallelograms,  a,  c,  and  h.  Only 
one  of  the.se  cross  sections  (c),  lying  between  the  two 
focal  lines  but  nearer  to/i  than  to /a,  has  the  same  form 
as  the  cross  section  of  the  pencil  before  refraction 
(namely,  a  square);  all  the  others  are  parallelograms, 
having  their  longer  sides  in  a  direction  pamllel  to  the 
nearer  focal  line.  The  distance  separating  the  two  focal 
lines  if  I  and /a)  is  called  the  ffjcal  interval. 

From  the  construction  it  follows  that  if  the  pencil  is 
cut  by  the  retina  at/i,  the  luminous  point  at  L  will  l)e 
seen  as  a  horizontal  bright  line,  and,  similarly,  if  the 

Sencil  is  cut  at  /a,  the  point  L  will  be  seen  as  a  vertical 
ne.  If  the  pencil  is  cut  by  tjie  retina  at  e,  the  point 
will  be  seen  as  a  small  spot  having  the  form  of  the  re- 
fracting surface,  which,  in  the  eye,  is  determined  by  the 
form  of  the  pupil,  and  is  therefore  approximately  cir- 
cular. If  the  pencil  is  cut  at  any  other  part  of  its  course 
the  point  will  be  seen  as  an  oval  closely  approximating 
an  ellipse.  The  section  of  the  pencil  at  c  is  called  the 
drele  of  least  conftadon. 
If,  instead  of  a  single  luminous  point  at  L,  we  assume 


candle,  an  ordinary  convex  lens,  and  a  convex  piano- 
cylindrical  lens.*  The  image  of  the  distant  candle  flame, 
which  may  be  considered  as  equivalent  to  a  luminous 
point,  is  first  received  upon  a  screen  placed  at  the  prin- 
cipal focus  of  the  spherical  lens,  where  it  will  appear  as 
a  bright  point.  If  now  the  convex  cylindrical  lens  is 
placed  immediately  in  front  of  or  behind  the  spherical 
lens,  this  bright  point  will  be  seen  drawn  out  into  a 
bright  line  representing  the  second  focal  line  (/a),  and  by 
moving  the  screen  nearer  to  the  combined  lens  a  distance 
will  be  reached  at  which  the  bright  point  will  be  seen 
drawn  out  into  a  line  at  right  angles  to  the  first,  repre- 
senting the  first  focal  line  (/i).  In  moving  the  screen 
from  the  position  of  the  second  to  that  of  the  first  focal 
line,  a  point  will  be  pa.ssed  at  which  the  illuminated  area 
is  seen  expanded  into  a  small  circular  bright  spot,  repro- 
ducing the  circular  outline  of  the  lens  (circle  of  least 
confusion);  at  all  other  distances  the  section  of  the  pencil 
will  be  elliptical  in  form,  with  the  longer  axis  of  the 
ellipsp  in  the  direction  of  the  nearer  focal  line.f 

To  study  the  phenomena  of  astigmatic  vision,  it  is 
only  necessary  to  look  through  a  weak  cylindrical  lens 
held  before  the  eye  or  mounted  in  a  spectacle  frame.  If 
the  eye  is  emmetropic  (see  Accommodation  and  Befrac- 
^tV>n),*a  convex  cylindrical  lens  will  render  it  short-sighted 
(myopic)  in  the  meridian  at  right  angles  to  the  axis  of 
the  cylinder,  and,  conversely,  a  concave  cylindrical  lens 
will  render  it  over-sighted  (hypermetropic)  in  the  same 

*  A  plano-cylindrical  lens  haa  one  surface  plane  and  the  other  fn^ound 
to  a  cylindrical  curvature,  which  may  be  eitlier  convex  or  concave. 
Ij^nseit  are  also  ^ruund  with  a  convex  or  concave  spheri(*al  surface  on 
one  side  and  a  convex  or  concave  cylindrical  surface  on  the  other  side, 
and  may  be  imitated  by  (*enientin^  togretber,  by  their  plane  surfaces, 
an  ordinary  plano-convex  or  plano-concave  lens  and  a  plano-cylin- 
drical lens.    Such  a  combined  lens  is  called  a  spherico-cylindrlcal  lens. 

t  If  instead  of  a  candle  flame  h  very  bright  light  is  used,  such  as 
an  electric  arc  or  calcium  light,  or  a  beam  of  sunlight  directed  by 
means  of  a  mirror  through  a  small  bole  in  the  window  shutter,  ^e 
form  of  the  pencil  may  be  seen  lighUug  up  the  dust  of  the  room  along 
Its  entire  course. 
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meridian;  thus  reproducing  the  two  types  of  simple 
astigmatism,  namely,  simjAe  myopic  astigmatittm  (Am) 
and  simple  hypermetropic  astigmatism  (Ah).  If  the  eye 
is  myopic,  or  is  made  so  for  the  experiment  by  means  of 
a  convex  spherical  lens,  the  convex  cylindrical  lens  will 
render  it  more  myopic  in  the  meridian  at  right  angles  to 
its  axis;  and,  similarly,  if  the  eye  is  hypermetropic,  or  is 
made  so  by  means  of  a  concave  spherical  lens,  the  con- 
cave cylindrical  lens  will  render  it  more  hypermetropic 
in  the  meridian  at  right  angles  to  its  axis;  thus  repro- 
ducing the  two  types,  o*mj)ound  myopic  astigmatism 
(31  + Am),  and  compound  hy))cnnetropic  astigmatism 
(H  +  Ah).  A  fifth  type,  called  mijred  astigmatism  (Amh 
or  Ahm),  is  reproduced  in  the  emmetropic  eye  by  look- 
ing through  a  convex  or  concave  spherical  lens  combined 
with  a  concave  or  convex  cylindrical  lens  of  greater 
power;  in  the  myopic  e3'e,  by  looking  through  a  con- 
cave cylindrical  lens  of  a  power  in  excess  of  the  degree 
of  the  myopia ;  and  in  the  hypermetropic  eye,  by  look- 
ing through  a  convex  cylindrical  lens  of  a  power  in 
excess  of  the  degree  of  the  hypermetropia.  These  five 
types  include  all  the  possible  varieties  of  regular  astig- 
matism. 

In  M  +  Am  all  distant  objects  appear  confused  and  in- 
distinct, but  there  is  a  certain  distance  at  which  a  point 
is  seen  imder  the  form  of  a  line  corresponding  to  the 
second  focal  line  (/a),  and  there  is  a  second,  shorter  dis- 
tance at  which  the  same  point  is  s(^n  as  a  line  at  right 
angles  to  the  former  line  and  corresponding  to  the  first 
focal  line  (/i).  In  Am  a  distant  point  is  siH?n  as  a  line 
corresponding  to  the  second  focal  line  (/a),  and  a  point 
at  some  shorter  distance  is  seen  as  a  line  corresponding 
to  the  first  focal  line  (/i).  In  Ah  a  distant  point  is  si»en 
as  a  line  corresponding  to  the  first  or  to  the  second  focal 
line  (/i  or /a),  according  as  the  eye  is  in  a  state  of  rest  or 
is  accommodated  to  a  degree  ecjiial  to  the  measure  of  its 
astigmatism.  In  H  -f-  Ah  a  distant  point  is  seen  as  a  line 
corresponding  to  the  first  focal  line  (fi)  through  the  ex- 
ercise of  some  \M\Yl  of  the  accommotlation  equal  to  the 
measure  of  the  hypermetropia  (H),  and  it  may  be  seen  as 
a  line  correspondmg  to  the  second  focal  line  (/«)  through 
a  greater  exercise  of  the  accommodation  equal  to  the 
sum  of  the  hypermetropia  (H)and  the  astigmatism  (Ah). 
In  mixed  astigmatism  ( Amh  or  Ahm)  a  distant  point  is 
seen  as  a  line  corresponding  to  the  second  f(K*al  line  (fi) 
tlirough  the  exercise  of  some  part  of  the  accomm(Klation, 
and  a  point  at  some  shorter  distance  is  seen  as  a  line  cor- 
responding to  tlie  first  focal  line  (/,). 

In  any  c;ise  in  which  a  point  is  seen  imder  the  form  of 
a  line,  all  lines  at  the  same  disUince  which  correspond  in 
direction  to  the  direction  of  this  linear  image  will  be 
seen  sharply  detinccl,  Ilciire  the  visual  ]>henomeua  in 
astigmatism  may  be  studied  by  the  use  of  test  objects 
made  up  either  of  points  or  rows  of  points,  or  of  lines  or 
sets  of  parallel  lines.     F^xaniplcs  of  such  test  objects  are 
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shown  in  Figs.  367  and  J^6J^.  both  as  they  arc  seen  l)y  the 
normal  eye  when  accumtely  focusscd  for  their  distance, 
and  as  they  appear  to  an  astigmatic  eye  when  similarly 
adjusted  in  its  vertical  meridian.  In  Fi«r.  'M'u  h  every 
dot  is  seen  elongated  and  blurred  in  the  horizontal  diiec 
tion.  so  that  the  dots  in  the  horizontal  rows  appear  to 
run  into  one  another,  while  in  the  vertical  rows  thev  are 
seen  distinctly  separated.     Similarly  the  horizontal  lines 


in  Fig.  368  b  are  seen  sharply  defined,  although  some- 
what elongated,  while  the  vertical  and  oblique  liiieB 
appear  blurred. 

In  the  diagnosis  of  astigmatism,  as  of  ametropia  gen- 
erally, both  objective  and  subjective  methods  are  em- 
ployed.   In  the  examination  of  the  eyes  of  very  young 
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children  objective  methods  are  alone  available,  and  ia 
nearly  every  case  they  give  direct  and  valuable  informa- 
tion by  quickly  and  surely  revealing  special  refiBCtive 
defects  and  indicating  the  way  to  their  further  investiga- 
tion. 

For  convenience  and  general  applicabilitv  the  oph- 
thalmometer of  Javal  and  SchiOtz  (see  Ophthalmometer) 
holds  a  foremost  place.  By  means  of  this  instrument 
the  smallest  deviations  from  symmetrical  curvature  of 
the  cornea  are  detected,  and  both  the  direction  of  the 
meridians  of  greatest  and  of  least  curvature  and  the  dif- 
ference in  the  corneal  refraction  in  these  meridians  are 
measured  with  great  accuracy  and  with  great  economy 
of  time.  Working  from  these  corneal  measurements  as  a 
starting  point,  the  way  to  the  determination  of  the  re- 
fraction of  the  eye  as  a  whole  is  shortened  and  made 
clearer,  and  in  the  end  a  more  comprehensive  diagnosis 
is  reached  than  is  possible  when  the  corneal  astigmatism 
is  ignored  as  a  distinct  factor. 

The  ophthalmascope  is  used  in  several  different  ways 
for  the  detection  and  measurement  of  refractive  anoroaliffS, 
including  astigmatism.     In  viewing  the  fundus  of  the 
eye  in  the  erect  image  (see  Ophthalmoseope\  the  details 
of  the  picture  of  the  retinal  vessels  and  optic  disk  are 
affected  in  the  same  manner  as  are  the  images  of  visible 
objects  when  viewed  by  an  ametropic  eye.     In  astigma- 
tism the  retinal  vessels  afford,  to  the  observer,  testohjects 
not  unlike  the  radiating  lines  shown  in  Fig.  368:  the 
determination  of  the  refraction    in   the  two  principal 
meridians  is  made  by  noting  the  strongest  convex  or  the 
weakest  concave  lens  through  which  the  ol)server  sees 
distinctly  the  vessels  which  lie  at  right  angles,  respec- 
tively, to  the  direction  of  these  meridians.     In  the  higher 
grades  of  astigmatism  the  fundus  of  the  eye  presents  a 
very  characteristic  picture  of  a  confused'  red  ground 
marked  by  parallel  streaks  of  a  deeper  reti,  in  which  tUe 
double  contour  of  a  retinal  vein  or  artery  is  here  ana 
there  recognizable,  and  by  a  lighter  spot,  the  optic  dis^- 
which  is  seen  elongated  and  blurred  in  the  same  di^**' 
tion.     Th(*  inspection  of  the  details  of  the  fundus  i*  l^^ 
made  with  the  ophthalmoscope  devised  for  this  purp<J'* 
by  Loring,  in  which  a  revolving  disk  (or  disks),  cootaw- 
ing  a  large  series  of  convex  and  ctmcave  lenses.  ismoH^^^J* 
inum-diately  behind  the  mirror.     To  8<K*ure  a  gtKxi  O"' 
servation  it  is  often  convenient,  and  sometimes  necessarr» 
to  dilate  the  pupil,  but  not.  as  a  rule,  to  paralyze  the 
accommodation.     Cocain  hydrochlorate  (three  per  cent.) 
and   (Mij)htlmlniin    hydnx^hlorate   (five  per  cent.),  or  a 
solution  of  the  two  salts  (one  per  cent,  each).*  afford  a 
choice  of  mvdriatics  which  best  fulfil  this  indication. 

«  - 

Another  application  of  the  ophthalmoscope  to  the  in- 
vestigation of  the  refraction  is  bv  the  methiHl  known  as 
retinoscopy,  shadow  test,  etc.,  which  consists  essentially 
in  the  observation  of  the  direction  in  which  the  dark 


*  As  recommended  by  E.  Jackaon. 
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border  of  the  image  of  a  flame,  reflected  tato  the  eye  b^ 
tLe  mirror,  moves  acrosg  tlie  gtroDgly  iilumiuated  pupil 
(see  Shadow  Tat).  By  this  method  measurementa  of 
the  total  refraction  of  the  eye,  aod,  io  astigmatism,  of 
the  direction  of  the  principal  meridians  and  also  of  the 
refaction  in  each  of  these  meridians,  may  be  made  witli 
a  fairly  close  approximation  to  accuracv.  [*rclimiuary 
dilatation  of  the  pupil  is  always  a  help,  and  Is  often 
Indispenaalilc;  cocaiu  hydrochloiate  and  eupbthalmin 
hydro  chlorate 
are  lo  be  pre- 
ferred for  this 
purpose.  For 
the  judication 
of  other  methods 
by  which  the 
ophthalmoscope 
may  be  helpful 
in  the  detection 
and  (nyesliga- 
of  astigma- 

thalmoacope. 

The  subject- 
ive Investiga- 
of  aEtfgma- 
n  is  most 
directly  and 
easily  conduct- 
ed by  the  use 
of  special  test 
diagrams  e  I  m- 
ilar  to  the  l«st 
objects  shown 
in  Figs.  307  and 
868.  A  few  ex- 
amples, selected 
from  amuch 
larger  number 
which  have  been 
devised  for  this 

shown  in  Figs. 
8B8,  a  to  h. 
They  are  printed 

s,  about 
inches    in 
diameter,    and. 
for  greater  con- 
venience in  use. 
"  Fio.  3«8,  "nd  'o  meet  the 

varied  condi- 
doDS  In  different  cases,  they  are  drawn  to  different  scales; 
the  finer  lines  are  easily  distinguished  by  a  normal  eye 
at  a  distance  of  about  eight  metres.  The  several  canls 
are  made  with  a  central  hole,  so  that  they  may  be  made 
to  turn  on  a  pivot  at  the  centre  of  a  larger  card  rep- 
resenting a  clock  dial.  This  dial  card  is  hung  on  the 
wall,  in  a  good  light,  and  the  tests  are  viewed  from  the 
opposite  side  of  the  room  at  a  distance  ofatwiit  Ave  or  six 
metres.  Wheu  an  astigmatic  eye  is  directed  upon  one  of 
the  diagrams  made  up  of  radiating  lines  or  sets  of  lines 
(Fig.  m,a\of)  or  of  narrow  sectors  (Fig.  369.  g.  /.), 
the  lines  or  sectors  which  correspond  in  directton  to  one 
of  tbe  two  principal  meridians  are  generally  seen  more 
sharply  defined  than  those  in  tbe  other  meridians.  In 
dmple  myopic  astigmatism  (Am)  the  line  or  lines  corre- 
sponding in  direction  lo  the  ocular  meridian  of  greatest 
refivc^on  (Mat  are  seen  clearly  defined,  white  those  in 
the  other  meridians  appear  indistinct  or  confused.  In 
mixed  astigmatism  (Amh  or  Ahm)  the  lines  which  corre- 
spond in  direction  to  the  meridian  of  greatest  refraction 
are  distinguished  through  an  exercise  of  the  accommo- 
dation equal  Eo  the  measiireof  the  hypermetropic  part  of 
the  refractive  anomaly,  while  those  In  Ihe  other  meridians 
are  seen  indistinctly.  In  simple  hypermetropic a.stigma- 
tism  (Ah)  the  lines  corresponding  in  direction  to  the 
Vol.,  1.-38 


ocular  meridian  of  least  refraction  (at  right  angles  to  Mo) 
are  seen  distinctly  when  the  eye  is  in  a  state  of  accom- 
modative rest,  and  these  lines  become  confused,  while 
those  corresponding  in  direction  to  the  meridian  of  great- 
est refraction  (Mo)  become  in  turn  distinct,  when  the  ac- 
commodation is  exerted  to  a  degree  equivalent  to  the 
measure  of  the  astigmatism.  In  compound  hyperme- 
tropic astigmatism  (H  +  Ah),  the  lines  m  the  former  or 
in  the  latter  of  these  meridians  are  seen  sharply  defined. 
through  an  exercise  of  the  accommodation  equivalent  in 
the  one  case  to  tlie  measure  of  the  hypermeHnpia  (H). 
and  in  the  other  case  to  the  measure  of  the  combined 
hy  pemietropia  and  astigmatism  (H  +  Ah).  Only  in  com- 
pound myopic  astigmatism  (M  -|-  Am)  do  ihc  tines  neces- 
sarily appear  indistinct  in  all  meridians,  although  least 
so  in  the  meridian  of  greatest  ocular  refraction:  when 
the  myopia  (M)  is  corrected,  by  placing  a  suitable  con- 
cave tens  In  front  of  the  eye.  the  case  is  transformed  into 
that  of  simple  myopic  astigmatism  (Am). 

In  the  hypermetropic  ftrms  of  astigmatism  (Ab,  and 
H  +  Ah),  and  also  in  certain  cases  of  mixed  astigmatism, 
the  examination  is  rendered  difllcult  by  unconscious 
accommodative  efforts  of  the  patient  in  the  attempt  to 
recognize  as  many  as  possible  of  the  test  lines.  To  over- 
come this  difliculty  it  is  generally  necessary  to  suppress 
the  accommodation  for  the  time  neing.  which  may  be  ac- 
complished by  placing  before  the  eye  a  convex  glass  of 
sufficient  strength  to  corrcci  it  in  its  meridian  of  least 
refraction ;  in  other  words,  bringing  the  eye  into  the  con- 
dition of  rimple  myopic  astigmatism  (Am),  by  making  it 
look  through  the  strongest  convex  glass  tlirough  which 
it  can  clearly  distinguish  the  lines  In  any  meridian.  The 
disturbing  inlluenccof  the  accommodation  may  also  be 
annulled  by  means  of  a  solution  of  atropia,  several  times 
instilled,  until  the  accommodation  becomes  completely 
paralyzed.  This  Involves,  however,  a  serious  disturb- 
ance of  vision,  which  may  persist  for  many  days,  and 
also  the  special  disadvantage  of  enlarging  the  pu|^il  fiir 
beyond  Its  normal  diameter,  and  so  including  m  the 
measurement  a  peripheral  zone  of  the  cornea  and  of  the 
crystalline  lens,  in  which  the  curvature  mav  differ  ma- 
terially from  tliat  in  the  central  region  wbicb  alone  is 
ordinarily  utilized  In  vision.* 

In  tbe  investigation  of  any  case  of  ametropia  by  this 
method,  we  first  select,  by  succeRstve  trials,  the  weakest 
concave  glass  (in  M  -|-  Am)  or  Ihe  sirongesl  convex  glass 
(in  Amb  or  Ahm.  Ah.  and  H  -|-  Ah)  through  which  tbe 
lines  in  any  meridian  arc  clearly  distinguished.  If  the 
lines  in  all  the  meridians  arc  seen  through  this  spherical 
~'"""  with  perfect  distinctness,  asligmatism  if  — "i—'~< 


(eluded. 


fraction  (Ma),  and  the  glass  through  which  the  lines  are 
seen  will  represent  tbe  measure  of  the  ametropia  (M  or 
H)  in  tbe  ocular  meridian  of  least  refraction.  When 
these  two  elements  have  been  determined,  it  remains  only 
to  ascertain  tbe  degree  of  asligmatism,  by  successive 
trials  with  concave  cylindrical  glasses,  until  a  glass  Is 
found  througii  which  (when  added  to  tbe  spherical  glass 
already  chosen)  the  Hues  in  both  principal  meridians  are 
seen  clearly.  This  cylindrical  glass  Is  the  measure  of 
the  astigmatism. 

Proceeding  in  this  manner,  we  obtain  a  formula  in 
terms  of  M  -f  Am.  Am.  or  H  -j-  Am :  the  symbol  M  +  Am 
being  that  of  (ompoundmyopte  attigtiiatima,  and  Am  that 
of  tiniple  myapira»tigmatUin.  In  the  expression  H  +  Am, 
we  may  have  H  =  Am,  lu  which  case  the  expression  re- 
duces to  Ah,  which  is  the  symbol  of  giviph  hmifrmetreipie 
aitigmatimt.  When  H  >  Am,  the  expression  H  +  Am  is 
transformed  into  H  +  Ah.  tbe svmlml  of  nim}»und  hyptr- 


'  HeanurHni-nU  of  ibi>  rvrnn-tlnn  maile  under  ■niBrlal  pBratjsl*  of 
tbe  acrnniinodallon  ouehi  ntrver  to  be  srlopled  w  OnsI  until  Xbey  hsve 
be«n  Tertflcd.  or  tonvni'd.  b;  urher  tests  made  after  Ibe  lait  traces  of 
mydrlaals  have  disappeared. 
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may  be  converti-d  at  will  iuio  the  aliemailvc  form, 
h4-'^-  t>y  takine:  M  cquiil  to  till-  dilfiTt-Dri?  in  llii- 
DuiDeriotl  vuIuch  of  H  aud  Am  bdi)  changing  Am  to  Ah. 


Tht  form  H  +  Am  (=  Ainli), 


ily  iLsed  when 
H  <  l.\m;  the 
alternative  form 
M  +  Ah  (= 
Alim)  in  used 
H  >  ^Am. 


mailc  up  c 


to  be  bung  in  a  window  against  a  baekgrouod  of 
ground  glass  or  uf  white  or  colored  (yellow  or  rt-d)  tissue 
paper  (Fig.  370).     The  astigmatic  eye  nets  meh  bright 


Fro.  37\. 

dot  elongated  in  tbe  direction  of  one  of  ila  principal 
meridianB,  and  If  tbe  test  object  Is  viewed  Ibrough  a 
spherical  lens.  Btleeted  at  in  tbe  case  of  examination  by 
the  aid  of  the  diagruins  with  radluting  lines,  tbe  elonga- 
tion will  be  iu  tbe  direction  corresponding  to  the  ocular 
meridian  of  greatest  refratlion  (Mo  (,  If  now  Ibe  alt<'n- 
tlon  Is  directed  to  tbe  row  of  dots  lying  In  this  meridian, 
the  several  <1o1h  will  appi-ar  as  if  fused  tojreiber  in  a 
bright  slreuk,  whereas  in  tbe  other  priucipal  nHTidian 


Hi:,  .r.u. 

(corn's] lonili lilt  I"  111"'  oi'ular  mrridiiiu  I'f  leiisl  refmclloiO 
they  will  be  sei'ii  distinctly  M'imnite  fniin  ont-  auolbcr, 
and  can  Iw  easily  eminti'il.  Tniiispiirent  tent  objceU 
may  also  \w  made  wilb  nidiuling  liiieH.  elllier  bright  lliiea 
on  u  dark  gnmnd  or  dark  Iiti'':<  on  ii  bright  grotnid  (Fig, 
871).  Owing  l<>  (he  strong  imidiatlon.  the  <'onlni<il  be- 
tween tbe  litii'B  in  Mie  sr-vi-iiil  iiicHdlans  is  niurli  more 
conspicuous  than  in  lb'"  nisi' of  tbe  printed  diugnims,  Init 
by  using  one  or  more  IhicktieiMi'S  of  tissue  paper  for  Ibe 
liai'kgrtiund,  weiHUvriiluei-  llie  irnkdiiiliiin  toftnydi'gree 
tliat  may  be  foiinit  mi«I  advuntagi'ous.  A  nseful  test 
ob.lert  may  also  be  made  will)  lnin>lii('ent  red  (curnifMe) 
radii  ona  transUicent  tiliie  (ullmnuirine)  tli'M,  sepnniling 
the  iwo  colors  by  narrow  ihirk  lines  (nei!  fij-trniii-lis): 
tbe  radi!  which  He  in  the  plane  of  Ibe  aiTielro|iie  meridian 
arvKci-n  in  Ibeir  proper  color,  while  tbe  oliiers  r(ppear  of 
■  ciimliiiMlbin  (purple)  tint,  Te*t  olijerts  iiiiiy  nl,««  be 
€nn<lriietiil  of  eiri'les  instead  of  niiKi,  <ir  of  ronibined 
rudii  and  Hnh-H  (Fig.  373);  or  liiii-s  of  different  .legnM-d 
of  inclination  miiv  In-  armngiil  in  a  lineiir  scrii'S  (Fig. 
8731,  or  UN  in  Die  ktripeil  letters  devised  by  Pray.  Ad- 
viiniiige  may  al»o  lie  lukeii  of  the  pniperty  of  eertuin 
leth-rs  or  ligurra  to  take  on  confusiiig  shapes  under  tbe 
iuHuuuce  of  astigniallc  refivclion. 
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principal  focua  of  tbe  convex  lens  of  an  optometer 
(Burow).  The  best  apparatus  for  this  purpose  is  the 
liinocular  0|i1omeler  of  Javal.  in  which  the  two  eyes  an 
acvcTOlly  directed,  wilb  their  axes  parallel,  upon  two 
small  figures,  like  watch  dials,  corresponding  tfl  the  two 
pictures  on  a  siereoscouic  slide  (Fig.  874),  Upon  one  (rf 
tbe  dials  are  cngruvea  tbe  hours,  and  the  star  of  flne 

— vw  \  i  /  /•^ — 


lines;  besides  thene  there  are  a  number  of  circles u>d 
lines  common  to  both  dials,  to  facililate  binocular  fustoo 
of  the  two  pictures.  Tbe  t^iatlng  lines  are  thus  viewed 
by  only  one  of  tbe  eves,  while  tbe  other  eye  Is  fined  upon 
llie  second  dial.  The  card  with  the  two  dials  fs  placed 
in  the  optometer  (or  in  a  stereoscope  fitted  with  a  alidinff 
holder),  at  a  distance  from  the  lenites  well  within  theft 
principal  focus,  and  is  then  moved  slowly  away  until  mil 
Ihc  radii  except  those  in  one  meridian  become  iDdlatincti 
Ibis  meridian  corresponds  to  tbe  ocular  meridian  of 
greatest  refmclion  (Mo),  and  tbe  measure  of  tbe  refrac- 
tion for  this  meriilian  !s  the  difference  between  tbe  power 
of  tbe  convex  lens  (in  dioptrics)  and  that  of  a  lens  twvlag 
a  focal  length  equal  to  tlie  greatest  distance  at  which  tbe 
line  in  qneslion  is  distinctly  Re<'n.  The  measure  of  tbe 
astigmatism  is  obtained  by  successive  trials  witbeonoiTe 
cylindrical  lenses,  brought  in  front  of  the  lens  of  the  op- 
tometer (or  aten'oseo]H'),  until  a  glass  is  found  through 
which  all  the  radii  are  seen  clearly  defined.  Having 
measured  one  of  tbe  eyes  In  the  manner  described,  tbe 
card  is  exchanged  for  another  with  transposed  dials  and 
the  other  eye  tested  in  its  turn. 

Tbe  itrnoiHrir  apimrat'it.  which  Is  simply  a  thin  plate 
of  blaekeni'd  inetiil  perforated  by  a  narrow  slit,  may  be 


FID.  Xt. 


Tn>m  Die  eye  nil  niysexeept  Ihosewhldl 
<r  Ml"  nil 'ri'dian  of  tlie  slit.  In  this  way 
Ml.  i-iii.>  in  siieresHiun  the  refmrtion  la 
I  :.  I  iiKTldlaiis  hyllie  iiseof  spherical 
!<    ~1it  is  often  useful  in  tliti  flnt 

_ ,i^  <>f  cnmplicniiil  cawrs  of  axtignia- 

iiIicmI  is  grenrly  inferior  In  accuracy  to 
ytindrieal  h'nse.s  urc  employed, 
iirn-i-tidii  of  astigmatism  is  by  wearing 
i  uf  iisynimi'l  ricfll   rt-fninlon,    of    huc£ 
loimted  aw  to  i-tpudi^e  Ihe  n'fraclion  of 

wo  principal  meridians.    Tlie  simnleat 

form  of  leni  for  ibis  purj-HBH-  is  a  jitano -cylindrical  leaa. 
moiiiiti-d  s«  that  Ibe  itxis  of  the  eylindrical  surface  shall 
lii'  in  ibi'  pintle  of  Ibe  iKMiliir  meridlnn  of  greatest  refraC' 
linn  |M<.)  when  tbe  eyliiidrienl  surfuee  is  convex,  or  in 
tbe  plane  of  the  mendiiiQ  vf  least  refractign  (al  righl 


f'^-.^  V'l 

tiSMl,  but    IllF'    I 

llitise  in  which 
Tbe  opiiciil 

a   speeliiele   lei 
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Astl^rmatlsin, 
AstlffimiUsni. 


angles  to  Mo)  when  the  cylindrical  surface  is  concave. 
A  convex  piano-cylindrical  lens  in  the  case  of  simple 
hypermetropic  astigmatism  (Ah),  or  a  concave  plauo- 
cylindrical  lens  in  the  case  of  simple  myopic  astigniatism 
(Am),  corrects  the  entire  refractive  error  and  so  reduces 
the  eye  to  the  condition  of  emmetropia  (E).  In  all 
other  cases  the  effect  of  any  piano-cylindrical  lens  which 
corrects  the  astigmatism  is  to  reduce  the  eye  either  to 
simple  hypermetropia  (H)  or  to  simple  myopia  (M).  To 
correct  this  residual  hypermetropia  or  myopia  a  convex 
or  a  concave  spherical  surface,  of  appropriate  radius  of 
curvature,  may  be  ground  on  the  back  of  the  plano- 
eylindrical  lens,  thus  making  a  spherico-c^lindrical  lens 
suited  to  the  correction  of  the  total  refractive  error. 

In  any  case  of  astigmatism,  the  equalization  of  the 
refraction  in  the  two  principal  meridians  may  be  effected 
either  by  a  convex  cylindrical  or  by  a  concave  cylindrical 
lens,  as  may  be  preferred.  Thus,  in  Am,  we  ordinarilj^ 
prescribe  a  plano-concave  cylindrical  lens ;  but  we  may, 
at  pleasure,  prescribe  an  alternative  form  of  lens  combin- 
ing a  convex  cylindrical  with  a  concave  spherical  surface 
of  equal  (negative)  power.  In  M  +  Am,  we  ordinarily 
prescribe  a  tens  combining  a  concave  cylindrical  with  a 
concave  spherical  surface ;  but  we  may,  at  pleasure,  pre- 
scribe an  alternative  lens  in  which  a  convex  cylindrical 
surface  is  combined  with  a  concave  spherical  surface  of  a 
(negative)  power  equal  to  the  sum  of  the  (negative) 
powers  of  the  concave  cylindrical  and  the  concave 
spherical  surfaces  in  the  former  combination.  In  mixed 
astigmatism  (Amh  or  Ahm),  we  may,  at  pleasure,  com- 
bine a  concave  cylindrical  with  a  convex  spherical  sur- 
face, or  a  convex  cylindrical  with  a  concave  spherical 
surface.  In  all  these  cases  there  may  be  a  positive  ad- 
vantage in  prescribing  a  lens  with  a  concave  spherical 
surface  turned  toward  the  eye,  thus  approximating, 
more  or  less  closely,  the  concavo-convex  form  of  lens.  In 
Ah  we  may,  at  pleasure,  prescribe  a  plano-convex  cylin- 
drical lens,  or  a  lens  in  which  a  concave  cylindrical  sur- 
face is  combined  with  a  convex  spherical  surface  of  equal 
power.  In  H  -J-  Ah  we  may  similarly  choose  between  a 
lens  in  which  a  convex  cylindrical  surface  is  combined 
with  a  convex  spherical  surface,  or  a  lens  in  which  a 
concave  cylindrical  surface  is  combined  with  a  convex 
spherical  surface  of  a  powef  equal  to  the  sum  of  the 
powers  of  the  convex  spherical  and  the  convex  cylindri- 
cal surface  in  the  first  combination.  In  these  alterna- 
tive combinations  the  meniscus  form  of  lens  is  partially 
realized,  and  some  advantage  may  be  obtained  by  mount- 
ing the  concave  cylindrical  surface  toward  the  eye. 

The  greatest  freedom  of  choice  in  the  selection  of  the 
best  form  of  lens,  in  any  case  of  astigmatism,  is  afforded 
by  the  use  of  lenses  m  which  one  of  the  surfaces  is 
ground  to  a  curvature  of  unequal  radii  in  its  two  prin- 
cipal meridians.  Such  lenses,  having  either  a  convex  or 
a  concave  surface  ground  to  the  configuration  of  a  seg- 
ment of  a  torus,*  may  be  made  of  any  required  radius  of 
curvature  in  each  of  the  two  principal  meridians.  The 
difference  in  power  in  the  two  meridians  represents  the 
required  correction  for  the  astigmatism,  and  the  power 
of  the  lens  in  one  or  the  other  of  these  meridians  repre- 
sents the  correction  for  any  residual  hy]>ermetropia  or 
myopia.  A  concave  toric  combined  with  a  convex 
spherical  surface,  or  a  concave  spherical  combined  with 
a  convex  toric  surface,  may  be  prescribed  for  the  correc- 
tion of  any  case  of  simple,  compound,  or  mixed  astigma- 
tism. Such  a  lens,  with  the  concave  surface  (splierical  or 
toric)  turned  toward  the  eye,  may  be  so  proportioned  as 
t«  realize  fully  the  particular  advantages  derivable  from 
the  periscopic'(concavo-convex  or  meniscus)  fonn  of  lens. 
Lenses  may  also  be  ground  with  two  unequal  cylindrical 
surfaces  with  crossed  axes,  but  such  lenses  do  not  differ 

*  Torus  Is  a  word  used  In  arrbitecture  to  desigifiate  a  moulding,  of 
convex  mm  section,  carried  around  tbe  base  of  a  column.  In  geoni> 
etry,  a  torus,  or  tore.  Is  the  surface  generated  by  the  revolution  of  a 
circle  about  a  right  line  in  its  own  plane :  when  the  right  line  is  taken 
outside  Uie  circle  the  torus  has  the  form  of  a  ring^-anchor  ring.  A 
stripof  metal  of  this  cross  section,  (.  bent  around  a  cylinder,  takes 
tbe  form  of  an  equatorial  zcme  of  a  torus,  and  iiiuy  be  u.sed  as  a  tool 
for  grinding  either  a  concave  or  a  convex  toric  lens  surface. 


in  effect  from  those  in  which  a  spherical  and  a  cylindrical 
surface  are  combined. 

Any  lens  set  obliquely  to  the  direction  of  a  pencil  of 
rays  refracted  through  its  centre  develops  an  increase  of 
power  in  all  meridians,  but  most  in  the  meridian  cut  bv 
the  common  plane  of  the  axis  of  the  pencil  and  the  axu 
of  the  lens.  A  convex  or  concave  spherical  spectacle 
lens  may  thus  have  its  power  so  increased  in  its  vertical 
meridian,  by  tilting  it  forward,  as  to  render  it  equivalent 
to  a  lens  of  somewhat  greater  power  combing  with  a 
cylindrical  lens  with  its  axis  horizontal.  This  property 
of  lenses  is  sometimes  utilized,  intentionally  or  uninten- 
tionallv,  in  cases  of  compound  myopic  astigmatism 
(M  +  Am),  when  the  ocular  meridian  of  greatest  refrac- 
tion is  vertical,  and  in  cases  of  aphakia  after  cataract 
extraction,  when,  as  is  oftenest  the  case,  the  meridian  of 
greatest  refraction  is  horizontal  (see  Spectacles). 

As  the  ordinary  spherical  glasses,  convex  or  concave, 
worn  in  hypermetropia  or  myopia,  have  the  incidental 
effect  of  increasing  or  diminishing  the  apparent  size  of 
objects,  so  the  effect  of  a  convex  or  concave  cylindrical 
glass,  worn  for  the  correction  of  astigmatism,  is  to  in- 
crease or  diminish  the  apparent  magnitude  in  the  direc- 
tion at  right  angles  to  its  axis.  Thus  a  circle  is  made  to 
appear  as  a  somewhat  elongated  or  as  a  somewhat  com- 
pressed ellipse,  a  square  as  an  elongated  or  shortened 
parallelogram,  etc.  This  distortion,  which  is  in  propor- 
tion to  the  power  of  the  cylindrical  glass  required  to  cor- 
rect the  astigmatism,  may  cause  temporaiy  annoyance ; 
or,  in  the  case  of  unequal  or  unsymmetricaf  correction  of 
the  two  eyes,  it  may  give  rise  to  special  stereoscopic 
illusions.  Errors  of  judgment  from  this  cause  are,  how- 
ever, speedily  corrected,  as  the  patient  becomes  accus- 
tomed to  the  new  conditions  (see  Spectacles). 

As  a  conseouence  of  the  impairment  of  the  acuteness 
of  vision  incioent  to  the  higher  grades  of  astigmatism, 
an  astigmatic  person  may  be  compelled  to  hold  his  book 
very  near  to  the  eyes  in  order  to  distinguish  the  smaller 
sizes  of  print.  The  effort  to  improve  the  recognition  of 
special  details  of  the  object,  through  rapid  changes  in 
the  accommodation,  may  also  be  a  cause  of  fatigue. 
Particular  forms  oif  astigmatism  may,  therefore,  con- 
tribute materially  to  the  development  of  asthenopia, 
either  accommodative  or  muscular  (see  Asthenojna),  of 
excessive  accommodative  tension  and  progressive  my- 
opia (see  Accommodation  and  Bcfraction,  Myopia),  or  of 
convergent  or  divergent  strabismus  (see  Strabismus). 

Irregular  Astigmatism. — Under  this  title  Dondere 
has  included  all  visual  defects  due  to  irregularity  in  the 
general  form  or  in  the  surface  of  the  cornea,  and  also  to 
inequality  in  the  refraction  of  the  crystalline  lens  in  its 
different  sectors,  and  in  different  parts  of  the  same  secttor. 

Some  degree  of  irregular  astigmatism  is  present  in 
every  eye,  and  must,  therefore,  I?  regarded  as  normal. 
Under  this  head  falls  the  irregularity  in  refraction  which 
results  from  the  partial  scattering  of  the  rays  of  light  in 
passing  through  the  crystalline  lens.  If  we  prick  a  very- 
small  hole,  with  the  point  of  a  fine  needle,  in  a  card,  and, 
holding  it  a  little  within  the  anterior  focus  of  the  eye 
(14.8  mm.  =  0.6  inch  in  front  of  the  cornea),  look  through 
the  hole  at  a  bright  light,  the  shadow  of  the  pupillary 
opening  and  of  the  central  portion  of  the  crystalline  lens 
will  be  thrown  upon  the  retina  and  will  be  seen  as  de- 
lineated in  Fig.  375  (Donders).  If  now  we  move  the 
card  slowly  away  from  the  eye.  this  picture  will  change 
gradually  to  the  familiar  figure  which  we  call  a  star,  and 
which  we  see  when  we  look  at  a  star  in  the  heavens,  or 
at  a  distant  point  of  light.  If,  instead  of  a  luminous 
point,  we  look  at  a  minute  speck  of  white  pigment  on 
an  intensely  black  ground,  the  speck  will  appear  multiple 
{polyopia  monophthnhnira),  with  indications  of  a  stellate 
arrangement,  as  in  Fig.  376  (Helmholtz). 

If  we  look,  with  a  single  eye,  at  a  disk  made  up  of 
concentric  circles,  as  in  Fig.  377  (after  Helmholtz),  the 
circles  will  appear  wavy  and  confused  in  particular 
sectors  of  the  disk,  and  also  abruptly  bent  or  broken 
along  the  radii  which  separate  one  sector  from  another. 
From  this  and  from  the  preceding  experiment  it  is  evi- 
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dent  tlmt  tlii^cvo  iltH's  nol  focus  n  point  slmrply  upon  itn 
retina,  but  ntUicr  aa  a  smuH  ffnnip  of  imnt*.  cnch  oup  of 
vhicli  is  wen   Bomcwiiat  eiiianded  and  diatorled,  or,  in 


the  case  of  a  hrit>  t  pi>  n1   n 
lip  of  a  Dumlitrnf  poiiils  n 
toc<.Ui<r  fiul  rpnihrt  I  stiU 
abli  fine  miliHtinf;  Iti  i  n 
Th  IS    a   liHIiiant  flxi  I 
Btar  or  pliin  t  ts  sei  n  as 

maguitit  Ic  KlifmiM  il 
Imago  of  a  fixcA  Mar  ii 
the  most  powrrful  t<'l- 
mcfipe  is  Imt  an  in- 
tently brifiht  point  of 
Inappreciable  diamctiT, 
A  whiti-  (lot,  line,  or  let. 
Irr  on  a  bliK'k  grouiul  is 
similHrtywfn  expamlcit. 
ami  is  tliprcfiire  visibb 
nt  A  grcaltT  disluiict' 
tLnn  n  block  objoct  nf 
:   gi/o  upo 


it  ir  aliappd  fi)5'"'s  iiiaili> 
rar  Itss  I  mpli-tcly  fiifoil 
L  rompkx  by  Inouincr- 


i^ 


while   gmimd; 


till' 


otlmr  Iiand.  tin- 
tilt  black  iibjcct  im  ii  while  irr 
iilzi'il  at  IL  irreiiler  dislanit'  thii 
on  a  l>1iii'k  gnmnd.     This  plii' 


mill  mny  oflcn  Ix-  recog- 
lliiil  iif  iliv  bright  obji'i't 
■nicnoii  U  cnlliil  irnibiii- 
U"ii.  Tlie  phe- 
nonipna  nf  normal 
irrc'gulur  OHtigina- 

cated  also  hy 
iilxrnition  (if  ciir- 
v,Ltim-,  in  so  fur 


of  II 


from  till'  til. 
(■ally  perfect  cur- 
vulim-  re(|iiinitc 
fcir  tlii<  r.-fnictir.ii 
of    iiin'dr-iit    niys 

lis  ■vv.-ll  as  bv  the 
slijrbt    lne,jii,iHty 

*  den loiist ruble   in   almost 
t,  UierefoK,  be  coiwidcrcd  aa 


iioFiinil  Tfji'ibir  tcttijiiiuitimii .  Hence  the  retinal  image  Of 
H  Star  is  actually  Hcen  a  little  luiire  expanded  than  It 
would  Ik;  as  a  result  of  the  scattering  of  the  rays  of  light 
in  traversing  tlie  crystalline  lens,  and,  in  the  presence  of 
regular  astigmatiaiu,  the  xtar  is  also  seen  elongated. 

Abnormal  irregiiUir  aaliffitialuin  attains  perhaps  its 
bigheHt  gmde  in  coiiii»l  cornea  [itiiphyloma  peHufldum\ 
in  which  affertion  It  ntiiy  be  a  source  of  very  great  con- 
fusion of  Tision.  InUamniatory  processes  in  Ibe  comes 
may  lead  to  softeningsiidcansequent  irregular  distention 
of  llint  tissue:  and  changes  of  curvature,  both  parllll 
and  |j>tjil,  inav  follow  tliu  cicatriz.ation  of  corneal  woundi, 
inciaions  made  in  operations,  ulcers,  etc.  In  all  these 
cases  tlic  disturltancc  of  vision  may  often  be  re-solved  in 
purt  into  regular  astigmatism,  add  eight  may  then  be 
nuitenallj  improved  by  wearing  appropriate  cylindrical 
kIiism'4  in  oilier  cases  the  definition  of  objecbi  is  mucb 
improifd  hy  bmklng  through  a  small  hole  or  narrow  slit 
punclieil  in'a  blackened  card  or  in  a  Ihln  plate  of  metal; 
in  rare  Instances  It  may  be  Justifliible  to  attempt  to 
change  the  posUiim  uf  the  pupil  by  the  opeiatiua  ol 
irMf(fr««(C:ritelielt). 

Abnormal  irregular  astigmatism,  with  multiple  vision, 
mav  occur  as  a  result  of  changes  in  the  erystalllne  Itma, 
luctilent  to  the  Incipient  stages  of  cataract:  myopic  re- 
fnictii  n  also  may  lie  developed  at  the  same  time,  prob- 
Bill)  through  an  increase  In  the  curvature  i>f  the  lena 
surfaces,  John  Grmn. 


ASTRINGENTS.— Astringents— from  nd  (to)  and 
flriiifp  (I  binili— lire  agents  which,  acting  Incally,  pro- 
duce condensation  and  comigatlnn  of  tissues  by  precipi' 
tating  their  contained  albumin  and  gelatin,  and  by 
diminishing  the  aninunl  of  fluids  present  in  pnitnplaam. 
They  alwi  cause  contraction  of  living  muscular  fibre, 
possibly  by  direct  irritation,  Benretion  from  tnucoua 
nieinbriines  and  from  denuded  surfaces  is  Ici^ened  by 
astringents  which  produce  a  constricting  effect  upon  the 
capillary  bliHid-vessi-ls  and  also  pcrha|>s  at  tlie  same  time 
upon  the  gliinds  and  tlielr  ducts.  All  the  astringents  eX' 
cept  nlcoliul  ]inKlitc<>  simie  sort  of  cheraicnl  actiim  whSrh 
Iin>motes  di'Stnictive  metamorphosis.  Aleohiil,  on  tbe 
oilier  hand.  relnnU  tliese  n-trngtudeciinnges  In  llie  tis- 
sues. Tliu  HiilHlivision  into  regetoble  and  mineral  astrin- 
gi'iits  is  recognir.i-il  and  their  action  Is  eitlicr  lonil  or  n- 
niote.  Astringents  are  said  to  act  locally'  when  they  am 
npiiliiil  diret'tly  to  a  imrt  upon  which  ft  is  deslretl  Ut  pro- 
duce this  particular  kind  of  effect.  On  the  oilier  hand, 
they  act  reinott-ly  when  they  an'  taken  Intu  the  circulat- 
ing blood  and  are  thus  brought  in  conlact  with  O'ltalD 
internal  (remote)  organs.  Among  the  aslringents  wbieh 
are  used  in  this  way  are  dilute  siilpliuricacid.  gallic  arid. 
U-ail  acetate,  etc.  Accnnllug  to  some  authorities  ttata 
mode  of  action  of  axtriDgeiiLs  is  precUely  the  same  as  tlutt 
which  tiiki's  place  when  the  remedy  is  applif^  locally.  In 
tlio  onlinary  direct  manner.  Intestinal  and  urinan  aa- 
tringciits  are  terms  which  are  appl1e«l  to  certain  nmgs 
which  exert  a  spf'cinl  a.ttringent  influence  upon  tbene 
organs  of  the  Ixidy;  the  former  contracting  the  walls  of 
InttiStinal  vi-ssels  and  eiinstringing  tlie  Intestinal  niucoiM 
membrane,  while  the  latter  mnnifeHt  their  inlluence  tnalaly 
bv  dim ini,''! ling  the  exen-tiim  of  urine.  Astringents  are 
adniinistcreii  Inlemally  in  the  form  of  solutions,  pills,  or 

I  Wl'iIhIiIc  H.«lringcnts  depend  for  their  action  upon 
ll><'  {'oiiljiiiicil  lannleand  EBlticueids.  Tannic  acid  is  said 
til  lie  <tigallic  acid  anhydride.     It  is  a  cr^stalloidal  aub- 

I  sUince,  a  glucosiile.  having  the  formula  HC^mII.O*.  It 
ciimbines  with  colloids,  precipitates  jiepsin,  and  coagu- 

I  lates  albumin  and  gelatin.  In  this  respect  It  dll^ra 
from  piTllc  acid,  which  diiea  not  coagiilnteeither  albumin 
or  gi'latin.  and  which  is  tlicre'foni  lictter  adapted  for  in- 
li'miil  use.  In  fact.  Iiefnre  tannic  aclil  can  he  al«nrbed 
it  must  1m-  conv<Tt<-d,  in  the  system,  into  gallic  and  nyro- 
gallic  iicids.  Arranged  alphalM-tiCHlly.  the  vegetable  aa- 
triiigentsan-:  iilnus.  castiiiiea,  iMteehu.  dhispyros,  gatla, 
giTiinium,    gmnatum,    hamamells,    lin'ntatoiylon.  "heu- 

,  cbera,  kiuu,  krameria,  myrica,  nympbea,  quercus  alba. 
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rhu8  glabra,  rosa  glabra,  rubiiA  statica,  uva  ursi,  and  all 
other  substances  whicJi  contain  tannic  acid.  Among  the 
mineral  astrin]|^ents  niay  be  mentioned:  the  dilute  acids 
(acetic,  carl)olic,  muriatic,  nitric,  sulphuric),  alcohol, 
alum,  bismuth  subnitrate  and  otlier  bismuth  salts,  cad- 
mium sulphate,  chalk,  cocaine,  cerium  oxalate,  copper 
sulpliate,  creosote,  ferric  chloride  and  ferric  persalts,  lead 
acetate  and  subacetate,  zinc  preparations,  especially  the 
oxide  and  the  sulphate,  and  several  other  metallic  salts. 

Astringents  are  valuable  stypti(*s  and  lui^mostatics, 
and  they  also  hanlen  and  restore  tone  to  relaxed  tissues. 
They  cause  capillary  vessels  to  contract,  and  they  con- 
strict glands  and  their  ducts.  They  exert  some  control 
over  inflammation  and  they  diminish  the  secretion  from 
mucous  membranes  and  from  denuded  surfaces.  They 
excite  contractions  in  muscular  fibre,  and  they  cause 
spongy  granulations  to  wither  away.  AVhen  applied  to 
an  ulcerated  or  denudiHi  surfiice  they  bring  al)out 
(through  coagulation  of  the  pr()t^>plasniic  albumin)  the 
formation  of  a  pellicle  which  covers  and  protects  this 
surface  from  the  atmosphere  and  from  external  irritants. 
Thus,  pain  is  lessentni  at  the  sauK^  time  that  healing  is  i)ro- 
moted  by  astringents.  When  they  art*  administered  in- 
ternally, their  action  is  either  local,  or,  like  tonics,  which 
they  somewhat  resembh?,  they  impart  vigor  and  tone  to 
various  structures  of  the  botly.  Thus,  upon  the  nervous 
S}'8tem  they  may  exert  a  decided  and  oftentimes  a  l)ene- 
dcial  influence.  They  diminish  peristal! i(;  action  to 
some  extent.  With  three  exceptions  all  tLstringents  irri- 
tate more  or  less.  Thev  are  therefore  contraindicated  in 
acute  inflammation.  The  three  sedative  astringents  are 
lead  acetate  or  (subacetate),  cerium  oxalate,  and  bismuth 
subnitrate. 

Synergists:  Tonics,  espc-cially  the  bitter  tonics,  also 
those  agents  which  increase  retrognwlt?  metamorphosis. 

Antagonists  and  Incompatibles:  Vegetable  astringents 
are  incompatible  with  the  ''ic"  and  "ous"  salts  of  iron, 
also  with  the  salts  of  antimony,  ('o])per,  lead,  silve:*,  and 
zinc;  with  alkalies,  alkaloids,  and  ghicosides;  and  with 
pepsin,  albumin,  gelatin,  emulsions,  and  the  mineral 
aeids. 

Manner  of  Elimination  from  the  System :  Tannic  acid 
is  excreted  by  the  bowels  as  gallic  or  pyrogallic  acid.  It 
is  also  eliminated  by  way  of  the  kidneys. 

Uses  and  Therapeutic  Applications :  To  check  excessive 
secretion  from  the  skin,  as  in  hyperidrosis  or  in  night 
sweats;  to  check  secretion  from  mucous  membranes,  as 
in  the  various  catarrhs  (nasal,  buccal,  bronchial,  intes- 
tinal, urethral,  vesical,  vaginal,  etc. ) ;  to  lessen  secretion 
from  denuded  and  ulcerated  surfaces.  It  nui.st  always  Ikj 
remembered  that  astringents  are  not  to  Ix^  us(fd  until  the 
inflammation  rt>aches  that  stage  in  which  the  secretion 
from  the  inflamed  part  is  b<'ginning  to  Ik*  excessive. 
Capillary  oozing  or  hemorrhage  from  some  remote  organ, 
as  from  the  kidney  or  l)owel,  may  Ik?  controlle<l  by  the 
astringents;  gallic  acid  lK>ing  preferable  to  tannic  in  such 
cases.  Diabetics  insipidus  and  albuminuria  are  other 
pathological  conditions  in  which  the  use  of  gallic  acid  is 
indicated.  Where  the  i)art.  can  l>e  directly  reached,  as 
in  epistaxis,  hiematemcsis,  hemorrhage  from  h)wer  lM)wel, 
liemorrhoids,  rectal  fissure  or  ulcer,  prolapsus  nni,  sub- 
acute or  chronic  conjunctivitis,  otorrhtea,  etc.,  tannic  acid 
ia  preferable  to  gallic.  In  be(l  sores  or  wh<»n  excoriation 
ia  taking  place,  as  ui  dermatitis  an<l  intertrigo,  alcohol, 
bismuth,  or  tannic  acid  will  Im*  found  useful  as  a  m(>ans 
of  hardening  the  skin.  Finally,  since  tannic  acid  is 
chemically  incompatible  with  the  alkaloids  and  gluco- 
ddea,  it  may  serve  as  a  usi'ful  elM'inical  antidote  in  poi- 
aoning  froni  these  active  |»rin('iples.  It  acco!n])lishes  this 
good  effect  by  throwing  down  a  very  slowly  soluble,  or 
entirely  insoluble,  therefore  inert,  tannate  of  the  alkaloid 
orgluco.side  in  ({uestion.  Iaoh  L.  SitU/inon. 

ATAVISM.    See  Rfrmion. 

ATELECTASIS. — (Synonyms:  Apneumatosis;  colhipst^ 
of  lung.)  The  term  atelechna'ff  (art/j/g,  imperfect.  an<l 
Urxuiii,  dilatation)  is  used  to  designate  all  non-inflamma- 


tory conditions  by  which  either  the  whole  or  sliarply 
denned  portions  of  the  lungs  are  undistended  by  air. 
Two  forms  are  recognized:  congenital  and  acquired 
atelectasis. 

In  some  new-bom  babies,  more  or  less  extensive  areas 
of  the  lungs  are  unexpanded  by  the  forcible  extrance  of 
air  into  the  alveoli.  This  Cimdition,  which  is  normal  hi 
fetal  life,  becomes  pathological  when  it  continues  after 
birth,  and  is  named  congenital  ateleeiam. 

In  other  cases,  although  the  n^spiratory  functions  have 
been  thoroughly  established,  collapse  is  induced  as  a  con- 
sequence of  some  mechanical  impediment  to  the  move- 
ment of  air  through  the  bronchi ;  and  a  tract  of  lung  of 
variable  extent  becomes  again  condensed  and  airless,  as 
in  the  fetal  state.  This  is  called  acquired  aieleetams  or 
cvllapM  of  the  lung.  There  are  two  varieties:  collapse 
from  obstruction  and  collapse  from  compression. 

Atelectasis  is  comparatively  ran?  in  adults,  but  is  quite 
common  in  infancy  and  childhood,  especially  during  the 
first  few  months  of  life.  A  considerable  j^ercentage  of 
the  mortality  in  infants  is  attributable  to  this  cause. 
The  liability  to  the  occurn.»nce  of  pulmonary  collapse 
adds  gravity  to  all  dis<*ases.  but  esi»ecially  to  those  of 
the  respiratory  organs  at  this  peri<Ml  of  life. 

Etiolooy. — Congenital  atelectasis  is  not  commonly 
due  to  vice  or  disease  of  the  pulmonary  organs,  but  is 
pro<lueed  by  any  ctrnditicm  which  prevents  the  prompt 
and  eftleient  establishing  of  the  function  of  respiration 
after  birth.  It  may  be  the  result  of  caus(?s  which  have 
lK»en  in  operation  during  the  intra-uterine  life  of  the 
child,  or  which  luivc  originated  during  or  immediately 
succwding  birth.  Physical  weakness,  premature  birth, 
placental  separation,  com])ression  of  the  cord,  protracted 
labor,  and  kindred  conditions  are  common  causes  of 
atelectasis.  It  is  also  not  infrequently  due  to  plugging 
of  the  bnmchiolos  by  liquor  amnii  and  mucus,  sucked  in 
by  efforts  at  respiration  In^fore  the  head  has  deariHl  the 
matenial  passages.  Intracranial  effusi(ms  pn>ssing  upon 
the  pneumogastric,  the  resiilt  of  severe  protracttnl  or  in- 
strumental deliveries,  may  ho  place<l  among  the  rarer 
causes  of  this  affection  in  the  new-born. 

Atelectasis  from  obstruction  is  always  secondary  to 
some  disea.se  or  accident  which  interferes  mwhanically 
with  the  access  of  air  to  the  lung  cells.  The  lodgment 
of  a  foreign  IxKly  in  a  bronchus  may  result  in  alveolar 
collapse.  In  the  vast  majority  of  instan<'es  this  imi)edi- 
ment  is  the  presence  of  mucus  in  the  bn)nchial  tubes,  the 
effect  of  an  acute  or  chronic  bronchial  catarrh,  and  col- 
lapse is  therefore  a  frequent  complication  of  those  dis- 
eases, like  pertus.sis  and  measles,  in  which  bronchitis  is  a 
part  of  the  natural  history'. 

Whenever  one  or  more  tc^miinal  bronchioles  are  oc- 
cludeti  by  viscid  mucus  and  swelling  of  the  mucosa,  the 
(rollapse  of  that  portion  of  the  lung  fed  by  the  oljstructed 
tube  inevitably  takes  pla(;e  as  soon  as  the  imprisoned  air 
is  exi)elled  of  absorbed.  This  purely  mechanical  ex- 
])lanation  of  collapses  first  advanced'  by  Gairdner  of 
Edinburgh  and  adopted  by  nearly  all  writers  on  the  dis- 
eases of  children,  has  been  cliallenged  by  Holt  and 
others. 

AVeakncss  of  the  inspiratory  muscles,  and  the  conse- 
quent inability  to  overcome  the  ol>stacles  in  the  tubes,  is 
a  |iowerful  auxiliary  factor  in  bringing  about  collapse, 
and  hence  any  condition  which  decrea.<H*s  the  physical 
vigor  of  the  child  strongly  predisposcrs  to  this  accident. 
It  is,  therefore,  a  common  mabidy  among  those  enfeebled 
by  a  bad  inheritance,  by  chronit^  and  wasting  diseases,  or 
by  unsanitjiry  surroundings.  Hiekels  also  plays  an  im- 
portant rAle  in  the  cau.sation.  associated  as  it  is  with 
softening  of  the  ribs  and  narrowing  of  the  thorax. 

External  pressun*  may  render  a  lung,  or  any  portion 
of  it,  airless  (ntihciaxiH  jfnnH  cofHpntuiion).  Intrathoracic 
growths  or  exudations,  spinal  deformities,  and  upwanl 
displacement  of  the  diapliragn\  by  alxlominal  tumors  or 
effusions  may  cause  collaps*'  of  such  portions  of  the  lung 
as  an*  subjecte<l  to  pressure. 

MoRKii)  AxAT().\iY. — T\\v  colla]>s<>  may  involve  consid- 
erable areas  of  the  lung  {dijf'unc  tittUctanitf),  or  it  may  be 
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limited  to  small  and  scattered  patches  {Mmlar  ateleeians). 
These  varieties  are  found  in  both  the  congenital  and  the 
acquired  forms  of  the  disease,  but  in  the  former  the  lesion 
usually  involves  larger  tracts  of  tissue,  the  half,  or  even 
the  whole,  of  one  lobe;  it  is  most  frequently  observed 
in  the  posterior  and  inferior  portions  of  the  lungs,  in  the 
tongue-shaped  projections,  and  in  the  apices:  while  in 
acquired  atelectasis  the  patches  are  of  tcner  limited  to  iso- 
lated lobules  or  groups  of  lobules,  and  arc  more  widely 
disseminated  througli  the  parenchyma  of  both  lungs. 

The  collapsed  portions  are  depressed  below  the  general 
surface  of  the  lung,  feel  tough  and  dense,  like  soft  leather, 
and  are  of  a  dark  blue  or  steel  color.  They  are  airless, 
do  not  crepitate  upon  pressure,  and  sink  readily  when 
thrown  into  water.  When  thev  are  incised,  the  section 
is  smooth,  non-granular,  and,  if  scraped,  exudes  a  small 
({uantity  of  bloody  serum.  After  death,  if  the  IcsioH  is 
recent,  the  atelectatic  portions  can  be  readily  inflated 
through  the  bronchus,  and  instantly  assume  the  color 
and  qualities  of  normal  lung;  but  after  some  time  has 
elap^,  thev  undergo  clianges  which  destroy  their  dila- 
tability,  ana  eventually  end  in  the  total  disappearance 
of  the  vesicular  structure.  The  pleura  is  normal  in  un- 
complicated cases. 

'When  a  considerable  tract  of  lung  is  disabled,  impor- 
tant changes  ensue  in  the  unaiTected  tissues  and  also  in 
the  organs  of  circulation.  Pulmonary  emphysema  is  a 
common  sequel.  The  impcnliment  to  the  movement  of 
the  blood  through  the  lungs  results  in  stasis  in  the  pul- 
monary arterj'  and  the  entirt*  venous  system,  and  leatls  to 
hemorrhagic  infarctions  and  oedema  of  the  unaffected 
lung  tissue.  The  same  condition  also  tends  to  prevent, 
in  congenital  cases,  the  closure  of  the  fetal  channels  of 
circulation,  especially  the  foramen  ovale. 

Sympto.ms  and  Course. — The  symptoms  of  atelectasis 
are  chiefly  those  of  "inefllcient  breathing  and  incomplete 
decarbonization  of  the  blood."  They  exhibit  varying 
degrees  of  severity  in  proportion  to  the  rapidity  of  de 
velopment  and  the  amount  of  lung  tissue  involved. 
When  the  collapse  is  limited  to  scattered  lobules,  the 
symptoms  are  b}'  no  means  marked  or  distinctive.  But. 
on  the  other  hand,  if  it  be  so  extensive  as  suddenly  to 
arrest  the  function  of  a  large  part  of  both  lungs,  death 
may  take  place  almost  instantlv.  This  occasionally  oc- 
cura  in  whooping-cough  or  ciipillary  bronchitis,  affecting 
feeble,  young  children. 

The  8ymi)toms  of  congenital  atelectiisis  are  usually 
present  from  birth.  In  a  large  majority  of  instances  the 
infant  is  born  more  or  less  (leeply  asphyxiated,  respira- 
tion is  established  with  difficulty  and  is  notably  inefficient, 
but  not  always,  for  occasionally  the  child,  although  less 
vi;:^orous  than  usual,  exhibits  no  serious  lung  symptoms 
for  some  days  or  weeks  aftcT  birth. 

The  liteniture  of  tlie  su])ject  funiishes  numerous  ex- 
amples of  eliildren  who  have  lived  for  sevend  weeks 
with  a  considerable  portion  of  tlie  liini^ — even  an  entire 
lobe — atelectatic,  and  so  altered  in  structure  as  to  be  in- 
capable of  inflation  after  death. 

A  noted  case  is  reported  by  Dr.  Ryan  (London  hinnt, 
vol.  i.,  1868.)  A  child,  aged  live  weeks  and  in  good 
condition,  died  suddenly.  At  the  coroner's  inijuest, 
both  lungs  were  found  shrunken,  inelastic,  non-crepitunt 
on  pressure,  and  presenting  in  every  particular  the  usual 
appearances  of  fetal  lung.  Tiiey  s^mk  in  water,  and 
when  thev  were  cut  into  many  ])ieces  no  portion  of  them 
floated.  The  microscope  showed  an  absence  of  cellular 
structure.  Ilolt  comments  on  the  frecjuency  with  which 
the  discovery  is  made  that  a  child,  usinir  le^«  than  one- 
half  of  its  lung  tis.sue,  has  lived  for  months  without 
showing  marked  signs  of  cyanosis. 

The  breathing  is  fast  and  shallow.  The  child  lies 
quietly  without  attempting  muscular  movements,  and 
his  whole  demeanor  indicates  lack  of  vi<ror.  .Most  of  the 
time  is  passed  in  sleep.  The  cry  is  not  loud  and  strong, 
but  is  a  piteous  moan  or  mere  whimper,  and  at  times 
almost  inaudible.  The  child  nurses  feebly  or  not  at  all. 
The  surface*,  especially  the  face  and  tinirer  tii)s.  become 
cyanotic  and  the  extremities  cold.     The  temperature  is  \ 


normal  or  subnormal,  and  the  pulse  feeble  and  rapid. 
The  fontanelle  is  depressed. 

In  tlie  unfavorable  cases,  these  symptoms  become  more 
pronounced,  and  muscular  twitciiings  foreshadow  the 
coma  or  convulsions  which  so  often  immediately  precede 
the  fatal  termination.  It  is  not  at  all  uncommon  for 
still-bom  children  who  have  been  resuscitated  with  diffi- 
culty, perhaps  by  the  prolonged  use  of  artificial  respira- 
tion, to  die  suddenly  after  a  feeble  existence  of  a  few 
hours  or,  at  most,  a  day  or  two.  In  many  of  these  cases, 
even  when  the  breathing  has  been  apparently  thoroughly 
established  and  the  cries  fairly  strong,  the  post-mortem 
examinations  have  shown  that  only  very  limited  portions 
of  the  lungs  had  been  inflated.  The  autopsy  usually  re- 
veals a  patulous  foramen  ovale  and  sometim^  thromboses 
of  the  cerebral  sinuses. 

Acquired  atelectasis  is  always  a  secondary  affection, 
and  the  symptomatology  is  largely  influenced  by  the  an- 
tece<lent  disease.     As  previously  stated,  it  almost  invaria- 
bly occurs  as  a  complication  of  primary  bronchitis,  or  of 
one  of  those  speciflc  diseases  of  which  bronchial  catanh 
is  an  essential  element.     When  collapse  of  a  considerable 
area  of  lung  occurs  in  the  course  of  a  pulmonary  catarrh, 
the  symptoms  at  once  assume  a  graver  physiognomy. 
The  breatliing  is  more  hurried,  very  shallow,  and  altered 
in  rhythm;    the  respirations  sometimes    number  from 
70  to  80  in  the  minute.     The  child  grows  more  restless, 
the  lips  become  cyanosed,  the  extremities  cold,  and  the 
whole  api)earance  indicates  profound  depression.    Tlie 
temperature  falls  below  normal.     The  nares  dilate  widely 
with    each    inspiration.     The   suprasternal    depression, 
and  the  deep  sulcus  around  the  base  of  the  chest  which 
forms  with  every  inspiration,  attest  the  physical  diffi- 
culty of  getting  sufficient  air  into  the  lungs.    When 
these  symptoms  are  present,  unless  the  obstruction  in  the 
bronchial  tubes  is  promptly  removed,  permitting  the  five 
access  of  air  to  the  closed  vesicles,  the  child  sinks  into  a 
state  of  stupor,  and  dies  asphyxiated  or  in  convulsions. 
Such  severe  symptoms  are,  however,  exceptional.    In 
most  ca.ses,  the  collapse  involves  only  scattered  lobules, 
and  is  indicate<l  by  symptoms  similar  to  those  just  enu- 
merated, but  less  violent. 

The  phj'sical  signs  of  atelectasis  vary  with  the  extent 
of  the  lesion.      If  several  contiguous  lobules,  or  the 
gr(?ater  part  of  a  lobe  is  affected,  so  as  to  cause  consolida- 
tion of  a  considerable  area,  the  physical  signs  are  pri>- 
nounced;  but  when,  as  happens  ma  fair  proportion  of 
the  cases,  the  collapsed  patches  are  disseniinateii  Uirtm^h 
both  lungs  and  vary  in  size  from  a  pea  to  a  tillK-rt.  eacb 
consisting  of  one  or  more  h)bules  si^parated  by  a  network 
of  normal  cells,  the  physical  signs  are  necessarily  ne^nitive. 
However,  the  very  absence  of  signs  in  the  pn»seDce  of 
decided  lung  symptoms  will  assist  in  the  diagnosis.    For 
example,  if  in  the  progress  of  a  mild  bronchitis,  without 
corresponding  increast^  in  fever,  grave  symptoms  sud- 
denly arise, — the  dysj)n(ea,  lividity,  and  general  distress 
being  greatly  aggravated, — and  physical  interrogatioDof 
the  cliest  reveals  no  solidification  of  the  lungs,  the  oc- 
currence of  lobular  collapse  offers  the  only  satisfactory 
explanation  of  the  sudden  change. 

When  present,  the  physical  signs  are  those  of  consoW 
dated  lung.     The  sonority  of  the  chest  is  diminished ovt:*^ 
th(i  affected  spots,  but  the  dulness  has  a  marked  tymp^' 
nitic  (pialitv  owing  to  the  proximity  of  nonnal  lur*  3?* 
and  especially,  as  commonly  occurs,  if  emphysematr>'*^* 
patches  surround   the  collapsed   lobules.     The  nom^, 
breathing  sounds  are  absent,  and  may  l>e  replaced    '^• 
bronchial   respiration   and   bronchophony.     Vocal  rc^*^^  ^ 
nance  is  incn-ased,  and  in  accjuired  atelectasis  abundt^^^ 
mucous  nlles  are  audible  over  the  entire  chest.     A  vf 
important  and  characteristic  feature  of  atelectasis  is 
suddenness  with  which  the  physical  signs  an»  cbang* 
Occasionally,  during  an  examination,  dulness  and  bi 
chial  breathing  will  be  replaced  by  nonnal  resonanc*' 
vesicular  murmur;  or  within  a  brief  pericnl.  abnor 
sounds  may  appear  and  disjippear  in  different  portions^ 
the  lungs.     This  can  happen  in  no  other  pulmonary 
ease,  mid  depends  upon  the  closing  of  the  bronchi 
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plugs  of  mucus  ami  their  spcctly  removal  by  forced  ex- 
piimUon  in  coughiog.  cr}'iDg,  etc. 

DiAGNosiB.— -The  recognition  of  congenital  atelectasis, 
if  extensive  enough  to  give  rise  to  symptoms,  is  conif)ara- 
ti vely  easy.  But  the  post-natal  form  is  always  associated 
with  other  morbid  conditions  which  render  Uie  diagnosis 
difficult  and  sometimes  impossible. 

Capillary  bronchitis,  catarrlial  pneumonia,  and  lobar 
pneumonia  are  tlie  only  diseases  for  which  collapse  is  lia- 
ble to  be  mistaken,  (-atarrlial  pneumonia  is  rarelv  devel- 
oped except  in  portions  of  the  lung  already  collapsed, 
and  hence  cannot  Im^  differentiat^Hl  l)v  physical  signs 
alone.  Diffuse  atelectasis  differs  fn)m  lobar  pneumonia 
in  the  absence  of  fever,  tlie  percussion  note  is  more  tym- 
panitic, bronchial  respiration  is  k*ss  markinl.  and  the  crepi- 
tant rdle  is  absent.  The  suddenness  with  which  the 
physical  signs  are  manifi'sted  and  reach  their  full  dev(>1- 
opment  in  collapse  is  an  important  diagnostic  point.  If 
in  the  course  of  a  bronchial  catarrh  symptoms  of  con- 
siderable severity  suddenly  su]>ervene,  such  as  rapid  and 
shallow  breathing,  duskiness  of  th(^  face,  faint  cough  and 
feeble  cry,  witli  little  or  no  increjisi'  in  fever,  the  nature 
of  the  attack  can  sc^rcelv  be  doubtetl.  If  along  with 
these  symptoms  the  physical  evidence  of  solidified  lung 
is  present,  the  chain  of  evidence  is  complete. 

The  thermometer  renders  valuable  aid  in  differentiating 
between  the  above  diseases.  Capillary  bronchitis  is 
normally  attended  with  only  moderate  febrile  move- 
ments, the  mercury  fluctuating  Iwtween  101 '  F  and  103" 
F.  A  sudden  exacerbation  of  fever  in  bronchitis,  in 
which  the  thermometer  registers  104''  F.  or  higher, 
strongly  .suggests  the  onset  of  catarrlial  pneumonia .  on 
the  other  liand.  a  sudden  fail  of  the  mercury,  without 
cf)rresponding  iinpn)vement  in  the  symptoins,  points 
strongly  to  collapse. 

Prognosis. — In  congenitiil  atelectasis,  if  restorative 
measures  areadr»pt4Hl  earlv  and  the  lesion  is  not  extensive, 
the  prognosis  is  gtMKl.  liut  if  the  child  be  premature  or 
feetne,  or  if  the  fetal  circulatory  openin^^s  are  uneloscnl, 
tlic  outlook  is  iNid  in  the  extreme.  The  prognosis  in 
acquired  atelectasis  is  always  gmve;  ami  if  the  c(mdition 
occurs  in  whooping-cough,  it  is  a]>t  U>  l)c  fatjil.  Con- 
vulsions are  of  bad  cmien.  Lobular  collapse  is  the  initial 
lesion  in  many  cases  of  catarrhal  pneumonia,  of  winch 
caseous  degeneration  and  phthisis  nrc>  not  infn'(iuent 
aetiuels.  Emphysi»ma,  more  or  less  extensive,  is  nearly 
always  left  lx*hi'nd,  if  any  cr)nsiderable  tmct  of  lung  has 
been  involvetl  in  the  collapse*. 

Trkatmekt. — The  tniitment  consists  in  the  adoption 
of  measures  and  n>medies  to  strengthen  the  nfsi)irat<>ry 
process,  to  clear  the  air  p&s.sages  of  all  obstructions.  an(l 
to  sustain  the  stn>ngth.  Artificial  respiratitm  by  any  of 
the  recognized  metluxls  is  of  gn-at  importanct;  in  c<mgeni- 
tal  cases.  In  crying  and  coughing,  d(>(>p.  full  inspirations 
arc  instinctively  taken,  and  hence  these  acts  should  be 
freciuently  provoke<i.  Nothing  conduces  mon.'  Ktn)ngly 
to  perpetuate  atelectiisis  tlian  to  indulge  a  feeble  infant 
in  a  vegetative  existence.  Infants  should  not  1h*  per- 
mitted to  sleep  too  long  at  one  time,  or  to  n>nmin  any 
great  length  of  time  in  the  same  position.  Th<;  InkIV 
Beat,  often  subnormal,  should  Ik*  carefully  main  tinned  by 
swathing  the  infant  in  cott4)n  or  tiannel.  and  in  extreme 
cases  it  may  be  kept  for  days  or  weeks  in  an  ineulmtor. 
In  acquirtHi  or  post-natal  atelectasis  reiiuMlies  addressf^l 
to  the  bronchial  catarrh,  pleurisy,  or  other  associated  dis- 
eases are  indicated  and  will  1k'  discuss<><l  in  other  columns 
of  the  Handbook.  It  is  only  pmper  to  n-nuirk  hen*  that 
those  remedies  .should  1h>  chos<'i)  which,  like  the  prepam- 
tions  of  ammonium,  increase  the  flow  of  scrum  and  lessi'U 
the  viscidity  of  the  touirli  se<Tetion  which  oc<'lu(lcs  the 
bmnchioles.  Opiates  shouM  he  sparintrly  used.  If  not 
contraindicatcil  !)y  debility,  «Mnetics  serve  the  twofold 
purpose  of  expelling  vis<i<l  phl<"jMi  from  the  l)ronchial 
tubn*  and  producing  powerful  inspirations.  Those 
emetics  only  arc»  a<linissil>le  whi<-h  act  proinjjtly  aii<i 
with  little  d'epn'ssion,  as  sulphate  of  eopperand  ii»eeac. 
Alcoholic  stimulants  are  alwavs  indicatcii.  Hot  iinmer- 
rion  baths,  made  more  stimulating  In*  the  additi(m  of 


mustanl,  and  mildly  irritating  embn)cations  to  tlie  eh 
are  useful.     Nutritious  diet  and  t4mics,  by  w^hich  t 
respiratory  muscles  gain  p<*nnanent  volume  and  vin 
constitutes  our  chief  reliance,  as  soon  as  the  immedla 
danger  is  tided  over.  If".  J,  Conidin, 

ATHEROMA.    See  Blood-  VemU,  DiseoM  of. 

ATHETOSIS  (oBeroc,  without  fixed  position).— A  cere 
bral  affcK;tion  cliaract^'rizctd  mainly  t)y  ctmtinuous,  slow, 
deliberate  motion  of  t\w  fingers  and  toi'S,  and  by  inabil- 
itv  to  retain  them  in  any  position  in  which  tliey  may  be 
placed. 

This  new  differentiation  lK*ing  now  n»cognlzed  by 
eminent  imthologists  lM)th  in  English-speaking  and  con- 
tinental countries,  there  is  a  deluge  of  n*iK)rtetl  cases  of 
athetosis,  many  of  which,  however,  an*  not  strictly  in 
acconl  with  tlie  definition :  but  the  det4iiis  in  regard  to  tlic 
affection  an*  well  described,  notwithstanding  the  objec- 
tions r»f  those  who  saw  in  athetosis  nothing  more  tluui  a 
comi>lex  symptom,  or  a  variety  of  post- hemiplegic  chorea. 

Sy.\iit()'m8. — The  morbid  movements  of  the  fingers  and 
t(K*s,  symptomatic  of  athetosis,  are  involuntary,  gro- 
tesijue,  and  ctmiplex  in  cluiracter.  being  of  a  more  com- 
plicate fonu  than  those  of  sinipU*  fiexion  and  extension. 
The  c<mtraetions,  which  do  not  cea.st»  even  during  sleep, 
come  on  slowly  with  appan>nt  deliU'ration  and  ivith 
gn*at  force.  The  fingers  and  toes  assume  various  dis- 
torted i)ositions,  and  carry  out  movements  that  would 
l)e  nearly  impossible  in  the  normal  sttite.  There  is  a 
pe<-uIiar*distort4Hi  position  of  the  thumb  and  of  the  in- 
dex finger,  with  sprawling  alKiuction  of  the  other  fingers, 
which  the  haml  constantly  tends  to  assume  in  typical 
ciLses.  and  when  once  mtni  can  never  Ik*  mistaken.  *  That 
which  apiH'ars  to  Ik*  pathognomonic  of  athetosis  is  the 
lonilization  and  the  peculiarity  of  the  incessant  complex 
involuntary  movements  of  the  smaller  and  more  rapi<lly 
acting  mus<'les  of  the  limlw.  They  s(»em  to  prefer  the 
ix'ripheric  ends  of  the  extremities,  such  as  the  fingers 
and  t<H*s.  an<l  rarely  the  face.  A  gliding  protru.Hiou  of 
the  hi'ad  is  occasionally  a  characUtristic  of  the  disease, 
and  in  exct>ptional  c}i.s(*s  the  morbid  kinesis  has  extended 
t4)  ev(fry  vohintary  muscle  of  the  iKxly.  The  natient  is 
abh'  to  contn)l  these  movements  for  a  limit^Hl  time  bv 
IK)siti(m  and  the  exercise  of  an  extreme  effort  of  the  will ; 
Init  the  disor(h*r  is  incr(*}ise<l  by  attempts  at  n^rstrahit,  by 
exhaustion,  cold,  and  emotion. 

The  es.s<fntia1  featun*  of  the  disease  seems  to  U?an  inco- 
onlination  iM-tween  the  flexors  and  extensors  of  the 
mu.s(*lesof  the  fingers  and  t(M'S,  in  consequence  of  a  lesion 
in  i\n'.  centre  contnilling  the  muscular  movements  of 
these  memlH'rs.  It  has  )K*<>n  notiKl  that  the  phenomena 
have  i>artly  the  character  of  associate<l  movements,  for 
while  the  finders  moved,  the  ann  was  hard  and  rigid,  and 
during;  the  motion  of  the  tiX'S  the  muscles  of  the  calf 
wen-  in  a  state  of  tonic  contract itm.  The  muscles  of  the 
affH'ted  extremity  are  hyiH'rtniphied:  but  it  often  hap- 
{H'ns  that  the  hand  and  forttaffcrted  may  l)e  atn)phied. 
Then*  is  also  vasomotor  disturUmct*  in  the  affectwl  ex- 
tremity, which  may  Ix'  nnl,  livid,  moist,  and  colder  than 
the  com»spon<ling  extn-mity.  an<l  i>ain  may  also  occur  in 
the  affect^Ml  liml>s.  In  8<mie  cases,  tin*  electric  contrac- 
tility of  the  muscles  is  enfi*eble<l  or  it  is  increas*'^!:  in 
others,  it  is  nonnal.  Hebixatitm  of  the  ligaments  and 
joints  of  the  affwted  extremities  has  also  been  n<»te(l  as  a 
characteristic.     The  ankle  clonus  is  fre<ju<*ntly  pres<*nt. 

TIm*  a<lvent  of  athetosis  is  always  su<l<h'n.  and  in  iu(»st 
ca«*s  (K-curs  in  young  children  whose  hen-ditary  antece- 
dents an*  Iwd,  of  in  thost}  who  have  sutfcreil  from  an  attack 
<if  convulsion  and  uncons<'iousness.  nr.  what  ismon*  c<»m- 
mon,  hemiplegia.  adistiiK't  attjick  <»f  which  in  many  cases 
prectnles  the  apixiiranci'  of  tin*  clonic  spasm.  It  is  often 
a.ss(K*iated  with  epilepsy,  idiocy,  chronic  hydroceplialus, 
and  imbecility.  Hammond  s-iys.  however,  that  of  the 
eight  ca.s<'S  (»ecurrin;r  in  his  experience,  hemiplegia  was 
not  an  antecredent  <'ondition  in  four.  Mon*  recent  au- 
thority is  that  athetosis  is  found  in  twent}'  ]H?r  cent,  of  all 
cases  of  hemii)legia  and  infantile  cerebral  palsy.    It  liaa 
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also  been  observed  indninkaniH  and  occasionally  in  tabes 
and  general  paresis.  Adults  of  irregular  liabits.  between 
thirty  and  tliirtj'-five  years  of  age,  are  the  occasional  sub- 
jects of  the  affection.  Two  cases  are  reported  to  have 
occurred  at  the  ages  of  forty -eight  and  tlfty -seven  respec- 
tively ;  and  two  others  in  consequence  of  sudden  fright 
in  girls  of  seven,  both  of  whom  had  histories  of  hemi- 
crania  confined  to  the  left  side;  and  in  another  case  the 
mother  was  exposed  in  pregnane v  to  violent  psychical 
excitement.  A  case  is  reported  to  liave  followed  infantile 
enceplialitis.  Another  followed  diphtheria,  another  a 
bum,  and  another  a  gunshot  wound.  It  is  not  known 
tliatsex  is  an  etiological  factor,  nor  do<*s  the  affection  ap- 
jxiir  to  be  confined  more  to  one  side  than  to  the  other.  In 
thirty-five  cases  it  was  confined  to  the  ri^ht  side  in  nine- 
tiH'n,' and  to  the  left  in  sixteen.  When  athetosis  iscon- 
finefl  to  one  sitie  of  thelKxly  it  is  designated  as  luiihtteral 
or  haniathelo^U,  and  is  symptomatic;  of  disease  of  the 
cerebral  centre. 

Double  or  bilateral  athetosis,  which  usually  dates  from 
in  fane  V,  is  generally  idiopathic  and  unaccdnipanic*d  by 
hemiplegia;  it  occurs  in  cas<'s  in  which  then^  is  ])n>bable 
atrophy  of  the  bmin.  In  fact,  there  se<*ms  to  Ik*  a  close 
rehition  between  cerebml  atrophy  and  this  affection,  the 
reas<m  for  which  is  not  clear.  A  cas<i  is  n*port«l  in  which 
the  spasms  occurred  in  the  right  hand  and  the  left  fiM^t. 
The  muscles  of  the  face  and  neck  appear  to  Ik?  affecte<l 
to  a  gn^ater  extent  in  this  form  than  in  the  unilateral; 
tliere  are  no  .s<msr)ry  disturlwinces;  the  refiexcs  arc  in- 
crea.seil;  the  mental  condition  is  variable;  it  may  or  may 
not  \m»  associated  with  idir»cv,  and  the  disorder  is  not 
necc*ssjirily  i)ost-hemiplegic. 

DiAi.xosis. — Athetosis  l>eing  a  combination  of  symp- 
toms somewhat  n'wmbling  panilysis  agitans.  care  should 
b<*  taken  not  to  <*r)nfound  it  with  that  affecticm.  A  like- 
ness to  athetosis  is  also  found  in  senile  trembling,  in  the 
tremor  (iharactrristic  of  mercurial  pois<ming,  and  in  that 
of  disseminated  s<*lerosis  of  the  nerve  centn.'S.  Other 
analogous  conditions  are  the  s{>astic  contractions  com- 
mon after  hemi]>legia  in  childn'u,  and  the  movements 
that  take  place  in  chon^a.  Athetosis  may  be  distin- 
guished from  all  thes<}  by  the  peculiarity  of  the  move- 
mr*nts.  which  are  slow,  systematic,  uniform,  and  appar- 
ently determinate.  They  have  not  the  quick,  jerky,  un- 
exi)e(;te<l  character  presented  by  other  forms  of  clonic 
spiusm.  but  are  slower  and  of  a  gliding,  quasi-rhythmical 
character  that  may  Ihj  compared  to  the  peristiiltur  m'tion 
of  scmie  invfjluntary  muscles,  or  to  the  movements  in  mus- 
cles affected  by  a  peculiar  form  of  cramp.  The  anoma- 
lous position  of  the  hand,  which  is  an  exaggeration  of 
tlmt  assumed  by  a  l>as4*ball  catcher,  is  an  excellent  diag- 
nostic sign;  slowness  of  sp(?<?ch  and  impairment  of  the 
intellect  are  also  <iiagnostic  aids.  Electric  excitability  is 
increas(Ml  in  chorea;  in  athetosis  it  is  normal. 

PATnoL<K*v. — Though  the  pathological  anatomy  of  the 
aff(!Ction  may  not  Ix*  state<l  in  such  clear  terms  as  its 
clinical  i)henomena,  yet  the  cast's  .st^m  to  wammt  the  act 
of  making  a  distinct  pathological  entity  of  athetosis  and 
the  placing  of  it  in  the  cat(?gory  of  bndn  dis<*»i.«»es.  The 
pathological  characteristics  appear  to  be  degenerative 
changes  in  the  corpus  striatum  and  the  optic  thalamus. 
In  onen^conUrd  cast*  the  dis(>a.s(*  was  thought  to  In*  caused 
by  an  embolus  bl<H>king  the  middle  cerebral  artery;  and 
the  post-mortem  examination  showed  the  disease  to  In? 
limited  to  the  optit;  thalamus,  the  corpus  .striatum,  and 
the  part«  just  ext<'nial,  thus  justifying  Dr.  Hammond's 
origmal  surmise  as  to  the  pnilMiblest'at  of  the  affection, 
before  he  hmi  as  yet  had  an  opportiuiity  to  ascertain  by 
nwropsv  the  nature  of  the  lesion  that  causes  tlu*  symi>- 
toins.  Yhe  true  nature  of  this  class  of  ca.s<'S,  however, 
awaits  further  pathological  evidence.  IaxXqt  observei-s 
think  that  the  clinical  manifestJitions  of  athetosis  nn> 
owing  to  functional  disturlninces  or  obliquity  in  tlie 
motor  centres  rather  than  to  any  recognizable  structund 
chang<». 

TnKATMKNT. — So  far  but  few  cases  of  athetosis  have 
recovered.  Slight  cases  may  do  so  ai>proximately. 
Sedatives  and  nerve  tonics  and  the  application  of  galvan- 


ism are  recommendeil.  The  chlo.ide  of  barium,  arsenic, 
ergot,  and  cannabis  indica  liave  all  been  given  with  indif- 
ferent results.  On  the  <me  liand,  it  is  reported  that  Duuiced 
improvement  follows  the  application  of  the  constant  cur- 
rent; on  the  other,  that  l>oth  galvanization  and  faradiza- 
tion lead  to  no  results.  It  would  probably  be  well  for  the 
patient  to  exercise  the  fingers  by  a  graduated  system  of 
lifting  in  conjunction  with  vigorous  efforts  of  the  wHl. 

Irting  C.  Bosk, 

For  more  detailed  and  systematic  Information,  with  oopioiis  bfbUo- 
(n^phlcal  referenotA,  the  reader  may  consult  SeellfrmQller:  **U6l»r 
Atbetotie,'*  Scbmldt*8  JabrbQcher,  Leipzig.  1881 ;  BflcbailovskL  Dlml- 
trl:  Irani :  '*  Etude  clinique  sur  Tathetose  double/*  Paris,  18BB;  also 
current  numbers  of  Giomale  di  Neuropatologla,  NapolL 

ATLANTIC  CITY.— New  .Tersely.  This,  a  mueh-fre- 
quented  resort  for  invalids,  is  situated  on  the  coast  of  New 
Jersey,  fifty-seven  miles  southeast  from  Philadelphia. 
It  is  conne<*ted  with  the  latter  city  bv  three  lines  of  rail- 
road, (me  of  thesi>  being  a  branch  of  the  Philadelphia  and 
Reading  Railroad  and  the  other  two  forming  a  part  of 
the  Pennsvlvania  Railroad  system,  bv  means  of  which  it 
is  placed  in  din»ct  connecti()n  with  JJew  York  and  New 
P^ngland,  as  well  as  with  the  West  and  South.  One  of 
the  lines  of  the  latter  company  now  crosses  the  Delaware 
River  alM)ve  Philadelphia  by  a  bridge,  so  tliat  the  former 
inconvenience  of  fernage.  in  going  to  Atlantic  City  from 
western  and  southern  points,  may  \m*  avoided. 

Atlantic!  Citv  is  in  latitude  39'  22',  and  could  at  one 
time  l>e  properly  descril»e<l  as  situated  at  a  point  on  the 
upper  part  of  Absecom  Beach,  an  Isbind  ten  miles  long 
and  avemging  al)out  half  a  mile  wide;  but  with  its 
suburbs  of  Chelsea,  Ventnor.  South  AtUintic  City,  and 
Longport  (the  first  two  of  which  liave  l)ecome  practi- 
cally continuations  of  the  main  resort),  it  now  really  in- 
cludes the  entire  isbind,  though  there  are  still  consider- 
able gjips  of  uno<*cupie<l  l>each  in  its  lower  part.  A 
trolley  line  extends  fn>m  one  end  of  the  island  to  the 
other,  thus  clo.sely  connecting  the  various  suburbs  with 
Athmtic  City  proper. 

Absecom  Beach  lias  a  very  dry,  porous,  sandy  soil  and 
is  se])anited  by  a  narrow  arm  of  the  sea  from  "the  main- 
land of  South  Jersey.  Almost  this  entire  region,  which 
includes  I^akewood,  Hammonton,  Vineland,  and  other 
towns  of  greater  or  less  importance,  lias  become  famed 
for  the  salubrity  of  its  climate,  the  sandy  iMirrens  covered 
in  places  with"  pine  forests  having  a  "dryer  air  than  la 
usually  found  at  the  same  pmximity  tothe  sea.  The 
fact  that  the  winds  from  the  west,  northwest,  and  north 
must  pass  for  many  miles  over  this  sandy  region  has 
doubt l(>ss  something  to  <lo  with  the  peculiar  quality  of 
the  air  observed  by  most  visitors  to  Atlantic  City,  espe- 
cially its  dryness  when  the  wind  is  from  the  landwanL 

The  writer,  who  practised  for  twenty  years  in  Atlimtic 
City,  deems  it  right  to  n^conl  here  as  the  result  of  his 
own  observaticm  the  fact  that  the  air  there  is  nearly  al- 
ways tonic  and  invigorating  from  whatever  quarter  the 
wind  may  blow,  but  that  directly  on  the  beach  or  ocean 
front  it  is  comparatively  moist  wlien  there  is  a  8M 
breeze,  as  must  be  the  case,  of  course,  at  all  seaside 
l<K'alities.  As  to  a.sthma,  there  is  no  uniformity  in  the 
infiuence  of  the  climate*.  Many  cases  of  it  are  aggravated 
there  decidedly,  but  nearly  aii  etjual  number  of  those 
seen  by  the  writer  cxperienctKl  benefit.  It  would  be  un- 
wis<»  for  any  asthmatic  {tatient  to  arrange  for  a  long  stay 
at  Atlantic  City  until  after  testing  the  climate  by  sojourn- 
ing there  a  night  or  two.  While  some  were  glad  to 
escape  after  passing  a  single  night  of  distress,  otiiers, 
who  always  suffered  severely  elsewhere,  sojourned  for 
considemlde  {x^riixls  there,  and  in  some  instances  an  en- 
tin'  winter,  without  an  attack. 

With  reganl  to  patients  aflfected  with  pulmonary 
phthisis,  the  more  populous  parts  of  the  town  are  not  so 
well  suit(>d  to  them  as  the  newer  suburbs  below.  Dur- 
ing his  residence  there  the  writer  was  accustomed  fre- 
(|uently  to  .s<.*e  cases  of  wirlv  phthisis  pn)gres8  favorably 
in  Atlantic  City,  but  those  in  the  second  and  thinl stages 
did  not  often  do  well  unless  in  a  very  stationary  condition. 
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when  the  stimulating  character  of  the  air  sometimes 
seemed  to  effect  improvement  even  in  them. 

In  rheumatism  and  neuralgia,  as  with  asthma,  th<3 
effects  were  various.  Some  cases  were  aggravate<l, 
especially  when  the  sufferers  while  at  the  shore  followed 
their  accustomed  self-indulgent  habits  of  eating  and 
drinking  with  little  or  no  exercise.  Others  who  had 
learned  to  live  hygienically  and  did  not  indulge  too  far 
the  enormous  appetite  which  the  sea  air  usually  pro<luces, 
often  gained  decide<lly  in  health.  In  in.somnia  there  was 
in  most  cases  a  marked  improvement,  and  manv  who  liad 
required  hypnotics  at  home  slept  well  in  Atfantic  City 
without  them,  especially  when  such  dru^s  were  stoppeil 
at  once  upon  their  arrival.  But  patients  with  bad 
livers,  stomachs,  or  bowels  who  could  not  be  made  to 
follow  proper  dietetic  rules,  and  those  especially  who  were 
under  a  stimulating  regimen  as  to  both  medicines  and  diet, 
found  tliat  they  were  no  iK'tter  able  to  dispense  witli 
appropriate  treatment  there  than  in  any  other  place, 
while  suffering  from  an  excessive  proix)rlion  of  hydro- 
chloric acid  in  their  gastric  juice.  But,  for  the  most  part, 
the  victims  of  neurasthenia  responded  in  an  astf)nishing 
way  to  the  tonic  and  restorative  influence  of  the  cli- 
mate, and  all  the  more  so.  usually,  when  they  had  in 
addition  to  the  air  sea-water  Imths  in  just  tlie  right 
doses,  though  in  summer  invalids  who  attempted  to 
hatlie  in  the  surf  without  medical  advice  nearly  always 
ovenlid  it  sooner  or  later,  and  tluis  often  lost  more  than 
they  gained. 

Di8int<*rested  testimony  as  to  what  a  certain  climate 
has  done  for  various  classcfs  of  invalids  ought  to  be  more 
useful  than  the  meteorological  statistics  from  which 
we  often  endeavor  vainly  to  gain  some  definite  idea  con- 
cerning its  desirability  and  efficacy  as  a  curative  agent: 
and  a  large  mass  of  such  testimou}'  is  available  with  re- 
gard to  the  effects  of  the  climate  of  Atlantic  City;  but 
mck  of  space  prevents  its  use  here.  In  articles  like  this, 
however,  it  is  necessary  to  furnish  at  least  a  few  statis- 
tics, and  accordingly  we  reproduce  l)elow  some  fact«  and 
figures  coming  from  the  Weather  Bureau  and  the  office 
of  the  United  States  Coast  and  Geodetic  Survey. 

These  official  sources  of  information  were  freely  drawn 
upon  by  the  writ^^r  in  preparing  a  paper  some  years  ago 
on  the  climate  of  Atlantic  City.*  In  describing  then  the 
eourse  of  the  Gulf  Stream,  he  said : 

"This  rt*ally  includes  numerous  pamllel  or  slightly 
diverging  currents  of  very  wann  water  with  overflow 
currents  of  a  somewhat  lower  tempemture.  One  cif 
these  overflow  currents  approaches  within  sixty-five 
miles  of  Atlantic  Citv,  while  it  is  one  hundn'd  and  t^-n 
miles  from  Sandy  Hook.  The  principal  current  is 
futher  away,  being  one  hundred  and  thirty -five  miles 
from  Atlantic  City,  one  hundred  and  eighty -five  miles 
from  Sandy  Hoolc,  and  about  the  same  distance  from 
Long  Branch  and  Montauk  Point. 

**fiut  the  exceptional  mildness  of  this  climate  may  ho 
attributed  to  the  peculiar  course  of  the  Gulf  Stream  in 
this  vicinity  as  much  as  to  its  proximity.  The  inner- 
most cummt,  according  to  the  map  i*eeeiv(»d  fnmi  the 
Coast  Survey  Office,  has  a  directi(m  opi^osite  Atlantic; 
Citv  of  east-northeast,  but  turns  more  and  more  to  the 
eastward  till  in  Uititude  40"— that  of  Philadelphia— it 
bears  nearly  due  (»ast.  The  main  cum-nt  turns  more 
abruptly,  and  a  little  north  of  latitude  '^H\  some  distance 
to  the  southward  of  Atlantic  City,  has  a  course  directly 
eastward.  Our  south,  southeast,  and  east  winds,  then, 
must  all  pass  for  three  hundn-d  to  five  hundred  miles  at 
least  over  mon.*  or  less  heated  water  which  has  come 
directly  from  the  Gulf  of  ^fe.xico.  Our  only  ocean 
breezes  not  affected  in  this  way  are  those  from  the 
northeast." 

While  the  coast  of  New  Jersi\v  luvs  a  general  trend  from 
northeast  to  southwest,  the  In^ach  in  front  of  Atlantic 
City  makes  a  sharp  turn  to  the  westwani.  so  that  it  faces 
almost  directly  southwanl.     South  as  well  as  east  whids 

•winter  Health  Resorts.  "Tbe  Cllniat*'  of  Atlantfr  City  and  Iu« 
Iffecta  on  Pulmonary  Diseases,"  Pblladelpbiu  Medieval  Times,  Dei'eni- 
tierl8.l880. 


and  even  south-southwest  winds  are,  therefore,  sea  breezes 
there  and  blow  off  the  Gulf  Stream.  This  southern  ex- 
posure enjoyed  by  the  town  is,  climatically,  a  decided 
advantage  which  is  possessed  by  no  other  part  of  the  New 
Jersey  coast  except  its  southernmost  extremity  at  Cape 
3Iay.  In  the  article  on  Atlantic  C:ity,  which  appeared  in 
the  first  edition  of  this  work,  occur  tlie  subjoined  para- 
gmphs,  written  by  Dr.  Huntingdon  Richards,  a  dutin- 
guished  authority  on  climatology : 

**  In  the  absence'  of  shelter  from  the  winds,  it  is  con- 
soling to  reflect  that  their  force  and  frequency  at  Atlantic 
City  are  less,  in  all  probability,  than  at  anv  other  well- 
known  place  of  resort  lying  upon  the  New  Jersey  coast. 
In  a  table  showing  the  average  yearly  movement  of  the 
atmosphere  for  the  five  years,  1880  to  18H4,  inclusive, 
the  following  figure*  stand  opposite  the  four  stations, 
Atlantic  Citv,  Bamegat,  Cape  May.  and  Sandv  Hcx>k: 
Atlantic  Citv.  82.680;  Bamegat. '122.988:  Cape  May. 
130. 055;  Sandy  H(K)k.  118.450.  The  figures  of  this  table 
(quoted  from  **  Atlantic  City  as  a  WinttT  Resort,*'  by  B. 
A.  Blundon,  Sergeant.  Signal  Service,  U.  S.  A.)  reveal 
the  fact  that,  during  the  five  years  above  mentioned,  tlie 
average  amount  of  wind  blowing  at  Atlantic  City  was 
Hi  per  cent,  less  than  at  Sandy  Hook,  38  per  cent,  less 
tlmn  at  Barnegat,  and  37  percent,  less  than  at  Cape  May. 
Concerning  the  relative  frequency  of  whuls  blowing  from 
the  different  points  of  the  compass  at  AtUmtlc  City,  a 
table  giving  the  result  of  observations  made  during  the 
three  years  intcTvening  l)etween  July,  1876,  and  July, 
1879,  sliows  tliat  9  per  cent,  of  such  winds  were  from  the 
north,  11.7  per  cent,  were  fnmi  the  northeast,  15.3  per 
cent,  were  from  the  northwest,  16.1  per  cent,  were 
from  the  west,  8.3  per  cent,  were  from  the  east,  6.3 
j>er  cent,  were  from  the  southeast,  15.9  per  cent,  were 
from  the  southwest,  and  17.4  per  cent,  were  from  the 
south. 

**  During  the  warmer  part  of  the  year  Atlantic  City, 
and  all  other  places  lying  upon  the  New  Jersi^y  coast,  are 
visited  daily  (with  but  rare  exceptions)  by  a  delightful 
s<'a  bn.H?ze,  which  begins  to  bh)w  at  al)out  eleven  or 
twelve  o'clock  in  the  day,  and  lasts  until  ni|^htfall.  .  .  . 

**  A  particularly  striking  feature  in  the  cbmate  of  At- 
lantic City  is  the  comparatively  small  amount  of  the 
annual  rainfall.  A  table  on  page  11  of  the  pamphlet  en- 
titled, '  Atlantic  City  as  a  Winter  Resort,  shows  that 
the  rainfall  is  less  in  amount  at  Atlantic  C'ity  tlian  at  any 
other  point  on  the  Atlantic  coast  of  the  United  States, 
with  the  single  exception  of  Portland,  Me. ;  and  that  it 
is  fully  twenty  per  cent,  less  than  at  the  neighboring 
station  of  Barnegat — a  singular  fact,  and  one  verj'  dim- 
cult  of  explanation.*' 

It  should  Ix'  mentioned  that  while,  like  Brighton, 
England.  Atlantic;  Citv  is  an  all-the-year-resort,  and  a 
considerable  amount  of  business  is  done  by  many  of  the 
hotels  and  boarding-houses  even  in  the  dullest  months, 
yet  the  season — that  is,  the  rush  of  visitors — may  be  said 
to  Ix^gin  in  February  and  the  crowds  dwindle  rapidly 
in  S<'pt<'mlx?r.  The  autumn  months,  when  the  place 
is  the  least  frequented,  are  rt»ally  the  most  desirable  of 
all  for  invalids,  the  sea  breezes  being  then  deliciously 
balmy. 

"While  a  resident  in  Atlantic  City,  the  writer  made 
careful  and  regular  observations  of  tlie  weather  during 
the  winter  of  1879-80.  These  showed  that  in  DecemlH*r, 
1879,  there  were  twenty -six  davs  during  which  the 
thermometer  did  not  fall  below  82 '  )p. — the  freezing  point ; 
also  that  then?  were  only  two  days  in  tlH»  same  month 
when  the  thennometer  (^id  not  indicate  at  no(»n  a  tem- 
peraturc»  above  4(r  F. ;  and  that  then*  were  ten  days  upon 
which  it  was  not  l)eh)w  5<»'  F.  at  the  sjinie  hour.  During 
the  January  following  (1880)  there  were  twenty-four 
(iays  during  which  the  mercury  never  fell  1h*1ow  the 
freezing  point  at  any  hour,  and  only  two  days  during 
which  it  went  Iwlow  80'  F.  It  was  only  once  in  the  same 
month  h)wer  than  40'  F.  at  noon,  ami  onlv  three  times 
lower  than  45"  F.  at  the  same  hour.  On  nineteen  of  the 
thirty-one  days  the  thermometer  .stoo<l  at  50'  F.  or  above 
I  at  midiiay. 
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.■MATE    or    Atlantic    Citt,    K.    J.,    Latitcdb  30'  22' 
CiiABT  Of  Tkn  Tbakh,  in  thb   Previous   Edition  oi 

BCBKAU    OBiBllVAIIONi    FROM     1891    TO    1898.     ElCKPTIB 


lonqititde    74°   25'. 
This   Handbook,  and 


Temperatun^-Averafreor  anrmal 

ATfnp^  dMlIf  rmTi4^ - 

Mean  o[  vftTDieit 

Mnnofmldert 

HiKtKin  or  niulmum 

HuniMUi'-Avenee  relill(« —  . 

PpedpltBUon— ATe™«e  In  Inchoi 

Wliid-IT¥V»lllnK<llrwt1on 

AvcTAffe  bourlT  Yplcx'Lty  Id  miles  . .  - 

Wealbcr-  ATprasc  mimber  clear  dsjs. . 

Atitwh*  numlierralr  iliijs... 

Av«ngB  number  dtaruii]  hdrcUyi 


Toui  tor  nine 


From  the  records  from  which  tliese  climalic  stntistics 
have  been  compiled,  it  is  lenrued  further  lliat  in  IBfll, 
<luriiiK  the  niDe  months  of  the  season  from  February  1  to 
November  1.  Ihc  mercury  fell  Ki  32°  F.  imly  twice  in  Feb 
niary  and  three  limes  in  Mareh,  and  that  it  did  not  rise 
above  90'  F.  except  once,  wliich  was  in  Jidv.  when  it 
reached  91°  F.  In  1893,  durinj;  the  Sttme  period,  it  fill 
Iwlow  38°  F.  four  limes  in  Febniarv  and  Ihrre  timt-s  in 
March.  It  msi!  almve  m°  F.  ijncc'only,  which  was  in 
July. 


In  II 


.3  iM'low  32' 


(he  nlphrt  ai  wiU)  diiiiiif;  tbi^  ]>!} 


■  lim. 


ri  Fet.; 


<laVB  (which  iiicludnl 
iinl  of  Dine  inonilis — 
I  March.  It  eiceeilcd 
hinKB3'  F.iio  one  day 
six  days  nnd 


BIJ    F. 

in  Jul: 

nights  in  Febninrj-  only,  ami  did  not  rise  above  90°  F. 

even  once  dnrinff  lliut  yetir. 

Meteorologically  speakiug,  one  of  the  important  ad- 
vantages of  Atlantic  City  aa  a  winter  and  spring  resort 
1b  the  small  amount  of  snow  there  in  comparison  with 
other  I'X'alities  in  the  same  latilndcand  with  mr>st  places 
in  tiie  Northern  and  Middle  Suites.  Tliis  Is  much  more 
jtlrikinft  than  cvi-n  the  ttgnrcs  of  the  Weather  Bureau 
would  lead  one  to  infer,  for  Ihc  reason  that  in  consr- 
qiience  of  botti  the  porous  mndy  soil  and  the  effects  of 
till'  strong  sea  air,  most  of  the  snow  tliat  docs  fall  tlicre 
is  melted  almost  iinmiiliatelv  or  within  a  day  or  two. 
It  is.  an  a  rule,  only  in  the'  very  exi-eptiouully  scvero 
winters  tliat  sli-iKliine  may  In'  e:i  joyed  for  a  wiflt  or  two, 
and  even  then  usually  early  in  the  winter  before  tlic 
season  has  fully  opeiied.  A  handsome  ocean  promenade 
fortv  feet  wide,  cli-vati-d  twelve  feet  ulmve  tlie  bt-ucli  on 
Bteel  supports,  and  known  aa  the  iKianI  walk,  skirts  tlie 
front  of  the  town  and  it«  nenrliy  suburlis  for  Ave  niili-s. 
and  on  this  snow  is  ne\'er  u1low(>il  to  lie.  even  when  it 
lingers  longer  tlian  usual  elsewhere,  no  tluit  the  thnin^a 
of  invalids  on  foot  or  in  wheeled  ilmirs  may  always  lie 
able  to  enjoy  an  oiitin);  unilcr  coinfortulili'  and  cheerfid 
coDditfon.s.  Diirinf^  the  biisv  season  these  Ihronin  of 
Ileal th -see kern  [«.•«  i-imtlnually  to  ami  fiii  with  the  ever- 
attractive  breakerH  ndlinR  in  on  the  one  aide  (ut  some 
points  even  under  tlieir  feet),  the  sun  shiniuft  down  in 
full  force  from  alM>ve  as  well  as  retWted  from  the  water 
xo  aM  to  have  double  power,  and  the  continuous  build- 
ings on  the  landward  side  alTiirdinir  an  eflli'ii'nt  shelter 
■from  the  winter  winds  which  blow  from  lln'  north  or 

the  ehief  attraction  of  Atlantic  ('ii>  ;       ■.■.■■■'  ri,,' 

S'ear,  but  in  winter  it  is  of  marked  ii)  iImIh 

n  enabling  them  to  spend  most  III' I li, 11  i i  iin   <.|'<'ri 

air  and  sun.  except  in  the  worst  wi-aiiicr  Wlii'u  i(  nciu 
ally  storms.  Invalids  may  sit  in  llie  comrorlable  sun 
|>arlors  or  glass- enclosed  porches  connecleil  with  a  liirire 

{ropnrtion  of  the  nine  hundreii  holds  and  litanlinj;- 
ouses  which  Atlantic  City  now  posBeHScH,  and  a  pari  of 
^t'hic:h  are  open  all  the  year.     The  board  walk  and  omni 
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present  sun  parlor  are  two  almost  unliiue  featun-s  of  ibis 
popular  resort. 

There  is  an  abundant  supply  of  pure  water  dniwa 
mainly  from  springs  and  creekson  Ihe  mainland,  but  oUo 
in  part  from  a  number  of  deep  artesian  wells.  Under- 
ground sewers,  deeply  placed  accoriling  to  a  novel  system. 
convey  the  sewage  to  a  central  point  on  the  meadoir 
back  of  Ibe  town,  w litre  i I  is  puinpe<I  to  a  stifHcient  eleva- 
tion (o  admit  of  its  flowing  by  gravity  lo  the  waters  of 
the  Imy  so  far  away  from  the  h<)lels  and  residences,  aa 
well  as  from  Ihe  bathing  grounds,  that  it  never  csim-s 
the  sligbtest  ofTence  or  inconvenieDce. 

The  populalion  of  Allanti"  '•'■-'-- 

and  it  maybe  Interesting  t  __ . 

hundred  houses  that  entertain  guests,  including  a  num- 
ber of  first  class  lioielswith  all  the  modem  cunvenienc«s. 
there  arc  in  the  town  twentv-aix  ehurx^hes.  a  casino,  a 
number  of  good  llieatres.  ana  numerous  minor  places  of 
amusement  (Ihc  numlier  of  audi  in  the  height  of  tbe 
summer  seasim  having  been  estimated  as  high  an  two 
hundred),  three  daily  papers  and  live  weeklies.  Siztv- 
flve  physleiuns  of  all  kinds,  including  some  unuially 
able  men.  loolc  after  the  needs  of  the  sick  and  ailing. 
while  twenty-dghl  dnig  stores  see  to  it  that  no  one 
sutlers  for  lack  of  medicines.  There  are  also  a  fully 
etiuipiicdho.spital  andsevetal  well-managed  hot-and-cald 
sen  waler  bathiiiK  cstabliMlimeii  Is.  The  Atlantic  City 
Couutry  Club  wilh gulf  links  alTonls  recreation  for  guests 
tn  the  spring  ktuI  summer,  and  there  aro  also  abundant 
facilities  for  rowing,  sailing,  and  Qshing  in  the  waters  all 
around. 

A  fine  level  driveway  near  the  beach  from  Atlantic 
City  to  Iiungport  at  tlie  lower  end  of  the  island  Is  much 
appreciated  by  ciacliing  parties  as  well  as  by  bicvclisLs. 
In  short,  very  few  if  any  health  resorts  even  fn  Europe 
offer  a  larg<'r  total  of  advantagea  or  a  greater  variety  of 
wavslnwiiieh  invalids  may  agivcably  pasa  the  time  while 
w...lng  back  their  lost  lu-alth.  Bonrdma^  ft«*. 

ATOTONILCO.  —  Muuiciiwlity     of     Chiconcuautla. 

PucLiIh.  .Mexico.  This  spring  is  located  near  the  town 
of  TIa  I  leu  a  II  go.  Aerortliug  to  an  examination  made  by 
Zuifiga  the  water  has  u  sut]iliurous  odor,  is  sligbtlv  unc> 
tuous  to  Ihe  touch,  limpid  in  appearance,  and  contains  the 
rarlxiniitcs  of  liino  and  macnesla,  Riilphuroiis  add.  and 
['urlHinie  acid  and  sulphureted  hydrogen  gases.  It  in 
ri'conuiu-iided  in  riii'iiuuitisni,  neuralgia,  and  diseases  of 
^'"'  "^'"^  .V.  J.  Ponee  tit  IJ.>„. 

ATOTONILCO   OE   SAN  ANDRES.— Muniripalllv  of 

San  AndriTi.  Ziiratccns.  Me.\ico.  The  waters  of  tJiesi- 
springs  are  lukewanu  and  contain  sodium  aulpbatc  am) 
other  In gnilients.  They  are  n-rommended  for  syphilis 
an<l  skin  diseases,  but  no  bathing  facilities  have  b^en 
■•""'''''»'  JV.J.  rt»ai,to.,. 
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Atotonlleo. 
AfresUu 


ATRESIA. — (Im perforation,  closure,  or  absence  of  a 
natural  opening  or  passage. )  There  may  exist  an  atresia 
of  any  one  of  the  external  orifices  or  internal  passages 
of  the  body :  Atresia  pupillae,  A.  palpebrarum,  A.  oris, 
A.  auris,  A.  trachese,  A.  oesophagi,  A.  bronchii,  A.  in- 
testini,  A.  recti,  A.  ani,  A.  vaginae,  A.  urethra;,  A. 
vesicae,  A.  uteri.  The  imperforation  may  be  the  result 
of  disturbances  of  development  in  fetal  life,  or  it  may 
arise  secondarily  to  local  inflammatory  processes  either 
before  or  after  birth,  or  may  be  produced  by  mechanical 
obstruction,  pressure,  etc.  According  to  the  etiology 
we  may  therefore  distin^ish  two  classes  of  atresia,  the 
congenital  and  the  acquired. 

Atretia  Pupilke. — Congenital  closure  of  the  pupil  of 
the  eye  not  infrequently  occurs,  and  is  usually  the  result 
of  a  persistence  of  the  pupillary  membrane  which  in 
fetal  life  covers  tlie  lens  and  as  a  rule  disappears  in  the 
last  month  of  pregnancy.  Various  forms  of  this  malfor- 
mation occur:  the  pupil  may  be  entirely  covered  by  a 
thick  grayish  membrane  containing  blood-vessels,  or  by 
a  network  of  fine  threads  in  which  vessels  run,  or  irregular 
brown  or  grayish  patches  may  appear  in  the  pupil.  Ac- 
quired atresia  of  the  pupil  is  of  rather  frequent  occur- 
rence in  adult  life  as  the  result  of  inflammations  of  the 
iris  and  choroid,  but  it  may  take  place  at  any  time,  even 
before  birth.  In  chronic  iritis  the  pupil  may  be  partially 
or  completely  closed  by  vascular  connective  tissue. 

A,  I^pebrarum. — Total  imperforation  of  the  eyelids 
is  not  of  frequent  occurrence.  The  congenital  form  is 
usually  associated  with  grave  defects  of  development 
which  do  not  permit  of  extra-uterine  life.  The  edges  of 
the  lids  may  be  firmly  adherent  to  each  other  and  to  the 
eyeball  (symblepliaron).  The  condition  m&y  be  caused 
by  a  failure  of  separation  of  the  conjunctivae,  intra-uterine 
inflammations  of  the  eye,  or  it  may  be  caused  by  amniotic 
adhesions.  The  latter  cause  is  probably  the  most  fre- 
quent One  or  both  eyes  may  be  affected.  Remains  of 
the  amniotic  adhesions  may  be  found  in  the  shape  of  tags, 
bands,  or  firm  membranes  covering  the  lids  and  adherent 
to  them.  Acquired  atresia  of  the  eyelids  (symblepharon, 
ankyloblepharon)  occurs  after  severe  ulcerations,  diph- 
theritic conjunctivitis,  bums  caused  by  lime,  hot  metal, 
and  explosives.  In  cases  in  which  there  is  complete  oc- 
clusion the  edges  of  the  lids  are  firmly  united  to  each 
other  and  to  the  eyeball. 

A,  Narium. — Complete  atresia  of  the  nostrils  is  rare 
and  is  usually  found  in  association  with  cyclopia.  In 
this  type  of  monster  the  nostrils  are  represented  by 
one  or  two  fleshy  imperforate  tags  which  are  usually 
placed  in  the  forehead  above  the  solitary  eye.  The 
atresia  of  one  nostril  through  a  congenital  obliquity  of 
the  septum  is  not  infrequent,  and  is  of  great  practical 
importance  because  of  the  habit  of  mouth -breathing 
and.  the  chronic  catarrhs  of  nose  and  pharynx  which  are 
associated  with  it.  Acquired  stenoses  oi  one  or  both 
nostrils  are  also  not  rare.  The  closure  may  be  caused 
by  new  growths,  polypi,  injuries,  chronic  catarrhal  con- 
ditions, etc.  This  condition  is  likewise  of  great  practical 
importance. 

A.  Oris. — Complete  absence  of  the  mouth  is  a  very 
rare  occurrence,  and  is  always  associated  with  marked  de- 
fective development  of  the  head  and  face.  It  is  most  fre- 
quently the  result  of  amniotic  adhesions,  or  of  an  abnormal 
tightness  of  the  cephalic  cap  of  the  amnion.  Partial 
atresia  (microstomia)  is  of  more  frequent  occurrence,  but 
is  rarely  found  in  a  viable  foetus.  Congenital  closure  of 
Uie  fauces  is  likewise  of  rare  occurrence. 

A.  Auris. — Complete  failure  of  development  of  the 
external  auditory  meatus  occurs  very  rarely.  The  lumen 
of  the  meatus  may  be  filled  with  compact  bone  or  car- 
tilage, or  it  may  be  closed  by  a  firm  membrane  of  con- 
nective tissue  in  which  small  islands  of  bone  or  cartilage 
may  be  present.  With  this  malformation  there  is  almost 
always  associated  a  defective  development  or  entire 
absence  of  the  external  ear,  and  imperfect  development 
of  the  tympanum  and  internal  ear.  The  site  of  the  ear 
may  be  indicated  only  by  a  slight  indentation.  In  other 
cases  a  cartilaginous  canal  may  be  present  which  is  closed 


at  a  slight  depth  by  bone  or  membrane.  Partial  atresias, 
hour-glass  or  symmetrical  narrowing  of  the  external 
canal,  are  of  rather  frequent  occurrence.  In  these  cases 
the  external  ear  may  be  normally  developed  or  show 
greater  or  less  malformation. 

Acquired  atresia  of  the  external  canal  is  not  rare.  In- 
flanmiations  may  cause  thickenings  of  the  wall  of  the 
meatus,  and  stenosis  or  constriction  may  result  from  the 
formation  of  connective  tissue.  Very  frequently  there 
is  a  polypoid  growth  of  granulation  tissue  into  the  canal, 
and  through  the  adhesion  of  the  granulating  surfaces 
complete  atresia  of  the  canal  may  result;  or  bands, 
bridges,  and  septa  of  connective  tissue  may  be  formed. 
A  subperiosteal  formation  of  new  bone  may  lead  to  osse- 
ous atresia ;  in  other  cases  exostoses  may  block  the  canal. 
Detached  osteomata  sometimes  develop  in  the  granula- 
tion tissue  formed  in  inflammatory  processes.  Further, 
cholesteatomata  are  rather  frequently  found  blocking  up 
the  external  canal.  In  these  cases  all  parts  of  the  ear 
may  be  perfectly  developed  and  the  tympanum  intact. 
It  IS  therefore  probable  that  these  formations  owe  their 
origin  to  a  desquamative  inflammation  of  the  lining  of 
the  canal.  In  very  rare  instances  they  may  develop  from 
epidermoidal  cells  which  during  the  period  of  embryonic 
life  have  found  their  way  into  the  meatus.  Plugs  of 
cerumen,  foreign  bodies,  tumora,  parasitic  growths,  etc., 
may  also  lead  to  an  acquired  atresia  of  the  auditory  canal. 

A.  Trachea,  Branmii,  etc. — Atresia  of  the  larynx 
through  the  formation  of  connective -tissue  membranes 
or  through  the  adhesion  of  the  walls  is  of  very  rare  oc- 
currence, and  has  been  observed  only  in  cases  showing 
marked  malformations  of  the  face.  There  may  be  com- 
plete absence  of  the  trachea,  the  bronchi  being  given  off 
directly  from  the  larynx.  In  other  cases  the  trachea  may 
be  represented  by  a  fibrous  cord-like  structure,  or  its 
walls  may  be  united  by  the  formation  of  connective 
tissue.  Similar  formations  of  connective  tissue  may 
block  the  main  bronchi,  the  trachea  ending  in  a  blind 
tube.  Partial  narrowing  of  the  respiratory  passages  is 
not  uncommon.  The  acquired  forms  of  stenosis  of  the 
trachea  and  bronchi  are  for  the  greater  part  produced  by 
conditions  external  to  these  structures,  new  growths  in 
the  neighboring  lymph  glands,  aneurisms,  etc.  Ob- 
struction of  the  passages  themselves  may  be  produced 
by  inflammatory  conditions,  foreign  bodies,  etc.  New 
growths  within  them  are  of  rare  occurrence. 

A.  (KsopTiagi. — Atresia  of  the  oesophagus  throughout 
its  entire  length  is  very  rare.  Congenital  imperforation 
of  this  organ  is  most  frequently  found  in  the  lower  two- 
thirds,  the  upper  third  being  open  and  ending  in  a  blind 
tube,  while  the  lower  closed  portion  is  represented  by  a 
thin  cord-like  structure.  Associated  with  the  congenital 
atresia  there  is  almost  always  an  abnormal  communica- 
tion with  the  trachea  either  at  the  lower  end  of  the  upper 
portion  or  at  the  upper  end  of  the  lower  portion,  which 
may  be  continued  as  an  open  canal  from  the  point  of 
communication.  In  other  cases  the  middle  portion  of 
the  oesophagus  may  be  obliterated,  so  that  the  upper  and 
lower  portions  are  separated  from  each  other  by  an  im- 
perforate cord  of  connective  tissue.  In  these  cases  no 
connection  with  the  trachea  may  exist.  As  a  rule  this 
form  occurs  late  in  fetal  life  and  is  most  probably  due 
to  inflammatory  processes.  Acquired  stenoses  of  the 
oesophagus  are  of  relatively  frequent  occurrence  and  are 
of  great  clinical  importance.  They  may  be  caused  by 
pressure  of  tumors  in  the  cervical  or  mediastinal  lymph 
glands  and  thyroid,  by  mediastinal  tumors,  aneurisms, etc. 
The  lumen  maybe  obturated  by  polypoid  growths  of  the 
mucosa,  carcinoma,  thrush,  foreign  bodies,  etc.  Stric- 
tures are  produced  by  contractions  of  scars  resulting 
from  the  effects  of  alkalies,  acids,  carcinomatous  and 
syphilitic  ulcerations,  etc. 

Complete  occlusion  of  the  stomach  is  very  rare.  Occa- 
sionally the  organ  is  very  small,  resembling  a  portion  of 
the  intestine.  Congenital  occlusion  of  the  pylorus  is 
very  rare,  while  acquired  stenosis  at  this  point  is  rela- 
tively frequent.  In  almost  every  case  the  latter  is  due 
to  the  obstruction  or  constriction  of  the  orifice  by  new 
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growths,  but  it  may  be  caused  by  healing  ulcere  or  by 
pressure  from  without.  Partial  constriction  of  the 
stomach  may  occur  in  any  part  of  the  organ  through  the 
contraction  of  healing  ulcere,  new  growths,  etc.  (hour- 
glass coustrictiou). 

A.  InfeMt int.— Congenita}  atresia  or  stenosis  may  occur 
at  any  portion  of  the  intestinal  tract.  There  is  usually 
only  a  single  such  closure,  but  occasionally  multiple  atre- 
sias may  In?  found.  The  intestine  may  be  entirely  absent 
for  a  portion  of  its  course,  or  be  repr(.»sented  by  a  cord- 
like l>and  of  connective  tissue.  The  portion  of  niesi'ntery 
iN'longing  to  I  he  obliteratnl  intestine  is  also  absent.  The 
entire  jejimum  and  ileum  may  1h'  al)sent.  the  duodenum 
ending  in  a  blind  sac.  In  such  casi>s  both  stomach  and 
duoilenum  may  Im*  greatly  dilate<l.  The  most  commtm 
site  of  intestinal  atresia  is  in  the  region  of  the  opening  of 
the  ductus  choledochus.  If  it  is  Ix'low  the  opening  the 
collection  of  s<?creti(m8  to.g(»ther  with  the  swallowed 
amniotic  fluid  may  cause  an  extn-me  dilatation  of  the 
duodenum  and  stoniach.  The  lower  portion  Iwlow  the 
imi)erforation  liegins  in  a  blin<i  sjic.  In  other  cases  the 
atresia  is  hK-ated  above  the  op<Miiugof  the  common  duct, 
so  that  bile  passes  into  the  lower  portion  of  the  intestine, 
as  shown  by  the  presence  of  metronium.  The  genesis  of 
the  larger  congenital  defects  of  the  intestine  has  not  )*et 
l)een  satisfactorilv  e.xplaiinetl.  Peritoneal  adhesicms,  cm- 
lM)lic  infarction  of  tlie  ines4*ntery,  etc..  have  l)een  thought 
to  Ik?  primarj'  causes,  but  no  conclusive  evidence  has  yet 
lH»en  shown.  It  is  more  probabh;  that  some  essential 
<iefeet  of  development,  such  as  an  abnormal  axis  rotation, 
lies  Ix-hind  thes(;  malformations.  The  smaller  localized 
atresias  occurring  in  late  fetal  life  are  most  probably  the 
n^sult  of  pathological  processes  in  the  i)eritoneum.  and 
in  some  cases  this  has  U'en  definitelv  shown.  Such  con- 
ilititms  are  most  fre(|uently  f<mn<i  m  children  with  (ron- 
genital  syphilis  who  die  a  few  days  after  birth.  Accjuired 
oblitenition  of  th(!  lumen  of  the  intestines  is  not  uncom- 
mon, the  most  f refluent  causes  iKMiig  new  growtlis,  con- 
striction of  h(>aling  ulcers,  p<'rit(meal  bands  and  adhesions, 
etc.  They  may  1k»  found  in  any  j>ortion,  but  are  more 
conunon  in  the  large  intestine,  particularly  in  the  region 
of  the  .sigmoid  flexure  and  rectum. 

A.  Ani. — Of  all  the  congenital  atresias  the  most  com- 
mon and  important  is  tliat  of  the  rectum  and  anus.  Ac- 
cording to  tlie  lo<'ation  of  the  imi>erfomtion  a  numl)er  of 
varieties  of  this  malformation  exist,  the  most  important 
of  which  are: 

(a)  A.  A/ii  SnnpltJ". — In  this  form  the  anus  is  closed 
by  a  (onnt^ctive-tissue  septum  of  varying  thickness. 
It  may  l)e  a  very  thin  nwinbrane  so  that  the  contents 
of  the  re<-tum  may  lie  easily  felt  through  it,  or  the  rec- 
tum may  end  in  a  blind  sac  some  distance  alK)ve  the 
anus.  In  oth(T  cases  the  fnt*  end  of  the  rectum  lies  in 
the  pelvis  and  is  usually  greatly  dilaKni.  This  malfor- 
mati(m  is  not  always  a*i)rimary  defect  of  development, 
but  may  Ix*  caused  l>y  an  abnormal  growth  of  connective 
tissue.  In  other  cas<*s  then*  maybe  a  complete  failure 
of  development  of  the  lower  end  of  the  intestine.  In 
place  of  the  anus  there  is  usually  only  a  slight  depression 
m  the  skin.     The  sphincter  is  usually  formwl. 

(ft)  A.  Ani  et  Recti. — The  large  int<'stine  may  end  in 
a  blind  sac  far  alKJve  the  anus,  which  is  usually  not  in- 
dicated at  all.  or  only  by  a  very  slight  grof>ve  in  the  skin. 

(r)  A.  litrti. — The  anus  may  Im!  perf<*ctlv  formed,  but 
the  rectum  fails  entirely  or  is  converted  into  a  solid 
strand  of  connective  tissue. 

In  these  fonns  the  sinus  urog<'nitalis  may  be  nornmlly 
developcnl,  or  the  original  (*onununications  Ix'twet'U  the 
intestine  and  the  anterior  portion  of  the  cloaca  may 
remain  preserved,  or  the  rectum  may  open  into  the 
)>erineum  anteriorly  to  the  anus,  or  into  the  scrotum, 
I)enis.  bladder,  vagimi,  uterus,  or  urethra.  We  may. 
therefore,  further  distinguish  such  forms  as.  otirxia  a)ii 
rftticoltti,  atresia  of  the  anus  with  flstula  of  the  bbidder; 
uti'eHiii  aui  urethroli%,  atresiii  of  the  anus  with  opening 
into  the  urethm — u.sually  the  membranous  portion,  as  this 
malformation  is  found' almost  exclusively  in  male  in- 
dividuals; titremn  ani  Tulcv-rnginaUn  and  Httnna.  atresia 


of  the  anuB  with  communication  of  the  rectum  into  the 
vagina,  vulva,  or  uterus.  In  other  forms  l)oth  the  rectum 
and  the  sinus  urogenitalis  may  open  into  a  common 
closed  space  which  lias  no  external  opening  and  which 
through  the  collection  of  urine  and  meconium  may  be- 
come greatly  dilated.  The  more  marked  malfonuations 
of  this  class  preclude  life,  but  some  of  the  cases  are 
capable  of  surgicral  cure.  Acquired  atresias  of  the  anus 
or  rectum  are  n(»t  infrequent  and  arc  produced  by  new 
growths,  cicatricial  contraction  of  healing  ulcere,  syphi- 
litic proces.ses,  etc. 

A.  Unthr(B  et  Vmcet. — Total  atresia  of  the  male  ure- 
thra occurs  rarely,  and  is  found  in  association  with 
comi)lete  absence  of  the  external  genitals.  As  a  result 
of  the  collection  of  urine  in  the  bladder  an  enormous  dila- 
tation of  the  alxlomen  may  occur  which  may  be  so  great 
as  to  prevent  normal  delivery.  RAuIxt  oliserved  an  adult 
male  with  complete  abs<*nce  of  penis  whose  urethra  com- 
municat(>d  with  the  rectum.  The  most  fivi|uent  localized 
atresia  of  the  male  urctlira  is  at  the  extenial  meatus  and 
oriflce  of  the  prepuce.  I m[)erf oration  of  the  anterior 
urethra  mcui-s  rarely  as  a  result  of  defective  development 
of  the  urethral  septum,  and  in  the  i>osterior  }.>ortion  as  a 
H'sult  of  prolifenitions  and  adhesions.  Congenital  atresia 
of  the  female  urethra  also  o<'Cura  rarely,  and  may  affect 
the  entire  length  of  the  urethm  or  only  a  jwrtion.  As  a 
result  of  the  congenit^il  imperfomtion  of  the  urethm  in 
both  sexes,  congenital  dilatation  of  the  bladder,  uretere, 
and  pelvis  of  tlie  kidneys  results  fn)m  the  retention  of 
urine.  Occasionally  tlu/umchus  remains  open  and  there 
is  an  es<iii>e  of  urine  from  the  umbilicus,  or  there  may 
Ixi  abnormal  comnumieations  with  the  intestines,  vagina. 
uterus,  etc.,  by  which  the  urine  passes.  Acquired  atre- 
sia of  any  i)orti(m  of  the  urinary  passages  may  occur 
as  the  result  of  cicatricial  adhesions  and  contractions, 
new  growths,  tuU-rculosis,  svphilis,  external  pre-ssure, 
etc.  (lonorrhtt'a  and  direct  injury  are  the  most  com- 
mon of  these  factors. 

.1.  Vitifin(r  *t  rteri. — A  congenital  total  atresia  of 
the  fenmle  genital  tract  may  exist  in  ninnection  with 
a  total  defiKrt  of  the  external  genitals.  The  vagina  may 
end  in  a  closed  space  in  common  with  the  bladder  and 
rectum  (i)ersist<'nce  of  the  cloaca).  The  most  common 
site  of  congenital  atresia  of  this  tract  is  at  the  opening  of 
the  vagina,  which  is  closed  bv  a  membrane  of  greater  or 
less  thickness  (gynatresia),  't'he  im(H*rforati<m  may  be 
due  to  an  abnormally  thick  h^vmen  (atresia  vaginalis 
hymenalis).  Th(?  closure  may  extend  throughout  the 
entire  length  of  the  vagina  "or  occur  at  any  portion. 
Complete  absence  of  the  vagina  is  rare,  more  ircquently 
the  org}ui  is  represented  by  a  fibrous  cord.  The  closure 
is  due  to  a  failure  of  the  epithelial  layera  to  sc^i^amtc  or 
to  .secondary  adhesions.  Congenital  atresia  of  the  uterus 
is  also  mre.  The  o<-clusion  occure  usually  at  the  cervix, 
which  may  Ix*  cIosimI  partly  by  mucosii  or  partly  by 
muscle  and  connective  tissue.  iThis  condition  may  Vxist 
without  other  malformations  and  remain  inidiscoverexl 
until  puberty,  when  the  collectitm  of  the  menstrual  dis- 
charges within  the  dilated  ut<rrus  and  tubes  may  give 
rise  to  very  important  symptoms.  The  atn^as  of  the 
vagina  may  shnilariy  as.sert  thenLselves.  Complete 
absence  of  the  tubes  occriirs  in  connecti<m  with  marked 
malformations  of  the  uterus.  Atresia  of  either  theaMom- 
inal  or  uterine  end  may  <M'cur,  or  an  imperforation  may 
exist  in  any  part  of  the  tulx*. 

Acquired  atn'sias  of  the  female  genital  tract  may  be 
the  r<*sult  of  cicaitricial  c<mtractions  following  ulcerations, 
etc.  (gangrenous  vaginitis,  teare,  use  of  caustics,  cervical 
amputations,  retained  i)essary,  tumors,  etc.).  The  ma- 
jority of  the  atresias  of  the  vagina  and  uterus  which  arc 
not  asso(>iated  with  marked  malformations  arc  amenable 
to  surgical  treatment.  AUired  Seott  Warthin. 

ATROPHIA  PILORUM  PROPRIA.-By  this  term  is 
ni<*ant  simph*  atrophy  of  the  liair  uncomplicat(*d  with 
appan'Ut  diseai.se  of  the  scalp.  Under  it  are  included 
at  least  three  forms,  namely :  fragilitas  crinium,  trichor- 
rhexis n(xlosa,  and  monilethrix.    They  have  one  feature 
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)n,  whicli  la  that  the  liaire  are  friable,  npllttfng 
or  breaking  with  alight  traction. 

PsAoiLiTAS  i^Ri NUM.— This  is  aim  called  Bcissiira  pilo- 
nim.  Tliecharacteriatli?  at  this  disease  ia  tliat  the  liair  Is 
dry  and  splits  either  at  its  euds  or  io  its  continuity.  It 
may  be  symijUirastie  or  idiopathic. 

1.  iSgmpliimatie  Kniffilit'if  Cn'nium. — This  is  a  very 
common  affection  of  the  hair,  and  is  met  with  in  many 
diseases  of  tlic  scalp,  sucli  as  eczema,  ringworm,  favus, 
and  seboirho^  Whenever  the  scalp  is  abnormally 
dry,  and  also  in  general  constitutional  diseases  in  wliieb 
the  nutrition  of  the  body  is  lowered,  the  hair  may  be- 
come  dry  and  split  It  la  seen  chiclly  in  tho  lonfc 
bair  of  women.  If  the  hair  la  viewed  in  mass  it  looks 
as  if  it  had  been  siDced.  if  the  case  is  a  severe  one.  lu 
anv  case,  if  tlie  hair  is  held  in  the  hand  in  a  good  light  it 
will  l)e  no^ced  that  the  enda  of  the  liair  are  split  intu 
several  diveruine  filamenls. 

a.  Idiopatiiie  Fmgititiit  Criniim. — Iq  tliia  form,  which 
is  much  rarer  than  tlic  preceding,  the  hair  s]dits  at  the 
end  without  any  apparent  disease  uf  tlie  scalp.  The 
Split  may  be  at  the  free  end.  in  tho  cou  tinuitv  of  tlie  shaft, 
or  witliln  tlic  bulb.  The  hnir  may  be  cleft  only  at  the 
end,  or  the  cleft  may  run  up  the  shaft  for  a  variable  dis- 
tance. If  the  cleft  oeeura  in  the  continuity  of  the  shaft 
the  fllamentamay  hold  togctheror separate  widely.  The 
disease  is  seen  most  often  in  the  long 
scalp  liair  of  women.  It  occurs  also  in 
Ifrj  J'-  i  the  beard.  There  may  be  but  a  few 
\ki       W  hairs  affected  or  there  may  be  many. 

I.-^  lb'  givinj^  lUe  singed  appearance  spokc-ii 
of  al>i)ve.  In  some  eases,  as  the  hair 
splits  and  hrcakaoiT  before  it  has  at- 
tained auy  great  length,  the  woman  ia 
unal>k!  to  put  up  her  liair.  and  lias  tii 
wear  it  cut  short. 

ftiWin/'.ff.V.— Usually,  nothing  further 
abnormal  ia  found  alMXit  the  linir  than 
tliat  It  splits.  The  hair  buiha  may  be 
normal  or  atrophied, 

Etioloiiy. — We  do  not  know  wliat  the 
cause  of  the  dlxease  is.  We  oasumo 
tliat  It  Is  a  ditturbanee  of  nulrition. 
In  very  long  scalp  liair  it  may  Iwduc 
sinipiy  to  a  lack  of  nutrition  on  ae- 
count  of  the  Icngtli  of  the  liuir. 

Tifi1aifnl.—'V\K  split  liairs  should 
lie  cut  off  almve  the  eleft.  Every  elTort 
must  be  made  to  Improve  tlie  nutrition 
of  the  patient,  and  to  cure  any  <li«ease 
of  the  scalp.  A  little  oil.  vawline.  or 
pomade  should  he  rul>I>ed  into  the  scalp 
several  times  a  week.  In  ma-isage  we 
Imvc  the  best  stimulant,  when  pro|)frly 

TRicnoHRiiE\iH  Nodosa  . — Also  call- 
ed claitiithriK.  anil  niHlosilas  criuiutn. 
This  is  a  disease  of  the  hair  cliararler- 
Izeil  by  tlic  appeamnce  along  Its  sluift 
of  one'  or  more  nodose  swellings,  and 
by  the  breaking  of  tlie  hnir  tlirough  the 

Siiiiiptom*.—T\K  disease  allecia  most 
ofttu  the  liair  of  the  beard.  The  pa- 
tient ni>ticeit.  when  liandling  the  tieard. 
tiuit  there  are  irregiilaritiea  upim  some 
of  the  hairs;  or  else  he  sees  tluit  his 
lieard  looks  ragge<l.  On  examining 
'"liiraitoNoAMi."  tlie  luiir  there  will  1k'  found  one  or 
more  whitish,  griy.  c>r  nornuil  colored, 
Ihioy,  transparent,  nrxluliir  swellings,  not  unlike  the 
nita  of  i>ediculi,  excepting  tluit  tbev  tire  oval  and  in- 
volve the  whide  cin-uiuferenie  of  tin-  hair,  not  p<«r- 
shaped  and  (ixeil  on  one  siile  of  the  liair  as  in  pe<iieti- 
loris.  There  have  iMvn  found  as  many  as  live  nnles  on 
one  liair.  Tlie  diameter  of  the  niHlcs  viirk'S  with  tin- 
diameter  of  tlie  liair.  The  iichIcs  an-  usually  on  the 
upper  third  of  the  hair,    1'lie  hair  is  very  brittle  ami 


easily  broken  by  combing  It  or  by  liandling  it.  or  the 
break  may  occur  seemingly  spontaneously.  The  frac- 
ture takes  place  almost  invariably  through  the  node. 
When  the  hair  breaks  completely  the  remaining  end 
will  have  a  frayed-nut  appearance.  If  the  ends  do  not 
separate,  but  the  break  is  through  the  node,  then  the 
appearance  will  be  tliat  of  two  small  paint  brushes 
pressed  end  to  end.  Tlie  fracture  may  be  longitudinal 
through  the  node.  When  many  iiairs'  are  affected  we 
see  the  same  singed  aitpcarance  met 
with  in  'mgilitas  crinium. 

While  the  disease  was  first  de- 
scribed as  affecting  the  beanl.  It  is 
seen  also  on  the  scalp  hair,  eapccially 
in  women.  The  scalp  liair  being  so 
much  finer  tlian  is  the  liair  of  the 
beard,  the  nodes  are  very  much  snwll- 
er  and  more  apt  to  be  overlooketl. 
Sometimes  the  nodes  on  the  scalp 
hair  arc  found  only  witli  the  micro- 
scope. The  disease  has  also  been  met 
wilJi  on  the  pubic  liair,  the  scrotal 
liair,  and  the  hair  of  the  labia  majora, 
the  nxillne,  and  the  eyebivws. 

EIUd<itis.—T\m  cause  of  the  disease 
has  not  been  determinifd.  It  may  Iw  a 
[listurbance  of  the  nutrition  o'f  (he 
Iiair.  By  some  it  Is  thought  to  be  a 
neurosis.  Met'ail  Anderson  luis  re- 
])ortcd  a  case  In  which  the  disease 
seemeil  to  be  liercdltary.  In  some 
countries,  as  about  Constantinople,  it 
ia  far  more  prevalent  in  the  scalp  Ihian 
in  otiier  countriea.  Bv  some  investi- 
gators parasites  are  believed  to  be 
the  cause  of  the  disease,  and  a  niicro- 
organiHm  is  said  lo  liavc  been  found.  '•"^■ 

Others  deny  tho  presence  of  a  miiTO- 
organisni.    Simple  handling  of  the  beard  baa  also  been 
credited  with  producing  the  disease. 

Treatment. — Tims  far  treatment  has  been  most  unsatis- 
factory. Mercurial  ointments  may  be  tried,  tiamberini 
recomnicnds  bathing  with  a  lotion  of  three  drachms  of 
siibcarboiuite  of  potassium  in  four  ounces  of  distilled 
water:  or  using  inunctions  of  tannic  acid  or  oil  of  cade. 
S<'hwimincr  advises  an  ointment  of  seven  grains  of  oxide 
uf  zinc,  fifteen  grains  of  waslie<l  sulphur,  and  two 
drachms  and  a  half  of  simple  ointment.  This  is  to  lie 
rutilied  in  night  anil  momiD|!.  Aa  far  as  the  beard  is 
ciinccmeil  the  chief  reliance  is  upon  shaving,  with  the 
hope  that  after  a  time  the  hair  will  xrow  in  properly. 

MoN'ii.RTiimx. — This  is  also  called  aplula  pilorum 

SympUiiiu. — This  form  of  atrophy  of  the  hair  is  oft^'n 
mistaken  fur  trichorrhexia  nodosa,  because  like  it  it  is 
markitl  by  tlie  presence  of  nodes  on  the  hair.  It  differs 
from  it  in  tliat  the  nodes  arc  the  normal  parts  of  the  hair, 
and  in  that  the  fracture  in  it  takes  place  through  the 
inlcmodular  part. 

In  the  vast  majority  of  cases  the  disease  Is  mngenital. 
though  it  may  come  on  late  In  life.  The  aubjet-ts  are 
Uierefon^  uaually  Infants.  They  are  commonly  bom 
with  normal  appearing  hair,  but  after  a  few  weeks  tlie 
hair  breaks  off  from  the  whole  head  or  fmm  |>atclirtt, 
giving  a  stubbly  appearance  to  the  Imii'.  tuniilar  to  W'liat 
is  seen  in  ringworm.  In  some  casirs  the  scalp  is  red  - 
ileneil  and  lias  on  it  a  nuralM'r  of  small,  scaly,  i-levatiil 
cones,  or  perhaps  jiustuh's.  Fiiun  the  lillle  cones  pro- 
trude sliort,  stubby  liairs.  Itlniiy  of  thi'Tii  are  lietil,  mid 
all  break  easily  oli  slight  traction.  Tlicy  an'  iteldoni 
longer  than  a  ijiiarler  of  an  inch,  and  Dftcu  arc  no  mure 
tlian  black  poiutn.  By  Ilie  nnkiii  eye.  or  iiiider  the 
microBCojie,  these  litlle  Imirs  show  fusiform  swcllinga 
with  Clint raeti I H's  iM'twetji.  Ihnitigh  which  the  fracture 
Ins  occurred.  Sometimes  ciirnplele  liaklness  results. 
All  the  Iwiry  n-gions  may  Iw  nITi-cti'd.  A  general  kera- 
tosis pilaris  iiiav  lie  [irewnt. 

Palhiitiyy.—\.u<\vt   the  microscope   tlie  iiairs  will   l¥; 
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found  to  liave  on  them,  at  regular  intervals,  alternate 
swellings  and  constrictions.  The  swellings,  or  nmles, 
are  about  1  mm.  long,  fusiform  in  shape,  and  darker  in 
color  tlian  the  constricte<l  parts.  The  latter  are  about 
one-third  the  length  and  diameter  of  the  nodes.  The 
constricted  parts  contain  neitlier  medulla  nor  pigment 
and  may  consist  of  the  cuticular  layer  of  the  hair  alone. 
There  is  atrophy  of  the  hair  bulbs.  The  nodes  are  all 
along  the  hair  from  the  root  to  the  point.  Fracture  in- 
variably takes  place  through  the  iutcmodular  portion, 
and  frayed -out  ends  may  he  found.  Sabouraud  found 
that  the  constrictions  fornied  at  two  days'  inUTval.  Gil- 
christ believes  that  the  disease  originates  in  the  hair  fol- 
licle very  near  to  the  papilla.  He  was  able  to  trace  the 
fusiform  swelling  to  the  lower  fourth  of  the  hair  shaft, 
where  there  were  constrictions  in  the  walls  of  the  hair 
follicle.     He  found  no  change  in  the  liair  papillae. 

Etiology. — In  many  cases  the  disease  is  hereditary. 
Several  observers  have  reported  instances  of  a  number  of 
cases  in  the  same  family.  At  times  it  shows  a  tendency 
to  descend  in  the  same  sex,  a  peculiarity  shown  in  other 
dermatoses.     It  is  prolmbly  a  trophoneurosis. 

Tt^mtment  has  thus  far  been  without  effect.  Stimula- 
tion might  be  tried,  but  the  prognosis  is  bad. 

Besides  these  well-defined  forms  of  atrophy  of  the 
hair  we  have  reports  of  allied  diseases  from  smgle  ob- 
servers. Thus  Crocker  describes  a  case  of  end  atrophy  of 
the  hair  in  which  the  distal  ends  of  the  hairs  are  bulbous 
and  of  lighter  sliade  than  the  rest  of  the  hair. 

Ph.\o.mesis  is  another  abnormality  of  the  hair  in  which 
feathers  instead  of  hair  are  met  with.  This  is  of  doubt- 
ful character  and  comes  down  to  us  from  1831,  at  which 
time  a  boy  showing  this  anomaly  is  said  to  have  been  on 
exhibition  in  Bremen. 

Two  peculiar  changes  In  the  tt»xture  of  the  hair  are  re- 
ported by  Ferl)er  (Virchow's  ^/r/a>,  1866,  xxxvi..  598). 
Both  patients  were  of  nervous  temperament,  and  their 
hair  in  a  few  hours  would  change  from  being  soft  and 
curly  to  become  straight  and  bristly.  After  a  time  the 
hair  would  &ssume  its  natural  condition. 

NoDULi  Laqueati  is  an  anomaly  of  the  liair  in  which 
it  seems  to  tie  itself  into  knots,  'the  loops  of  the  knots 
catch  dust.  The  liair  looks  as  if  infested  with  nits,  but 
under  the  microscope  it  is  seen  that  it  is  the  knots  that 
give  this  appearance.  George  Thomas  Jackfton. 

ATROPHY.— (Wasting,  lack  of  nourishment,  wasting 
of  the  body  due  to  defective  nutriti(»n.)  The  word  is  at 
the  pre.si»nt  time  used  in  pathology  to  signify  the?  de- 
crea.se  in  size  of  an  organ  or  tissue  which  results  either 
from  a  de(Tea.s<*  in  the  size  of  its  individual  elements,  or 
from  a  diminution  in  the  numhrr  of  thesr  elements,  or 
from  a  combination  of  these  two  factors.  We  may  speak, 
therefore,  of  a  (|uantitative  and  of  a  numeriejil  atrophy, 
but  no  practical  distinction  can  be  mmle  In'tween  theses 
two  forms,  as  a  diminution  in  the  number  of  the  tissue 
elements  almost  always  accoini)aiiies  a  decrease  in  size. 

In  its  narrowest  sense  the  term  is  us<'(l  to  indicate  a 
decrease  in  size  of  tin*  individual  histoloLrical  elements 
due  to  a  simple  loss  of  substance  without  includinir  the 
idea  of  other  retroffnide  chaiii:<'S.  The  essential  idea  of 
atroj)hy  is.  then^fore.  separated  from  that  of  dei^euera 
tion.  and  the  term  should  br  applied  oidy  to  those  eon- 
ditions  in  which  the  primary  patholoirieal  chanire  is  a 
loss  of  bulk. 

On  the  other  hainl,  the  meaninir  of  atrophy  must  not 
be  confused  with  tin*  ideas  expressed  ])y  the  words 
agenesia.  hypo|)lasia.  arnl  aplasia.  These  terms,  unfortu- 
nately, have  been  used  rather  loos<'lv  as  svnonvms  with 

•  •  •  ■ 

atrophy,  but  the  Ix-st  usaire  is  to  assiirn  to  each  one  a 
distinct  technical  meaning:  aiienesia.  total  failure  of  de- 
velr)pment  or  (lestructir)n  of  i».  part  after  it  has  bei^un  to 
develop;  aplasia,  marked  defective  development  of  an  or- 
pin: hy])oplasia.  under-development;  atroj^hy,  rlecrease 
in  si/e  after  develnpnient  has  been  reached.  From  this 
it  will  be  seen  that  the  causes  leading  to  these  changes 
^>[)enite  at  different  periods  of  life;  thus  agenesiii  and 


aplasia  are  the  results  of  disturbances  in  early  fetal  life ; 
hypoplasia  the  result  of  changes  occurring  later,  but  at 
any  perioil  before  complete  development  is  reached; 
while  atrophy  may  occur  at  any  time  in  the  history  of 
the  organism  when  any  tissue  or  structure  has  reached 
its  full  anatomical  and  physiological  maturity.  The 
latter  process  is,  thea'fore.  a  retrograde  change  occurring 
in  parts  that  were  originally  normal  and  perfectly  formed. 

All  stuntings  and  defective  development  of  the  body 
and  its  parts,  either  intra-  or  extra-uterine,  are  to  be  con- 
sidered under  the  head  of  aplasia  or  hypoplasia,  and  not 
under  that  of  atrophy.  But  the  cells  of  an  aplastic  or 
hypoplastic  organ  may  also  undergo  a  decrease  in  size 
due  to  the  same  causes  that  lead  to  atrophy  of  perfectly 
formed  organs.  A  hypoplastic  organ  may  become 
atrophic;  hence  in  its  broadest  sense  the  meaning  of 
atrophy  must  be  extended  to  include  the  retrograde  de- 
crease in  size  of  imperfectly  developed  cells  and  organs. 
The  fundamental  idea  of  atrophy  is.  therefore,  a  retro- 
grade decrease  in  size  of  either  perfect  or  impel  feet  cells. 

The  decrease  in  size  and  the  disap]>earance  of  the  tissue 
elements  in  atrophy  must  be  referred  to  a  failure  of  the 
processes  of  restoration  to  keep  equal  step  with  the 
never-ceasing  processes  of  tissue  waste  and  destruction. 
All  cells  poss(>ssahistogenetic  energy  which  is  manifested 
in  the  functions  of  nutrition,  assimilation,  and  reproduc- 
tion. For  all  cells,  for  every  organ,  for  every  individual, 
and  for  every  species  there  is  a  certain  limit  to  the  ulti- 
mate amount  of  inherent  histogenetic  energy.  This  limit 
is  fixed  by  intrinsic  forces  acquired  through  the  agency 
of  external  forces  in  the  process  of  evolution  of  the 
species,  and  represents  the  physiological  duration  of  life 
of  each  organ,  and  of  each  individual  of  that  species. 
Could  all  external  injurious  influences  be  avoided  the 
organism  would  after  a  certain  period  of  time  come  to  a 
physiological  death  through  physiological  atrophy,  or, 
in  other  words,  as  soon  as  such  a  limit  of  histogenetic 
energy  is  n^ached  that  the  necessary  vital  functions  of 
the  body  fail  to  be  properly  performed  in  a  degree  suffi- 
cient to  preserve  life.  We  may,  therefore,  speak  with 
propriety  of  a  physiological  or  histogenetic  atrophy. 

Further,  the  histogenetic  energy  of  the  cells  is  to  a  cer- 
tain extent  maintained  by  means  of  certain  stimuli,  and 
as  a  result  of  the;  removal  of  these  stimuli  an  inaction 
atrophy  may  result.  Atrophy  must  n'sult  also  from  any 
deticiency  or  disturbance  in  the  supply  of  nutrition,  and 
likewise  excessive  consumption  or  waste  of  tissue  must 
lead  to  atrophy.  Further,  atrophic  changes  may  be  set 
up  by  mechanical  hindrances  to  growth,  as  in  pressure, 
constriction,  etc.  On  the  other  hand,  the  loss  of  normal 
pressure  or  ti'nsion  may  prmluce  atrophic  changes  in  the 
tissues  so  affected,  and  the  separation  of  an  organ  or 
tissue  from  its  nerve  (rent res  is  usually  followed  by  a 
similar  condition.  We  may  consecjuently  classify  'the 
various  forms  of  atrophy  as  histogc^netic,  inaction,  lack 
of  nutrition,  neuropathic  and  pressure  atn)phy.  Only 
the  tirst  of  these,  the  histogenetic  form,  is  e.s.sentially  an 
active  process:  the  cells  are  unable  to  assimilate  the  f(xxl 
brought  to  them.  The  other  forms  are  passive  in  char- 
acter: either  insuflicient  food  is  brought  to  the  cells,  or 
harmful  substances  arc  formed  which  injure  their  nutri- 
tive function. 

Ilfsfof/ti/rffr  or  Physiohxfical  Alwphy. — This  form  of 
atrophy  is  the  result  of  a  decrease  in  the  histogenetic 
en(»rgy  of  the  cells.  As  .stated  above,  the  potential  energy 
of  each  cell  and  organ  is  limited  in  direct  ndation  to  the 
]^art  which  its  functi(m  plays  in  the  general  economy  of 
the  orLnuiism.  Hence  the  duration  of  life  varies  with 
different  organs  and  tissues,  and  in  the  life  history  of  the 
organism  from  the  very  beginning  the  prix^esses  of 
atrophy  go  hand  in  hand  with  those  of  <levelopment. 
In  the  earliest  stages  of  growth  up  to  the  timeof  pul»erty 
then*  is  a  ])reponderance  of  cell  growth  over  cell  decay, 
in  adult  life  there  is  a  i>eriod  of  e(iuilibriimi:  but  with 
the  Ix'ginning  of  old  age  the  loss  of  histogenetic  energy 
is  shown  in  the  fact  that  cell  decay  preponderates  over 
cell  restoration. 

Even  in  earliest  fetal  life  certain  structures  fulfil  their 
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function  and  pass  out  of  existence.  In  the  formation  of 
the  fetal  placenta  portions  of  the  membranes  disappear 
at  a  very  early  stage,  and  in  the  development  of  the 
chorion  there  is  from  the  beginning  a  progressive  atrophy 
of  the  villi.  The  placenta  at  term  must  be  regarded  as  a 
senile  organ.  Portions  of  the  foetus  itself,  as  the  Wolffian 
bodies,  the  Wolffian  ducts,  the  ducts  of  MUller,  the  um- 
bilical vesicle,  the  omphalomesenteric  duct,  etc.,  disap- 
pear very  earlv,  even  in  the  period  of  most  vigorous 
development  of  the  foetus.  Numerous  blood-vessels  un- 
dergo obliteration  even  before  birth,  and  very  soon  after 
this  event  the  closure  of  the  ductus  Botalli  and  the  um- 
bilical vessels  takes  place.  Likewise  the  casting  off  of 
the  umbilical  cord  must  be  considered  under  this  head ; 
and  later  the  shedding  of  the  milk  teeth  is  another  ex- 
ample of  the  disappearance  of  structures  that  have  ful- 
filled their  aim  and  reached  their  limit  of  existence.  The 
disappearance  of  the  thymus  after  the  fifteenth  year  is 
one  of  the  most  striking  of  the  histogenetic  atrophies. 
During  the  period  of  most  active  development  it  is  one  of 
the  largest  lymph  glands  of  the  body,  but  soon  after 
puberty  it  disappears,  becoming  entirely  replaced  by  fat 
tissue.  During  middle  life  single  portions  of  tissues,  as 
certain  portions  of  the  petrous  and  sphenoid  bones,  vanish. 
Hyaline  cartilage  may  also  be  regarded  as  an  essentially 
temporary  structure,  as  in  many  individuals  it  entirely 
disappears  from  the  body  during  middle  life  and  is  re- 
placed by  bone. 

Some  organs  do  not  atrophy,  but  very  early  suffer  a 
cessation  of  growth,  so  that  they  become  no  larger  in  the 
adult  than  in  the  new-bom  (adrenals,  male  mammse. 
etc.).  The  failure  of  these  organs  to  increase  in  size  is 
not  due  primarily  to  any  failure  of  nutrition  or  disturb- 
ance of  circulation,  and  can  be  explained  only  by  the  as- 
sumption tliat  the  original  histogenetic  potentiality  of 
growth  has  reached  its  limit.  The  atrophy  of  the  ovaries 
and  of  the  uterus  after  the  forty -fifth  year,  before  all  of 
the  ova  are  discharged,  must  be  similarly  explained.  In 
the  case  of  the  ovary  the  primary  change  is  in  the 
blood-vessels  of  the  organ,  which  normally  show  sclerotic 
changes  before  the  blood-vessels  of  any  other  part  of  the 
body.  The  menopause  is  essentially  a  process  dependent 
upon  changes  in  the  ovarian  vessels,  and  to  these  changes 
the  atrophy  of  the  Graafian  follicles  must  be  considered 
secondary.  The  atrophy  of  the  ovary  at  the  menopause 
may,  therefore,  be  explained  by  the  assumption  that  the 
histogenetic  energy  or  the  ovarian  vessels  has  an  earlier 
limit  than  that  of  the  systemic  vessels. 

In  the  atrophy  of  old  age  (senile  atrophy)  the  blood- 
vessels, h^mphadenoid  tissues,  muscles,  and'  bones  suffer 
most.  The  clianges  in  facies,  posture,  and  gait  of  the  old 
individual  are  dependent  upon  these  conditions.  The 
brain  may  also  undergo  a  marked  atrophy,  and  of  the  in- 
ternal organs  the  kidneys,  liver,  and  lungs  may  suffer  to 
a  greater  or  less  extent.  On  the  other  hand,  there  are 
certain  organs  and  tissues  which  undergo  but  little  senile 
change:  the  formation  of  the  red  blood  cells  continues  in 
old  age  without  decreased  energy,  and  defects  of  epithe- 
lium," blood-vessels,  and  connective  tissue  are  as  com- 
pletely repaired  as  in  earlier  life.  There  are  very  marked 
individual  differences  as  to  the  organ  which  shows  the 
greatest  degree  of  senile  change:  environment,  disease, 
etc.,  may  lessen  the  inherent  histogenetic  energy  of  cer- 
tain organs  so  that  they  may  become  prematurely  senile, 
or  atrophy  to  a  greaU^r  degree  than  others.  Further, 
there  are  individual  differences  dependent  upon  the 
amount  of  histogenetic  energy  inherited;  the  variation 
in  this  is  a  well-known  pathological  fact.  Nevertheless, 
in  spite  of  these  individual  differences  typical  senile 
atrophy  is  always  confined  to  certain  organs  and  tis- 
sues. 

Senile  atrophy  is  not  only  active  but  is  also  i)assive,  as 
it  depends  not  only  upon  the  gradual  decrease  of  energy 
on  the  part  of  the  cells,  but  is  in  part  the  result  of  the 
narrowing  and  oblit<^ration  of  the  blood-vessels  supply- 
ing nutrition  to  th(^  cells.  The  changes  in  the  blooS-  j 
vessels  are,  therefore,  to  l)e  regarded  as  the  most  impor- 
tant of  the  senile  processes,  and  it  is  probable  tliat  the 


chief  part  of  the  glandular  atrophies  is  secondary  to 
these. 

AtropJiy  of  Dt'svae. — The  histogenetic  energy  of  many 
organs  and  tissues  is  dependent  upon  certam  regular 
stimuli.  If  these  stimuli  are  removed  for  any  length  of 
time  an  atrophy  results  which  we  may  call  an  inaction 
or  disuse  atrophy.  The  atrophy  of  the  optic  nerve  after 
destruction  of  the  eyeball;  the  atrophy  of  peripheral 
nerves  and  portions  of  the  spinal  cord  following  amputa- 
tions of  the  limbs,  are  familiar  examples  of  this  fbrm. 
Likewise,  if  through  any  influence  glands  or  muscles 
remain  inactive  for  a  certain  period  of  time  atrophic 
changes  occur.  In  the  case  of  muscle  the  loss  of  sub- 
stance is  usually  not  very  great.  The  testicles  are  said 
to  become  atrophic  in  cases  in  which  sexual  abstinence  is 
extended  over  a  long  period  of  time,  and  even  the  bones 
undergo  a  loss  of  substance  when  kept  in  undisturbed 
rest  for  several  years.  Further,  the  physiological  atrophy 
of  the  uterus  and  mammse  after  pregnancy  may  be  in- 
cluded in  this  class. 

In  the  case  of  nerves,  glands,  and  muscle,  inaction 
atrophy  is  essentially  active,  but  as  the  result  of  the 
cessation  of  function  there  is  also  a  decrease  in  the  nutri- 
tive activity  of  these  structures  and  a  lessened  blood 
supply  which  leads  to  further  disturbances  of  nutrition. 
In  other  tissues  the  chief  cause  of  the  atrophy  is  a  de- 
crease in  the  nutrition  of  the  unused  part,  but  with  this 
there  is  also  a  lessened  power  of  assimilation.  The  in- 
volution of  the  puerperal  uterus,  by  means  of  which  the 
organ  is  restored  to  very  nearly  its  original  size,  is  a  very 
complicated  process,  partly  atrophy  and  partly  degenera- 
tion, involving  all  of  its  structures,  endometrium,  muscle, 
and  blood-vessels.  It  is  essentially  active  in  its  nature, 
but  the  obliteration  of  its  enlarged  blood-vessels  through 
sclerotic  changes  and  the  organization  of  thrombi  plays 
a  very  important  part  in  the  retrogression. 

If  the  conditions  leading  to  the  inactivity  of  certain 
parts  are  in  operation  during  the  period  of  development 
and  the  tissues  in  consequence  of  disturbed  nutrition  fail 
to  reach  their  normal  size,  the  process  is  to  be  regarded 
in  the  light  of  a  hypoplasia  rather  than  of  atrophy.  It 
is,  however,  impossible  in  all  cases  to  separate  these 
processes,  since  in  hypoplastic  organs  there  may  be  an 
atrophy  or  disappearance  of  tissues  which  had  under- 
gone a  certain  degree  of  development. 

Atrophy  Dependent  vpon  Imjmired  Nutrition. — If  there 
is  a  deficiency  in  the  amount  of  nutritive  material  brought 
to  the  cells  these  will  undergo  atrophic  changes.  The 
degree  and  rapidity  of  the  atrophy  are  in  direct  relation 
to  the  degree  of  metabolic  change  of  which  the  affected 
organ  or  tissue  is  capable.  Hence  adipose  tissue  quickly 
disappears  if  fat  or  fat- forming  substances  are  not  ade- 
quately supplied  to  it.  The  bones  become  softened  and 
fragile  if  the  supply  of  lime  salts  is  withheld  for  a  period 
of  time,  and  it  is  also  probable  that  a  decrease  m  the 
amount  of  haemoglobin  contained  in  the  red  blood  cells 
is  the  result  of  deficient  absorption  of  iron.  The  nature 
of  rachitis,  osteomalacia,  and  the  various  forms  of  anaemia 
is  as  yet  but  little  understood,  and  the.se  diseases  may 
be  the  result  of  more  complicated  disturbances  than  the 
mere  withdrawal  of  certain  food  elements. 

Local  atrophies  may  result  from  disturbances  in  the 
blood  supply  of  certain  regions  following  arterio-sclero- 
sis,  thrombosis,  or  inflammatory  processc^s  involving  the 
vessels.  Degenerative  changes  almost  invariably  ac- 
company this  form  of  atrophy.  If  the  blood  supply  of 
any  part  is  completely  shut  off,  necrosis  results.  When 
there  is  an  insufficient  supply  of  food  to  the  body  as  a 
whole,  or  if  the  fluids  of  the  body  are  not  adequately 
restored,  a  general  atrophy  of  the  l>ody  t^ikes  place.  The 
fat,  muscles,  blood,  and  abdominal  organs  suffer  to  the 
greatest  degree.  The  fat  disappears  first  and  may  be 
reduced  to  seven  per  cent,  of  its  original  amount.  The 
muscles  may  lose  as  much  as  fifty  per  cent,  in  weight. 
Of  the  abdominal  organs  the  liver.  si)leen,  and  intestmes 
suffer  most.  Th<'  bmin,  spinal  cord,  bones,  and  heart 
muscle  undergo  but  little  loss  of  substance  even  in  cases 
of  death  from  starvation.    Lipomata  remain  unchanged 
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connectLii  willi  tlii-ir  pliysiwil  aoii  cliemicMl  integrily,  and 
diHturlianct-H  of  tliin  lead  to  a  decreasp  of  this  enngy. 
The  presence  of  ct-rtain  foreign  elements  in  tlie  circula- 
tion leads  MYanionallv  to  atropliy  associated  witli  degen- 
erative processes.  The  protracted  use  of  iodine  may 
cause  atropliy  of  Itic  thyroid  and  mammary  glandH.  and 
1u  chronic  lead  poisoning  the  eitensor  muscles  of  Iht, 
forearm  may  become  airojihic. 

I^-esn'ire  Alri>p/ig,~-4i'\Dfv\y  allied  to  the  alroi>h>  n 
suiting  from  iDsufflcient  nutrition  is  thst  produced  1)^ 
continued  sligli  t 
pressure.  As  tiic 
renult  of  artitiiial 
mechanical  priss 
ure  may  he  m<n 
tioned  tlie  exam- 
spleen"  the  con- 
by  rings,  belts,  and 
garters,  the  Chinese 
foot,  tlic  flat  liead 
and  flat  nose  of  cer^ 
tain  Indian  trilxit, 
etc.  Hliiu,  muscle!!, 
an<l  iHine   may  dis- 
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of  tlie  joints  muv 
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a  ri'siH'c lively  mny  undergo  enlremo  alnipliy.  Far- 
mer, alrijpiiie  eliangi's  may  )m:  eauscil  in  any  jiart  of 
the  iKniy  as  tin;  nsiilt  of  pressure  tnnu  iiiHanunatorv 
exudates. 

The  various  fiimi.s  of  pnssurc  atropliy  are  caused,  asa 
nile.  hy  slight  pii'»sun-  continued  Ihroiigh  hmg  ))crioils 
of  tinte.  It  Is  the  resiiltor  ilinct  injury  to  tiie  tissuiMind 
of  circulatory  distil rlwiici-s.  It  is  tliereffin'  |>a.ssivi-  in 
its  nature.  If  tlie  preKKurc  is  so  gri'at  tliiit  the  IiIihhI- 
veB.sels  become  closi^tl.  dcgcni'miioii  and  necrosis  must 
follow.  In  many  cases  lln'  causes  of  the  atrophy  ri'sult- 
iiig  from  pnWire  are  eoniplleati'd.  iniThaniciil  furir 
and  dlsturtmnces  of  nutriliim  jilayiiig  lliu  cliii'f  )iar(s  in 
ils  priKluctioi). 

Hfiimimtliir  Alrophy.—TXie  question  of  the  e.vistcnee 
of  tvoptiic  nervt-s  ami  trophic 
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i  degeiicnitive  changes  aiis 


prolialile  that  these  clianges  arc  not  entirely  dependent 
upon  tlie  loss  of  nerve  intfuence,  but  for  the  greater  part 
are  secondar}-  to  tlie  loss  of  functional  activity  and  to 
disturbed  nutrition  caused  by  vaso-mutor  changes  in  the 
regions  sujjplied  by  Uie  affected  nerves.  Aa  a  result  of 
these  clianges  in  dam  illations  are  easily  Bet  up,  even  by 
slight  causes  which  ordinarily  proiluee  no  lesions,  and 
the  result  of  the  intlammatorj'  process  may  be  eitber 
atrophic  or  degenerative  in  its  nature.  Tlie  majority  of 
the  cliatigCH  following  disturbances  of  innervation  are  not 
of  the  nature  of  a  tnie  atrophy,  but  are  degenerative  in 
cliarHct4.r  The  ajiplication  of  the  t^rni  atrophy  to  these 
proei  ssee  is  justitlabie  only  by  the  fact  that  the  ultimate 
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Disease  of  the  anterior  horns  of  the  spinal  cord  or  of 
the  mot<ir  niots  is  followed  by  atrophy  of  the  corre- 
sponding nerves  and  muscles.  Anterior  poliomyelitis, 
progressive  muscular  atrophy,  and  bulbar  paralyais  ate 
K(11  known  exaniples  of  this  form  of  atrophy.  In 
syringomyelia  and  talK-sdorsalis  atrophy  of  the  bouea  and 
joints  not  Infreiiucnlly  occurs.  Injuries  of  the  peripheral 
nerves  may  be  followed  by  thinning  of  the  skin,  exfolia- 
tion, loss  of  liair,  and  atrophy  of  the  glands  of  the  ^in. 
Disease  or  injury  of  tlte  nerve  trunks  of  one  side  of  the 
face  may  leatl  to  atrophy  of  tlic  tissues  of  that  side. 
Unilati'ral  affections  of  the  brain  in  fetal  life  or  during 
early  chlldhoiHl  may  cause  an  atrophy  of  the  opposite 
side  of  the  IxHly  (congenital  or  infantile  hemiatrophia). 
General  atrophy  of  the  bodv  occurs  in  progressive  par- 
alysis anil  to  K  less  extent  in  inetaneholia  and  dementia. 
It  is  denied  by  many  authors  tliat  these  forms  of  atrophy 
arc  neuropathic,  and  it  is  much  more  probable  that  vaso- 
motor disturbances,  loss  of  function,  and  general  aa  well 
as  local  diHiurtmuces  of  nutrition  are  the  chief  factors  in 
their  production, 

Alrophy  It'll-  to  Kiivm're  H(m(^.— In  all  conditions  In 
which  tlie  ri'iiair  of  the  tissue  is  exceeded  by  tissue  con- 
sumfilion  a  loss  of  substance  must  occur.  In  fetal  life 
aiHl  in  the  periiMl  of  early  development  only  a  portion  of 
the siitisljtnces  taken  intotlH;  iHMlyiscompietcly  oxidised. 
the  greater  (lart  is  useil  in  the  building  up  of  tissue.  In 
adult  life  tlH-  larger  [Hirt  is  burned  up,  the  smaller  re- 
maining [Hirtion  is  use«l  in  tiwiuc  re|iair.  The  two  proc- 
esses of  waste  and  repair  stand  in  different  relations  to 
each  other  at  different  periods  of  life,  and  must  be  con- 
si<lereil  as  indeiH'iident  jirotresses.  Tliis  is  very  clearly 
shotvn  in  tliuse  [lathological  eondilions  in  which  tissue 
waste  exeeeils  tis,suc  reiiair.  Over-use  of  any  organ  leads 
to  fatigue,  poisonous  priKluclM  of  nietalxilfsm  are  re- 
tained, and  the  cells  are  not  given  suHicieut  time  for  re- 
building. If  a  condition  of  chronic  fatigue  developaas 
a  result  of  ciiriinic  overuse  anatimiical  clianges  occur. 
C'hief  of  these  is  a  loss  of  substance.  The  brain  is  tlic 
most  iiuporijuit  organ  which  may  be  so  affected.  Of  tlio 
glandular  organs  the  ti-sticles  'most  frequently  suffer. 
Atrnpliy  of  the  heart  and  voluntary  muscles  may  alsi> 
occur  as  the  result  of  over-us<'.  The  failure  of  compen- 
sation in  chronic  valvular  disi-ase  is  also  t^i  be  placed  in 
this  cjiiegory. 

RepiMttil  Severe  hemorrhages,  chronic  suppuretive 
)irocessi-s,  torig-coutlnuMl  excretion  of  albumin,  diabetes, 
fever,  rapiilly  irrowing  tumoni,  and  many  other  similar 
processes  pnxlure  gencml  wasting  of  the  Ixxly  with 
nurkiil  atniphy  of  c<>rlain  tissues.  In  general  the'  oature 
and  I'ourst?  of  the  various  «ii'liecti<!  atniphies  arc  very 
closely  alliiil  to  senile  atrophy,  and  the  microscopical 
appcitmnei-s  are  identical. 

Atrniihn  r.niiuil  tin  Defrfiined  r<-«Mrtn.— Til  rough  tt 
pi-nnnriint  luss  or  decri'iise  in  the  normal  tension,  as  in 
tile  nw  of  niuwles.  ti'ndons.  fascbe,  and  blfHid. vessels 
iifti-r  iiMipiitiitiiiiis,  or  of  Icndims  after  tcnolnmy.  atrophy 
niiiy  take  ]iluee.  The  involution  of  the  puerperal  Utenis 
iiiiiy  also  In-  eon  side  red  iiiKlcr  this  liend. 

A  [urge  iiiinilH'i  of  conditions,  such  as  the  decrease  in 
si/,e  ,.f  the  orbital  cavitv  after  n'moval  of  the  evehal) 
mill  <if  the  sockets  of  joints  after  unreduced  dislocations. 
lire  ni't  ]>ro]ierly  included  in  this  clas.s,  a-s  tlie  decrease  in 
size  of  the  cavity  is  not  of  the  nature  of  an  atrophy,  but 
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is  usually  caused  by  aa  increase  of  lissm-  in  and  about 
the  cavity. 

Macroscopic  A 1,  AppEABAHCEa.  — Tbe  most  strikiDg 
change  in  atrophic  organs  is  their  decrease  in  size.  This 
is  directly  de|K-ndent  upon  the  decrease  in  si/e  and  the 
diminution  in  number  of  the  structural  elements.    The 


muscles,  kidnpys,  liver,  and  spleen  show  tliis  decn-ase  in 
rize  to  the  most  mHrke<i  degree.     In  extensive  atrophy 
of  the  muscles  aa  seen  in  pri)gres.sive  muscular  atropliy 
the  (lisappeurunce  of  tlic  tissues  ma^  be  so  marked  that 
the  impression  is  given  that  there  is  nothing  be- 
tween  the   skin   and   the   bone   (so-called    living 
skeleton).     Id    many  cuses.  however,  there  is  a 
deposit  of  fat  in  the  atrojihic  tissues  which  may 
be  so  extensive  tiiat  the  uormal  size  may  be  pre- 
served or  an  actual  increase  may  take  jiluce  (atro- 
phia musculorum  tipomatosa).    The  atro[ihlc  liver 
and  heart  may  likewise  be  increased  in  size  through 
fatty  in  nitration. 

The  siz.e  of  atrophic  lungs  may  \ie  increaseil 
through  the  stretching  of  the  atrophic  alveolar 
walls  and  the  consequent  dilstalion  of  the  uir 
■paces  (atrophic  emphvKei 

In  the  ease  of  Hlro]iliv  t 
no  decrease  in  si/e  lakes  i)Iacc.  but  the  Haversian      AWoriij 
canals  and  medullary  cavity  become  enlarged  (ex- 
atrophy  or  osteoporosis).     The  spiee 


nodular  or  granular  surface.  This  is  especially  marked 
in  atrophy  of  the  glandular  structures,  liver,  kidney,  etc. 
Aa  a  nileatrophic  organs  contain  less  blood  and  are  drier 
tijan  normal  ones.  The  increase  of  connective  tissue, 
either  relative  or  actual,  causes  an  increase  in  consistency 
with  loss  of  elasticity.  As  a  result  of  the  decr^sed 
blood  content  the  natural  color  of  the  organ  stands  out 
more  distinctly:  hence  atrophic  muscle,  especially  heart 
muscle,  is  much  browner  in  color  than  normal.  An  in- 
crease of  the  normal  pigment  or  an  increased  deposit  of 
biematogenous  pigment  is  also  a  very  frequent  accom- 
paniment of  atrophy  (brown  atrophy  of  heart  and  liver). 
In  other  cases  the  color  of  the  atrophic  orgnn  is  lighter  or 
more  grayish tlian normal  becauseof  the  relative oractual 
increase  of  connective  tissue.  In  all  cases  in  which  mucli 
tat  is  deposited  the  color  becomes  yellowish, 

MrcROs«op!CAL  CiiAN-c.Ks. — The  microscopical  exam- 
ination of  atrophic  organs  shows  a  decrease  in  size  and  a 
diminulion  in  number  of  the  normal  elements.  This  may- 
occur  without  other  changes,  or  the  atrophy  may  be  ae- 
compani«l  by  a  deposit  ot  fat  or  iiignieot.  or  an  Increase- 
in  the  amount  of  the  normal  pigment,  or  it  may  occur 
in  association  with  various  degenerative  processes.  We 
may  therefore  distinguish:  nmpUativphy.faityntrophy. 
pigment  atrophy,  and  dfotTitrtitice  ati-ofiiy.  Patty  and 
pigment  atrophy  are  so  closely  related  to  simple  atrophy 
that  they  are  to  beconsidered  as  simple  atrophy  followed 
by  or  associated  with  fatly  infiltration  and  pigment 
formation.  They  should  be  carefully  distinguished  from 
the  true  degenerative  atrophies  in  which  changes  in  tbe 
nature  of  the  protoplasm  occur  from  the  very  beginning. 
As  a  result  ot  these  changes  new  substances  are  formed 
In  the  cells  or  about  them  (mucous,  fatty,  hydropic  de- 
generations: amyloid,  etc..  deposits).  In  these  condi- 
tions, especially  in  the  case  of  the  pathological  deposits 
and  inflUretious,  the  atrophy  of  tbe  cells  must  be  regarded 
in  many  cases  as  a  secondary  process. 

As  a  rule  the  more  highly  specialized  portions  of  the 
tissues  suffer  to  a  greater  extent  than  the  connective- 
tissue  framework.  This  may  be  unchanged  or,  as  most 
frequently  occurs,  increased  in  amount.  In  the  newly 
formed  connective  tissue  tliere  is  usually  a  greater  or  less 
degree  of  fatty  infiltration.  Through  tlie  increase  of 
connective  tissue  and  the  fat  deposit  the  normal  press- 
ure upon  surrounding  structures  may  be  preserved  un- 
clianged.  The  fatty  infiltration  may,  therefore,  be  re- 
gardrai  aa  being  of  the  nature  of  a  compensatory  process. 

In  atrophy  of  striped  muscle  the  contractile  substance 
disappeara  while  the  nuclei  of  the  endomysium  proliferate 
*~  1  greater  or  less  extent.    In  atrophy  of  the  lung  tbe 


appear. 
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rule  suffers  a  synmii'lrK-al  dcereaw;   in    volume. 
while  the  liver  usuall.v  shows  more  markc-<l  loss  of  sub-   I   confluent  through  the  disappearance  of  the  wall.     A 
e  in  the  left  lobe  tliiin  in  IIk-  right.  |   result  of  the  obliteration  of  many  of  the  smaller  capillar 


If  the  atrophy  of  an  organ  proceeds  symmetrically  i 
all  parts  a  unitormdccrca.su  in  size  nmults  with  jireserva- 
Uon  of  normal  form.  It.  however,  progresses  most  fre- 
quently with  greatJT  rapidity  in  one  pari  than  in  another. 

and  aa  the  resull  of  this  uiiequal  atropliy  nodules  and 
furrows  are  forme<l  so  that  the  organ  comes  to  present  a 
Vol.  1.— 39 


the  larger  vessels  show 
liver  lobules  become 
that  organ, 
relatively  or  actually 
character,  resembling 
cells  are  decreased  in  t 


lie  of  chronic  congestion.  The 
'  much  anniller  In  atrophy  of 
■  tiiwueof  OlisBon's  capsule  is 
L-asefl,  and  is  more  hyaline  In 
r  tissue.  The  liver  ro<is  and 
and  there  is  a  great  variation 
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tn  the  size  of  the  individual  liver  nuclei,  maoy  of  which 
show  a  compensatory  hypertrophy.  The  central  veins 
■Dii  capillaries  arc  congeal«il.  itnil  tlie  liver  cells  of  the 
central  zone  of  the  lobule  contain  much  hsmaioidin, 
while  those  of  tUo  peripheral  zone  show  an  increased 
amount  of  fat. 

Id  the  atrophic  kidney  there 
the  tubules  due  to  a  decrease  ii 
in  nunit>er  of  the  epithelial  cells.  Many  tubules  niay  be 
found  containing  few  cells  or  tonipletely  collapsed.  As 
a  result  of  the  loss  of  interveDine  tissue  the  glomeruli  are 
brought  closer  together,  bo  that  from  twenty  to  forty  inay 
be  found  in  one  low-power  field,  Tlie  epiilielium  and 
capillaries  of  the  glomeruli  also  disappear.  a:id  as  a  re- 
sult I  m  Ufl  1  lit  r&t«d  gl  n  n  1*  arc  f  d  1  atro 
pUy  o  n  ra   n  t*ni         ga  k     n  ce  a  d 

appea         bee  m      ma  h  n  urog  ia  n    an 

in   norma    am     n  bee  nK's  in  reased  ph 

the  ly    p    g  and      ud  sp  "en  h  n    y  a  d  sappea 


Atrophic  muscles  loac  their  contractile  power,  atropliic 
glands  their  secretory  function.  o^teopOTotic  bones  are 
e^ly  broken,  and  atrophic  skin  is  easily  injured  by  a  very 
slight  trauma.  Furlher,  the  atrophy  of  one  organ  or  set 
of  tissues  disturbs  the  function  of  other  organs  and  leads 
to  a  general  diseased  condition  of  the  orKttnjgni. 

The  prognosis  in  atrophy  is  favorable  odIv  in  thiw 
patliulogical  conditionsin  which  the  cause  of  tnealroFA^ 
may  be  removed,  and  in  tissues  in  which  the  pfaysioloei- 
cal  limit  of  growth  has  not  been  reached.  Atrophy  of  the 
vital  organs,  heart,  medulla  oblongata,  kidneys,  respin- 
torymusclcs,  etc.,  not  Infreauently  leads todeath.  Thrre 
may  also  result  a  complete  disappearance  of  certain  strut- 
turcs  caused  by  the  atrophy  of  the  matrices  which  fomi 


!i       mph  gla  d   there  is  a  decrease  in 

I  on  y  b  p  re  passive  fonng  of 
a  rop  adm  f  treatment.  Tbr 
rem    a  h    cause  and  the  iva- 

ora     n         h    normal  nutrition  are 
th      h  ca   ons. 

rf  rti  SroH  Wartkin. 

ATROP  C  POISONS,— The  nat 

ura      d      Vifi      r«r  comprises  manr 
plan     possess  ng  aclively  poisoooiu 

eropert  mong  these  the  more 

np     an     are     Alropa  belladoKm, 
ead  gh  shade  ;      Ifyoteipmii 

gr       h  n  n  Datura    ttratfi- 

h  roapple  or  Jamestovn 
weed  V  lu  gora  ttjlriiuilr,  nuin- 
drak  'ic  ml  a  Jiiponica,  Japanese 
be  lac  nna  and  several  species  of 
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ance  of  the  follicles  and  a  diminution  in  the  number 
of  the  lymphadcni)id  cells.  Th<!  trabecuhi'  are  brought 
more  closely  tugetlier,  and  the  finer  stroma  is  increased  In 
amount.  In  atrophy  of  bone  the  bone  subslauce  is  dr- 
creosetl  in  tiiuount  niid  the  marnin'  simei«  ari'  increiiKeii. 
With  this  then'  is  usually  tin  inercasi-  in  Hie  tatty  inar- 
row,  but  it  iHiiisiomillv  ilisupiHiirs,  k'uvinir  cystic  spaces 
filled  with  lluid. 

Coi-RBE.— Tilt  cuiirs.'  of  llie  v.irii.us  fi.niis  „f  atrophy 
depends  wholly  upon  Ihi-ir  nniun-,  Toiul  iiirophy  oc- 
curs as  the  result  of  tliccxlmiisliiiu  of  lli•^  iulicrcnt  liis- 
togenetic  energy',  as  in  the  i.'ase  itf  iiuiuy  of  the  fetal 
structures,  the  thynnts.  etc.  In  imrtiiil  lu'ruidiies  due  to 
other  causes,  such  b»  disturbances  of  nutrition,  pri'ssurc. 
etc.,  a  greater  or  less  degree  of  re.slonilioii  is  possible  in 
all  structures  in  which  the  histogi-netii'  limit  litis  iinl  twcn 
reached.  If  the  causes  Imdini;  in  iitropliy  ojieniti'  in  (be 
€>arly  periods  of  develojmirni.  iipTii-iiiii  i)r  iipUisjn  nmy 
result.  Certain  organs,  as  the  tliyroiil  or  si'xuiil  ginnds, 
may  l>e  thus  allecleil  and  their  lick  of  develoi'mcut  may 
1(11(1  to  rutanled  growth  of  olhei'  tissues.  As  stati'il 
ab")ve,  these  processes  are  not  of  the  nnlurc  of  inic 
atrophies,  but  it  isditHcult  in  nil  cati's  in  ninke sharp  dis- 
tincliiiu.  Tlic  atrophy  of  cerluin  fully  di-vi-1i>peil  orgiiiis 
llkcwisi' may  affect  the  growth  of  oihiv  nriniiis  or  i-vcn 
of  tlie  whole  lK>ily.  as  in  progrcs.iivc  iiiiisciiUir  iiiiopby 
whert^  atrophic  (-lianjres  In  the  lionrs  follnw  ilmsi-  in  rlii- 
iiiuscles. 


poison  us  qualities  of  Ibe 
%/  71/1  n  d  pcnd  on  well-markeii 
a  ka  ds,  anal  goua  in  composiiion 
and  propirtlcB,  notably  as  rt^nls 
the  power  to  produce  dilatatKinof 
the  pupil,  for  which  ivasna  tk 
term  mydnalir.  ttlkiiimth  tuu  bwa 
applied  to  them  collectively.  Since  tite  toxicology  viU 
inchule  ttie  effects  of  bolli  the  plants  and  the  iii'iife 
(trinciples.  it  will  Ix^  more  Butisfactort'  to  conirider  Ilica 
under  Ihe  title  of  the  "Atropic  Poisons."  The  ilfsiil.f 
nighlslinde.  Alropa  belliul'intia.  ia  the  most  impurtu' 
of  the  group,  aud  Its  alkaloid,  atropiu  (atnipinii.  (■'■ 
S.  1'.).  has  been  extensively  nstd  by  ophlhalraolo^s. 
but  of  hite  years  it  lias  U'en  often  replaced  by  a  deri"- 
tlvc.  Iioniatriipin.  and  by  another  natural  alkaloid  of  il* 
class,  scopolaniin;  the  effects  of  these  being  murr  ins- 
sient  than  those-  of  atropiti.  Accotding  to  recent  in'*'' 
tlgalii>ns,  the  sti-called  daturin— derived  from  ftiW^ 
mnumiii'iia—ii,  Identical  with  ainipin,  but  commerrUi' 
daturin  often  contains  some  hyoseyamin.  Statistica  c"'- 
lec'leil  by  Willliaus  show  that  of  the  rep<>rted  (US'*  " 
tiiiisoninir  by  the  plants  of  tin's  class  or  their  alkaloi'^-^ 
over  slxtv  per  cent,  are  bv  belladimnu  or  atrupio.  *•"*  < 
next  in  order  bv  IhiUna  nimm-iii'im.  The  majority  ^^ 
casi's  were  acriJeniHl.  _^*»- 

The  ^niiipliiiiiK  produced  by  to.\ic  doses  of  llie  pfP^^^^iiii 
tlotisof  belladonna  usually  manifest  themselves  wi'^^jie 
nil  hour,  and  lire  marked  and  cluiniclerislic.  Tlicy  i^^  '  ^ 
lient  tiiiii  dryiu'ss  of  the  moiilh  and  throat.  Increasing  ^n 
11  feeling  nf  burning  or  eonslriction,  dillii'ully  of  swallo"^^^, 
iiig,  giddiness,  naiisiM  and  vomiting  freiiueiitly,  hut  n^^a 
iiiMiriiilily:  gn-at  mental  excitement.  <li-liriiini,  and  liu^^ — )i 
liieiiiailon,  often  decidedly  maniacal  or  hysterical.  T_  ^.\, 
liriiiliition  is  decidi-dly  affected,  liie  pnlsi'  Ix-ing  nuie^ 
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Atropic  Polsoiufc 
AadlUoii« 


Dilatation  of  the  pupil  with  insensibility  to  light  and 
impairment  of  vision  is  a  usual  and  important  symptom. 
The  mental  symptoms  often  take  the  form  of  wild  and 
uncontrollable  laughter.  The  following  case,  detailed 
by  Taylor  ("Treatise  on  Poisons"),  illustrates  the  clinical 
history  of  belladonna  poisoning.  A  boy,  aged  fourteen, 
ate  about  thirty  belladonna  berries.  In  about  three  hours 
it  appeared  to  him  as  if  his  face  was  swollen,  his  throat 
became  hot  and  dry,  vision  impaired,  objects  appeared 
double,  and  seemed  to  revolve  and  run  backwai^.  His 
hands  and  face  were  flushed  and  his  eyelids  swollen,  and 
occasional  flashes  of  light  were  experienced.  He  tried  to 
eat,  but  could  not  swallow  on  account  of  the  state  of  his 
throat.  In  endeavoring  to  walk  home  he  staggered,  and 
felt  giddy  whenever  he  attempted  to  raise  his  head.  He 
was  incoherent,  frequently  counted  his  money,  and  did 
not  know  the  silver  from  the  copper  coin.  His  eyes  had 
a  fixed  and  brilliant  look,  he  could  neither  hear  nor  speak 
plainly,  and  was  very  thirsty ;  he  caught  at  imaginary 
objects  in  the  air.  There  was  headache,  but  no  vomiting 
nor  purging.  These  symptoms  were  much  the  same 
nine  hours  after  the  taking  of  the  poison.  The  pupils 
were  so  strongly  dilated  that  there  was  merely  a  narrow 
ring  of  iris;  the  eyes  were  quite  insensible  to  light,  the 
eyelids  did  not  close  when  the  hand  was  passed  suddenly 
over  them,  but  the  nerves  of  common  sensation  were  un- 
affected. The  pulse  was  90,  feeble,  and  compressible. 
He  continued  in  this  state  for  two  days,  but  gradually 
recovered. 

Fatal  cases  usually  terminate  in  coma,  less  frequently 
in  convulsions. 

The  treatment  of  belladonna  (or  atropin)  poisoning  is 
both  direct  and  physiological.  Free  evacuation  of  the 
stomach  by  means  of  emetics  or  the  stomach  pump 
should  be  resorted  to ;  as  antidotes,  animal  charcoal  or 
tannic  acid  may  be  given.  The  former  has  been  found 
efficacious  by  actual  experiment  on  the  human  subject ; 
it  acts  by  absorbing  the  alkaloid;  tannic  acid  renders  it 
insoluble.  Both  these  agents  are,  however,  only  tempo- 
rary ;  they  do  not  set  aside  the  necessity  for  evacuating 
the  stomach  or  using  other  remedies.  Since  physostig- 
min — the  active  principle  of  the  Calabar  bean — and  also 
morphin  cause  contraction  of  the  pupil,  they  have  been 
naturally  suggested  as  physiological  antidotes  to  atropin, 
and  clinical  experience  has  borne  out  this  view.  The 
hypodermic  use  of  these  agents  should  therefore  be 
cautiously  employed,  the  condition  of  the  pupil  and 
the  general  nervous  symptoms  being  used  as  guides  to 
the  medication. 

>&iny  of  the  recorded  cases  of  belladonna  poisoning 
have  recovered  under  treatment.  When  a  fatal  result 
takes  place,  no  special  or  characteristic  post-mortem  ap- 
pearances are  discoverable. 

There  are  no  striking  or  easily  applied  chemical  tests 
for  atropin.  It  may  be  identified  by  its  physiological 
action,  dilatation  of  the  pupil.  Henry  Leffmahn. 

ATROPINE.    See  Belladonna. 

AUDITION. — Audition  or  hearing  is  the  result  of  proc- 
esses by  which  certain  vibrations  of  physical  media  are 
taken  up  by  a  peripheral  sense  organ,  the  ear,  and  trans- 
formed into  nerve  stimuli  which  excite  in  consciousness 
sensations  of  a  peculiar  kind.  These  sensations  we  know 
as  sound.  They  are  a  function  of  a  certain  part  of  the 
cerebral  cortex.  Unfortunately,  it  is  also  the  rule  to 
designate  by  the  name  of  "  sound  "  those  physical  vibra- 
tions which  are  the  objective  cause  of  sound  sensation 
but  which  have  nothing  in  common  with  it. 

This  article  will  be  chiefly  limited  to  the  treatment  of 
objective  or  physical  sound  and  the  manner  in  which  it 
affects  the  mechanism  of  the  ear  in  giving  rise  to  impulses 
in  the  auditory  nerves. 

Physical  sound,  as  contrasted  with  sound  sensation,  is 
due  to  vibrations  of  particles  of  solid,  li(iuid,  or  gaseous 
media.  In  its  vibration  a  particle  may  move  back  and 
forth  in  a  straight  line,  as  in  the  transmission  of  an  air 
wave  or  in  the  propagation  of  a  tremor  longitudinally 


along  a  rod  of  metal ;  or  it  may  describe  a  more  or  less 
elliptical  or  circular  path  as  in  a  wave  of  water,  and 
tranverse  to  the  direction  of  wave  movement.  When  a 
particle  is  forced  from  its  position  of  equilibrium,  the 
force  with  which  it  tends  to  resume  that  position  is  a 
measure  of  the  elasticity  of  the  substance  of  which  it 
forms  a  part.  Elasticity  is  the  property  by  virtue  of 
which  vibrations  are  propagated. 

Transverse  and  Longitudinal  Vibrations.  Waves  cf 
Sound. ^The  vibration  of  particles  gives  rise  to  waves 
having  definite  form,  length,  and  rate  of  progress.  The 
waves  most  familiar  to  us  are  those  seen  on  the  surface 
of  water  formed  by  an  up-and^lown  motion  of  the  par- 
ticles in  an  elliptical  curve.  The  vibration  is  transverse 
to  the  direction  and  length  of  the  wave,  and  the  ampli- 
tude or  depth  of  the  wave  and  that  of  the  vibration  cor- 
respond. The  wave  length  is  the  distance  measured  from 
crest  to  crest  or  hollow  to  hollow ;  it  has  no  necessary 
relation  to  the  amplitude  of  vibration.  A  stretched  string 
or  a  tuning  fork  also  executes  transverse  vibrations,  when 
plucked  or  rubbed  in  the  usual  way.  But  if  a  stretched 
string  or  a  rigid  rod  be  scratched  at  one  end  the  particles 
there  will  be  set  in  oscillation  back  and  forth  (longitu- 
dinal vibration),  and  this  vibration  will  be  transmitted  as 
a  wave  along  the  string  or  rod  and  may  be  heard  as  sound 
at  the  further  end,  but  will  make  no  visible  movement. 
It  is  important  to  consider  how  these  longitudinal  waves 
are  formed.  The  particles  which  are  struck  or  scratched 
at  the  end  of  the  string  or  rod  are  forced  against  those 
immediately  adjoining,  these  in  turn  crowd  upon  the 
particles  in  front;  the  energy  of  the  first  displacement 
measures  the  degree  of  crowding  or  condensation  thus 
produced.  The  particles  unnaturally  strained  together 
spring  away  from  one  another  by  virtue  of  their  elasticity, 
and  their  energy  of  movement  carries  them  beyond  their 
position  of  rest,  making  the  number  of  particles  at  the 
previous  point  of  condensation  less  numerous  than 
normal,  thus  producing  a  condition-  of  rarefaction  as  a 
result  of  the  oscillation.  The  forward  vibration  of  the 
particles  is  thus  transmitted  as  a  phase  of  condenscttion 
to  successive  layers  of  the  substance  traversed,  each 
condensation  being  succeeded  by  a  complementary  rare- 
faction. The  two  pliases  of  condensation  and  rarefaction 
make  up  the  wave  of  sound.  The  length  of  the  wave  is 
the  distance  measured  between  two  points  of  extreme 
condensation  or  rarefaction.  This  wave  length  has  no 
necessary  connection  with  the  length  of  the  path  de- 
scribed by  the  individual  particles  whose  motion  gives 
rise  to  the  sound  wave. 

Aerial  vibrations  resemble  the  longitudinal  vibrations 
of  solids  and  liquids  in  that  the  sound  waves  move  in 
the  same  direction  as  the  particles  whose  movement  pro- 
duces the  waves.  The  amplitude  of  movement  of  the 
individual  particles  is  very  much  less  than  the  wave 
length  produced  by  that  movement.  In  the  mobile  air 
the  path  described  by  the  particle  is  relatively  great,  but 
in  a  rod  of  wood  or  metal  or  imder  water,  the  excursion 
of  each  particle  in  its  vibration  is  infinitestimal  in  its  re- 
lation to  the  wave  length  or  distance  between  successive 
condensations  or  rarefactions.  The  amplitude  of  move- 
ment of  the  vibrating  particle  is  a  measure  of  the  energy 
which  has  been  imparted  to  it,  and  it  has  extraordinary 


Fio.  384.— Illustrating  Paasai^e  of  an  Air  Wave.  The  balls,  E,  C.  B, 
etc.,  repreHent  air  particles  and  the  springs  the  elastic  force  restor- 
ing them  to  position.    (After  Tyndall  on  **  Sound.") 

physiological  significance,  for  u]>on  it  de|>en(ls  the  loud- 
ness of  sound.  In  exact  language,  the  intensity  of  sound 
sensation  is  proportional  to  the  square  of  the  amplitude 
of  the  vibrations  which  cause  it.  Tyndall  in  his  work 
on  sound  illustrates  by  a  diagram  the  method  by  which 
a  "sound  pulse  "  is  transmitted  (see  Fig.  384 ).  The  ap- 
paratiLs  consists  of  a  series  of  wooden  balls  separated 
from  one  another  by  spiral  springs  (the  balls  represent 
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oir  particles  and  the  springs  tlie  clastic  force  restraining 
tlicir  (iiaplan^meut).  On  Rtriking  tlie  knoli  A,  a  rod  at- 
taclie<l  til  it  impinges  upon  the  flret  ball  B,  which  traos- 
mits  its  mntiuD  to  C,  tlience  it  passes  to  E.  and  mi  on 
throughout  Hie  entire  series.  Tlie  arrival  at  D  !a  an- 
nounced by  the  shock  of  tlic  temiiaal  t>a1I  against  the 
wood,  or,  If  we  wish,  by  tlie  lineing  of  a  bell.  Here  the 
clnsticily  of  the  air  is  repri'SentM  by  ttiat  of  tlic  springs. 
The  "pulse"  may  be  reduced  to  such  a  degree  of  slow- 
ness  that  it  can  be  followed  by  the  eye. 

Vibrations  occurring  in  any  medium  may  be  trans- 
mitted by  direct  contjict  to  oiiotlier  nu-diiim.  Thus, 
when  the  bell  of  a  stethoscope  is  apptieil  to  the  cliesl,  the 
vibrations  of  the  chest  wall  are  transmitted  to  the  ear 
either  by  theaircolumnsof  the  instrument  or  by  its  solid 
atructure  or  by  both.  VibratJonsof  the  bones  of  the  skull 
are  transmitted  direeily  to  the  tympanic  membrane  and 


clock  swings  lo  and  fro  It  might  be  sutiposcil  that  a  sound 
would  lie  prodiire<l  by  each  excursion  of  the  rod,  and  this 
would  tie  the  ease  were  not  the  air  so  mobile  tbat  its 
partieles  instantly  retreat  fnim  the  front  to  the  back  of 
the  slowly  moving  pendulum,  so  that  no  sensible  condeu- 
satiou.  wliich  is  neei'ssary  to  the  pr<Hluctioiu>ra  sonorous 
wave,  occurs.  That  Is  "to  siiy.  a  certain  suddenness  of 
impulse  Is  necessary  to  start  an  air  wave.     Such  au  im- 

Sulseis  developed  when  a  mixtun-  of  oxygen  and  hy- 
rogen  are  ignited  by  au  citclric  sjmrk.  The  beat  geo- 
emted  bv  their  union  causes  a  sudden  expansion  which 
starts  a  sonorous  wave  which  comee  to  the  ear  as  a  sliarp 

Siuilile  Pen^'ilitr  Vt'liriilio/m. — S«p|iose  our  jwndulum 
to  gnulually  increase  its  rate  of  nmvenient;  when  it 
Bwitigs  so  fast  as  to  accomplish  one  complete  to  andfn) 
movement  in  about  the  one-sixleenth  of  a  second  a  con- 
tinuous sound  of  very  low  pitch  should  be  expcctcii. 

In  practice  it  is  eiistnmai^  experimentally  to  priNluce 
sounds  by  tlie  Inuisverse  vibrations  of  tuning  forks  set 
upon  resonance  boxes  (see  Im-Iow).  Tlie  effect  of  such 
vibration  upon  the  air  la  illustrated  in  Fig.  385,  in  which 
the  dark  spaces.  <i.  b.  e,  rf,  represcut  the  phases  of  con- 
densation, and  the  light  spaces.  //,  c'.  il'.  Ihe  phases  of  rare- 
faction of  tile  air  waves.  Th<-  wave  length  is  the  dis- 
tance measured  from  «  to  ft  or  !n»n  ft'  to  c', 

Such  to-and-fro  owilliilioiis  are  known  as  >im}ile  jvn- 
diifnr  n'lrnilii'ii'.  TIh'v  Miuki'  no  audible  sound  until 
tliey  attain  the  rate  of  si*\t.iii  to  twinty-four  (ht  siTond. 

Tlie  J'if'-A  and  h-mh,,-^  •■/  Tu,.,  ,_l„s(eii.l  of  using  lh.> 
tuuhig  fork  as  a  simrei'  of  sound  thi'  fiillnwiug  familiar 
devict^  would  WTVe:  Tiikcu  i-\vru\ar  ,iis<',  A-l!  in  Fijr.  :Hi. 
of  cnrdbiianl  or  metal  alK<iil  uv.lvc-  imlies  in  diaiiieter. 
and  let  it  Ih:  perforated  at  eijuiil  inli-rvals  atonj;  a  cirde 

to  the  axis  of  a  wliw-l  capable  of  rapiil  rotation.  A  lieat 
lube,  w.  eommiinimting  with  a  Iw-ltinvs  giving  a  emi- 
Hnuons  blast  of  air,  \*  bniUL'hl  with  its  oriliee  over  the 
circle  of  holes.     Whi^iillie  disi-  isn'latnl  iiiul  nir  is  furcul 


becomes  a  well'marked  mutieal  tone,  and  the  piUA  of 
the  tone  is  found  to  ri«e  and  fall  with  the  number  of 
putTs  in  a  second  which  h»ve  caused  it.  If,  instead  of 
the  single  tu)>e  m,  two  tubes  were  used  to  convey  the 
blast  of  air  simultaneously  through  two  different  hole^ 
th<:  pitch  of  the  sound  woukl  not  be  altered  but  its  knid- 


3rfonl«1.  RolBUDg  disc   (itur  TjndaiU 

ness  would  be  increased,  because  the  two  forces  leadmg 
to  condensation  of  the  air  would  be  added  together.  The 
demonstration  of  the  laws  of  sound  production  in  air 
owes  much  to  an  instrument  called  the  n'rcn,  which  is 
essentially  elaborated  from  the  perforated  rotating  disc. 

T/ie  Range  of  Pitch  of  AudibU  Soundi.—hs  alread; 
mentioned,  physical  vibrations  do  not  so  affect  the  ear  u 
to  give  rise  to  a  Kntntion  ofmund  until  they  succeed  ooe 
another  at  the  rate  of  sixteen  to  twenty-four  per  second. 
As  the  rate  of  vibration  is  progressively  increased  the 
pitch  of  the  lone  is  raised  unlit  it  becomes  a  painful 
squeak,  and  it  is  said  that  for  most  persons  vibrations  he- 
come  inaudible  when  they  reach  a  frequency  of  16,(XX»  per 
second,  though  some  ears  are  slill  impressed  with  sounds 
caused  by  36.000  to  40.000  vibmtionsin  a  second.  SomeoT 
(he  liiwer  animals  can  probably  bear  tones  produced  bv 
Slill  more  rapid  oscillations.  It  is  a  familiar  expericnre 
that  when  n  sounding  bell  or  whistle,  as  of  a  locomotlv*. 
rapidly  approaches,  its  pitch  seems  to  rise,  and  then  lo 
fall  as  it  recedes.  The  rea-son  for  this  variaiion  is  that 
the  motion  of  the  locomotive  adds  to  or  subtracts  fmiii 
the  number  of  sound  waves  reaching  the  ear  in  a  givdt 
time.  In  tiie  rendition  of  mueic  a  much  narrower  com- 
pass ia  employed,  beyond  which  tones  cease  to  liave  » 
pleasing  character.  Tiie  droning  note  of  the  sixteen-foot 
organ  pipe  and  tlie  lowest  bassof  the  piano  (C,)  rc|irc9Mit 
a  vibration  rate  of  Uiirty-tlirce  per  second.  The  fiifAMl 
treble  of  the  piano liasavibmtioD  rate  of  4,234  per  secnnd. 
Finely  indned  ears  can  distiuguisli  differences  of  pitfli 
ii'pn-sented  by  only  lialf  a  vibration  |mt  second.  As  m 
the  nuiiilH'r  of  vlliraiions  ni^'essary  to  pruduee  the  fv»- 
tioii  of  sound,  it  \\a.*  iM'en  found  that  two  or  three  vihra* 
tions  e.\cite  the  sensiilionof  a  nwre  stroke;  fourorftfp 
vilinit  ions  are  neces.>yiry  to  given  tone;  and  some  Iwpntr 
lo  forty  are  required  to  develop  the  full  musical  qiwlitirf 
of  a  loiie.  Thus  fromn  pliyrfeul  scale  represenllngafritl 
vibrations  of  indellnltely  various ropklity  the  niitKl  NlerH 
and  apprei'iati-a  as  toiiH^  a  small  fracliiin.  about  a  niaK 
<if  eleven  octaves,  and  receives  irsthetlc  pleasure  from* 
still  narrower  range  oCalxtut  seven  octaves. 

S'lmmtirg, — Tlie  foregoing  discussion  miiv  be  siim"* 
ri/ed  ill  tlie  statement  that  MMjiff  tniit»  are  H'lr  M  trdHi 
•r-h  ieh  iirfjtrMliufdjm  '*'  pfmliihir  Tibrtilian  of  ihe  ;w  rf  **• 
'•f  (Uinlir-  b-Mlifn.  The  iiilrmitg  of  the  umiiu)  urumU'""  '■■ 
^n.iKM  iin  ihe  Hiaare  of  the  eimj^i'fiiile  of  filiniti"u,  ni''^y^ 
pifr/i  ff  111!'  vDiil  riiitiii  pmpnrtiou  to  the  mfenf  ri'fcn  f ''""' 


simultiineousiy  im|>aned  tollie  moving  particles.     ^^•:!''>t 
a  sin-ieln-ii  siring  is  jdiickeil  or  liowrtl  at  its  niiil'*  ■*,„. 


hrouirhoul  Irs  whole  length,  the  gn'iitesx  -•','jfh 
iioveineni  l>eing  at  the  midille  point,  ■»*''..  =n 
I  fro  like  a  i>eiidulut 


l>eing  at  the  midille  po 

1>eiidulum.     Themusieai  "'"-nji- 

in  pitch  which  the  slrinii  \-^  ^'  „lv 

I.M.f  uiving.     If  thiTonl  is  held  at  its  middle,  or  si""  'J'z, 

iuih,-d  1l..r,>  wilh  a  fe.Llli.-r,  anil  a  Ikiw  Is  drawn  "T"ii^ 


if  the  segments,  vibration  is  renewed;  butnO*' 
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string  divides,  as  it  were,  into  two  halves  with  a  point 
of  rest,  or  a  "  node, "  between.     Each  inter-node  or  "  ven- 


Fio.  387. 


Fig.  388. 


B 


Fig.  389. 

Figs.  387-389.— Illustratlngr  the  Segmental,  Transverse  Vibration  of  a 

String.    (Tyndall.) 

tral  segment"  is  half  the  length  of  the  whole  string,  but 

its  vibration  is  twice  as  rapid.     The  note  given  out  is 

therefore  the  octave  of  that  produced  in  the  lirst  instance. 

If  the  feather  be  applied  at  a  point 

one-third   the  distance  from  one 

end,  bowing  the  smaller  segment 

will  cause  the  string  to  break  up 

into  three  equal  vibrating  parts, 

separated  by  two  notles  or  points 

of    rest.     In  a  similar  way  the 

string  may  be  caused  to  vibrate 

in  four,  five,  etc.,  segments.     In 

each  case  the  rate  of  vibration  is 

as  many  times  that  of  the  whole 

string  as  there  are  segments  of 

vibration.     It  is  not  necessary  to 

keep  the  feather  applied  after  the 

node  is  once  formed. 

The  relative  immobility  of  the 
nodes  is  illustrated  by  placing 
over  the  string  a  series  of  paper 
riders;  when  the  string  is  thrown 
into  vibration  the  strips  of  paper 
are  violently  displaced  along  the 
ventral  segments  but  retain  their 
position  at  the  nodes  (see  Figs. 
887,  388,  389).  It  is  not  possible  to 
make  a  string  vibrate  as  a  whole 
without  at  the  same  time  its 
breaking  up,  to  a  greater  or  less 
degree,  into  its  vibrating  seg- 
ments. The  result  is  that  the 
oscillation  of  any  particle  is  not 
a    simple    pendular    movement, 


but  is  the  algebraic  sum  of  an  indefinite  number  of  such 
movements.  The  sound  which  is  heard  is  a  note  in 
which  are  contained  as  many  simple  tones  as  there 
are  separate  rates  of  vibration.  The  tone  produced 
by  the  movement  of  the  string  as  a  whole,  which  is 
the  slowest  rate  of  vibration,  is  known  as  the  fund- 
aniental  tone.  The  various  tones  produced  by  the  seg- 
mental vibrations  are  known  as  overUmes,  upper  partiaU, 
or  hartnonic  munds.  The  pitcfi  of  the  compound  note 
is  identical  with  that  of  its  fundamental  tone.  But  (he 
blending  of  the  various  segmental  vibrations  with  the 
primary  results  in  an  extraordinary  aesthetic  modification 
of  the  sound,  for  thereby  its  quality,  tiinbrty  or  dang 
tint  is  determined.  Diflferent  sound -producing  bodies 
may  give  out  notes  in  which  the  number  of  upper  partial 
tones  is  different.  Again,  certain  partial  tones  occurring 
in  the  note  of  one  musical  instrument  may  be  wanting  in 
that  of  another,  or  a  given  harmonic  may  be  different  in 
intensity  in  two  notes.  As  an  outcome  of  these  facts  it 
has  been  demonstrated  tliat  i?ie  quality  of  a  compound  tone 
depends  upon  the  number,  order,  and  relative  intensities 
of  its  constituent  partials.  Thus,  a  violin,  a  cornet,  and  a 
piano,  though  sounding  a  note  of  the  same  pitch,  would 
never  be  mistaken  for  one  another.  But  were  all  their 
overtones  obliterated  the  three  instruments  would  be  in- 
distinguishable to  the  ear. 

The  brilliancy  and  richness  of  musical  notes  is  depend- 
ent on  their  wealth  of  upper  partials.  It  is  believed  that 
a  sound-producing  body,  like  a  stretched  string,  does  not 
send  to  the  ear  a  separate  set  of  waves  representing  each 
of  its  segmental  vibrations,  but  all  the  waves  aroused  by 
it  fuse  together  into  a  single  series  of  waves  of  peculiar 
form.  Such  a  composite  wave  may  be  represented  graph- 
ically by  depicting  under  one  another  a  series  of  waves 
having  two,  three,  four,  etc.,  times  the  rate  of  succession 
of  the  curve  indicating  the  fundamental  tone  (Fig.  390). 
If  a  vertical  line  be  drawn  across  the  series  representing 
the  vibration  rates  of  the  various  tones,  and  an  algebraic 
addition  be  made  of  the  distance  of  each  point  of  inter- 
section above  or  below  the  line  of  rest,  the  result  will  de- 
termine the  position  of  the  composite  wave  on  the  same 
vertical.  It  is  evident  that  the  form  of  the  composite 
wave  must  change  with  every  change  in  the  number  and 
relative  prominence  of  the  overtones;  and  the  movement 
imparted  by  it  to  the  tympanic  membrane,  and  the  wave 
generated  in  the  labyrinthine  fluids  (see  below)  must  have 
corresponding  differences.     Notes  of  different  quality  are 


Fig.  890.— a  Composite  Wave  (C,  solid  line).  Formed  by  tbe  Algebraic  Addition  of  Two  Simple  Pen- 
dular Vibrations,  A  and  B.  A  and  B  are  in  tbe  same  phase ;  but  if  curve  B  is  moved  to  tbe 
right  until  e  of  B  coincides  with  d  of  A^  the  phases  of  the  curves  will  be  different  and  their  ad- 
ditlon  will  give  curve  D  (solid  line).  Such  change  of  phase,  however,  does  not  change  the 
musical  quality  of  the  composite  note. 
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produced  by  compodte  ^  wmrea  of  dtSereat  fonna.  But 
waves  dUaing  mnewlMt  in  form  m&y  atfll  produoa  notes 
Df  the  nine  quality ;  for  If ,  in  the  gispblcsl  flgure,  one  or 
more  of  the  ontres  repRaentIng  simple  tones  be  slid  to 
the  right  or  left,  the  ronn  of  tie  cMnpodte  «kve  will 
tberebj  be  clanged,  but  not  the  qnaUty  of  the  sound 
produced  by  it.  In  other  words,  cnuige  of  "  pbsae  "  of 
the  partial  tones  does  not  alter  the  quality  of  the  note. 

CbttdituniM  DtUrminiitg  (V  Kind  ^  OwrftmeiL— The 
aertes  of  overtonee  accompanrlng  the  nrndamental  varies 
noder  definite  conditions.  Thus,  in  a  metal  rod  fixed  at 
both  ends  the  longitudinal  Tibratlons  set  np  by  rubbing 
the  rod  lengthwise  produce  tonea  whose  vibration  num- 
bers are  to  each  other  as  the  odd  numbers  1,  8,  S,  7,  etc. 
The  tones  of  a  rod  free  at  both  ends  have  vibration  rates 
proportionate  to  the  even  numbers  8,  4,  fl,  8,  etc.  In  a 
stretched  string  the  order  of  the  overtones  depends  upon 
the  place  at  which  the  string  Is  plucked  or  Htruck.  In 
general,  it  may  be  said  that  no  overtone  Is  heard  wlilch 
reoulres  for  its  production  the  existence  of  a  node  at  the 
point  plucked  or  struck. 

JHffervMt  botuiMn  Smm  and  Ifutie. — Sound  sensations 
may  be  divided  into  two  groups,  mtuiVal  toiua  and 
noMM.  The  requisite  for  the  former  is  that  the  vibra- 
tions that  produce  tbem  aliall  heperiodie,  that  the  motions 
diall  repeat  themselveaat  regular  intervaln.  Irregularity 
of  Uie  vibration  period  or  rapid  breaks  from  one  periodic 
motion  to  another  produce  the  sensation  of  "  noise. "    The 


body  Is  capable  of  agmpaOietio  vibration;  that  Is,  air 
waves  t)eatmg  upon  it  at  its  own  natural  rate  of  vibration 
aet  It  into  corresponding  motion.  In  the  same  manner 
a  heavy  pendulum  may  be  forced  Into  violent  movement 
by  exceedingly  light  taps  with  the  linger,  the  onlv  neces- 
sary ccNidition  being  that  the  impulsM  Imparted  by  the 
flnger  be  exactly  timed  to  the  periodic  motion  of  the 
pendulum  or  to  some  multiple  of  it.  A  body  capable  of 
sympathetio  vibration  with  some  particular  tone  Is  set 
Into  vibration  by  that  tone,  and  rdnforces  or  magnifies  It 
whether  the  tone  exists  alone  or  aa  the  fundamental  of  a 
complex  note,  or  la  contained  In  the  latter  simply  as  an 
upper  partial.  The  property  of  Increasing  the  intensity 
of  sound  by  sympathetic  vibration  is  known  as  remRnnre. 
The  lone  of  a  tuning  fork  held  In  the  flugcrs  Is  scarcely 
beard,  but  beconu's  plainly  audible  when  the  stem  la 
touched  lo  a  woixicn  tabic  top.  Forks  »isod  for  experi- 
ment are  usually  attacln-d  to  special  "rcsoiuince  boxes." 
The  sound  of  llic  piauoforte  owes  its  volume  to  the  Bym- 
palhetic  resouauce  of  its  sounding  bourd  and  the  air  con- 
tained in  the  inRtrumcnt.  C'onliiietl  iHKlies  of  air  an-,  on 
account  of  tlielr  low  density,  espwislly  casilv  set  into 
sympathetic  vibration.  IlelmholtK  const  nicliil  and  iiwil 
1   ri'siiiiukirH  a  series 


of  h(>Ili>n~  liniss  Rpliere 
with  a  iKTforateil  toni- 
eal  pnijec'liim  ut  one 
pole  for  insertion  in  the 
,  ciir,  anil  a  larger  o]>eii- 
W  ingdiuinotricnllyoi)po- 
Bite  tPiir,  BUI).  Tlie 
size  of  the  spheres  wnn 
eradiiuUil  so  thai  the 
fumlanienin)  tone  of 
the  coniniiiiil  nir  liculy 
Fis.  an.— "nwReaoDBlorof  Htimbollz.  rcprewnlMl  VHrinuiid''-- 
termimil  vibrnlioii 
rates.  Each  resonator  piclis  out  from  a  eouipi>iiii(l  noie, 
sounded  near,  that  upper  partial  which  Is  its  own  fun- 
damental tone  and  greatly  magnifies  the  inlcusity  of 
tliat  particular  overtone.  In  this  way  a.  complex  niiiRical 
note  may  bo  analyzed  into  Its  constituent  sunple  tones. 
Convcniely,  Heliiihollz  was  able  to  reconstruct  a  com- 
plex nolo  by  simultaneously  sounding  a  series  of  tun- 
ing forks,  and  appropriately  regulating  the  intensity  of 


'^^■v" 


the  varlons  almpla  pendnlar  vlbntianB  by  meaus  of  i«a> 
onators. 

The  vowel  aounda  of  the  human  Totoe  owe  their  dttcr- 

ence  of  quality  to  the  adjuatment  in  aise  and  dape  <^ 

the  reaonantafr  cfaambeTsabove  tin  vocsdcmdaby  wUeh 

now  one,  now  anotber  aet  of  ovenonea  fa  magnliMd. 

That  appBiontir  aiinplo  tooea  ■nactaaUjmadeapof 

•-—  of  paftiali;  iMvt ' — *  -^— ' 


aaCintbeb(uacief,beatruiA«u  , 

0  is  depresaed.  and  thai  the  atmck  aMog  be  damped.  It 
will  be  found  that  tbe  octare  t  ringa  oat  with  Ita  proper 
note.  8oln  turn  tbe  f  above  that,  the  aecondoctaveaad 
the  e  above  that,  may  be  made  to  aoond  wben  Ibe  lower 
C  is  struck,  because  each  of  tbeae  striaga  Is  su  tuned  that 
its  fundamental  note  baa  the  same  vibnUra  mte  as  oas 
of  the  overtones  of  the  tower  C,  to  whldt  It 


Jice.    Anotesungneartheiunomay, 
be  nK»e  or  kas  completely  analysed 


in  the  same  way. 
Into  Its  c<nnponent 

Tbe  organ  of  beuing  cert^nly  baa  some  audi  powa 
of  mu^cM  analysis,  for  aome  cultivated  ears  are  not  co^ 
able  to  foDov  a  special  Inatniment  In  a  playing  orcbeatn, 
but  can  even  dMlngalah  tbe  overtones  In  the  notes  i»i>- 
duced  by  it. 

InkariHonie  (hvrloMi. — AH  overtones  thua  hr  ooddd- 
ered  are  produced  by  vlbrationa  which  are  AoaAa  mul- 
tiples of  the  rate  of  the  fuadwnental  tone,  lliu^  the 
vibration  rates  of  a  series  of  apper  partlala  may  be  two, 
three,  four,  five,  ete.,  timea  that  of  the  fiudamealal,  or 
tbe  vibration  rate  of  the  tipper  paitiala  may  be  rep»- 
sented  1^  the  seriea  of  odd  or  even  Bombera,  a>  tbe  can 
maybe.  Suchvfbratioaadonotlntorttoiewltboaeanalte 
or  Willi  tbe  tundaiDeBtal  toM,  and  their  unloa  pnduna 
on  the  ear  an  agreeable  cAect  whkh  rlvea  them  thfl}p  aa^ 

of  harmonie*.    nmnonlo  Upper  pi .  _^ 

Helmholta,  partfcnlariy  characteristic  of  atretehedat 
and  narrow  organ  pipes.  But  moat  elaaUc  bodies  whm 
caused  to  vibrato  give  lias  also  to  partial  tonea  whkdi  an 
not  exact  mnltiplee  of  tbe  fundamental,  and  wliidi  may 
be  termed  iitkarmntie  upper  i»f*hi«,  Tba  bigh-pitdwa 
jingle  heard  wben  a  tuning  foric  ia  first  stnidk  ra^eaoHs 
the  Inharmonic  upper  parUala  of  the  fork.  Btret^al 
membranee  have  a  gnat  number  of  sucJt  Inharmonic  ova- 
tones,  a  fact  which  is  of  gi¥«t  importance  In  tbe  fooctkn 
of  the  Ij-mpanic  membrane.  Inharmonic  upper  partisU, 
as  might  be  expected,  rapidly  die  out  in  a  note  of  whici 
tliuy  form  a  part,  because  the  vibrations  causing  tbcm 
arc  antagonized  by  one  another  and  by  the  stronger  har- 
monic vibrations.  For  this  reason  the  developmat  of  s 
well-marked  fundamental  tone  is  repressed  In  structttm 
(like  the  tympanic  membrane)  which  easily  produce  in- 
harmonic ovortones, 

Inttrffrf.uet  of  Hound.     BtaU. — Any  source  of  soond, 
as  a  Inning  fork,  may  be  Imafrlned  oa  sending  out  fmn 
Itself  a  scries  of  waves  of  alternate  conden«iinn  ud 
rarefaction  {see  Fig.  885).     If  a  second  tuning  forit,  1»t. 
ing  tlic  same  pitch,  is  brought  near  the  first,  tbe  isctiao 
imparted  to  tlic  air  jMrtielcs  will  bearesultant  of  thetwo 
forces.     If  the  forks  vibrate  in  such  order  that  UMera- 
densation  or  rarefaction  produced  by  each  nniuliaocasal}' 
enjragcs  the  same  air  particles,  each  of  these  conditi'** 
will  become  moro  intense  and  ilie  sound  will  bebnier. 
The  forks  aro  then  mid  to   vibrate  in  the  same  pbsse. 
But  if  one  fork  in  ita  movement  precedes  or  follows  tlie 
otlier  liy  one-hnff&  vibration,  then  the  phases  of  ronAe*- 
sallim  from  one  tuning-fork  correspond  with  llwie*  "J 
rarefaction  from  the  other,  and  the  result  ia  iilaiff-      ^ 
very  important  outcome  of  this  prineiple  of  interfercjice 
is  manifested  when  two  tones  slightlv  different  in  p*    , 
lire  SDundt-d  togetlier.     Let  a  prong  of  one  of  two  '"**j5ii 
ing  inning  forks  be  loaded  with  wax ;  Its  vibration*         ^ 
tliereby  be  mode  slower  and  its  pltcli  lowered.    Tl«*"?" 
the  forks  may  siart  vibrating  in  the  same  phase-     ryZ 
vibrations  of  one  fork  will  outpace  those  of  the  ^      S 
until  a  phase  of  condensation  of  the  first  will  corresp^ii 
to  a  phase  of  rarefaction  of  the  second,  and  the  result  ww 
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be  perfect  or  compiUBlivc  siltnce.  The  unequul  ratp  of 
vitiralion  conlinulaK.  lihe  phaoM  will  again  fall  togeitii-r 
and  the  sound  will  iMiconie  louder  tluiii  from  eithrr  fork 
oloue  (Fig.  392).  An  nlternateaugmentatimi  and  diminu- 
tion in  llic  intensity  of  the  sound  is  the  rc-sult.  Tiiesc 
Bound  puIsM  are  knon-n  as  lu-ntii,  and  tbey  arc  the  eause 
■of  all  discord  in  music.  When  two  notes  not  included 
in  a  perfect  chord  arc  sounded  on  the  piano,  beats  are 

DUICTetil  Vlhrstloii  Bai™.  Tlie  wiLm  Una  represeniB  tliB"hMiis'' 
or  nrlBllnnH  la  Hniad  iDtcntilty  pnaluved  by  tbe  >l||KbnUc  addition 
of  tlw  Bist  two. 

lieard  not  only  from  the  intirrference  of  the  f  undunieiilal 
tones,  but  of  ihcupperparliaUas  well.  It  is  thcabseQce 
«t  beats  in  tones  that  tuiould  be  in  harmony,  an  those  of 
the  major  chord,  that  determines  the  instrument  to  he  in 
tune.  M'hen  two  tones  pnMJuec  beats,  the  number  of 
1>catB  in  a  given  time  Is  equal  to  Ibe  difference  between 
the  numberof  vibrationH  involved  in  tlietwo  tones  in  the 
aun«  time.  For  example,  a  tone  produced  by  356  vibra- 
tions in  a  second  sounded  with  one  of  228  vibraliona 
would  give  2S  beats  In  a  second.  It  is  evident  that  ihc 
frequency  of  beats  may  lie  increased  either  by  increasing 
the  interval  between  tlie  tones  or  by  striking  tones  of  the 
same  interval  in  a  higher  part  of  tlic  scale.  Beats  wliieh 
are  Dot  loo  frequent — from  four  to  six  in  a  second — have 
important  musical  value;  but  when  they  number  30 
or  40  in  a  second  they  become  exceedingly  disagreeable, 
irritating  the  ear  in  a  manner  analogous  to  the  eiiect  of  a 
flickering  light  on  the  eye.  When  sufflriently  near  to- 
getiier  the  beats  no  longer  produce  on  intermittent  sensa- 
tion. 

The  number  of  beats  required  to  result  in  this  fusion 
increases  as  we  OHCeiid  the  niusicnl  scale,  varying  from  10 
beats  at  C  of  64  vibrations  a  second  to  136  beats  at  r  " '  of 
1.024  vibrations. 

Harmony  and  i>i'*wiv(,— Tones  are  coneordant  or  har- 
monic when  they  produce  no  beats  on  iM'ing  sounded  to- 
gether; they  aiiditeortlaiii  wlicn  beats  are  produced,  and 
the  painful  sense  of  dissonance  increases  in  intensilv  up 
toabout  33  beats  per  second.  Perfect  concord  is  obtained 
by  blending  tones  whose  vibrations  are  to  one  another  as 
small  whole  numbers. 

Thus,  in  the  maior  choni  C  E  G  C  tliu  vibration 
numbers  are  1H2,  16-).  ie».  264.  their  ratios  arc  4,  5, 6  9 

If  tones  the  ratio  of  whose  vibration  ratpscan  Iw  reprt 
senled  only  by  largo  wliole  numbers  are  combined,  a  dit 
cord  is  formed,  for  the  reaaim  tliat  their  upper  partLds 
interfere  with  one  another  and  cause  beats;  there  is  no 
especial  virtue  in  the  small  integer.* 

Thus  in  the  discord  C  D  E  tile  vihmlion  numbers  art 
132,  146..1.  16a,  which  are  not  reducible  to  small  whole 
numbers,  f 

Reiiiltant  Tonef. — When  two  powerful  tones  of  differ 
cnt  pitch  are  sounded  together  there  mav  be  heard  in  ad 
ditionathird  tone  ofmiicli  lower  pitch  ilutn  either.  Tina 
isawiutt"n(of  the  two  primary  tones  and  haa  Idtn  called 
a  diffeirnre  tone,  bceuusi'  its  iiilch  corresponds  to  a  \  ilirii 
tion  mte  equal  to  the  difference  of  rales  of  the  two  pn 
inary  tones,  "Diffen-nce  tones."  though  having '.lieBume 
numerical  relations  as  ~l)ctits."  are  nut  to  be  confused 
with  the  latter,  .^s  two  tones  may  generate  a  third 
"wbicli  rt'pri'scnis  the  difference  iK'twecn  their  vihtalions, 
ao.it  was  predicted  and  deinonstrtitcd  hyHelinhollx.  they 
may  give  rise  to  t'liiiiiiiili'in  i"iif»  wIkisc  pitch  is  deter- 
mined by  llie  una  of  the  vilirallims  of  the  priman.'  tones. 
The  vaa't  complexity  of  the  system  of  atrial  waves  to 
-wbooe  impress  and  analysis  the  ear  is  sendtive  and  capa- 
"blc,  is  well  expreasi^l  liy  Tyndall ;  t  "  In  the  music  of  an 
orchestra,  not  only  lutvo  wc  the  funilamental  tones  of 


•TyndaU;  "Bouml." 


tTmami 


tWaller:  "Human  Pbralologj."  IfiOl. 
-Sound,"  lH7U.i>.a-l. 


every  pipe  and  of  every  siring,  but  we  have  theoi 
of  cacli,  sometimes  audible  as  far  as  the  sixtcenlh  In  the 
aeries.  We  have  also  resultant  tones;  both  difference 
tones  and  Rumnuiliou  tones;  all  trembling  through  the 
same  air.  all  knocking  at  the  self-same  tympanic  mem- 
brane. We  have  fundamental  tone  interfering  with  fuD- 
daniental  tone,  overtone  with  overtone,  resultant  tone 
with  resultant  lone.  And.  besides  this,  we  liave  the 
members  of  each  class  interfering  with  the  members  of 
every  other  class.  Tlie  imagination  retires  baflled  from 
any  attempt  to  realize  the  pbysl^l  condition  of  the 
atmosphere  through  which  th^  sounds  arc  passing." 

(Out  of  the  wealth  of  literature  upon  tlie  phvScs  of 
sound,  mention  may  be  confined  to  tlie  work  of  Helm- 
holt?:;  "Die  Tonempfundungen,"  translated  by  Ellis. 
"Sensations  of  Tone,"  etc.,  which  covers  the  "field  of 
physiological  acoustics.  Also,  the  lectures  of  Tyndall 
on  "Sound,"  Applelon,  18T7,  are  full  of  clear  beauty  on 
the  physical  side.) 


ASAI 


D  PllYSI 


eEui. 


(Detailed  description  of  the  structure  of  the  various 
parts  of  Ihc  ear  maybe  found  under  appropriate  captions. 
In  this  sectionanalomy  and  histology  will  receive  as  little 
attention  as  is  coodstbut  with  clear  exposition  of  func- 


of  the  pinna  or  auricle  adA  the  tJtemal  auditor)/  laeatut. 
9.  The  middle  ear,  including,  with  its  contents,  tlie  com- 
municating Eustachian  tube  and  the  tympanic  membrane. 
S.  The  inttnuil  eiir  or  labgrinth,  including  the  vestibule, 
cochlea,  and  semieircuiar  canals,  with  their  corresponding 
membranous  contents  and  the  duetut  endolj/mpAalinit. 

The  pinna  or  auricle  (Fig.  898)  has  less  functional  Im- 
portance in  man  tlian  In  some  of  the  lower  mammals,  as 
Ilie  deer,  in  which  its  trumpet  sliape  is  especially  adapted 
for  the  collection  of  wavea  of  sound.  The  extreme 
mobility  of  the  auricle  in  such  animals  must  make  It  of 
use  in  locating  sounds,  a  function  important  to  the  pres- 
ervation of  its  life  from  enemies.  Even  the  human 
auricle,  and  especially  the  conelia,  must  serve  on  impor- 
tant use  In  the  collection  of  sound  waves. 

The  fiterniil  aiiditvrg  meatui  or  eaanl  (Fig.  893)  serves 
thi    purpoM   of  conM^ing  with  undlminislied  Intensity 


the  sound  collected  by  Ihc  auricle  to  the  tympanic  mem- 
brane, while  allowing  this  structure  to  be  buried  at  a 
safe  distance  from  the  surface.  Sound  waves  produced 
in  the   open  air  radiate   in  all  directions  and  rapidly 
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inio  lln'opfncnd  nf  s  tube,  it  U  conducted  for  cxtranrdi- 
UKry  distaacra,  Tliis  in  tlie  principle  on  ivliich  the  effee- 
tWeness  iif  the  stethoscope  ilependB.  Tile  relntions  of 
the  parts  of  Ihe  human  external  car,  the  Iragiitand  aiiti- 
trognu,  the  oblique  direelioa  of  the  meatus  and  the  bend 
in  ita  course,  are  admirably  adapted  for  the  protection 
■of  the  tympanic  memhrane  from  external  yiolence. 

The  eitenial  auditory  meatus  acts  as  a  resonator  for 
tones  in  unison  with  ita  own  fundamental,  whose  pireh 
corresponds  to  a  vibration  rale  of  about  Ihrec  thousiand 
per  Rccond.  The  ihrlll  intensity  posseased  by  certain 
tones  near  the  tipner  limit  of  tlie  musical  scale,  as  the 
chirp  of  a  cricket,  in  due  1o  the  Ermpallielic  resonance  of 
the  auditory  canal  {Helmholtz). 

The  miriillt  fir  or  tymimmim  (Figs.  803,  401)  is  an  air- 
holding  OLvity  nf  irre^iilAr  shape  in  tlie  petrous  bone. 
and  it  is  bnmder  liehind  and  above  than  it  is  below  and 
In  front.  Posteriorly  it  is  in  open  communication  witli 
the  complex  system  of  n<r  ntvlties  in  the  mastoid  bone 
known  as  Iht  mntloiil  nu/niiit  and  the  manhid  frit*.  A 
considerable  portion  of  the  cavity  lies  above  the  level  of 
the  tymimnii-  mcnibmne  and  is  k'nown  at  the  /rttk.  It  is 
separated  from  tlie  l)rniD  cnvily  by  a  thin  plato  nf  bitni; 
" ■    ri  li/mpuni,  FiR.  308).     It  is  ensy  to  see  how 


WlO.  3W.— Tbc  Memhrann  Tynipani 


eupptirotive  inHaninuilionof  (he  middle  ear  not  only  mny 
invwlc  llie  mastoid  ceils  but,  I ly  absorption  <if  the  tliiii 
roof  of  the  cavity,  and  In  oilier  ways,  nmy  luiike  "tili' 
tHfdia  I  he  commonest  Hource  of  pyiitri'iiie  niTK-lii'iisof  the 
brain.*    Anteriorly  the  lympiiniini  iscniitiiiuniis  with  the 

Eltarynx  through  the  Kustaehian  liilie  ll-'iir.  ■i'Mi.  The 
iner  wall  of  the  cavity  is  formed  I'lii.lly  by  part  r.f 
the  bony  envelope  of  the  internal  ear.  Tlic'siLrfmeof  the 
inner  wall  is  pierced  by  two  Jiperluii's.  Ihi-  Jtmrtiii 
ocalii.  or  oval  window,  and  tlic  ji»,;-fri'  i'"!'iiiil-t,  or 
round  window,  leading  into  separate  divisions  of  the 
cavity  of  the  bony  labyrinth. 

In  "life  each  fenestra  is  covered  by  a  tliiii  sliiel  of 
membnine,  and  the  foot  of  the  'I'Iihii  Isce  belnw)  is  last- 
eiK'd  by  a  lifjamentous  frinfrc  in  Ihe  oval  windoiv.  Tlic- 
cavity  "f  the  tympanum  is  lined  by  mucous  mi'nibnine 

•MutBMfo,  "  Pyogenic  Dlaeaaee  of  the  Brain  and  Spinal  Curd,"  !««. 


Fia.  38S.— Die  Rlelit  Membrann  TytugaDl  u  Sfen  rr^ni  WIOioaL  AltK 
the  lEcinnval  of  a  Pan  ul  Uw  ihcuwiu  Eilcruul  AutUloiT  Cuul. 
(Alter  Hvllxmunn.i 

tube,  is  ciliated  except  over  the  surfaces  of  the  nssiclfs 

and  the  tymgianic  membrane. 

The  tgiuimnie  inrmbrane  or  drum  tkin  (PMgs.  38S- 
897).  separates  the  tympanic  cavity  from  the  au- 
ditory canal.  It  is  a  somewhat  oval  disc  whoM 
longer  axis  is  directed  from  behind  and  above 
downward  and  forward,  and  whose  length  is  abeol 
9  nini.  The  membrane  is  inserted  oblitiuely  to  the 
axis  of  the  meatus,  so  that  the  floor  of  the  latier 
is  longer  than  ila  roof.  The  membrane  varies  con- 
siderably in  its  physical  charociers  in  disease,  tiut 
normally  it  is  semi  transparent  and  of  a  pi-arly  lusln 
to  otoscopio  vision  (Figs.  3B6. 
897).  It  is  composed  of  an 
outer   layer  of  thin  skin,   an 

brune.  with  a  coat  of  chiefly 
fibrous  tissue  between.  Tlie 
greater  numlK'r  of  the  fibres  of 
this  mi<I<lle  layer  {oieiabnifi" 
jiTopriii)  radiate  from  near  the 
centre  to  tlie  periphery  of  the 
membiBne:  but  there  arc  also 
circular  fibres  of  elastic  tissue 
which  are  most  numcrmis  in  j^^  396L-Norm»l 
a  rioR  nrar  the  attached  mar-  MemhrsnaTUDpui 
j;in   of    Ihe  membrane.      The  (right  side),  Ada- 

surface  of  tlie  drum  skin  is  Jw«i»on.j 
not  flat,  but  is  fa  one  I -shaped 
with  the  apex  of  the  funnel  jiointing  inw.trcl.  s 
iHisilion  determined  by  the  nttaehincnt  nf  tlie 
linndle  of  the  malleus.  Moreover,  the  radial  iinM 
of  the  niembnme  are  not  straight,  but  are  slifftillr 
ciirvi'd  with  Ihe  convexity  outward,  this  riiaji' 
bi-ini:  partly  due  tothcteiisioDiif  the  circular  elastic 
lihres,  .\.  small  se^rment  in  Ihe  U[)])er  part  of  ihf 
iiienilinme.  iiniMbmiut  fiiuviit'l.  or  S/impml'i  iww- 
liniiii;  lacks  the  t4.'nsene8s  of  the  rest  of  the  stnic- 
■e.  When  li^ht  is  thrown  uimn  the  normal  lyiDiMnic 
.  a  brijrht  rcHection  (known  as  the  pyraniiilof 


ipheri-  of  llie 

Amlilniy  OiwfWo.— Tlie  vihrati'«s 
of  the  tvmpaiiic  meinlin""' ,'": 
transferred  lo  ihc  ft i'f>tra '"■''>•''' 
the  labvrinth  by  a  chslu  of  l*"^ 
little  bones:  the  mn/fr"*  flmmnien. 
iH^»ji(anvil).andW«;if.«(slirtiip*-'«' 
so-ealli-daudiVojyiwmWwlFigs.™". 
■S'J9).  The  mallem  is  18  to  l»  mm. 
long:  ilhagftTOundedlieailprw""™ 
on  one  side  for  articulalii'"  """ 
the  incus,  a  short  neck  and  a  "^8 
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handle  or  manvMum.  wbjcb  ia  Inserted  in  the  tissue  ut 
the  tfmpnnic  membrane  from  a  point  oq  its  upper  periph- 
ery to  a  little  below  ita  centre.  The  pmctttui  breei*  at 
ttw  malleus  is  a  low  couicai  projection  which  rises  from 
the  top  of  tlic  nmnubrluin  and  presses  directly  against 
that  segment  of  the  tympanic  membrane  which  lies  im- 
mediatelv  below  the 

JKlfll-M  ■'       .        .. 


Fia.3ee. 


n  usually  be 

Been    uii    inspect ioD 

with  the  oar  specu- 
lum (Figs.  10.  13, 
14).  Tbii  procesmi 
graeilU  or  proeet»>i» 
F'llianua.  long  snd 
slender,  arises  from 

.  <Ati*rHeltJh  below  the  neck  of 
the  malleus,  and, 
passing  forward 
fwd  outward,  is  inserted  in  the  Glaserian  nssure  In  the 
wall  of  the  tympanum.  The  malleus  is  held  in  position 
partly  by  ligaments.     The  tujxrior  or  »<i»ptii»irry  ligament 


main  portion  of  XheanUHor  ligament  (Pig.  400)  is  attached 
to  the  neck  of  the  malleus  just  alxivc  the  proetimingranliii ; 
it  embraces  the  latter,  and.  passing  forward,  finds  its  on- 
gin  in  the  anterior  wall  of  the  tympanum  and  in  tlie  Gla- 
serian Assure.  Anotlier division  of  tliis  ligament.  thcM- 
/«riW/fiini^'i(,  arises  and  isattached  more  externally  tlian 
that  just  dc3cnl>ed.  The  ligamenla  of  the  malleus  serve 
to  keep  its  head  in  position  (Figs.  400,  401).  The  exter- 
nal ligament  being  attached  above  the  axis  of  rotation  of 
the  hammer,  prevents  the  head  of  this  bone  from  moving 
too  far  inward,  and  the  manubrium  from  being  pushed 
too  far  outward.  The  superior  ligament,  owmg  to  its 
obll()ue  course,  restrains  the  head  of  the  hammer  from 
movmg  too  far  outward. 

The  ineut,  amio*.  or  anvil  bone,  is  shaped  somewhat 
like  a  bicuspid  tooth.  Its  body  is  hollowed  on  the  sur- 
tace  and  covered  with  cartilage  for  articulation  with  the 
head  of  the  malleus.  It  has  two  processes,  a  long  and  a 
tIkOTt,  which  project  at  right  angles  to  each  other.  Their 
respective  lengths  arc  about  4  and  3  mm.  When  in  nat- 
ural position,  the  long  process  descends  nearly  parallel 
with  the  manubrium,  but  it  has  less  than  three-fourths 
the  length  of  the  latter.    The  tree  end  of  the  long  proc- 


PiwestviB  brevls. 


FlO.  8M.— Tbe  OaslcleB  In  Tbeir  Nomul  Belatloas.    (Atler  Henle.) 


eSB  Is  turned  sharply  inward  at  right  angles,  and  termi- 
nates in  a  rounded  projection,  the  o*  orfiienlare  or  Uiiticn- 
lare,  which  is  provided  with  cartilage  for  articulation 
'with  the  head  of  the  stapes.  The  short  process  is  conical 
to  shape  and  is  thicker  than  the  long  process.    It  has  a 


horizontal  position,  and  is  attached  by  a  thick  ligament 
to  the  posterior  wall  of  the  tympanum. 
The  ttapei  articulates  witli  the  end  of  the  long  process 

of  the  incus;  its  plane  is  horizontal  and  about  at  right 
angles  to  that  process.  It  measures  about  3  to  4  mm.  in 
lengtli  by  about  2.5  in  br<«dth.  The  base  of  tlie  stirrup 
bone  is  set  in  the  fenestra  oralis,  an  aperture  measuring 
about  3  by  l.S  mm.,  and  Is  held  in  position  by  a  narrow 
membrane  made  up  of  radial  fibres  of  connective  tissue 
(Fig.  402}.  When  in  position,  the  Inncrface  of  the  base 
of  the  stapes  is  covered  with  lymphatic  endothelium 
and  is  washed  by  the  perilymph  of  the  internal  ear;  the 
outer  face,  tike  tlie  other  ossicles  and  the  wall  of  the 
tympanum,  is  covered  by  thin  mucous  membrane. 

Moremenls  of  t/ie  Ossicles. — The  malUas-ineitt  articula- 
tion is  BO  arranged  that  with  outward  movementa  of  the 
manubrium  the  head  of  the  malleus  glides  freely  in  the 
joint;  but  the  lower  margins  of  the  articulating  surfaces 
project  in  such  a  wav  that  the  pro 
each  other  and  intciiock  wher  "' 
inward  Thus.  In  inward  mc 
membrane  and  its  attached  manubrii 
incus  move  together  like  one  rigid  piece  of  bone,  the 
motions  of  the  manubrium  and  of  the  long  process  of  the 
incus  being  parallel.  In  the  outward  movements  the 
lockmg  teeth  or  projections  are  probably,  under  ordinary 
conditions,  still  kept  In  apposition  through  tbe  elastic 


.tch  upon 
iibrium  is  moved 
of  the  tympanic 
the  malleu 


M  Trmpuium,  Id- 

r  iDCua,  wtioae  sbuit  prowsa  ia  Ueld  by  llnmenta 

In  a  b(iD7  Dlrbe ;  Su.tn.,  nrina  major  at  tympuilc  waJI ;  hoM.. 
■nlertor  Ugsnienl:  Lg.  £xf.,eilemBl  Hmment.  Tbe  line  ax-ax 
repreaeoti  Ok  axlB  ol  rotation  ol  tbe  two  otmlcles.   UFler  Henaen.) 


be  forced  unduly  outward,  as  by  increase  of  pressure 
within  the  tympanum  or  rarefaction  of  the  air  in  the 
aiidito^  meatus,  tlie  incus  only  follows  the  malleus  for 
a  certam  distance,  the  latter  completing  its  motion  by 
gliding  in  tbe  joint.  There  is  thus  no  danger  of  the 
stapes  being  torn  out  of  the  oval  window.  Of  tlie  mal- 
leus-incus urticulalion  Helmholtz  says:  "In  its  action 
it  may  be  compared  with  the  joints  of  the  well-known 
Bieguet  watch  keys,  which  have  rows  of  interlocking 
teeth,  offering  scarcely  any  resistance  (o  revolution  in 
one  direction,  but  allowing  no  revolution  whatever  in 
the  other."  The  hammer  and  the  anvil,  suspended  by 
their  ligaments,  move  freely  about  an  axis  one  end  of 
which  is  found  at  the  origin  of  the  anterior  part  of  the 
anterior  ligament  of  the  malleus,  and  the  other  end  in  the 
origin  of  the  ligament  which  is  continuous  with  the  sbort 
process  of  the  incus  (Fig.  400). 

In  inward  motions  of  tbe  tympanic  mcmbmne  (and 
probably  under  ordinary  conditions  in  outward  motions 
as  well),  the  ossicles  move  like  a  single  bone  about  the 
axis  of  suspension.  The  three  bones  may  be  likened, 
then,  to  a  single  rigid  lever  of  peculiar  form.  The  power 
is  applied  to  this  lever  at  the  tip  of  the  manubrium,  the 
effect  is  produced  at  the  footplate  of  the  stapes.  Ob- 
servation shows  that  the  fulcrum  is  found  at  the  end  of 
tbe  short  process  of  the  incus.  From  the  latter  point  the 
distance  measured  to  the  umbo  or  tip  of  the  manubrium 
is  about  one  and  one-half  times  the  distance  from  the 
fulcrum  to  the  end  of  the  long  process  of  the  incus. 
Therefore,  motions  imparted  to  the  stapes  can  have  but 
two -thirds  the  amplitude  of  those  arising  at  the  umbo; 
but.  according  to  the  principles  of  the  lever,  the  former 
movements  have  one  and  one-half  tiroes  tbe  force  of  the 
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latter.  It  will  be  noticed  that  a  large  pro^wrtion  of  the 
mass  of  botli  anvil  and  hammer  is  found  above  their  axis 
of  rotation;  this  upi>er  portion  acts  as  a  counterpoise  to 
the  parts  below  which  are  directly  concerned  in  the  lever 
action.  The  bony  lever  being  thus  balanced,  it  is  less 
difficult  to  understand  its  known  sensitiveness  to  impulses 
that  are  inconceivably  weak.  The  tense  tympanic  mem- 
brane, by  reason  of  its  funnel  shape,  resists  strong  in- 
ward compression;  hence  the  stapes  is  prevented  from 
Ix'ing  pressed  too  far  inward.  The  maximum  amplitude 
of  motion  of  the  end  of  the  long  process  of  the  incus  is 
very  small,  being  only  about  ^  to  ^^  mm.,  while  that  of 
the  centre  of  the  tympanic  membrane  is  about  iV  ^^  i 
mm. 

The  great  rapidity  of  aGrial  vibrations  to  which  the 
chain  of  ossicles  can  respond  suggests  that  it  conducts 
the  sound  pulses  as  molecular  or  longitudinal  vibra- 
tions, as  a  rigid  rod  of  wood  transmits  the  tick  of  a  watch. 
But  Hclmholtz  has  shown  reasons  for  believing  that  the 
functional  movements  of  the  ear  bones  is  molar,  that 
they  oscillate  as  a  whole,  the  chain  moving  in  a  body 
with  each  impulse.  It  is  open  to  suspicion  that  the 
upper  limit  of  the  scale  of  pitch  may  Ikj  determined  by 
the  superior  rate  of  vibration  to  which  the  chain  of  bones 
is  capable  of  responding.  The  sole  i)urpose  of  this  ap- 
paratus of  the  middle  ear  is  to  transmit  exactly  the  varia- 
tions of  pressure  in  the  air  of  the  external  auditory  meatus 
to  the  perilymph  which  bathes  the  foot  of  the  stapes;  in 
other  words,  to  convert  air  waves  into  a  similar  series  of 
water  waves.  As  put  by  Ilelmholtz :  "  The  mecliauical 
problem  which  the  apparatus  within  the  drum  of  the  ear 
had  to  solve  was  to  transform  a  motion  of  great  ampli- 
tude and  little  force,  such  as  impinges  on  the  drum -skin, 
into  a  motion  of  small  amplitude  and  great  force,  such  as 
had  to  be  communicated  to  the  Huid  in  the  labyrinth." 
The  adaptation  of  the  apparatus  of  the  middle  ear  to  this 
end  is  worthy  of  careful  consideration.  In  the  first  place, 
it  will  be  noticed  that  the  area  of  the  fenestra  ovalis 
which  receives  the  impulses  of  the  stapes  is  but  a  small 
fraction  of  the  surface  of  the  tympanic  membrane  on 
which  the  air  waves  impinge,  the  latter  area  being  some 
fifteen  to  twenty  times  greater  than  the  former,  so  that 
the  energy  of  air  motion  is,  in  a  fashion,  concentrated. 
In  the  second  place,  as  previously  observed,  the  lever 
meclianism  of  theaiiditorj'  ossichis  is  such  that  the  move- 
ments of  the  end  of  the  long  process  of  the  incus  have 
two-thirds  the  amplitude  of  those  of  the  tip  of  the  man\i- 
brium.  but  al)out  one  and  one-half  times  their  force.  It 
shouhl  also  l)e  noticed  that  the  membrane  fastening  the 
foot  of  the  stapes  in  the  fenestra  is  somewhat  less  tense 
on  the  upper  side,  so  that  the  top  of  the  oval  footpiece 
has  a  freer  motion  than  the  bottom,  and.  as  the  end  of 
the  incus  process  moves  somewhat  upward  and  inward, 
the  head  of  thestirru]>  ris<'s  slightly  with  inward  motions. 
In  other  words,  tlie  sta])os  itself  forms  an  independent 
lever,  of  which  tin*  long  arm  is  th<*  height  of  the  stirrup 
and  the  short  arm  less  tliaii  the  l)n*a(lth  of  its  footpiece, 
by  which  the  motion  imparted  bv  the  incus  is  further  re- 
ducetl  in  amplitutlebut  inereased  in  ])oNver.  In  the  third 
place,  it  has  l>eeu  demonstrated  bv  Hehnholtz  that  the 
shape  of  the  tympanic  meinbmne  peculiarly  adapts  it  for 
transforming  weak  movements  of  wide  amplitude  into 
strong  ones  of  small  compass.  For  this  membrane  is  not 
a  simple  funnel  dcprcss<«d  inwardly,  but  the  radii  are 
slightly  curve<l  with  the  convexity  outward,  a  shape 
chiefly  due.  it  is  said,  to  the  tension  of  the  elastic  circular 
fibres  of  the  membrane  on  its  inner  face,  these  l)eingniost 
numerous  toward  the  circumference.  Air  waves  beating 
upon  this  convexity  flatten  the  curve  somewhat,  and 
their  whole  energy  must  be  concent nite<I.  with  increast^'d 
intensity,  but  loss  of  motion,  near  the  cent  ml  point  of 
the  membnuie.  The  same  etTect  is  illustrated  by  the  fact 
that  when  a  string  r)r  ro^x'  is  stretched  horiz(nitally  be- 
tween two  points,  no  matter  how  tightly,  it  always  stigs 
in  the  middle;  the  weight  of  the  cord,  however  slight, 
drags  it  down  in  a  curve,  and  produces  a  corresponding 
traction  on  the  points  of  support. 

Sjtfrial   J^ropertit'S  of  the   TynqHinic  Memhi'ane. — It  is 


evident  that  any  marked  tendency  of  the  transmitting 
apparatus  of  the  middle  ear  to  vibrate  at  a  particular 
rate — that  is,  possession  by  it  of  a  strong  fundamental 
tone — would  n-nder  impossible  the  conduction  of  atrial 
pulses  in  their  actual  proportion  of  intensity.  3Iem- 
branes  have  fundamental  tones  (see  p.  613)  whose  pitch 
is  determined  by  their  area,  thickness,  and  tension,  but 
they  differ  from  nnls,  strings,  etc.,  in  being  less  strictly 
confined  to  a  single  fundamental  tone  in  their  vibration. 
The  tympanic  membrane  is  peculiar  in  that  it  can  hardly 
be  said  to  have  a  definite  fundamental  tone.  This  is 
prevented  probably  both  by  reason  of  its  structure  and 
the  i)eculiar  form  of  its  surface,  and  also  lM?cause  its 
oscillations  are  damped  by  the  pressure  of  the  malleus 
held  in  position  by  the  other  meclianisms  of  the  tym- 
panum. 

One  important  purpose  subserved  by  the  tympanic 
membrane  is  no  doubt  to  guard  from  injury  tlie'  delicate 
membranes  of  the  fenestne  and  other  contents  of  the 
middle  ear.  The  astonishinjj  freedom  of  the  normal 
membrane  from  foreign  particles  is  probably  due  to  a 
radial  movement  of  its  surface  epithelium  in'  the  course 
of  cellular  renewal. 

When  the  tympanic  membrane  is  perforated  or  is 
even  wholly  removed,  without  destnictive  inflammatory 
clianges  in  the  middle  ear,  sounds  are  still  heard,  though 
usually  with  diminished  loudness.  An  artificial  drum 
inserted  in  the  meatus  occasionally  improves  hearing  in 
the  absence  of  the  normal  membrane,  or  when  the  trans- 
mitting mechanism  is  abnonnally  relaxed.  It  is  said 
that  it  should  be  place<l  in  contact  with  the  malleus,  and 
its  mode  of  action  seems  to  be  to  bring  aerial  yibrations 
to  bear  effectively  upon  the  ossicles.  A  small  wad  of 
cotton  has  been  employed  with  the  same  result. 

When  the  tympanic  membrane  is  absent,  air  waves 
beat  directly  upon  the  membranes  of  the  fenestrce,  and 
certain  sounds  may  then  be  heard  with  increased  loud- 
ness. But  in  the  absence  of  the  elaborate  arrangement 
described  above  for  abolishing  sympathetic  vibration  of 
the  sound-conducting  mechanism,  it  is  probable  that  the 
fenestral  coverings  are  crude  and  inaccurate  interpreters 
of  the  sounds  beating  upon  them.  Thus,  a  musician 
who  had  suffered  loss  of  his  tympanic  membranes  was 
no  longer  able  to  play  his  violin,  probably  because  sounds 
of  different  pitch  ceased  to  be  perceived  in  their  true  re- 
lations of  loudness  (Dr.  E.  C.  Rivers). 

Hearing  by  Bone  Conduction. — Just  as  the  sound  of  a 
watch  or  tuning  fork  may  be  conducted  through  a 
wooden  rod,  so  molecular  vibrations  may  pass  to  the 
auditory  apparatus  through  the  bones  of  the  skull. 
Such  movements  probably  liave  the  nature  of  the  longi- 
tudinal vibrations  discussed  in  a  previous  section  (p.  611). 
If  the  stem  of  a  sounding  tuning  fork  be  touchea  to  the 
skull  or  held  between  the  teeth  the  tone  will  be  plainly 
heard,  and  the  sound  In'comes  louder  when  the  ears  are 
stopped.  If  the  fork  be  held  between  the  teeth  until  the 
sound  dies  away,  the  tone  reappears  upon  closing  one  of 
the  auditory  canals  and  cm  the  same  side  as  the  closure.  A 
fork  which  has  become  silent  to  air  conduction  may  still 
be  heard  if  held  l)etween  the  teeth ;  and  when  the  sound 
again  dies  away,  it  n-tunis  when  the  stem  of  the  fork  is 
inserted  into  the  meatus.*  Hearing  by  bone  conduction 
occurs  in  the  absence  of  the  tympanic  membranes,  and 
even  when  the  membranes  covering  the  fenestne  of  the 
int(Tnal  ear  are  so  altered  by  di.sease  as  to  be  ill  adapted 
to  transmit  vibmtions.  Such  vibrations  an\  pn>l*ably, 
transmitted  directly  through  the  bony  labyrinth  to  iu* 
contained  fluid,  though  in  the  pn;sence  of  the  normal 
fenestral  coverings  and  of  the  tympanic  membrane  the 
vibmtions  are,  without  doubt,  tiilken  up  and  transmitted 
by  tlies<*  structures,  (^losing  the  ears  would  then  reflect 
and  intensify  the  sound. 

In  deafness  due  to  middle-ear  trouble  soimdcan  still  be 
j)lainly  heard  by  bone  conduction.  The  avdiphone  is 
es.s<'utially  a  sheet  of  some  elastic  material,  as  hard  rub- 
Ix'r,  easily  set  into  sympathetic  vibration,  which  is  held 
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against  the  teeth  to  which  it  transmits  vibrations  that  It 
baa  taken  up  like  a  Bounding  board. 

In  deafness  due  to  disease  of  Uie  internal  ear  vibrationit 
conducted  through  the  bones  of  the  skull  make  no  aiidi- 
toTV  impression.  According  to  Egger,*  even  when  there 
is  deafness  to  skull  vibrations,  a  tuning  fork  may  still  be 
heard  and  pitch  reco^ized  when  it  is  applied  to  the 
bones  of  the  extrenuties  (olecranon,  tibia).  As  this 
power  fails  when  the  part  is  made  anamic  by  Eamarch's 
bandage,  the  author  ascribes  the  sensation  not  to  l>one 
conduction,  but  to  irritation  of  the  auditory  centres  bj 
way  of  the  nerves  of  common  sensation. 

Eiutachian  Tube. — Any  steady  inequality  of  air  press- 
ure on  tlie  two  sides  of  the  tympanic  membrane  would 
evidently  more  or  less  interfere  with  its  functional  move- 
ments. As  air  is  probably  continuously  absorbed  from 
the  tympanum  and  as  external  barometric  pressure  is 
ever  varying,  the  dnim  of  the  ear  needs  some  arrange- 
ment for  the  maintenanceof  an  equilibrium  of  air  pressure 
on  the  two  sides  of  the  tympanic  membrane.  Such  a 
mechanism  is  found  in  the  Euttachian  Tube,  a  somewliat 
trumpet-shaped  canal  which,  beginnmg  in  the  lower, 
anterior  wali  of  the  tympanum,  runs  downward,  for- 
ward, and  inward,  and  terminatts  in  a  slit  in  tlie  side  of 
the  upper  part  of  the  pharynx  (Fig.  S04).  The  Eusta- 
chian tulie  is  lined,  like  the  walls  of  the  tympauum,  with 
ciliated  epithelium,  tlie  cilia  working  in 'such  a  way  as 
to  convey  into  the  pliamyi  such  secretions  as  may  be 
poured  into  the  middle  car,  as  well  as  the  foreign  matter 
\laaX  may  enter  the  canal  from  the  pharynx.  A  con- 
rideration  of  the  ordinary  mode  of  infection  of  the  middle 
C&r  from  the  pharny:(  suggests  how  important  a  rdle 
must  be  borne  by  the  ciliated  epithelium  in  the  preserva- 
tion of  health. 

The  pharyngeal  opening  of  tlie  Eustachian  tube  is 
probably  usually  closed,  but  may  be  made  to  open  by 
considerable  increase  of  air  pressure  within  the  pharynx, 
as  may  be  produced  by  closing  the  nose  and  mouth  and 
either  forcing  ah"  into  the  pharynx  by  strong  expiratory 
movement  or  rarefying  it  b^  suction.  In  the  former  case 
air  pressure  witliin  l£e  middle  ear  is  increased,  in  the 
latter  it  is  diminished.  When  air  is  thus  made  to  enter 
or  leave  the  tympanum  a  sensation  of  a  sudden  snap 
and  a  dull  crackling  noise  in  the  ear  are  experieocea. 
The  lower  end  of  the  tube  is  normally  opened  during  the 
KCt  of  swallowing,  and  it  is  at  this  moment  that  Uie 
bitra-  and  extra -tympanic  pressures  are  equalized.  The 
well-known  method  of  Potitzer  for  inflation  of  the  middle 
ear  consists  in  forcing  air  into  one  nostril  during  tlic  act 
of  swallowing,  while  the  other  nostril  and  tlie  mouth  are 
closed. 

Mutde*  of  tht  3fi<bite  Sir.— There  are  two  intrinsic 
muscles  of  the  middle  ear  which  serve  to  adjust  the  ten- 
non  of  its  transmitting  mectuinism.  Roughly  speaking, 
they  are  antagonistic  in  action.  The  Uiitifr  tgm]iani 
muscle  is  lodged  within  a  groove  which  is  just  above 
and  about  parallel  with  the  Eustachian  tube  (Pig.  894). 
It  terminates  externally  in  a  long  tendon  which  bends 
nearly  at  right  angles  round  the  outer  edge  of  the  groove 
and  is  inserl«d  into  tiie  handle  of  the  malleus  near  the 
neck.  Contraction  of  the  tensor  tympani  thus  pulls  the 
tympanic  membrane  Inward,  renders  it  more  tense,  and 
somewhat  dampens  its  vibrations  (EMg.  401).  At  tlie 
■ame  time  the  toothed  processes  of  the  incus  and  malleus 
arc  brought  closely  together  so  that  there  can  be  no  loss 
of  motion  in  vibration  of  tlie  ossicles,  and  the  stapes  is 
driven  further  into  the  oval  window,  increasing  tension 
within  the  labyrinth.  Opinion  is  somewhat  divided  as 
to  the  conditions  of  functional  activity  of  the  tensor 
tympani.  The  normal  tone  of  the  muscle  probably  gives 
it  some  constant  tensorclTcot.  It  is  said  tliat  the  relaxed 
^mpanie  membrane,  particularly  after  section  of  the 
tensor  tympani  muscle  in  lower  animals,  is  thrown  into 
nmpalhetic  vibration  witli  comparative  eane.  and  \>t  in 
this  condition  best  adapted  to  respond  lo  weak  aerial  ini- 
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pulses  and  to  the  periodic  waves  of  musical  notes. 
When  the  membrane  is  tense  its  vibrations  are  more  or 
less  damped  and  It  is  then  best  fitted  to  transmit  with 
distinctness  tlie  irregular  vibrations  of  noises  and  con- 
sonantal sounds.  It  would  follow  tliat  the  action  of  the 
muscle  facilitates  distinct  appreciation  of  speecti  while 
it  diminishes  acuteness  of  bearing.  According  toHcnsen  • 
tJie  tensor  tympani  muscle  is  rellexly  excited  to  contract 
by  the  initial  waves  of  a  sound,  resulting  in  a  closer  in- 
terlocking of  malleus  and  incus,  thereby  preventing  loss 
of  motion  in  subsequent  vibrations.  But  Ostermanf  has 
given  reason  for  believing  that  the  muscle  is  chiefly  a 
protective  mechanism  called  into  play  only  or  mainly  b" 


no.  Ml.— MasniD  ReprmnUnK  ttie  Mode  of  DlRilsrenienl  of  tbr  Ovl- 
clea  uniler  ine  InBueiK*  of  Ihe  t'ontiwUon  qf  Uie  Tensor  TjmpMkl 
Hiuclm.    (After  Ttslut.)    a,  Eilenial  auditory  laoU  :  Ii,  tympniitc 

bnuB  [ymptmU  i,  raanubriuni  niBlleh  £',  wcIIod  oT  Ibe  long  proc- 
ess ot  tbe  malleus ;  U.  bead  oF  th.i  nuUlcus :  4.  Inseitloii  or  the 
lendon  of  Uie  tptuur  tyraiiaiil  muiirlr ;  G.  vprtlrs]  or  lone  vtixem  of 
tbe  Ineus:  0.  bead  of  Ihls  oBElrJe;  7.  Ibe  sUuiw.  Tbe  dotted  Mnei 
Indlfaie  Ibe  poslbona  whirb  the  oaslclM  uid  lymptinlc  OKDibnuie 
will  B«iime  when  ihe  imrat  tymptini  muMle  oonlracls :  tbe  amnr 
sbovs  [be  direction  ot  tbls  moTemeal. 

very  loud  and  painful  noises.  ItsBction  prevents  OscillS' 
tions  of  the  tympanic  membrane  which  would  otherwise 
be  of  so  great  aniplilude  as  to  damage  the  ear. 

The  ftupeditu  is  a  small  muscle  embedded  in  the  inner 
wall  of  the  tympanum  near  the  fenestra  ovalis.  Its 
tendon,  passing  forward,  is  inserted  into  the  neck  of  the 
stapes.  Contraction  of  the  muscle  would  have  the  effect 
of  pressing  the  hinder  part  of  tlie  foot  of  the  stapes  either 
against  the  edge  of  tbe  oval  window  or  fartlier  Into  the 
opening,  and  of  withdrawing  the  forward  part  from  it 
(Fig.  4C)8).  Tlie  muscle  may  therefore  be  considered  tii 
diminish  pressure  within  tbe  labyrinth,  causing  the 
membrane  of  the  round  window  to  be  drawn  inward. 
Its  action  in  these  respects  is  the  opposite  of  that  of  the 
tensor  tympani.  It  is  said  that  the  stapedius  iseontrollcd 
by  the  facial  and  the  tensor  tympani  by  tlie  lifth  nerve. 

A  bundle  of  fibres  passing  iNickward  from  the  anterior 
part  of  the  tympanum  to  be  inserted  into  tlie  malleus 
Just  above  the  root  of  the  processus  graciUs  has  been 
described  as  ttie  iaJ"ator  tymimni  mu»fU.  It  will  receive 
no  further  notice  since  Helmhojtz  and  otliers  consider  it 
to  be  merely  a  lignmenteus  support  for  tbe  malleus. 

The  Internal  Enr  or  lAibyriiilh.—'t\\in  is  the  seat  of 
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the  Bcnsory  organ  of  boaring.  It  Is  cnmpotml  of  ft  com- 
plicaUiJ  xyslom  of  mcnibranoiu  tul>e«  auJ  xaca.  tliv  iimm- 
hraiioui  lahyritttli.  In  wliicb  tf  rminiilc  at  particular  points 
biiiidk'S  of  fllaments  of  the  auditory  ncrvi-.    The  mem- 


Fin.  fee.— I>lw(nim  ShoKlnK  llcnrltn!  f>up(«  la  DMplinKi  uivlei 
inBui'iuv  tit  Ihp  (-onlractlun  «r  thtf  mapMlluit  Hiuu'lf.  (' 
TcBlul.)  A.  Slsprn  III  n-piMe :  it.  slapt^  itliT  tlu^  nlapedlus  m 
has  nunni'lvd.  I.  Rawi  iir  [uotptalc  of  the  Kiapii^;  i,  tnlemir 
awnflDOt  llMlMMwln'mlli!:  S".  |initn1i<riiianni]iir  (hi-saini';  3. 
■O'lainhlttl  pniMwi.  (Iviiw  exit  to  Ibe  rimdtiii  (4)iit  llut  Mapi^luii 
DiiUKk':  •'.  BnltTlnr  inrtliia  ul  tfaKanauLar  URmaiMit:  !•,  pia.wr1<ir 
and  alxirliT  p»nloo  nt  the  fuunc  llminirati  rr.  ■ali>n>-pa«ti'rliir 
dlBinFtM'  III  aw  feOMlni  nvallii.  ibkiIiik  UiniuKli  iIk  fi»l]ilale  <>t 
Uip  slappM  In  JiR  two  poaLllonB— j|.  whi'n  In  iv|»w,  H.  mIHt  the 
mnlrarllun  (it  Ihv  t<tsti<^tlU!<  musi'le:  u,  the  pnlnl  tbniuEh  nhHi 
tlie  vertical  line  Ibnt  i¥pi^»fealH  Ibe  aiia  of  rvtatlun  lA  tbe  slafies 


branouB  kbyrintlt  in  rontajm-d  witliiii  n  clianiltcr,  tlic 
bony  labyrintfi,  liiilloKetl  iu  the  pL-IniiiH  bone  (Flirs.  4(S- 
406).  The  osseous  tiBSiH*  finnHtl lately  HurmuudiDK  Ihv 
labyriuthine  cavity  U  very  dense  and  with  care  may  l>e 
scparatul  from  tlie  lionu  of  loowr  tcitiire  Hl)out  it.  The 
cavity  of  the  buiiy  labyrinth  (Figs.  4U3,  404)  ciinHistn  of 


Fia.  408.— The  Dony  :^l 


a  mwiion  [wirt.  the  rrttilm/t .  ivliicli  is  iniildrijriil  imBtcri- 
orly  ill  tiif  aysteiii  of  nmii-iiviiiiii'  nn'-iln  ilikI  iiiiterioriy 
in  the  corblct.  The  vcNtibiili-  i«  n  hjihci'  wliieli  iiii'jisiiri'K 
in  man  About  one-liftb  of  an  iiieli  In  ilLiiiii-tfi'.  iin<l  it  i.i 
perforated  on  its  iiulur  wall  bv  the  oval  o)ti'iiii)i;  known 
as  t\wfcHnlra  otalu.  The  Neniii'in'uhir  caiuiN  iire  tlirii^ 
tube.sof  circular  section,  known  respei'lively  as  ibe  an- 
terior or  suiM-rior,  the  posterior,  ami  tlic  exlermil  yr  hori- 
zontal semicircular  caiinl.  Their  planes  an'  almiit  at 
right  HUgles  to  one  another,  so  that  they  (H*ciipy  IlielJii-ee 
piiNHiblu  dimcnsionH  of  space.  Each  ninal  is  diliiti-il  at 
one  extremity  into  a  glouular  cavity  whieli  is  kiioirii  as 
tlic  niiijitilln.  The  anterior  anil  posterior  canals  unite 
near  tliL-  endsnot  providctl  witli  anipnlltv,  and  tliey  enter 
the  vestibule  as  a  common  tube.     Anteriorly  the-  vesti- 


bule is  continued  as  a  tu)>e  which  is  coiled  upon  itself 
two  and  one-half  times,  anil  which,  from  \\a  retemblann 
to  the  shell  of  a  snail.  Is  knowD  as  the  eorklea.  The 
osseous  cochlea  (Fig.  405)  may  be  conceived  as  fonaed 
by  a  bony  tube  coiled  about  a  bony  central  pillar,  tin 
la'-dinlut,  which  is  of  spongy  texture  and  diminisfaeslB 
<liamuter  from  the  base  to  tbe  apei  of  the  (nclilea.  Pina 
the  modiolus  a  bony  sbelf,  tbe  laminn  tfrimlU.  streti'te 
into  the  cavity  of  the  tube,  incomplelely  dividing  it  into 
two  tubularchambers.and  winds  round  the  central  pilhr 
like  A  spiral  staircase.  The  separation  of  tbe  spaces  on 
either  side  of  the  lamina  »)nmlu  is  rendered  complete  bf 
menihranous  structures  to  Iw  considered  later.  Tbe 
tubular  area  on  that  side  of  tbe  lamina  spiralis  wbicb 
faces  the  apex  of  tlic  cochlea  is  in  free  oommunicatiai 
with  the  vestibule  and  is  known  as  the  tenia  rmtOn^. 
The  part  of  tlie  canal  which  is  on  the  opposite  tide 
of  the  lamina  spiralis,  faeing  tbe  base  of  the  codilet,  >l 
known  as  the  itala  tj/mpani,  because  it  comes  into  ffIs- 
tion  with  tltc  tympanum  at  the  fenestra  rotuoda  (Rgi. 


Am-AS3»).  In  the  upright  poeitiou  of  the  head  tbe  »i( 
of  tlio  modiolus  is  nearlv  horizontal,  pomting  from  haw 
to  a)>e\,  outward  and  sligbtlV  downward  and  furHsrd. 
the  baiw  of  the  cochlea  being  formed  bv  tbe  inner  surfsce 
of     c  p.  ro  H  lone     C  nta  ned  w    I  '  tl  e  cav  be 

bon  la  )  n  I  a  d  on  I  e  w  1  ole  parall  ]  «  lb  "■*% 
is      c  *  I  by      Ann  hi       acfucibe 


Fl     4ft      The    nrt 
H-ltlr 


I'lniHililiil   I.ii 


•  i 

I's.seiiiiiil  sirui'tiiri'S  of  the  organ  of  hearing  (Fies.*"" 
Amy  The  menihranous  labvnnth  is  filled  wilhsswR?" 
what,  wateri-.  mucin -bolding'  tluid,  Ihe  (iiihJi/iiii-h.  vbw 
a  similar  lliiid.  the  jtr>ilgiiii>/i.  Alls  Ihe  space  "beiwi«ii'?* 
nieiiibnuious  liibyriutb  and  the  bony  walls  oulsiil* ''■ 


62U 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


THr  perilj^mphalic  space  is  lined 
Hum  and  is  in  com munica lion,  along  iltc  Vheatli  d(  tlie 
auditory  nerve,  with  the  suliduTiil  nod  Rnbnrarhnoid 
lympb  areas  of  the  brain.  Numerous  slioets  and  liars  of 
CODDective  tlasue  reach  from  the  nail  of  ILe  bony  to  tliat 
cf  the  membraaouB  labyrinth  and  iielp  support  the  latter. 


vanl;  &i 


The  inner  wall  of  both  utricle  and  saccule  Is  elevated 
at  a  particular  spot  Into  a  low  eminence,  the  maeala 
aeiittiai.  formed  by  development  of  the  connective  tissue 
of  the  membmnous  wall.  In  a  similar  way,  ilic  inner 
wall  of  each  ampulhi  of  the  semicircular  canals  is  de- 
veloped in  a  ridge  projecting  Into  the  cavity  across  its 
long  axisand  known  as  the  eiiiUi  aeiutien.  Boihmneulm 
and  criala  arc  covered  by  peculiarly  modltled  columnar 
epitiJelial  cells,  calledai/rfiloi^fpi'Mdiura  because  they  rc' 
ccive  the  terminal  twigs  of  tlie  auditory  nerves.  The 
auditory  cells  are  said  to  be  of  two  kinds.  One  variety 
is  c^vlindrical  in  sliape  and  n»ches  only  part  way  to  the 
basiUr  membrane,  the  Aair  eellt ;  the  other,  narrow  and 
elongated,  the  supporting  or  mttentoailnr  etlU.  From 
the  free  ends  of  the  former  there  project  long,  stiff,  hair- 
like  proceHses,  the  auditory  hair*,  which  are  longer  on 
the  celts  of  the  crist^E  tlian  on  those  of  the  maculii:.  The 
auditor}-  nerve  filaments  supplying  this  part  of  the 
hiliinnth  pass  through  the  macular  and  eristic  and, 
liri'uiimg  up  into  n<Klulalcd  flhrils,  encircle  Ihe  bodies  of 
I  lie  Imir  cells.  Scaled  on  the  free  surface  of  the  mai*ular 
I  |iitti('liuni  is  a  fibrous  moss  which  is  aaid  to  be  a  normal 
si  [  IK  lure  and  not,  like  a  somewhat  similar  mass  found 
n,M  ring  the  cristff  in  post-mortfm  sections,  a  coagutiim 
iliii  til  the  method  of  preparation.  Embedded  in  tlie 
Mil  iiibrane  over  the  maculK  of  both  sacs  arc  srauU  crys- 
T  iK  "tiAitht  or  otoconiii,  composed  chiefly  of  carbonate 
iif  lime.  Otoliths  are  found  at  times  also  in  the  ampulla; 
and  even  in  the  perilymph  space  of  tlie  cochlea.  In 
some  fishes  there  are  large  masses  of  calcareous  matter, 
otnlitliK.  attached  to  the  walls  of  the  vestibular  sacs. 

The  Membraaout  CochUa. — By  far  the  most  complex 
structure  of  the  car  is  found  in  the  cochlea.  The  mem- 
branous cochlea  <Figs.  408,  ■109),  sometimes  known  as  the 
taiialU  or  daetv»  nK/iU/iriut,  is  a  tube  of  nearly  triangular 
cro«s  section.  The  base  or  outer  side  of  this  triangle  is 
attached  closely  to  the  wall  of  the  bony  coclilea;  the 
upper  side,  supposing  the  modiolus  1o  be  vertical  Willi 
its  apes  above,  is  made  of  a  thin  sheet  of  cells  known  as 
the  Bitmbrane  of  lUiuner ;  the  lower  nide  is  made  up 
partly  of  the  bony  margin  of  the  lamina  fiiiniUn  and 
parlly  of  a  mpml)nine  radially  striated,  stretched  across 
from  thceilgeof  the  spiral  lamina  to  the  side  wall  of  tlie 
coclilea ;  this  is  called  the  baiU'ir  membrane  or  wcmbmna 
bamliHa  (Fig.  409). 

The  coiled  tube  of  the  osseous  cochlea  is  thus  divided 
longitudinally  into  three  parallel  tubes:  the  arvi/'i  rettiliuli 
ana  the  irafa  fympani  on  either  side  of  the  tarnina  spimlis. 


repmpnuxl  tn  gnj,  Ihe  peril  yuipbatlc  In 

smcuIub:  \  Bemklrruliir  (vniln;  4.  ct^'jutmr  ^BU4ii  u.  viuvr- 
I^mpbiiUc  canal,  irlui  lis  two  tnlUid  tiranrhen:  0.  endulrmptMlIc 
cat.(k.«H ;  T.  anal  of  Hnuen  or  nnalla  rHinlean;  H.  icala  tym- 
— ,.  „  — ■ "i-ul;  lU.  ibelr  point  Dfunhin  at  Uieliellrolrenw', 

JUlI;  13. mquipdurtus ciietalH? ;  ]3, perlrHteiUB : 

>.  itapea  In  the  fenntn  ovmlli:   IS,  leneaUs 

—  '-rmpanlc  membrane. 

That  part  of  the  membranous  tabyrinlh  which  is  con- 
taineil  witliin   the  l«iny  vestibule  is  composed  of  two 
AepaiHte  sacs  which  onlv  indirectly  communicate  with 
each  other  (Figs.  406,  4()T).     The  posterior  »ac  i.s  larger 
and  is  known  as  the  nUv.iihiii  or  iitrir-lf.     From  it  spring 
the  membranous  scmfclrcutar  canals.     Tlie  smaller  an. 
terior  sac  is  called  the  Mcctihit  or  me^'ile.     The 
cavities  of  the  utricle  and   saccule  are  indirectly 
continuous  through  two  small  tubes  which  arise  .* 
from  either  sac  and,  uniting,  form  a  single  tube. 
the  diietut  eadolymphiiUeut.    which   runs  inward 
through  a  canal  in  the  petrosal  bone  and  ends 
blindly  in  a  dilated,  flattened  extremity,  the  aac- 
eut  eudotgmphafieat.  which  is  siipporled  between 
the  layers  of  the  dura  maler  within  the  cranial 
cavity.    The  plane  separating  the  two  vestibular 
aacs  is  perpendicular  and  opposite  the  fenestra 
ovalia  (Fig.  406).    Tlie  aacculus  communicates  by 
a  narrow   tube,   the   ennalit  rrtii»en»,  with  that 
divlston  of   the  membranous  labyrinth   which   is 
contained  within  the  Imnv  cochh'U  and  known  us 
the  eamlit  or  duflm  eofhlmri*  (Fig.  406). 

The  auditor)/  tierte  consists  of  at  least  two  di- 
visions having  separate  origins  and  different  dis- 
tributions. One  of  these  branches  passi's  finally 
to  the  cochlea,  and  the  other  lo  the  veslibule  and  fio.  WC-Hembmnoiis  Labynntb  o(  Ibe  Right  aWe,  (AtUr  T««iii.: 
semicircular  canals.  The  nerve  approaclies  Ihe  ™iu»:  S.  superior  •ett.teircutar  rami :  3,  piietcrior  senilrtrmiliir 
labyrinth  by  way  of  a  canal  known  as  the  «<«,f»»  ^;i!E7„'',";a'C"'JS.M"'iid^''rSS".!SU^*^^^^^ 
avditoriiu  tiiUrtiHii^   and   on  reaching   the  angle      «p,  menu  rn1-'liimi>iiaHrii» 


between  the  base  of  tlie  cochlea  and  the  vestibuli', 
the  cochlear  branch  passes  to  its  destination,  while 
of  the  remainder  of  the  nerve  a  superior  division  is  dis- 
tributed to  the  utricle  and  tn  the  ampulUc  of  the  an- 
terior and  horizontal  semicircular  canals,  and  Ihe  inferior 
division  supplies  the  saccule  and  ampulla  of  ihc  po.s- 
terioromaL 


j  iu  leriDliiat  «iI-<]«-«BV :  10,  ot 


and  the  eanalit  eochlean 
lamina  is  wan  tine. 

Theeanofff  eochUant 
at  each  end,  hut  its  cui 
narrow  eanatii  rennien 


n  them,  where  the  spiral 


endolympli  an<l  is  closed 
ly  communicates  by  way  of  the 
with  iliot  of  the  saccule.    The 
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tubes  or  seals  od  either  Ride  of  tlip  mpmhninoiis  cochlea 
are  pcrilyn  ph  spoc  a  Thi  upper  lube,  wben  follow<.>d 
downtolbe  bast  o(  IhccMhlea  1h  found  to  open  freely 
Into  IhL  1:11V  ly    f  tliL  %esii1  iile    hence  its  name  of  maia 


na.  4'».-8Hiui.iiuiti 

tfttihtiJi,  The  lowiT  lutte  enils  liliiutlv  at  tht.  luue  of  the 
ciH'Jilvii.  hut,  wlicrc  thiH  part  hiiigcn  into  the  tj  iiipamim 
as  lln'  "iiroiiioutory"  of  its  inner  wal).  it  is  |>erfiirutr(i 
by  the  upcrlure  Icnnwn  as  the  fr}it»tni  ri'tuiidn  wliose 
pnijHT  ini'inbmne  nlnnc  prevents  the  peiilyinpb  fmni 
esc-upin^  inio  the-  inidillc  ear.  Thlti  tube  is  therefore  ealh'd 
the  ifiilti  tj/iiifniiii.  From  its  central  position  the  inem- 
braniiiis  ciK'hlear  canal  is  Bometimes  known  iia  the  iiAifn 

As  the  xplral  staircase  formed  by  the  osseous  lamina 
spiralis  anil  the  menibninous  Iwsitur  niemhrane  winiia 
ronnil  the  modiolus  from  liic  liasi-  to  the  aucx  oTeiipalii 
of  liie  coihltii.  the  radial  width  of  the  husifnr  membruue 
increust-!"  whilf  that  of  Ihi'  Imny  lamina  decreases.  In 
the  liasal  wiuirl  of  the  ciM^hlea  Vhc  width  of  the 
two  is  aliout  cqiial.  but  ni-ar  tlie  cupula  ibe  lam- 
ina spiralis  Is  nearly  M-antinja:.  The  radial  width 
of  the  basilar  membrane!  is  saiil  to  yary  from.SS 
mni.  at  the  top  of  tlic  cuchli-a  to  about  .21  mm. 
near  the  bottom.  The  seala  vestibull  and  tlie 
seala  lyiM|iHiii  have  no  communication  except 
thniiiKh  a  small  a)H'rture  un- 
der the  riipuhi  of  ihc  ccK-lilea 
known  as  tliu  hcHfAifmii ;  Ihis 
in  Iwunded  by  the  linok-like 
t<-nninatfiin,  the  kamiiliit  (Y'lg. 
404).  of  l]ie  bony  lamina  spin- 


ished  amplitude  and  incroaMil  force,  to  the  foot  of  the 
stapes.  The  end  of  Ibe  long  process  of  the  incus  lisea 
somewhat  in  its  Inward  eKCiirsioD,  bo  that  the  head  of 
the  stapes  Is  slightly  raised  at  each  impulse.  The  motloD 
of  the  Klapes  in  the  fenestra  ovalia  «,  therefore,  not  m 
much  that  of  a  piston  in  a  cylinder  as  a  irobhie  about  ao 
axis  that  runs  parallel  and  near  to  the  lower  edge  of  the 
footplate.*  As  the  maximum  excursion  of  ihe  inctu- 
stapes  articulation  is  only  about  -^  mm.,  that  of  Lbe  foot 
of  the  stapes  must  be  Btill  furtlier  reduced  and  iucnued 
m  power 

The  lluid  of  the  labyrinth  being  incompresdble,  any 
considt  rahle  Inward  nioyement  of  the  stapes  must  be  at- 
tendetl  b\  proviuion  for  the  outlet  of  the  displaced  fluid. 
Such  a  iiafely  valve  is  found  in  the  fenestra  rotunda. 
Penl>  mph  pressed  awar  from  the  oval  window  msj  find 
H  fret  y(ut  bypassing  Ihrougb  the  seala  veslibuli  toward 
the  aptx  of  the  cochlea,  through  the  beHcotrema,  back- 
it  srd  b^  way  of  the  scak  lympani,  at  the  basal  end  of 
uhuh  It  finds  the  fenestra  rotunda,  and  may  cause  Its 
covering  membrane  to  bulge  into  the  tympanum.  That 
such  a  transference  of  fluid  in  the  direction  from  the  oval 
to  the  round  window  can  take  place  was  demonstrated  bj 
Pohtzi  r  who  inserted  a  f!la»t  tube  in  the  fenestra  rotunda 
and  found  that  fluid  in  the  tulwlook  a  higher  level  when 
htrong  air  pressure  van  brought  to  l>ear  on  the  outalrie  of 
the  1}  mpanlc  membrane.  It  is  lianll^  conceivable,  bow- 
e\er  lliat  actual  mohir  motion  of  perilymph  through  tbe 
helicolrema  occurs  with  each  oscillal ion  of  the  foot  of  tbe 
stapes  The  effect  upon  the  meniUrane  of  the  round 
window  of  a  continuous  musical  note,  for  example,  Ii 
probnhly  to  give  it  a  flxed  position  midway  between 
that  resulting  from  the  maximum  and  that  resulting 
from  the  minimum  displacement  at  the  oval  window. 
This  action  may  be  illustrated  by  a  device  sometimM 
used  for  the  determination  of  the  mean  arterial  blood 
pressure  of  an  animal;  tlie  mercury  manometer  is  con- 
stricted at  one  point  to  a  narrow  orilice  which  blocka  the 
rapid  oscillations  of  the  heavy  mercury,  so  tliat  the  differ- 
ence in  level  of  the  fluid  in  tlie  two  limbs  of  tlie  instru- 
ment is  constant  and  represents  Ihe  mean  between  it« 
varying  pressures.  That  the  actual  transfer  of  fluiil 
from  the  seala  veslibuli  to  the  seala  tympaul  is  not  nec- 
essary for  tlio  Irritation  of  tbe  nervous  mechanism  of 
the  cochlea  is  indicatpil  hy  audition  through  Uine  con- 
duction, in  which  it  seems  that  molecular  vihrations  mar 
arouse  The  senite  of  sound  by  direct  ttunsmission  through 
the  osseous  cochlea.    We  may  look  upon  tlic  actltw  of 


lis.  which  forms  the  gnviter 
jiart  of  a  ring  conipleteil  bv 
the  poinl<.-d.  blind  exln-mitynf 
Ihc  canalis  cocbiimrU  fiiKteneil 
altove  tlie  liamulus  to  Itie  cu- 

Tmii*H)imion   of    Vilimti'iim 
tknmgh    Ihe  fjt^'ii/A.  —  Wq 

have  seen  above  (p.  ffl3)  Ihiil  composite  air  wuvi.-s  illffeT 
from  the  stngk;  peixlular  vibrations  of  wliiih  they  are 
math'  upby  tlieirform.  That  is,  while  inasiiigle  pi'-ndu- 
lar  vibration  the  motion  of  an  oiu'illatinf;  air  I'article  is 
similar,  nnil  its  accek-ratlon  or  rftanlaiiun  is  imifonii  on 
iiieli  side  of  Ihe  point  of  rest,  in  the  composite  wave  Ihis 
is  not  so.  The  tym]mni<!  nienibmne  must  resiMiiid  to  all 
the  vuniilioiw  in  the  sound  pi  1  {si's  entering-  the  meatus 
and  irausmit  them  with  exactness,  though  with  dimin- 


the  stapes  as  that  of  a  luimmer  which  applies  sliarp  tape 
to  the  iMirilyniph. 

As  tli<-ir-riiiiiuitions  of  the  auditory  nerve  are  all  within 
the  eliisiiianii  complex  memliranoiisliiliyrinih.  vibratioaa 
of  the  iK'rilymph,  to  have  sensory  elTect,  must  be  taken 
up  liy  Ihe  iviili  of  Hint  stnieiure.    The  sensi>ry  epithe- 

•  Hmki-.  ([ilirtiil  bi  lltiwRn ;  HiTmann'i  Hdb.  der  PHTllolOBlB.  Bd. 
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lium  of  the  saccule,  utricle,  and  semicircular  canals  would 
seem  to  be  impressed  by  vibrations  proceeding  directly 
from  the  oval  window.  Considering  the  minuteness  of 
the  canalis  reuniens,  it  is  not  probable  that  irritation  of 
the  cochlear  nerve  depends  upon  vibrations  reaching 
them  through  the  endolymph  of  the  saccule,  but  that  it 
is  achieved  through  motion  imparted  by  the  broad  wav 
of  the  scala  vestibuli,  the  diminishing  calibre  of  which 
toward  the  apex  of  the  cochlea  would  seem  adapted  to 
the  concentration  of  energy  of  vibration  toward  that 
point.  The  indirect  tubular  communication  between  the 
various  chambers  of  the  membranous  labyrinth  and  with 
the  cranial  cavity  through  the  ductus  endolymphatieus 
and  its  dilated  extremity  afford  evident  provision  for  the 
equalization  of  pressure  throughout  the  endolymph. 

The  Membranous  Cochlea  and  the  Organ  of  Corti. — The 
ductus  eochlearis  is  somewhat  triangular  in  cross  section, 
its  floor  being  composed,  in  the  lower  whorls  of  the  coch- 
lea, of  the  basilar  membrane  and  the  edge  of  the  lamina  spi- 
ralis (Fig.  408);  but  the  latter  component  decreases  as  the 
apex  is  reached,  so  that  both  the  relative  and  the  absolute 
width  of  the  basilar  membrane  increases  as  the  cupola  is 
approached  (p.  622).  The  delicate  membrane  of  Eeissner, 
stretched  from  a  line  on  the  lamina  spiralis  somewhat 
back  from  its  edge  to  the  wall  of  the  bony  cochlea,  sepa- 
rates the  canalis  eochlearis  from  the  scala  vestibuli,  as 
the  basilar  membrane  does  from  the  scala  tympani. 

From  the  physiological  standpoint  interest  is  chiefly 
centred  in  the  iNisilar  membrane  and  the  structures  sup- 
ported by  it.  The  basilar  membrane  is  a  sheet  of  complex 
tissue  tightly  stretched  between  the  edge  of  the  lamina 
spiralis  and  the  outer  wall  of  the  cochlea.  The  mem- 
brane is  flbrillated  and  splits  readily  in  a  radial  direction, 
and  has  been  supposed  to  represent  essentially  a  scries  of 
BtifF  elastic  fibres  more  or  less  coherent  in  a  cement  sub- 
stance (Fig.  409).  Seated  on  the  inner  part  of  the  basilar 
membrane  is  the  peculiar  structure  known  as  the  organ 
of  C<yrti  (Figs.  408,  409). 

The  organ  of  Corti  has  as  its  supporting  framework  a 
series  of  modified  cuticular  epithelial  cells  known  as  the 
rods  of  Corti  {ColumneB  ext.  and  int.,  Fig.  409),  which  are 
arranged  along  the  inner  edge  of  the  membrane  in  two 
rows,  an  inner  and  an  outer.  The  feet  of  Corti  *s  rods 
are  separated  at  some  distance  on  the  basilar  membrane, 
but  the  rods  are  inclined  toward  each  other  and  are 
united  at  the  top,  leaving  between  them  and  the  basilar 
membrane  the  tunnel  of  Corti.  The  inner  rods  are  more 
numerous  than  the  outer,  so  that  the  latter  are  fastened 
rather  between  than  to  the  ends  of  the  former.  Leaning 
against  the  inner  or  median  side  of  the  inner  row  of  rods 
is  a  single  row  of  hair  cells  (Fig.  409),  much  like  those 
described  as  seated  on  the  maculae  and  crista;  of  the 
labyrinth,  to  which  filaments  of  the  auditory  nerve  are 
apphed.  On  the  inner  face  of  these  hair  cells  are  several 
rows  of  columnar  epithelial  cells  supported  bv  a  base  of 
nuclei.  External  to  the  outer  row  of  roils,  and  separated 
from  it  by  a  space,  are  four  parallel  rows  of  hair  cells 
known  as  the  cells  of  Corti,  The  hair  cells  do  not  rest 
upon  the  basilar  membrane,  but  are  upheld  by  four  rows 
of  specialized  bodies,  the  cells  of  Deiters,  inserted  between 
and  outside  them  and  supported  below  by  the  basilar 
membrane.  Outside  these  structures  are  several  rows  of 
columnar  epithelial  cells.  The  rods  of  Corti  are  peculiarly 
shaped  at  the  top,  the  upper  extremitv  of  each  being  bent 
at  an  angle  so  as  to  project  externally  and  parallel  with 
the  basifir  membrane ;  these  projections  are  the  phalangar 
processes  of  the  rods.  These  processes  form  the  points  of 
attachment,  or  the  beginning,  of  the  reticulate  membrane 
(membrana  reticuUUa),  a  peculiar  network-like  stnicture 
formed  of  cuticular  rings  and  cross  bars  (not  shown  in 
the  figure).  The  reticulate  membrane  stretx^hes  across 
the  outer  rows  of  hair  cells,  the  body  of  each  of  which  is 
enclose  and  is  held  at  the  top  within  a  ring  of  the  net- 
work. The  inner  or  median  face  of  each  cell  of  Deiters 
is  modified  into  a  cuticular  thread  which  is  fused  below 
to  the  basilar  membrane  and  above  to  a  ring  of  the  re- 
ticulate membrane. 

A  sheet  of  radially  fibrillated  tissue  is  attached  to  the 


vestibular  lip  of  the  limbus,  a  promontory  composed  of 
connective  tissue  resting  upon  and  fringing  the  edge  of 
the  lamina  spiralis,  Tms  sheet  is  known  as  the  tectorial 
membrane  {membrana  tectoria)  and  reaches  out  over  the 
or^an  of  Corti  as  far  as  the  outermost  row  of  hair  cells 
(Fig.  409).  It  is  said,  when  in  place,  to  lie  in  actual  con- 
tact with  the  rods  of  Corti  and  the  free  ends  of  the  hair 
cells,  and  it  has  been  presumed  to  serve  as  a  damper  for 
the  vibrations  imparted  to  the  organ  of  Corti.  Howard 
Ay ers  *  differa,  in  essential  particulars,  in  his  interpreta- 
tion of  some  of  the  structures  of  the  sensorv  organ  of  the 
cochlea  from  the  current  views  which  have  been  presented 
above.  Thus  Ayers  asserts  **  that  the  so-called  membrana 
tectoria  is  nothing  more  than  the  matted  mass  of  hairs 
which  spring  from  the  tops  of  the  hair  cells  and  form  a 
waving  plume  on  the  crest  of  the  ridge  of  the  organ  of 
Corti." 

He  also  holds  the  membrana  reticulata,  and  several 
other  structures  described  by  different  authors,  to  be 
nothing  more  than  artifacts  produced  by  the  methods  of 
preserving  and  manipulating  the  specimens. 

Turning  now  to  the  connection  of  the  sensory  organ 
with  the  central  nervous  system,  it  is  found  that  the 
cochlear  division  of  the  auditory  nerve,  together  with 
the  nutrient  blood-vessels,  penetrates  the  modiolus  at  its 
base  and  runs  up  through  the  spongy  interior  of  the  bony 
pillar  (Fig.  408).  As  the  nerve  ascends  tlu*ough  the 
modiolus  its  fibres  are  gradually  given  off  to  run  in  a 
radial  direction  between  the  bony  plates  of  the  lamina 
spiralis.  A  collection  of  nerve  cells  forming  the  ganglion 
spirals  is  interposed  in  the  course  of  the  auditor}'  fibres 
at  the  base  of  the  spiral  lamina.  The  fibrils  produced  by 
splitting  up  of  the  auditory  nerve  fibres  are  generally 
believed  to  terminate  in  clustera  about  the  bodies  of  the 
hair  cells. 

Function  of  the  Sensory  Organ  of  the  Cochlea  and  Its 
Mode  of  Action. — There  is  no  doubt  that  the  basilar 
membrane  and  the  organ  of  Corti  are  devoted  to  translat- 
ing the  vibrations  of  physical  sound  into  physiological 
nerve  stimuli.  More  than  this,  there  is  little  doubt  that 
the  cochlear  sense  organ  is  an  instrument  for  the  analysis 
of  the  composite  air  waves,  however  complex  in  tueir 
genesis,  into  the  simple  pendular  vibrations  of  which 
they  are  made  up.  It  is  the  apparatus  through  which 
the  period,  phase,  amplitude,  and  rate  of  motion  of  air 
particles  are  translated  into  auditory  impulses  which  give 
rise  to  conceptions  of  harmony  and  discord.  It  is  the 
musical  organ  of  the  ear.  When  we  inquire  into  the  way 
in  which  the  cochlear  instrument  does  its  work,  we  are 
reduced  to  the  use  of  hypotheses  founded  on  the  action 
of  artificial  instruments.  The  complexity  of  the  organ 
of  Corti  in  the  ear  iiTesistibly  demands  for  it  an  impor- 
tant function  in  the  acoustic  process.  But  in  singing 
birds,  that  must  be  supposed  to  have  an  **  ear  "  for  music, 
the  organ  of  Corti  is  not  developed.  The  radial  fibrilla- 
tion of  the  basilar  membrane  early  suggested  that  it  rep- 
resented essentially  a  series  of  wires  stretched  side  by 
side  and  capable,  like  those  of  a  piano,  of  being  thrown 
into  sympathetic  vibration  by  impulses  reaching  them 
from  without.  Calculation  shows  that  the  fibres  are 
sufiicient  in  number  and  vary  enough  in  length  to  more 
than  account  for  the  known  powers  of  the  ear  in  its  dis- 
crimination of  pitch.  The  fibres  of  the  basilar  membrane 
are  cemented  laterally  by  a  substance  apparently  little 
adapted  to  transmit  vibrations.  It  may  be  supposed 
then,  as  Helraholtz  first  pointed  out,  that  composite 
vibrations  travereing  the  labyrinthine  fluids  are  analyzed 
by  the  fibres  of  the  basilar  membrane,  each  fibre  respond- 
ing most  powerfully  to  its  own  fundamental  tone,  and 
that  thereby  selected  groups  of  the  host  of  nerve  fibrils 
supplying  the  hair  cells  are  stimulated  each  with  a  par- 
ticular rate  and  intensity  of  irritation  which,  transmitted 
to  the  brain,  there  excites  siwcitic  sound  senstitions;  the 
mind  again  combining  these  simple  sound  sensations  into 
complex  harmonies  having  little  resemblance  to  their 
composing  elements. 

♦  Ayers :  "  The  yertebrate  Ear."    Joum.  of  Morphology,  May,  1888. 
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Tlie  possibility  of  giving  a  satisfactory  explanation  of 
the  function  of  tbe  organ  of  Corti  must  he  abandoned  at 
the  outset.  The  rods  of  Corti  apparently  serve  as  a  sup- 
porting mechanism  for  the  sensorj'  epithelium.  It  has 
been  supposed  that  they  serve  to  pick  up  and  magnify 
vibrations  of  the  basilar  fibres,  and,  through  the  medium 
of  the  reticulate  membrane,  transmit  such  irritations  to 
the  hairs  of  Cortl's  cells.  There  is  no  doubt  that  the 
ciliated  "cells  of  Corti "  are  the  special,  and  probably  the 
only,  peripheral  sense  organs  of  the  auditory  nerve.  'The 
cilia  springing  from  their  free  ends  are  usually  regarded 
as  the  sensory  stnictures  upon  which  the  vibrations  im- 
mecliately  act.  If  Ayers  is  correct  in  his  opinion  that 
the  membrana  tectoria,  instead  of  being  a  damper  for  the 
vibrations  for  the  organ  of  Corti,  is  really  a  mass  of  cilia 
or  hairs  torn  off  from  the  ends  of  the  hair  cells,  great 
strength  would  l)e  given  to  that  view  according  to  which 
the  hairs  themselves  are  the  structures  set  into  sympa- 
thetic vibration  by  the  waves  of  the  endolymph,  not  that 
their  stimulation  depends  upon  movements  indin^tly 
transmitted  from  the  basilar  membrane.  In  considering 
this  view,  it  is  significant  that  the  scnla  vestibuli,  the 
vibrations  of  whose  perilymph  it  would  seem  should  be 
more  powerful  than  those  within  the  scala  tympani,  ad- 
joins the  canalis  cochlearis  on  the  side  next  the  free  ends 
of  the  hair  cells  and  aw^ay  fn>m  the  basilar  membrane. 
Finally,  Rutherford*  has  proposed  the  theory  that  the 
auditory  nerve  filaments  simply  transmit  to  the  brain 
without  analysis  vibrations  applied  to  them,  much  as  a 
motor  nerve  carries  to  its  muscle  the  impulses  generatt^d 
by  induction  currents.  The  basilar  membrane,  accord- 
ing to  this  view,  vibrat(*s  as  a  whole,  and  has  somewhat 
the  relation  to  the  nerve  that  a  telephone  plate  has  to  the 
conducting  wire  of  the  instrument. 

FutictiouJi  of  the  Ve«tibuUir  H(ics  and  of  (he  Semieim^ilar 
Canals. — Experiments  upon  the  lower  animals  and  the 
results  of  aural  (liHi*as4;  in  man  have  rendered  it  extremely 
probable  that  tluj  semifircular  canals  are  peripheral 
organs  for  the  complex  sense  of  ef/uilibnum,  and  tliat 
they  give  rise  to  i)erc<?ption  of  the  movements  of  the 
head.  There  is  reason  for  believing  that  the  sensory 
cells  of  the  mccule  and  utrirU  also  serve  as  equilibrating 
orgims,  giving  rise  to  sensations  determined  not  so  much 
by  movements  of  rotation  as  by  those  in  a  straight  line, 
and  to  some  extent  determining  the  position  of  the  head 
while  at  rest.  It  is  thought  tliat  the  otUithM  restinji^  upon 
the  liairs  of  the  sensory  cells,  by  their  weight  and  mertia, 
ai<l  or  arouse  the  excitement  of  these  celLs  according  to 
the  position  of  the  heiul  (8<»e  arti(!le  on  Equilibrium). 

In  the  ears  of  fishes  the  cocrhlea  is  wanting.  b\it  the 
vestibular  sacs,  and  especially  the  mass<'S  of  otoliths  in 
them,  are  well  developed.  Hut  fishes  respond  to  vibra- 
tions which  may  be  supposed  to  arouse  auditory  sensa- 
tion just  as  well  when  the  labyrinth  is  removt^d  as  when 
it  is  present,  pr<)lMi])ly  tlirouirh  w)me  cutaneous  sense. f 
Such  consid(rmti<)ns  indicate  tliat  sounds  excite  in  these 
creatures  other  sensiitions  than  those  of  audition  as  we 
understimd  it.  It  is  worth  obs<'rving  that  the  vestibular 
bnmch  of  the  au<litory  nerve,  that  supplyiuir  tin?  crisue 
and  macuhe,  dilTers  in  its  characters,  in  its  development, 
and  in  its  central  connections  fn>ni  the  cochlear  bninch  of 
the  same  nerve.  Some  have  supposed  that  the  .s<'nsf)ry 
cells  of  the  macula*  an?  excited  by  the  het<To;rcneou"s 
vibrations  which  we  recojmizi*  as  nois<>s,  while  musical 
sounds  neetl  the  coc^hlear  organ  for  their  interpretation. 

Coiufmrisoii  of  Vinaal  anff  An(fif'»ri/  SiHMiitions. — No 
definite*  relation  can  be  shown  t^)  exist  between  visual 
and  auditory  sensations  as  such,  because  they  are  ditTer- 
ent  in  quality.  A  man  born  blin<l  may  desi  rilK'  the  !)lare 
of  a  trumpet  as  having  the  color  scarh't.  but  such  a 
statement  is  evidentlv  only  a  metaphor  expressing  the 
relations  of  the  j^syehical  elTeet  of  the  trump<*t's  nole  and 
the  blind  man's  inference  as  to  the  aswK'iatioiis  su^ir<'sl<*d 
by  the  color.     It  is  an  interesting  fact  that  the  language 

*  Hiifherfoni,  W.:  "A  NVw  Theory  of  H»*Mrintf."  .louni.  Anat.  and 
l»hv!«..  x\l.,  W\.  (guot«'4l  111  Ileniianiri^  Jiihn*slH'rlr))t  <l.  rhysioioirie, 
Bd.  XV..  s.  Kis. 

t  M.  FiwUT :  '*  Text-Book  of  Physiology/'  pt  Iv.,  p.  1494, 19UU. 


of  visual  sensation  is  continually  employed  in  illustrating 
peculiarities  of  sound,  as  in  indicating  the  quality  aa  the 
color  of  the  note.  In  the  same  way  other  sensory  im- 
pressions are  used  to  illustrate  visual  description,  as 
**wann"  and  **cold"  colors.  The  intimate  association 
of  sound  with  color  in  certain  persons  is  an  interesting 
fact  of  psychology. 

Both  the  auditory  and  the  visual  sensory  cells  are 
brought  into  functional  activity  by  physical  vibrations, 
in  the  one  case  of  ether  and  in  the  other  of  labyrinthine 
fluid.  That  continuous  sensation  shall  be  aroused  tlicse 
vibrations  must  be  repeated  at  a  definite  rate.  We  have 
found  (p.  612)  that  the  lowest  rate  which  is  recognized 
as  sound  represents  a  vibration  rate  of  16  to  24  per 
second,  while  the  highest  note  which  is  still  audible  varies 
in  different  individuals  from  16,000  to  40, 0(H)  i>er  second. 
In  musical  execution  and  in  the  ordinary'  uses  of  life  the 
auditory  range  embraces  about  seven  octaves,  though 
the  extreme  range  of  hearing  may  be  eleven  octaves. 
Visual  impressions,  as  those  from  alternating  black  and 
white  sections  of  a  rotating  disc,  fuse  together  when  the 
different  sensations  succe^  one  another  at  an  interval 
varj'ing  from  one-tenth  to  one-fiftieth  of  a  second,  the 
interval  being  shorter  with  stronger  illumination.  But 
the  ear  is  able  to  distinguish  aimrt  vibrations  recurring 
as  **  beats  "  at  the  rate  of  132  per  second.  The  rate  of 
succession  of  air  waves  falling  upon  the  ear  is  marked  in 
consciousness  as  a  particular  pitch.  When  separate 
luminous  impressions,  as  those  of  a  series  of  electric 
sparks,  succeed  one  another  with  sufficient  rapidity,  the 
effect  is  tliat  of  a  steady  light;  there  is  nothing  analogous 
to  musical  pitch  produced  by  increasing  the  rate  of 
stimulation.  Ether  waves  must  represi^nt  a  certain  rate 
of  vibration  in  order  to  excite  visual  sensation.  The 
fastest  vibration  represented  in  the  visible  spectrum  is 
less  than  twice  the  rate  of  the  slowest;  so  that  the  range 
of  vibration  in  the  visual  spectrum  is  included  within  a 
single  octave.  Difference  of  vibration  rate,  or  of  the 
factor  usually  considered  the  vare  length,  in  ether,  pro- 
duces tliat  peculiar  variety  of  visual  sensation  known  as 
color. 

The  important  visual  phenomenon  of  fatigue  finds  its 
analogue  in  auditory  sensation.  For  if  a  simple  musical 
tone  is  sounded  and  immediately  thereafter  a  composite 
note  of  which  that  tone  is  an  upper  partial,  the  note  will 
l)e  found  to  differ  from  its  normal  quality  becausi;  it  falls 
upon  an  ear  disproportionately  fatigued  for  one  of  its 
component  U)nes. 

Jt/ffgnunts  of  Direetion  and  Distance,  VeutriUtquism, 
— The  direction  and  distance  from  which  sounds  come  to 
the  ear  are  not  perceived  directly,  but  our  estimate  of 
them  is  a  judgment  based  on  the  loudness  and  quality 
of  the  sound  scuisation,  combine<l  with  a  power  of  reason* 
ing  from  past  experience.  Thus,  in  secKing  to  disooTer 
tlie  direction  whence  a  sound  comes,  it  is  usual  for  an 
oliserver  to  turn  the  ht»ad  to  the  position  in  which  the 
sound  is  heard  loudest,  and  thus  to  form  an  opinion  as  to 
its  source.  Errors  of  judgment  as  to  direction  are  fre- 
(pient,  owing  to  the  sound  reflected  from  some  obk»ct  ap- 
I><*aring  louder  than  that  coining  in  a  direct  line  from  its 
source.  It  is  said  that  when  there  is  total  d(>afnes8  in 
one  ear,  every  sound  seems  to  have  its  origin  on  the  side 
of  the  healthy  ear. 

When  the  eyes  are  closed  and  the  head  is  unmoved. 
.sounds  produced  anywhere  in  the  median  plane  of  the 
head  are  very  imperfectly  hKtalized.  There  is  a  tendency 
to  refer  such  sounds  in  a  dire<'tion  above  and  in  fnmt,  no 
doubt  becaus<*  this  is  the  space  from  which  most  sounds 
noticed  <'onie  to  us. 

The  (piality  as  w<'ll  as  the  loudness  of  a  sound  varies 
according  to  the  distanc<*  of  its  source.  Thus,  the  lower 
tones  of  a  conij)osile  note  die  a^\ay  earliest  as  a  sound 
recedes,  bringing  the  overtones  into  undue  prominence. 
The  art  of  the  ventrihxpiist  consists  largely  in  altering 
the  (|uality  of  the  s<^)uiuls  he  produces  to  imitate  the 
(piality  they  wouhl  imtumlly  have  if  arising  under  the 
conditions  which  he  would  lead  his  hean'rs  to  Iwlieve  to 
be  their  origin.    A  comparatively  feeble  sound  near  at 
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band  Diay  have  the  game  qualilyas  a  very  loud  ooe  heard 

at  a  distance;  thus  a.  frog  eroaking  in  an  adjoiuing  room 
was  once  mistaken  by  the  writer  for  a  large  dug  barking 
outside  the  huilding. 

Aciiientti  of  heuring  differs  greatly  in  normal  Indi- 
viduals, and  tesiB  frequently  show  disparity  in  llie  sensi- 
tivenessof  the  two  ears.  The  liearing ability  of  children 
is  said  to  improve  up  to  the  age  of  twelve  years.  There 
is  no  functional  relation  between  keenness  of  bearing  and 
aensihilily  k)  pitch.* 

Albino  animals  and  also  while  cats  and  dogs  with  blue 
eyes  are  usually  deaf,  Itawilz  \  has  found  the  cochlear 
sense  organ  degenerated  io  such  cases. 

It  seems  probable  thsi  congenital  deafness,  at  least,  is 
inheritable,  and  that  Grabani  Bell's  prediction  as  to  the 
establishment  of  a  race  of  deaf  mutes  from  the  inter- 
marriage of  such  unfortunates  may  be  veriUed. 

(In  the  foregoing  pages  the  author  has  made  some  use 
of  Lis  article  on  Hearing  in  the  "  American  Text  Book  of 
Physiology.")  Ilairy  Seieaii, 

AUDITORY  CANAL,  ANATOMY  AND  PHYSIOLOGY 

OF.^Tbe  external  auditory  canal,  or  meatus  auditorius 
eitemus.  extends  from  the  bottom  of  the  concha  to  the 
tympanic  membrane,  and  serves  to  convey  sound  vibra- 
tions to  the  middle  ear, 

ll  develops  in  the  embryo  from  the  persistent  portion 
of  the  first  outer  visceral  furrow,  niakiug  its  appearance 
during   the   fourth  week   of  fetal  de- 
velopment. 

The  centre  of  ossification  shows  it- 
self during  the  third  moDth  in  the  lower 
wall  of  the  membranous  canal. 

At  birth  this  bone  development  has 
assumed  the  shape  of  an  incomplete 
n<..m--ABnulu«  ^°S.  "»>  annuloi  lympanicu,.  ^his 
TyniMalcui  o[  rmg  presents  a  slight  groove  along 
tba  LbK  Bide,  u  its  concave  border  for  the  attachment 
^^^Sa^Trm^  of  the  tympanic  membrane,  the  de- 
nnum.  (Atter  flciency  Upward  and  backward  forni- 
Orabcr.)  A.  Ao-  jng  the  so-called  Rivinian  fissure  or 
5Sr  VS^  notch. 

ral^  malleUailK  At  btTtb  the  auditory  canal  is  a  Par- 
i<,cnM  (jmno-  tially  collapsed  tube,  the  roof  ami  floor 
WBiDantaB.  '^^'Bg  in  Contact  throughout  a  consid- 

"    i~™™-  erable   portion  of  its  extent  and  con- 

taining small  masses  of  broken-down  epitbelial  scales 
and  veraix  cascosa. 

During  the  first  few  years  of  life  we  find  proportion- 
ately little  difference  in  the  length  of  the  canal  when 
compared  with  that  of  the  adult.  20  mm.  being  about  the 
average  length  at  birtli.  The  calibre  of  the  canal  is 
smaller  and  more  oval  in  shape.  The  general  direction 
is  straighter,  passing  inward  with  a  <lectded  downward 
Inclination,  so  that  when  examinhig  the  mcmhrana  tym. 
pani  in  the  child  the  speculum  can  he  used  to  more  ad- 
vantage II  the  externa)  ear  be  pulled  dowuwani  and  out- 

Ttie  fully  developed  adult  canal  is  miule  up  of  an  inner 
bony  portion  and  an  outer  cartilaginoiisand  membmiious 
tMrtioD.  The  bone  formation  extends  from  the  aniiulus 
iympiuiicus  outward  in  the  membmiious  csnal.  forming 
the  anterior,  inferior,  and  a  portion  of  the  posterior  bony 
'vrall  of  the  perfected  canal.  The  roof  is  formed  by  the 
kiorizontal  plateof  the  sqtiamnand  t  he  root  of  the  zygoma : 
Uie  postenor  wall  by  the  annulus,  squama,  and  iuusloid 
tjrominence- 

The  outer  portion  of  the  canal  is  a  continuation  inward' 
*if  the  cartilage  of  the  auricle,  tlic  cariilaginous  elements 
^3eing  absent  in  the  upper  and  posterior  portion.  thlH  gap 
^^.jng  filled  in  by  fibrous  membrane.  The  amount  of 
^airtiTage  making  up  the  cniwl  is  found  to  lessen  as  it  ex- 


*  "r«ilinm  -  fitudlea  In  "  rBjcboln^."  Bull.  Univ..  Iiiicb.  vol. 

,_tRi«lti:  ZoMoitlMber  Jabrraberlclit,    llfiU,   ArvH.  t.  Anal. 
Vol.  I.— 40 


to  the  bony  canal  it  represents  less  than  one-third  of  the 
lower  front  wall.  The  cartilaginous  portion  is  attached 
to  the  roughened  edge  of  the  tympanic  ring — now  de- 
veloped into  the  bony  external  auditory  canal — by  fibrous 
tissue.  The  fibrous  portions  of  the  upper  and  back  wall 
become  merged  into  tlie  periosteum  of  the  mastoid  and 
squamous  portions  of  the  bony  cai  nl 

The  Icngtl    size  and  shape  of  tl  c  canal  vanes  accord- 
ing to  Bgt   race  and  the  formcf  iianial  divilopment. 


._..__     .Wnjwral  Bone  ot  New-Boni  lnt»nt.   (AflerOi.    ...    _. 
Upper  put  of  Bquamoua  ponton ;  jf,  mulold  portloii ;  Z,  zygooiatlo 

process:  T,tynip«ilc cavity:  fna.  a -'-■ — 

iorunen  i " '-   -■■  '-  ' — 


foruDen  carolfrum;   ._.  -^. ,--.. .-, 

tWKlnnlngB  ot  growtli  outwara  on  Uie  put  ol  ttie  uidi 


k^b, 


The  length  of  the  canal  is  stated  variously  by  different 
authors,  depending  on  the  points  from  which  the  meas- 
urements are  taken ;  the  average  length  from  the  bot- 
tom of  the  concha  being  about  24mm..  of  which  16  "■"■ 
are  found  to  be  bone  and  8  mm.  cartilage. 

Von  Troeltsch  has  given  the  most  complete  measure- 
mentsof  the  different  wails.  Starting  from  a  plane  drawn 
from  the  posterior  wall  at  right  angles  to  the  axis  of  the 
canal,  he  foimd  tlie  following  measurements:  Anterior 
wall.  37  mr        " 


wall, 

tenor  wall,  22  mi 
superior  wall,  21  r 
the  variations  in  tli 
due  to  the  obliqi 


1.  cartilage,  18  mm,  bone;  inferior 
am.  cartilage  and  16  mm.  bone;  pos- 
1.— 7  jnm.  cartilage,  IS  mm.  bone; 
m.— 7  nim.  cartilage,  14  mm.  bone; 
;  length  of  the  different  walls  being 
position  ot  the  tympanic  membrane 
end  of  the  canal.  The  shape  of  the  csnal 
at  the  external  orifice  is  somewhat  oval,  the  iong  sjlIs 
inclining  slightly  back- 
ward rn)m  the  vertical. 
Ostnian,  from  a  study 
of  2.3(13  skulls,  found 
tliat  with  the  dolichoce- 
phalic skull  the  caiml 
was  shorter  and  more 
circular,  while  in  the  i 
brachy cephalic  skull  the 
canal  was  longer  and 
more  oval.  It  is  a  clini- 
cal fact  that  in  tlic  negro 
race  the  canal  is  more 
circular  and  strafghter, 
making  it  often  unnec- 
essary to  resort  to  tf  " 
speculum  in  order 
view  the  tympanic  met 

The  smallest  diameters  of  Ihe  canal  are  near  the  end  of 
the  cariilaginous  poriton,  and  in  the  bony  canal  close  to 
the  inner  third.  The  follnwingdiagrams  show  Ihe  shape 
anil  size  of  the  eauul  at  different  parts  of  its  c<iurse,  as 
found  bv  Heboid  from  a  stiiily  of  casts  of  the  cavity. 

The  direction  of  Ihe  canal  is  fiigmoi<l.  In  its  outer 
third  it  is  inclined  somewhat  forward  and  ascends  very 
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aligliily.  It  llicn  tiirns  sharply  backward  u:k1  is  hori- 
ztinlal'ni'aT  tlic  rjidiltu  tliird,  whtrc  it  again  clian^  itH 
;.  thr  inner  port loD  curving  fornanl  and  clMidedly 


Fid.  I13.--Dlasnun  EUiowlns  Uw  Fonn  uid  I(«uurpm''nli  af  Sertlo 
Uie  GilernJ  Audllnry  MHtiu.  (from  Hrliuler.  titvr  BrBild 
oomini'DniDeiit  of  cttitlUKlDOiw  portlan :  H..  D«r  Mid  nl  rwl 
pottloa:  III.,  imr  b(«lnalTie  ot  usieina  portl'm:  IV.,  nea 
tmeaoi  portion.    (The  mounimnf  dIk  *iv  Id  inlllliu(4res.) 

ill  witti  flbroiu  t 


;  and  allow  tJic  iMisaajre  of  blowl- 
-'    -  '■  '■■  oftiie 


vessels;  iit  llie  hbiiic  time  thi'y  \w 
canal,  tliiM  favoriiif;  tlx;  streii^liti'iiin);  of  llic  nuii 
Ingt-xaniinutioiiHwlth  tliu  sptculimi.     Tlit-se  H* 
■onKtliiics  tliF  cluinm-l  tliniuf;!)  which  an  abscc 
parotid  Klaiiil  niay  lliid  Us  exit. 

Tli<-  canal  in  limil  by  a  ctmtiniialion  of  tlio 
GovcriDfc  of  till'  nuri<:Ir.    In  the  rartilagiiioiis  imrtion  the 
Kkiu  is  1  to  !2  mm.  In  llitckiiifH  anil  Imim-ly  atiachcil  to 
thf  iii>rii')ioiHlriiim.    In  the  bony  canal  it  ia  tliiuncr  and 
flnuly  tuiiled  l<i  the  p<'rioflt«-tim. 

Kuiifnian  diiicribts  a  iiunibtr  of  ridges  or  vascular 


qiiaDtity  of  oily  niatt-riul  for  lubrication  of  tbc  skin. 
The  wcrelion  fnim  the  eeruiiiinous  glands  wben  first  db- 
cliarged  Is  of  a  yclluwisli  brown  color  and  soft  in  con- 
sistency, but  in  a  sliort  time  cvai>oratiou  of  the  wftt^r; 
elemen'lspaiiaes  ilm  niasa  to  tlilc?ken  and  it  becomes  darker. 
Often  it  bcconipa  inHplnsated.  and  by  blocking  the  canal 
gives  rise  to  much  temporary  discoiiifort.    The  ftmetkm 
—^    of  llie  ceruiiK'n  is  prolxibly  to  protect  the  ear  frmn 
i^     tbc  culnince  of  Insetrts  anil  foreign  particles  that  may 
get  into  the  canal. 

ROhrcr  found  a  number  of  orgaulsnis  to  exist  tn 
plugs  of  car  wax.  It  is  of  a  pungent,  bitter  tast«.  and 
chemically,  in  addition  to  oil  from  the  Mebsccoiu 
glands,  is'  mode  up  of  a  dry  nialcrial  not  Holiible  In 
water,  alcolioi,  or  ether,  anil  of  potash,  stearin,  a 
trace  of  soda  and  lime,  and  0.1  per  ceDi.  water, 
mixed  with  numlx-ra  of  broken-down  epidermic  ez- 
fDlialions'  and  lixise  hairs. 

Of  the  very  greatest  tmporlanee  to  the  aural  siir< 

geon  is  the  surgical  anatomy  and  rclatiunsbip  of  tbe 

canal.    These  differ  somewliat  in  the  ear  at  birth  and 

in  the  adult.     At  birth  the  only  portion  of  the  canal 

found  to  l>e  tiony  is  llic  uttuiilim  Igmamir'ni,     Thii 

lied  to  the  HC|uania  in  front,  below  and  behind 

to  me    pel  ro -mastoid   (lorllon.     Along   tbe  external 

margin  of  tliid  ring  an'  sei-n  two  small  tul)erch>s  tliat  are 

the  starting   i>ouits   for  the   future  bone  development 

forming  the  anterior  and  lower  whII  of  tbe  ntnal.     Thejr 

do  not  iiiimMliati'Iy  unite  as  one  pnx'ess,  often  leaving  a 

gap  until  after  the  flfth  or  sixth  vcar. 

Tile  roof  of  the  canal  is  fnmuil  frimi  the  si|iiaina.  As 
development  takes  place  the  portion  below  the  temponl 
line  assumes  a  bori/ontal  posilionanil  pn-wntstwo  plate* 
of  bone  ciinlainiug  between  them  lioiieyeombiil  spaces. 
The  superior  pktc  fomisa  part  uf  the  HiW  of  the  lidddle 
cranial  foHsaand  lias  n-sling  upon  it  the  dura  mater.  The 
lower  plate,  near  its  inner  exln'niity,  suddenly  drops 
down  in  such  a  iminuer  as  to  l)e(Mmie  wedge-sha[H'd;  tl 
forms  the  outer  wall  of  the  ailie  of  l)ie  Ivmimnum,  called 
tlie  scutum,  and  gives  atlaehnii-nt  to  the  upper  margin 
of  the  drum  heoil.  The  <'i-ll  s|>aees  eonitdneil  between 
the  plates  of  the  roof  of  the  canal  frcijuently  cninmunl- 
cate  with  ibc  antrum  and  with  the  pni'iiniatic  spaces 
found  iisfarforwanlas  the  root  of  the  zygomatic  process. 


fud  of   ! 


papillic  which  occupy  n  circular  position  in  the  skin  of 
the  ossi-ous  portion  of  the  niiial.  close  to  the  membiaiia 
tymjiani.  and  which,  in  iiiHammalory  comlilions  of  the 
canal,  may  become  [|iilte  liirgi',  I'olilV.er  Htalcs  ttint  tbese 
papilla'  arc  often  the  starting  point  for  polypi.  At  the 
inner  end  tbe  skin  continues  over  the  menibrana  tymimni 
and  forms  its  outer  layer. 

Throughout  tbc  cartilaginous  part,  and  extending  in  a 
triangular  manner  into  tbe  upjHTBnd  Imck  wall  of  the 
osseous  canal,  arc  found  numerous  hairs  and  seliikceous 
glands,  and  In  addition,  large  ovul.  convoluti-d  luliuliir 
glands  resembling  in  form  and  siructure  Ihc  sweat  gland 
— the  (JIiiikIiiIii  Cfiiimino»te.  These  glands  secrete  the 
cerumen  or  ear  wax.  and  arc  found  oiiening  Into  and 
aroinid  tbe  bair  foUtcles,  Tbc  liair  development  is  soinc- 
timea  abundant.    Tbc  sebaceous  glands  secrete  a  amall 


Clinieallv  these  spaces 

bl>    thl-    Hl'llt    of    HUp- 

pumtiun  in  conjunc- 
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not  Im-  overlookul  in 
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,-iillof  then 
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wliieh  rest  the  con- 
dyle of  tbe  lower  jaw 
and  ]mrt  of  the  puro- 
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fherefon 


■    jaw 
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-all  of  the  canal.  Tbc  floor  is  formed  by 
me  isriiy  gnin  tb  of  tbe  tym)mnic  ring.  It  Li  thick  and 
compact:  toward  tlii'  mitilus  the  surface  Is  convex  ex- 
cept close  to  the  niembrami  tympani,  where  a  small  con- 
cavity is  found — "the  Sinus  of  Jleyer" — in  which  for- 
eign biNlies  iiiav  lodge.  The  ]K«itton  of  this  concavity 
is  Kuch  that  it  is  often  difficult  to  detect  the  presence  of 
these  foieign  liodies  and  to  remove  them. 
The  posterior  wall  of  the  osseous  meatus  Is  of  mtwh 
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surgical  importance.  It  Is  fomicd  by  tbe  uuion  of  tlie 
tympanic  ring  with  the  squama,  and  la(«r  with  tbe  anterior 
platt  of  the  developed  uiaatoid,  this  plate  being  quit* 
thin  and  separating  tbe  canal  from  the  cell  spaces  con- 
tained in  tlie  niaatoid.  Ofi<.'n  the  groove  for  the  lateral 
Bious  ia  in  close  proximity  to  this  wall. 

At  the  Juncture  of  the  upper  and  tbe  posterior  wall  the 
scutum  forms  a  portion  of  tne  outer  wall  of  the  mastoid 
antrum.  In  suppurative  diseases  of  Itic  tympanic  cavity 
ofltn  carious  tracts  (flstulrc)  are  found  in  this  region ;  tbey 
lead  into  cither  the  tympanic  ailic  or  the  antium  of  the 
mastoid,  and  call  for  surgical  interference.  Just  exter- 
nal to  the  upper  posterior  margin  is  often  found  a  small 
bony  8|)ine — l)»c  supnimeatal  spine — which  Is  of  vslue 
Bs  a  surgical  landmark  in  tbe  operation  for  opening  the 
mastoid  antrum. 

In  the  fully  developed  ear  tbe  drum  bead  Is  placed  in 
an  oblique  position,  tbe  upper  and  ba<-k  part  forming  an 
obtuse  angle  of  about  135",  while  tbe  lower  and  anterior 
portion  forms  an  acut«  angle  of  about  40°, 
with  tbe  canal  wall. 

The  arterial  supply  to  tbe  auditory  canal 
is  quite  abundant.  The  posterior  auricular, 
a  branch  of  the  external  carotid,  sends  a 
biancb  called  the  auricular.  It  passes  in  at 
tbe  junction  of  the  cartilaginous  witli  the 
bony  canal,  and  supplies  the  back  wall  of  tbe 
canal,  anastomosing  with  the  anterior  auricu- 
lar, a  branch  of  the  temporal,  which  enters 
the  anterior  wall  of  the  canal  behind  the 
condyle  of  tbe  lower  Jaw.  The  tympanic 
branch  of  the  internal  maxilbiry  eiiters  tbe 
tympanic  cavity  through  tbe  Glaserian  fis- 
sure, and  sends  a  branch  that  supplies  tbe 
skin  of  the  caiukl  adjacent  to  tbe  memhrana 
tympani.  The  veins  take  an  irrenilar  course. 
They  empty  their  blood  either  directly  (and 
thin  is  tbe  rule)  into  tbe  external  jugular  or 
indirectly  by  way  of  tlie  temporal  or  the  in^ 
t«mal  maxillary  vein. 

The  nerve  supply  Is,  flrst,  from  tbe  auric- 
ulo- temporal  branch  of  the  inferior  inaxillarr 
divldon  of  the  fifth  ner^'e.  Three  small 
branches  of  this  nerve  supply  tbe  skm  on  tb<. 
anterior  wall  and  in  the  cartilaguioug  por 
tion.  Second,  tbe  auricular  branch  of  tbe 
pneumogastric  —  "Arnold's  ner%e'  — tntcra 
the  bacK  wall  of  tbe  canal  at  its  juncliini 
with   the  mastoid,   and   supplies  the   Inrgir 

KrtioD  of  the  bony  coual  and  a  purl  of  tin. 
ck  wall  of  tbe  cariilaginous  seclioii  Im 
tation  of  this  neri'e  by  the  acciiniuhiUun-<  of 
wax.  bv  foreign  bodies,  or  by  tbe  speculum 
when  t'he  ear  is  being  examined  01  cleansed, 
produces  the  familiai  reHex  ear  cough. 

But  little  seems  to  be  known  regunlin;;  tlie 
lymptiatic  vessels  contained  in  the  walls  of 
the  external  canal.  Politzcr  states  that  they  .  , 
ably  connected  with  the  lymphatic  glands  overlying  the 
parotid,  by  way  of  the  lisaures  of  Sonlorini,  since  it  is  a 
matter  of  clinical  observation  that  swelling  of  the  lateral 
cervical  gliuids  often  occurs  iu  inflammatory  conditions 
affecting  the  meatus. 

The  skm  lining  tbe  auditory  canul  maintains  all  the 
bistntogical  characlerisiics  of  the  skin  in  uiUrr  parts  of 
the  body,  although  that  part  w*bicb  lines  the  bony  canal 
becomes  very  firnity  united  to  the  periosteum  and  altered 
in  color.  In  its  development  there  is  a  gradual  growth 
outward  of  the  skin,  thus  jirodudng  a  constant  tendency 
for  tbe  ear  wax  to  move  outward,  this  being  furiber  facil- 
itated by  the  pressure  of  tiic  condyle  of  the  jaw,  wliich 
in  mastication  constantly  pushes  the  parotid  ^land  against 
Uie  anterior  wall  of  the  canal  and  somewhat  mflucuces  its 

Tbe  sinuous  course  of  the  cauat  is  such  that  sound 
waves  do  not  strike  the  menibrana  tympani  directly,  but 
are  reflected  from  Die  walls  of  the  canal  and  arc  thus 
modified  in  their  intensity.    Politzcr  states  that  tbe  two 


most  important  points  where  this  reflection  takes  place 
are  on  the  back  wall  of  tlic  cartilaginous  canal  and  on 
the  anterior  inferior  portion  of  the  bony  canal. 

Tbe  size  of  the  caual  plays  no  influence  in  the  acute- 
ness  of  hearing,  although  Burnett  observes  that  large 
straight  canals  are  more  likely  to  be  found  in  those  pos- 
sessing a  so-called  ear  for  music.  J.  Morrimn  Bay, 

AUDITORY    NERVE    AND    ITS    END   ORGANS.— 

CoMPABATivK  Akatomy  AND  Phvlooeky.— The  func- 
tions of  audition  and  equilibration  seem  to  be  closely 
associated  throughout  tbe  animal  kingdom.  The  so- 
called  auditory  organs,  orotocysis,  of  the  invertebrates, 
if  we  may  trust  the  results  of  most  recent  experimental 
studies,  are  in  the  majority  of  cases  concerned  largely,  If 
not  wholly,  with  equilibrium,  though  in  some  cases  (not- 
ably among  insects)  true  auditory  organs  imdoubtedly 
exist,  Tbe  stnicture  of  these  organs  is  usually  similar 
to  tliat  of  the  organs  iu  the  labyrinth  of  vertebrates. 


surpljlng 


Mrniaia  (tbe  Fourth  Cuu) 

I    I  (irinin     <'ii.  oiputa.  ronipoaed  ot 

nd  more  or  l«ss  gflMlDlzed :  D.  denial; 
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For  the  proper  morphological  comprehension  of  the 
eighth  nene  and  its  terminal  organs  we  nuist  look  far 
back  to  the  early  jdiylogenetic  stages  of  its  develciiment 
iu  the  vertebrates.  The  fishes  possess  a  system  ol  cuta- 
neous and  sulieutHueous  sense  organs,  the  so-called  lat- 
eral-line organs  (Fig.  418) .  w*idely  distributed  over  the 
h<^  and  trunk.  Part  of  these  are  in  canals  (the  lateral- 
line  or  "mucous"  canals),  and  part  are  variously  distrib- 
uted oviT  the  skin,  either  naked  or  sunken  in  separate 
])its  (tiie  pit  organs  of  ganoids  and  ampullte  of  elasmo- 
branehs):  but  all  closely  resemble  structurally  the  mac- 
ulie  and  eristic  of  the  Internal  car,  and  all  are  innervated 
by  nerves  which  arise  witii  tbe  auditory  nerve  from  tbe 
tuberculum  acusticum.  These  lateral-line  nerves  go  out 
with  the  vagusand  facial  roots  ami  are  conventionally  as- 
sociated with  ttiese  nerves.  They  have,  however,  really 
nothing  to  dowiib  them,  but  are  more  logically  associated 
with  the  audilorj'  nerve  to  comprise  the  "acustico-later- 
alis"  system  of  nerves  (c/.  VninialJiertct).  The  periph- 
eral distribution  of  this  component  in  a  typical  fish  is 
expressed  in  tbe  accompanying  diagram  (Fig.  417). 
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The  chief  fuDctiou  of  the  acustlco-lateral  sfstem  of 
nerves  in  tbc  llsbeig  is  undoubtedly  equilibretfon.  Thia 
has  been  demongtiBted  not  only  tor  the  nerves  of  the  kt* 


the  body,  lucti  as  the  beating  of  the  surf  or  the  move- 
ments of  the  fins  of  an  approaching  enemy.  The  sen- 
soiy  spots  of  the  utricuJus,  sacculus,  and  lagena  would 


npi-iear  to  have  been  diffemt- 
tialed  from  tboae  of  tlie  CUibIb 
this  latter  functloD, 
Now,  as  tlie  oninuil  phyltim 
emerged  from  the  silent  depths 
of  the  ocean  into  the  noisy  *t- 
moBphere  of  the  upper  woiM, 
vibration  rates  of  higher  freijui^ney  are  to  be  mediated 
and  the  organs  of  the  alatic  acuse  diminish  in  impoi^ 
tance,  while  tliose  of  hearing  in  the  Btrict  mum-  amimft 
urwitiT  ami  gn-iiter  iiiiportancc.  Afi-iinliiii;l\ ,  ihelat- 
iTallliic  Mysti-in.  as  a  wlmle,  ilisappfiirn  ("r  In  idiiui  very 
pruttiiuuliy  oioditUid  Hilli  cUaage  ut  luinjiiouj  iu  terres- 
trial animals,  sinc«  the  semicircular  canals  are  here  able 
to  perform  its  functions,  while  the  papilla  lagens  of  tlw 


IccHcm  upon  the  ■gUtel  p 

canal!  *re  ibaded  wltb  crow  inldilpfc  Uw  anditoiT 
iBbTrinU]  !■  lUppled.  Bttd  tbe  Derven  are  orawn  In  black. 
Tbe  oqpuH  of  tbe  lamaMlDe  tjKtaa  are  down  u  tAacC 
dtaa  wlien  naked  on  Iba  wrbM  ot  tM  iMn,  and  ai 
black  dTFlei  wtmi  IflDS  In  tbB  eanali.  Forlln  relaUoa 
between  tbe  acutlco-buaal  nerres  and  tbe  oitieriyi- 
Iraa  of  nervef  In  tbU  Sib.  aee  Ibe  more  detailed  plot 
froia  wblch  tbb  wu  diaim  off.  In  tba  Jimrnal  iif  CSim- 
paFoftre  JVcurolnov.  ^'-  I'-  I>la<e  it.,  or  tbe  Ar- 
chlKi  of  JVettroI'itw  and  Pnvcnnporh..  Tol.  U..  plate 
IL  IfAA.  anterior  oanl  apenure:  SAP.  poilerlor 
naaal  aperture ;  ^V  Oh.  uUBctorj  nerte ;  S  OPT,  optk' 
Dene;  ItAA.  ramulm  arustlcuB  ampullE  snteriorta; 
RAE.  ramuius  aviutlcua  ampiiUie  pxlMnte;  HAP. 
ramulua  bcihUciu  poaierluriii :  H  lirc.  nmiB  bturalls 
tBClHlli  :  HL.  ratnuliu  w-ugiirus  lagpnii' :  R  LAT.  ts- 
mua  lileralli  nut :  It  OS.  ramiu  uphlhatmlriu  lUper. 
Bcltlla  ntclalla:  It  MAIf  KX.  rauiu  iiianillbuKuii) 
eitemua  tadalli:  It  SAC.  rainu\uii  aruotlriu  nn-ull : 
R  U,  remuliw  acuUlciu  imssiu  utrlnill ;  T.  Uitierrulxtm 
acufUcum. 

cral  lines,  btit  for  the  eif^hth  nerve  an  well. 
Coini>«n)  especially  the  exiwrimetital  work  of 
I.et.-.  This  author  goes  so  far  as  to  deny  the 
sense  of  bearing  to  the  fishes  altogetlier.  a  txi- 
sition  which  is  doubllesn  too  cxtren 
')  clear  that  liearing,  t 

ertii,  r' '" 

animal 

Fishes,  which  have  to 
llbrium  In  a  fluid  medium,  require  a  miieb 
more  elaborate  mechanism  for  the  ('iintn>l  of 
tha  spatial  relations  of  the  body  than  do  the 
terrestrial  animals.  But  the  same  orgaiia  which  nn.  *^-—' 
are  adapted  to  receive  stimuli  from  tlie  pulsii-  SttafoV 
tiona  of  the  fluid  within  tbo  ecmicircutikr  and  eb.  men 
lateral-lino  canals,  due  to  eliangea  in  the  posi-  virrticai  > 
tion  of  the  iMwIy,  may  also  serve  to  register 
vibrations  ot  low  frequency  arising  outside  of 


;  yet  it 
.11(1   the 


hvon 
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TmHTerw  Srrtlrm  Aprom  ttie  Ilnul  ot  a  Rabbit  Embryo  at  Iba  Bad  vt 
ilti  Dh>-.  Tlie  plane  ot  tbe  rlRht  biat  of  tbe  noure  Is  Utotitlr  aoteilnr 
be  iPltlulC.  X  do.  Vnm  Manball'a  "  EnibryulMtr-"  CH. notorbord ; 
hrano  cUi«lDg  the  hyomandlbiilar  clett ;  KD,  cmnmon  Mem  of  IM  two 
'mk-lrrular  canals ;   Kll.  niilltncnt  of  tbP  pitttnml  •emiclrcubu' canal  t 
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flsbes  undergoes  a  BucceBdon  of  metamorphoses  until  tt 
appears  as  the  cochlea  of  the  maminals. 

These  alteratjons  In  the  iclative  impoTtance  of  the  dif- 
ferent members  of  the  acustico-latenu  complex  are  natu- 


rally  reflected  in  the  central  nervous  Bjstem.  We  there- 
fora  find  that  the  size  of  the  acustico-latenl  centres 
(tubereulum  acusticum  and  cerebellum)  In  the  fishes  is 
directly  proportional  to  that  of  Uie  peripheral  organs  of 
this  syBlem.  With  the  development  of  a  coch- 
lea in  the  mammals,  an  entirely  new  set  of 
connections  is  effected  In  the  oblongata,  which 
are  by  no   means  so  closely  related  to  the 


Tie.  4S3.— Traniverae  SccUon  througti  Un  Hnd  of  an 
Eml^D  or  [be  Sm  Bua  »[  TUnr-nvB  Houn.  (AtUtr 
H.  V.  Wllaon.)   a.n.,  Audllorr  nerre:  o.)..  audllorT 

ectodenn:  ma„  meeoderm;  ne,.  Datocbard:  p.,  pert- 
bluL  TM  IBI^  oVHI  lomH  of  eelli  In  Um  centre  of  Uie 
ngure  ta  Ibe  medulla  obloiwda. 

cerebellum  as  are  the  end  stations  of  the  ves- 
tibular root.  These  are  the  ventral  and  doraal 
cochlear  nuclei,  the  latter  of  which  projects 
Into  the  floor  of  the  fourth  ventricle,  forming 
the  "tubereulum  acusticum"  of  human  an- 
atomy.   It  will  be  seen,  therefore,  that  this 


cu^' Vipanlu.  wtdch  IB  drftwn  u  a  s^to      structure  is  net  homologous  with  the  protuber- 


«  place  t  cone^nnds  i 
uie.  wDicDcuHa  me  leamre  ovhb  ;  ill,  EuMcblut  tube:  To'.ub 
to  Un  pbUTDi ;  O".  It*  mUl.    Itmtr  «ir— The  bonj  Ubrrlnlb,  KL. 
Aj.',  iw  itae  moat  put  cut  avaj;  S,  ncculusi  a,  b,  Uw  two  vertical  aeml- 
clTCokr  eaaaJB.  of  wbicb  one  (b)  la  rul  Uin)u(i:b  i  S.e.  D.e,  nocm  and  ductua 
— '-'Tmpbailcu(,Dl  wblcb  ibe  latter  Is dlrlded  at 2  Into  tvoarmBi  C».  cavum 
iniibatlcnia ;  O,  canalla  [eunleoa;  Cim,  membiaiioUB  cocblea,  wblcb  pio- 


nriijiniiliatl 


iBtTmpaDl,  I 
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ance  of  the  objongata  so  named  in  the  fishes,  i 
the  latter  is  the  terminal  nucleus  of  the  ves- 
tibular end  lat«ral-line  roots.  In  connection 
with  the  fact  that  the  secondary  fibres  con- 
nected with  the  cochlear  root  terminate  very 
lu'gely  in  the  inferior  member  of  the  corpora 
quadngemina  (see  below) ,  it  is  Interesting  to 
note  that  this  body  appeaia  upon  the  surface 
of  the  brain  in  the  phylogeny  contemporane- 


■    ; 


Rob.  1B)-4£^— Surface  Vlewa  of  Rmbr 
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ously  with  tlie  cochlea.  Tlie  CPiTliclUim  luw  been  men- 
tioncil  as  a  furaadary  oud  slatioii  for  llic  nciiKtico- lateral 
eyHl»m  uf  m-rvcs.  As  the  orjnin  of  Miuilihnition  (ntnl 
of  the  static  stiiBcs  in  gt-niTiil)  for  the  body,  this  was 


iit  uiterlnr  mtliiil  KialclR'Ulnr  nsiwl ;   ED, 


KP'.  ampulla  »( prntirlur 
labyrlBthl-  '■■  ' 


iifttaK  two  vfTitiisl  li^MTrular  auwl*:  KH.  boii^ 
f;H'.  unimlla  ot  boclzuntal  semlclrGul v 


■avuutui;  CT.  ulrtmlus. 


probnbly  Ua  prinwry  co  timet  ion.  But  tLiPSe  static  func- 
tions aru  acrve<l  liy  nil  of  tlic  oilier  M'Dscs  hh  wi.'il  (except. 
perLnps,  tlie  ()lfa»'tory),  »o  Uiut'  the  li-niiinal  niiilei  of 
tlie  other  senwiry  ue'rveu  liavu  bIho  ctlcctMl  ticooiidar}' 
tODncctionx  with  tin;  cen-liclliini. 

The  middle  and  external  i-ar  do  not  apjicar  in  the  flnhes, 
tbc  vibrutions  of  the  surrounding  muliuni  being  trana- 
ferrcd  to  the  labyrinth  through  the  tissues  of  the  hmd. 
But  air-bresthf(i>t  vertebnitos  require  some  iulerniediary 
nieclianism  to  intensify  ttie  more  fecbie  oCrial  viliratioiiH. 
Accordingly,  tlic  middle  ear,  wiih  its  coDiulne<l  auditory 


iiead.  With  Die  grailual  enlargement  of  the  braiu  caae 
in  the  higlier  auimalfl,  the  greater  portion  of  the  facial 
skeleton  of  the  lishN  is  absorbed  into  the  crantuni.  Ac- 
corditig  to  the  most  R-cently  publislied  research  (Kings- 
ley,  IWO),  the  derivation  of  Uic  auditory  insicles  is  aa 
follows:  The  malleus  from  the  artieulure  (in  i>art),  the 
incus  from  the  quiidrale,  and  the  stapes  from  the  hyo- 
mandibulare,  tlie  tirKt  two  beiaj;  derived  from  the  man- 
dibular arch,  the  lust  from  the  hyoidetin. 

The  Eiistai-hian  tul>e  is  now  quite  generally  regarded 
as  the  derivative  of  the  spiracular  canal,  a  rudimentaij* 
gill  cleft  present  in  some  of 
tho  lower  fishes  between  the 
hyold  and  mandibular  arehes. 
In  the  mammalx  this  tube 
never  quite  reaches  the  sur- 
face of  the  bead,  but  is  cut 
off  by  an  epithelial  mem- 
brane compoN'd  merely  of  a 
layer  of  ectoderm  mid  a  laj'er 
of  entoderm  without  any- 
intervening  meitodemi  (KB, 
Fig,  41S).  This  membrane 
becomes  the  tympanic  mem- 
brane, the  portion  of  the  tube 
within  it  tlie  EusUcbian  tube, 
and  the  pit  leading  from  it  to 
the  surface  tlie  external  audi- 
tory meatus  (Fig.  41(1) , 

Emmkvowkiy.  —  That  the 
ear  Is  relateil  to  the  lateral- 
line  organs  of  the  flshea  is 
shown  by  its  embryology,  as 
well  aa  by  comparative  anat- 
omy, lu  alt  tishca  there  ap- 
pears behind  the  eyes  a  thick- 
ened patch  of  ectoderm  from 
which  both  the  car  and  the 
lateral-liDG  canala  of  the  head 
and  trunk  arise.  The  nidi- 
meut  of  the  ear  appears  flrat, 
and  tlien  tlie  two  lateral  tine 
nidiments  on  either  side  of  it. 

In  coses  in  which 

the     ecltidemial 

epitlielium  at  this 

stage    is    aim  pie. 


Uie  whole 


|iithe- 


hi.  btlr  culla ;   nt,  aaaW 

or  N.  TiMibuii :  a,  ml  body 


BHrkpr'it  iMtrbuuk.) 


',  aiiiuullii  niembnuiVHt  lau>ra1lii. .    

aeinlrlrcniarlii  nijiMior ;  11),  dudiu  stmk- 
larlH  latenlli:  IS,  wIiIfdmI  nioulh  <>I  n 
emM  openlns  iDlo  ttii) 


iii]H.'rtiir:  il.  aiiiimllii  iiiiiuliraiuuiti 
ninpulla  nwLiitminwva  |H»iteH»r; 
ih-frpul-^      -  -  -    ^    • - 


xrHirT^.  til 


durtuiKiKliilftniitHllFua'.  M.  dtM-tuii  lUrli'iikHniTulHrh ;  17.  ilmtui  npiiDlrai :  1", 
(vrum  TMllHilare  iif  (lurtui  riirhli«rla ;  IR,  OlirtUH  cn-tilrarbi :  91.  upttui  Auialix : 

ai-$t,N.>ru]>tlrua'.:!I.N.veHUball::r'  "    ■      —  "  ■   —    -  " 

S4,  N.  vucbleK :  S,  dUribudiia  al  N.  i 


omieles.  ia  seen  for  the  first  time  lu  the  Amjiliibiji.  The 
phylogeny  of  the  auditory  ossiieles  has  lui'u  the  aiibjcet 
of  eudlesH  iiivcstigalion.  and  there  is  slill  no  ngni-nient 
upon  tlie  details  of  this  blstorj'.  The  Internal  ear  in  the 
lower  flabea  clearly  lies  In  the  hyold  eegmeot  of  the 


lium  in  Ilie  audi 
tory  portion  of 
this  paich  in  vagi- 
nates  to  form  the 
"auditory  sau- 
cer,"' and  later  a 

which  Rinks  down 
below  the  surface. 

But  in  oilier  cases.  In  which  the  ectoderm 

becomes  earlier  two-layered,  it  is  oul^  the 

inner,  or   nervous  layer,  which  |iarticipate« 

in  this  invagination,  and  the  auditory  rentcle 

never  commuuicales  with  the  surface  of  tlie 

botiy.     Three  Huecessive  stages  in  the  difler- 

eiiiialion  of  Ihe  auditory  sac  and  lateml-llne 

rudiments  of  tbc  sen  bass  arc  shown  in  the 

ot^'onijianying    ligiirea   (Pigs.  430-422).      A 

M'etion   tlirougli   the   awlitory  me  at  aliout 

this  perhiil  (Fig.  433)  sbowB4he  auditory  aau- 

eer  in  process  of  foruiation  from  the  neVroiu 

layer  of  the  ecliHienti,  the  outer  layer  not 

tuirlicipating.     iSectious  taken  cephalad  and 

I-  ciiuihul  of  tills  )>oint  sliow  that  the  lateial- 

liiie  rudiments  of  the  seu  Imss  resemble  this 

closely.    Though  there  is  considerable  variation  in 

node  of  origin  of  the  lateral  lines  in  different  lisbea, 

nil  have  this  in  common:  that  they  arise  from  the 

"  >  ear.     In  the  figure 

le  InTttginating  ecto- 
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derm  is  directly  cnntinunus  dorsally  with  that  of  the 
ceniral  nervcms  system,  anii  that  the  aiirtitory  nerve 
fa  growing  out  from  the  same  region,  viz.,  the  neural 
crest  (sf.  Criuiial  Nfrre*) . 

The  auditory  saucer,  whether  formed  from  Ihe  whole 
of  the  ecloderm  or  only  from  its  inner  layer,  soon  closes 
up  and  withdraws  from  the  skin  to  form  a  vesieular  sac, 
the  auditory  vesicle.  In  the  ctasmobranehs  the  vesicle 
retains  lis  connection  with  the  outer  surface  to  adult  life 
by  means  of  a  slender  tube,  the  ductus  endotymphaliciis, 
in  this  point  resembling  the  lateral-line  canals,  which 


thoueh  the  tube  perasts  as  a  blind  pouch,  the  recessus 
veslibuli  (£R,  of  Fig.  418),  which  Inter  in  man  becomes 
the  patli  of  communication  between  the  sacculus  and 
the  utriculus.  These  latter  chambers  are  formed  by  the 
folding  of  the  walls  of  the  vesicle,  and  contemporane- 
ously with  this  process  the  semicircular  canals  arc  pinched 
oS  from  the  dotml  or  utricular  portion,  while  the  cochlea 
grows  down  from  the 


branous  labyrinth  are  very  simple  sensory  cpithelia.  in 
siruclure  almost  identical  with  the  organs  of  the  IbIcihI 
line  figured  above.  The  supporting  ceils  constitute  a 
simple  columnar  epithelium.  Among  these  cells  are  the 
shorter  hair  cells,  or  specific  sensory  cells,  extending  only 
about  half-way  through  the  thickness  of  the  epithelium. 
Their  relations  to  the  termini  of  the  nerve  are  shown  in 
the  accompanying  diagram  (Sfig.  426). 

The  or^n  of  Corti  of  the  cochlea,  on  the  other  hand. 
ts  so  complicated  that  the  details  of  its  minute  structure 
are  still  in  large  measure  obscure.  The  general  relations 
of  the  parts  of  the  organ  of  Corti  are  expressed  by  the 
accompanying  diagram  (Fig.  4371.  Neglecting  the  acces- 
sory structures  in  the  organ  of  Corti,  concerning  whose 
structure  and  functions  there  is  considerable  difference  of 
opinion,  the  seusoiy  epithelium  here,  as  in  the  organs  of 
the  vestibule,  consists  essentially  of  a  wmple  columnar 
non-sensory  epithelium  (curiously  modified),  and  among 
its  cells  shorter  specific  sensory  cells,  the  hair  cells.  The 
latter  are  relate<l  to  the  termiual   ramifications  of   the 


saccular  portion.  The 
form  of  the  membran- 
ous labyrinth  of  the 
human  embryo  of  the 
eighth  week  Is  shown 
by  the  accompanying 
figure  (Fig.  424) 

While  tlie  auditory 
vesicle  is  still  in  a  [u  te 
undiiTerentiated  cond 
tion,  its  lining  epilhe 
Hum  develops  a  patch 
of  sensory  cells  w  h  ch 
enlarses  very  irregu 
larl y  In  such  a  way  tt  at 
during  the  subsequent 
plications  of  the  walls 
of  the  vesicle  each  of 
the  chambers  thus 
evaginated  (except  the 
recessus  vestibuli)  re- 
ceives a  portion  of  this 
modified  epithelium. 
These  patches  now  be- 
come separated  by 
non -sensory  pavement 
epithelium  and  consti- 
tute the  three  eristtc  In  the  ampulla;  of  (he 
canals,  the  maculie  of  the  utriculus  and  sacculus  and  the 
orgui  of  Corti  of  the  cochlea. 

The  auditory  vesicle,  which  Is  primarily  ectodermal, 
at  first  lies  simply  emlK-d<lcd  in  the  surrounding  meso- 
derm (Fig.  418).  A  portion  of  this  mesoderm  is  added  to 
the  vesicle,  and  thus  the  definitive  membranous  labyrinth 
Ifl  formed  from  both  of  these  germ  layers.  The  envelop- 
ing cartilages — which  become,  when  ossified,  the  bony 
labyrinth— develop  a  short  distance  reniovcil  from  the 
membranous  labyrinth,  and  the  intervening  mesoderm  is 
dissolved,  leaving  the  perilyniphaltc  spaces  between  the 
membranous  and  the  bonv  labyrinth.  The  scala  tyni- 
poni  and  the  scala  vestibuli  are  the  continuations  of  these 
Spaces  into  the  cochlea,  while  the  scala  media  is  the  only 
port  of  the  cochlea  which  is  lined  by  a  derivative  from 
the  original  ectodermal  auditory  vesicle.  Accordingly, 
the  organ  of  Corti  is  developed  In  the  floor  (membrana 
bostlaris)  of  tlic  scala  media. 

Thk  AuDiTt)RY  KuRVK  OP  Ma.\.— The  acconipanying 
figure  from  Retzius  (Fig.  425),  together  with  Fig.  41», 
above,  and  the  preceding  accounts  of  development,  will 
rendcra  detailed  descrijUion  of  the  accessory  auditory  ap- 
paratus unnecessary,  tt  m-jst  l)c  remeni!)ered  that  there 
)tre  two  distinct  sensory  mechanisms  in  the  eighth  uerve 
and  internal  ear,  mechanisms  which  have  had  a  common 
origin  and  which  possibly  even  in  man  are  only  incom- 
pletely differentiated  from  each  other.  These  are  the 
ubyrintta,  serving  the  static  sense,  and  the  cochlea,  the 
organ  of  hearing.    The  maculie  and  cristte  of  the  mem- 


'•WwtnwM  tectoria 


o  CocbleA.    (Alter  RetzlaB.  trom 


nerve  very  niuch  as  are  the  hair  cells  of  tho  vestibular 
organs.  That  is,  according  to  Ihe  majority  of  authori- 
ties, the  cochlear  nerve  ends  free  among  the  hair  cells, 
without  effecting  protoplasmic  continuity  with  their 
substance. 

The  division  of  the  auditory  nerve  into  vestibular  and 
cochlear  rami,  while  convenient  descriptively,  is  not  of 
special  morphological  significance,  for,  while  the  vestibu- 
lar ramus  is  distributed  wholly  to  sensory  organs  of  the 
labyrinth  )iroper  (superior  and  external  ampullte  and 
macula  utriculi),  the  so-tailed  cochlear  ramus  supplies, 
in  addition  to  the  cochlea,  the  posterior  ampulla  and  the 
macula  sacculi.  The  two  branches  of  the  cochlear  ramus 
last  named  are  termed  by  Schwalhe  the  ramus  medius, 
a  natural  division,  as  they  belong  more  properly  with 
the  vestibular  ramus  than  with  the  cochlear,'  The 
vestibular  and  cochlear  divisions  can  best  be  descril>ed 
separately. 

Vet/ibalar  Hamii» — The  fibres  of  this  nerve  arise  from 
ganglion  cells  Iving  in  the  internal  auditory  meatus,  Ihe 
vestibular  ganglion,  or  ganglion  of  Scarpa.  These  ceils, 
like  all  of  the  othera  connected  with  the  nerves  of  the 
internal  ear  (and  the  laleral-llnc  nerves  of  fishes  as  well). 
remain  bipolar  throughout  life  in  all  animals.  The 
method  ol;  the  termination  of  the  peripheral  processea 
about  the  specific  cells  of  the  sensory  spots  has  already 
been  illustrated.  The  central  processes  form  the  vestibu- 
lar (mesial  or  anterior)  root  of  the  eighth  nerve.  It  enters 
the  brain  ventrally  and  cephalad  of  the  cochlear  root,  and 
paascB  dorsad  between  the  fibres  of  the  restlform  body 
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Ha.  128.— Diagram  Repreaentlng  FlKt  1t«ooD>tnictlDD  of  tbs  Nude)  of 
TermloUIOD  olUieOodilearuMi  VtMlbuIu-Hervea.    (AfUir  Flormoe 


the  line  ce.t  correspond  to  ibe  auld  In  Um  Doer  ol  Un  fuiutb  vf n. 

trlcle;  C.d.,  uuclfiu  D?rv1  cocblete  dor- 

rails;  C.V.,  nucleus  nervi  corhlee  Teo- 

Inilla;   H'ir.,  flooculus;  K  VII,  knee  ot 

tbH  nOTTUDtacUilia:  Jj..nirdlBl  portion  ot 

nucleus  nerrl  vfsUbull  iHU-ralla  lUelten) ; 

Jj,  laleml  portion  ol  nucleua  nervl  y«e- 

tllnill   lateralis   Owlters);    M,  togtllier 

wllb  v.  auiOeuB  iifTvl  vestlbull  medians 

(SohwaLbr) ;    JViir.  XII,  Ducleus  nervl 

bypaglnul :  A'ue.  I'l,  nui'lvuii  uorvl  ab- 

durentla;  Pj.,  pedonrulus  Ownili;  A'. 

m.p.  >'..  nucleiu  molurlua  iiriiuiiis  nervl 

trwmlnl:    •'--    — ■ —     •■ — ■       - 

COCbleV;     il'   HM-i    IWt    UllllUWUl    IK|-tl 

vestlbull;    R.a.n.re..    radix    descendei; 

Dorvl  veellbuU :  SMnurleui  nerviveatlbu 
superior  (Bechlerew)  (area  unrloiwd  1 
tbe  broad  blapfc  line);  Trji.ii.f..  tractu 
spinalis Deni  trlKemlul:  I',  nwleua;  ii ' 
anlero-LaWml  ponlOD   of    nui'li-us  nen 


and  tliOBO  of  Ihf  spinal  root  «f  ihe 
fifth  oerve.  Xt-sially  of  thi;  rt-sii- 
fonn  iKxiy  the  filiiy-s  bifurcHtf,  iirit 
limb  of  each  fibre  turning  cuuiUkI 
to  form  the  deseemliiii;  or  Rpinul 
root  of  the  reRtibuliir  ihtvc.  liually 
to  arborize  almiit  the  eellx  iif  tlie 
spinal  DiiclcuB  aas(>ciiii<-il  uitji  this 
tract.  The  other  limbs  of  these 
fibres  effect  various  comieeiioiis  in 
the  region  dorsatlj  and  ccpliaiud  of 


root  haTe  been  t 
Barker: 

There  are  at  least  four  well-deflDed  primary  nuclei  oi 
termination  In  connection  with  the  TMtibular  nerre:  (1) 
The  nucleus  medialis(Bchwalbe);  (9)  the  nucleus  spin^ 
(radix  descendene):  (SJtbenucleusbteralis  (Deiten);  and 
(4)  the  nucleus  superior  (Flechslg,  von  Becbterew).  In 
addition,  Ihe  nervus  vestibull  comes  into  direct  conduc- 
tion relation,  (it)  (probably  chiefly  by  means  of  coUal- 
erals)  with  the  nucleus  aerri  cochle«  ventnilie;  (i)  (bv 
meana  of  ascending  limbs  of  divided  root  fibres  or  col- 
laterals from  these)  with  the  mass  of  nerve  cells  (ttamdo 
y  CaJal'B  nucleus  cerebello-acusticus)  in  the  lateral  wall 
of  the  ventricle,  dorsad  to  Bechterew's  nucleus;  and  (r| 
with  the  nuclei  of  the  roof  of  the  fourth  ventricle  (nuclei 
fastigii)  on  both  aides  of  the  middle  line,  and  (d)  poseiMv, 
acconline  to  Cajal.  by  means  of  a  few  fibres  with  the 
nucleus  dentatus  ccrebclli  and  the  cerebellar  cortex. 

The  t^pograpliical  relations  of  these  nuclei  to  one  an- 
other and  to  the  surrounding  structures  in  the  oblongata 
are  shown  in  flat  projection  upon  Ihc  horizontal  plane  in 
the  accompanying  figure  (Fig.  424}.  after  Miss  Sal>in. 
1 ._ — .jjjjj  ijjg  rpijiiong  Qre  shown  in 


nucleus  spinalis  and  the  nucleus  of  Flechsig,  a.s  well  as 
Deiters'  nucleus.  Tlie  secondary  connections  of  the  ves. 
tibular  nuclei  are  exceedingly  diverse  and  none  too  wrll 
known.  Some  of  them  are  indicated  in  Fig.  42S.  We 
have  seeit  above  that  a  considcrahle  numl^r  of  direct 
root  fibres  enter  Ihe  cerebellum,  their  connections  therr 
being  largely  problematical.  It  is,  however,  certain  that 
a  large  proportion  of  the  secondary  fibres,  especisllr 
those  from  the  more  lateral  group  of  nuclei,  pass  into 
the  cerebellum.  Others  reach  a  lateral  vestibular  bundle 
lying  between  the  spinal  fifth  tract  and  the  emerginf 
fibres  of  the  sixth  nerve,  some  ascending  and  some  de- 
scending in  it.  A  CJinsiderable  number  of  sccoDd*>7' 
fibres  from  both  the  medial  and  the  lateral  nuclei  ift 
known  to  enter  the  fasciculus  tongitudinalis  medialii, 
some  running  ccphalad.  some  caudod  in  this  bunille. 
This  is  the  chief  path  for  reflexes  to  the  oculomoliK 
nuclei,  and  proliabfy  to  the  motor  centres  of  the  spistl 
cord  as  well.  There  are  other  descending  and  aseemlliij 
paths  lesB  perfectly  known,  some  of  the  latter  uadoubi* 
eclly  entering  Ihe  flllet. 


XI).   IIHIU' 

,V  Vl.  aUIun-ns  nurh' 
Oil.  Oil.  uriHT  und  liii 

dorsal  nrJilinr  nurh-i 
mot;  17,  abduceni  nr 


.  _  leus  nn^lslig  (triaiiBUliir  n'^'^: 

(jwl.slatlntfuiesupfnorollte:  Pjl.lT!^ 
a:  Rii,  n.phe:  fiJ.  IsWral  mB'hlwirl  •.^i? 
Slrm.  strlii'  iinilull»n«  (slriip  ai'iiiilk«|; '[J; 
mi;  I^nt,  Winneniuni ;  I'd.  splnil  crllW""^ 
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OoeAlear  Bamiu. — The  cell  bodies  from  which  the  fibres 
of  this  nerve  arise  He  ctiiefly  (if  not  wholly)  in  the  spiral 
gaoflton,  or  ganglion  of  Corti,  in  the  axis  of  the  bony 
cochlea.  The  peripheral  processes  of  these  ganglion 
cells  (eicluding  the  ramus  medius  of  Schwalbe)  terml- 
nale  in  the  organ  of  Cor^i.  The  central  processes  consti- 
tute the  cochlear  (lateral  or  dotsal)  auditory  root.  In 
the  embryological  development  they  become  medullated 
somewhat  later  than  those  of  the  vestibular  "  * " " 


ture  to  be  correlated  with  the  fact  that  this  nerve  ap- 
pears in  the  pliylogeny  at  a  later  period  than  the  vestib- 
ular nerve. 

All  of  the  fibres  of  the  cochlear  nerve  appear  to  enter 
the  ventral  or  the  dorsal  cochlear  nucleus  either  to  tcr- 
mtuate  in  them  or  to  pass  through  them.  The  ventral 
nucleus  is  often  spoken  of  as  theaccessory  nucleus,  and 
Is  thought  by  8ala  and  Onutrowics  to  contain  some  of 
the  ganglion  cells  of  the  peripheral  auditory  neurones. 
The  dorsal  nucleus  is  the  tuberculum  acusticum  of  hu- 
man anatomy.    The  flbres  of  the  cochlear  nerve  bifurcate. 


upon  entering  the  oblongata,  into  ascending  and  d 
ing  limbs.    The  ascending  limbs  generally  enter  tne 
ventral  cochlear   nucleus,  while  the  descending   limbs 
may  enter  the  dorsal  cochlear  nucleus. 

The  figures  already  given  illustrate  the  relations  of 
these  terminal  nuclei.  The  accompanying  diagrams  from 
Held  (Figs.  480,  431)  will  servcin  lieu  of  extended  descrip- 
tions of  their  further  connections.  These  are  much  too 
complicated  to  be  given  in  detail  here.  The  reader  is 
referred  to  tlie  extended  re- 
view in  Barker's  recent  text- 
book, "The  Nervous  System," 
chapter  liv.  In  general  terms, 
the  central  auditory  path  ex- 
tends from  the  ventral  nucleus, 
by  way  of  the  trapezoid  body, 
and  from  the  dotval  nucleus, 
by  way  of  the  strJK  acustica 
(both  root  flbres  and  secondary 
fibres  in  each  case),  to  the  re- 
gion of  the  superior  olive, 
partly  crossed  and  partly  un- 
crossed. The  path  then  goes 
by  way  of  the  latci-al  fillet  to 
tlie  Inferior  member  of  the  cor- 
pora ^uadrigemina.  This  ap- 
pears to  be  the  general  centre 
for  tbe  cbiboration  of  the  high- 
er auditory  reflexes,  the  reflex 
connections  being  very  numer- 
ous, notably  with  lower  cen- 
tres and  with  the  superior 
member  of  the  corpora  quad- 
rigemina  (optic  rellcx  path). 
Cortical  projection  fibres  also 
pass  from  this  body  viA  the 
brachlum  quadrigeminum  in- 
ferius  to  the  corpus  genicula- 
tum  mediate.  The  path  seems 
to  be  interrupted  here  and  tlie 
flbres  of  the  cortical  acoustic 
path  arise  at  this  point,  to  ter- 

area  of  the  cortex;  viz., accord- 
ing to  Flechaig,  "the  two  trans- 
verse gyri  of  tlie  temporal  lobe 
(particularly  the  anterior),  and 
diat  portion  of  the  gyrus  tem- 
poralis superior  immediately 
adjacent," 

C.  Judton  Herriet. 

AUGUSTA,  Georgia  (lati- 
tude, W  28'  N. :  longitude, 
81°  54'  W.),  is  locat«d  on  tbe 
aouthwestem  bank  of  the  Sa- 
vannah River,  about  281  miles 
from  ita  mouth.  In  an  air 
line,  or  "as  the  crow  flies." 
it  is  about  90  miles  from  the 
Atlantic  coast.  Its  elevation 
above  the  sea  level  is  1Q7  feet. 
Augusta  proper  is  bounded  on 
the  north  and  norlheast  by  the 
Savannah  River,  which  sepa- 
rates the  Stoles  of  Georgia  and 
Bouth  Carolina  at  this  point; 
and  on  the  west  and  southwest  by  a  row  of  sand  hills 
which  rise  to  a  height  of  from  29S  feet  to  850  feet  above 
the  level  of  tiie  city.  Toward  the  cast  and  southeast 
there  extends  a  level  plateau  of  farming  land,  so  that  one 
gets  here  a  variety  of  sccucry  of  hill  an<l  vale  and  river. 

According  to  the  last  census  taken  by  tlic  Maloney  Di- 
rectory Company,  Augusta,  with  her  immediate  suburbs, 
has  a  population  of  about  63,000.  The  cily  proper  ia 
very  level  and  lias  wide  streets,  the  beauty  of  which  have 
made  her  famed  throughout  the  country.  The  main 
resident  street — Greene  Street— Is  175  feet  wide,  and.  for 
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more  than  two  miles,  has  four  rows  of  majestic  elm  and 
oak  trees  wliicli  make  three  avenues  down  tlie  street. 
Between  the  two  central  rows  of  trees  vehicles  are  not 
allowed  to  pass,  this  long  path  or  ^reen  being  reserved 
for  pedestrians.  A  similar  armngement  exists  on  upper 
and  lower  Brr)ad  Street,  wliich  is  likewise  175  feet  wide; 
but  the  middle  j^ortiou  is  asphalted,  and  is  the  chief 
business  street  of  the  city. 

The  other  streets  are  exceptionally  wide,  well  fringed 
with  beautiful  shade  trees,  and  nearly  all  of  them  are 
paved  by  a  natural  deposit,  called  *' cement  gravel,"  that 
is  found  in  this  section  of  the  country.  Tlie  formation 
used  f«)r  paving  ])urposes  consists  of  clay,  re<l  sand,  and 
pebbh'S  varying  in  size  from  a  split  pea  to  a  pigeon's  v^fig. 
This  makes  a  material  for  roadway  purposes  that  can 
scarcely  be  excelled. 

In  addition  to  the  river,  which  gives  the  city  com- 
munication by  boat  witli  the  up-country,  Savannah  and 
the  intervening  country,  Augusta  has  no  less  than  nine 
important  railway  lines'  so  that  it  is  easy  of  access  from 
any  portion  of  the  countrj"^;  the  roads  centring  in  Au- 
gusta being  the  Atlantic  Cr)ast  Line,  Central  of  Georgia, 
('harleston  and  Western  Carolina,  Georgia,  Port  Royal, 
Seal)oard  Air  Line,  Soutli  Carolina,  Southern,  and  Au- 
gusta Southern  branch  of  the  Southern  Railway. 

Augusta  has  about  eighteen  miles  of  electric  railway, 
the  cars  of  which  run,  up<m  c(mvenient  schedules,  in  vari- 
ous directions  throughout  the  city.  It  has  a  well-con- 
ducted system  of  public  schools,  under  which  is  included 
the  Tubman  High  School  for  girls.  The  Richmond 
Acjulemy  for  boys  is  an  institution  that  was  endowed  by 
the  crown  of  England;  it  celebrated  its  centennial  more 
than  a  deaide  ago.  A  Jesuit  college  will  be  in  oi)ei'a- 
tion  in  Augusta  witlnn  a  year.  The  Medical  Department 
of  the  University  of  Georgia,  now  in  the  sixty-eighth  year 
of  its  honorable  and  uw^iul  career,  is  also  locatx'd  here, 
so  that  visitors  sojourning  in  Augusta  for  the  winter 
may  have  ample  educational  advantages  for  their  chil- 
dren. In  addition  to  thesis  the  city  Jias  a  public  library, 
a  modem  theatre  building,  and  churches  of  all  the  more 
prominent  denominations. 

The  Planters  and  the  Commercial  are  the  two  hotels 
possessed  by  Augusta  proper  at  this  writing,  but  the 
contract  has  already  been  given  out  for  a  modern,  up- 
to-date  hotel  of  two  hundred  rooms,  which  is  to  be 
in  operation  by  the  autumn  of  the  present  year,  and  the 
plans  for  another  are  pretty  well  matured.  There  are 
also  numerous  boarding  houses  where  one  may  obtain 
boanl  at  moderate  rates. 

Augusta  takes  its  water  supply  from  the  Savannah 
River.  There  is  no  city  located  above  it  on  the  river, 
and  a  row  of  stind  hills  crosses  the  Savannali  at  this 
point.  These  hills  make  shoals  in  the  river,  and  extend 
up  it  for  a  (listiuice  of  forty  miles,  so  that  such  im- 
purities as  may  exist  in  the*  water  have  ample  oppor- 
tunity tobiM'liniinatcd  before  the  city  is  reachecl.  Except 
for  its  burden  of  r«Ml  clay,  the  water  has  been  proven  l)y 
the  clinical  experience  of  Augusta's  physicians  and  by 
chemical  analysis  to  be  exceptionally  free  from  imj)uriti«'S. 
To  avoid  all  possible  sources  of  contamination  of  its  sup- 
ply, the  city  has  just  completed  the  construction  of  a 
new  system  of  water  works,  whereby  its  water  is  taken 
from  the  canal  three  miles  above  the  city.  The  supply 
is  forced  into  a  reservoir  on  tlu;  hilltop*  three  hundred 
feet  above  the  city,  where  it  is  tiltered,  and  there  de- 
livered to  tlie  city  water  mains.  AVclls.  pumj)s.  and  cess- 
pools have  been  banisheti  from  the  city  by  order  of  \]w 
Hoanl  of  Health,  until  now  only  a  few  of  the?  former  and 
none  of  the  latter  remain  within  the  city  limits. 

Augusta  is  honeycombed  by  an  excellent  system  of 
sewers  which  thciroughly  and  <|uickly  drain  the  city  of 
sewage  and  storm  water,  and  it  is  the  writer's  oj)inion 
that  the  it-markable  healthfulness  of  the  city  is  in  large 
measure  <iue  to  these  and  to  its  pure  wat^'rsupf»ly.  The 
soil  of  Augusta  is  largely  maile  u]>  of  s^mdy  loam,  under 
which  is  a  layer  of  .sand  and  clay:  and  still  deeper  is 
encountered  a  layer  of  granite  many  hundred  feet  in 
thickness.     The  only  artesian  w^ell  in  the  city  conducts 


its  water  through  a  stratum  of  granite  that  is  800  feet 
thick. 

The  healthfulness  of  Augusta  is  remarkable.  .  The 
mortuary  tables  of  the  city  show  a  sternly  decrease  in  the 
death  mte  from  1880,  wlien  the  number  of  deatlis  per 
1,000  inhabitants  was  23.36,  to  181)8,  when  it  was  16  per 
1,(XM).  The  same  decri-ase  appears  in  certain  six?ciflc 
cases:  for  exanij>le,  the  nitio  of  deaths  to  U)ta.\  mortality 
from  typhoid  fever  in  1880  was  1  in  41.7,  while  in  1898  it 
was  1  in  133.0.  Augusta  is  likewise  exceptionally  fn»e 
fnmi  epidemic  diseases.  YeUow  fever  was  epidemic  in 
Augusta  in  1839  and  1K54.  In  both  instiinces  it  was 
brought  to  the  city,  and  an  epidemic  followed.  Since 
then  sporadic  cases  have  been  brought  to  the  city,  but 
in  no  insUmce  has  an  epidemic  succeeded;  and  for  more 
than  twenty  years  no  case  has  occurred  in  the  city.  The 
absence  of  formidable  outbreaks  of  measles,  st-arlet  fever, 
diphtheria,  and  other  epidemic  dist^ises  is  doubtless  due. 
in  large  measure,  to  the  stringent  sanitary  n'gulations  of 
the  Board  of  Health, — l)ut,  in  addition,  to  the  fact  that 
the  city  is  not  densely  built  up,  each  house,  even  in  the 
poorer  district,s,  having  its  little  plot  of  land  that  sepa- 
rates it  from  its  neighbor. 

Augusta  has  a  canal  that  takes  its  water  from  the 
Savannah  River,  seven  miles  above  the  city.  This  canal 
furnishes  an  enormous  water  power,  making  Augu.sta 
the  greatest  cotton-manufacturing  centre  in  the  South. 
The  city  owns  the  canal,  and  derives  a  handsome  rev- 
enue from  the  water  rents. 

SUMMERVILLE,  OK  THE  SaND  HiLLS. 

The  foregoing  is  largely  introductory  to  the  portion  of 
Augusta  that  is  known  to  and  concerns  the  mtHlical  pro- 
fession at  large,  inasmuch  as  the  Augusta  which  has  such 
a  well-earned  reputation  as  a  health  resort — the  portion  of 
the  city  that  has  almost  exclusively  attracted  the  atten- 
tion of  physician.s — is  Summerville,  a  suburb  of  Augusta. 

In  discussing  the  advantages  and  disadvantages  of  the 
place,  it  is  not  possible  entirely  to  separate  them,  chiefly 
for  the  reason  that  the  United  States  signal  service 
bureau  which  furnishes  the  meteorological  data  is  h>cated 
down  in  the  city,  and  not  on  the  hilltop.  It  is  well. 
therefore,  to  bear  in  mind  that  there  is  less  humidity  and 
some  little  difference  in  temperature  in  the  portion  of 
Augusta  to  which  visitors  and  patients  almost  inva- 
riably go.  The  reason  for  this  is  that  tlie  city  is  298  feet 
lower  and  borders  on  the  river;  and  it  is  no  uncommon 
sight  to  8i*e  a  mist  enveloping  the  city  in  the  early  mom- 
iii":  while  the  hilltop  is  (juite  free  from  it. 

In  like  manner  the  air  in  this  region  is  more  rarefied 
and  purer  than  it  is  in  the  city,  with  its  heavier  atmos- 
phere and  tlenser  population.  Summerville,  or  the  Sand 
Hills,  on  account  of  its  healthfulness,  was  for  many  years 
called  "Mount  Salubrity."  It  is  located  on  the  crest  of 
a  row  of  sand  hills  which  extend  from  Chester.  S.  C,  down 
through  Aiken,  S.  C,  and  which  cross  the  Sjivannah 
River  at  Augusta,  causing  shoals  in  the  river  at  that  point, 
thereby  making  Augusta  the  head  of  navigati(»n  for  the 
Savannah  River.  Summerville  is  an  aristocratic  suburb 
of  Augusta,  and  for  more  than  one  hundred  years  many 
of  the  latters  wealthiest  citizens  have  lived  in  (piict  ease 
in  this  region.  The  border  of  the  village  touches  that 
of  Augusta,  and  the*  two  are  connected  by  an  elcM^tric  rail- 
way that  runs,  upon  a  tifteen-minutc  schedule.  In-tween  the 
two  f>laces.  making  Summerville  easy  of  access  from  any 
portion  of  the  city.  It  is  located  at  an  elevation  of  29s 
fe<'t  above  the  city,  as  stated.  an<l  from  the  crest  of  this 
.siind  ridgi'one  can  see  many  miles  down  over  the  plateaus 
on  the  (Jeoriria  side  and  far  into  South  Carohna  as  well. 
It  has  a  town  nmr.v;hal  and  t^)wn  council;  a  new  system 
of  water  works,  electric  lights,  and  a  school — the  Sum- 
merville Acadi'iny. 

The  soil,  location,  and  climat4^*  of  this  village  could 
hardly  be  excelled  for  healthfulness.  It  possesses,  in 
my  opinion,  every  advantag<'.that  Aiken  does,  being  on 
the  sjim<»  ridge  of  hills,  only  a  few  feet  lower,  and  has 
one  advantage  that  Aiken  has  not— close  proximity  to  a 
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citv  of  63,000  inhabitants,  with  all  the  attractions  for 
cultivation,  amusement,  and  shopping  that  such  a  city  can 

g've.  It  also  has  an  advantage  over  many  of  the  resorts 
rther  south,  inasmuch  as  its  climate,  though  colder,  is 
still  not  too  cold  for  out-of-door  life,  and  its  air  is  not  so 
depressing.  The  top  soil  of  the  region  is  almost  entirely 
sand,  and  for  this  reason  the  chief  vegetation  consists  of 
pines,  oaks — many  of  the  scrub-oak  variety — and  such 
grasses  as  will  grow  on  a  dry,  sandy  soil. 

In  all  seasons  of  the  year  this  region  is  attractive,  for 
the  pines  are  perennially  green,  and  in  the  springtime 
the  land  blossoms  like  the  rose.  Wild  flowers  grow  in 
profusion,  and  the  odor  of  the  yellow  jasmine  which 
clambers  over  the  scrub  oaks,  the  honeysuckle,  and  the 
wild  shrub,  mingling  with  the  balsamic  odor  of  the  pines, 
makes  the  region  exceedingly  attractive  for  either  tem- 
porary or  permanent  residence. 

The  sjindy  nature  of  the  soil  makes  the  liilltop  like  a 
great  filter;  the  rain  water  quickly  passes  down  into  the 
deeper  strata,  and  the  altitude  of  the  place  causes  the 
water  to  run  off  rapidly  into  the  lower-lying  plateaus. 
Under  the  sand  is  a  soil  made  up  of  red  sand  and  clay, 
and  under  this  is  a  stratum  of  granite  many  hundred 
feet  in  thickness,  so  that  it  is  impossible  for  water  to  ac- 
cumulate in  the  region.  Within  a  few  hours  after  the 
heaviest  rain  it  is  possible  to  go  out  into  the  open  air  and 
walk  for  miles  without  getting  the  feet  wet.  As  an  evi- 
dence of  the  depth  of  this  top  stratum  of  sand,  it  may  be 
mentioned  that  in  the  sinking  of  wells,  which  were  used 
exclusively  for  domestic  purposes  before  the  advent  of 
the  new  system  of  water  works,  it  was  found  necessary 
to  go  down  to  a  depth  of  from  80  to  150  or  200  feet  be- 
fore striking  water.  The  great  depth  of  this  porous  soil 
and  the  altitude  of  the  place  make  bad  drainage  almost 
an  impossibility,  and  as  a  matter  of  fact  I  have  never 
detected  a  noisome  odor  that  could  be  traced  to  defective 
sewerage  in  any  portion  of  Summerville. 

Located  as  it  is,  on  the  summit  of  a  sand  ridge,  away 
from  the  noise  and  bustle  of  the  city,  with  its  beautiful 
sweep  of  landscape,  taking  in  hill  and  valley,  and  the 
sinuous  outline  of  the  broad  Savannah  as  it  courses 
toward  the  sea,  with  perfect  drainage,  rarefied  and  in- 
vigorating air,  Summferville  is,  as  might  be  expected, 
valued  alike  by  the  resident  of  the  region  and  the  stranger 
within  its  gates. 

Among  the  attractions  outside  of  these  natural  advan- 
tages may  be  mentioned  the  splendid  system  of  roadways 
that  extend  in  every  direction  throughout  Richmond 
County.  These  roadi  are  constructed  by  convict  labor, 
and  are  made  of  cement  gravel,  which  packs  down  as 
level  as  a  floor.  The  roads  do  not  cut  up  in  wet  weather, 
nor  do  they  ever  get  excessively  dusty ;  and  I  have  never 
seen  roads  to  excel  them  for  riding,  driving,  bicycling, 
and  walking.  Some  such  paving  was  a  necessity,  because 
our  sand  roads  are  naturally  so  heavy  that  travelling 
over  them  is  both  unpleasant  and  difficult. 

The  Bon  Air  Hotel,  accommodating  250  people,  is 
located  on  the  crest  of  the  hill  overlooking  the  city  and 
the  highlands  in  South  Carolina.  This  hotel  has  been  in 
operation  for  ten  years,  and  it  is  the  universal  verdict  of 
competent  iudges  who  have  travelled  throughout  the 
South  that  It  is  the  best-kept  hotel  tliis  side  of  New  York 
City.  So  popular  has  this  hotel  grown  that  it  is  impos- 
sible to  obtain  accommodations  therein  after  February  1st 
unless  arrangements  are  made  several  weeks  in  advance. 
The  hotel  is  handsomely  furnished  throughout,  having 
billiard  and  pool  rooms,  bowling  alleys,  etc.  The  Bon 
Air  Golf  Club  has  a  fine  course  of  18  holes,  and  is  2.900 
feet  long.  This  furnishes  open-air  exercise  and  amuse- 
ment for  the  guests  of  the  hotel,  and  for  many  of  the 
residents  of  Summerville  and  Augusta  as  well.  In  Sum- 
merville there  are  several  first-claf^s  boarding  houses,  and 
a  number  of  private  families  who  take  a  few  boarders 
each  season.  In  these  the  price  of  board  is,  of  course. 
cheaper  and  the  life  fjuioter  than  at  the  hotel.  Such  ac- 
commodations suit  both  those  of  modest  means  and  those 
whose  means  are  ample  but  who  dislike  hotel  life.  There 
are  also  a  number  of  new  and  comfortable  cottages, 


equipped  with  water  from  the  city  works  and  possess- 
ing modem  conveniences,  tliat  may  be  had  for  a  reason- 
able rental. 

Game  is  plentiful  around  Augusta,  and  even  to  the 
stranger  tourist  the  farmers  are  generous  in  allowing  ac- 
cess to  their  hunting  preserves.  There  is  an  excellent 
livery  service  in  connection  with  the  Bon  Air  Hotel,  and 
the  proximity  of  the  city,  with  its  large  number  of  livery 
stables,  makes  riding  and  driving  over  the  splendid  roatls 
a  pleasurable  pastime. 

Summerville  has  a  population  of  from  2,000  to  3,000 
people.  As  an  evidence  of  the  healthfulness  of  this  village, 
it  may  be  mentioned  that  during  the  four  years  from  18G4 
to  1868,  only  fourteen  deaths  occurred.  "  Six  of  t  hese 
ranged  from  70  to  102  years.  Two  deaths  were  from 
accident,  one  from  pseudo-croup,  two  from  congestive 
fever  contracted  elsewhere  and  neglected,  one  from 
pneumonia  contracted  elsewhere  and  neglected,  one  from 
congestion  of  the  brain,  one  from  ascites,  one  from  tuber- 
culosis contracted  elsewhere."  Unfortunately,  no  mortu- 
ary records  of  the  village  of  Summerville  have  ever  been 
kept,  but  the  death  rate  is  very  low.  During  last  winter 
the  Government  established  Camp  McKenzie  at  Monte 
Sano,  a  portion  of  Summerville.  There  were  between 
7,000  and  8,000  troops  encamped  there  during  the  winter 
and  spring  months,  and  it  was  the  general  verdict  of  the 
medical  officers  that  this  was  the  healthiest  camp  in  the 
country.  The  War  Ofiice  has  not  published  the  statistics 
of  mortality  and  sickness  at  the  camps  as  yet,  but  when 
it  does,  I  am  satisfied  that  the  figures  will  verify  this. 

The  United  States  has  for  many  years  maintained  an 
arsenal  on  the  summit  of  the  hilltop,  and  during  the 
years  1849  to  1869  meteorological  observations  were  taken 
at  sunrise,  9  a.m.,  3  p.m.,  and  9  p.m.  The  observations  ex- 
tending over  this  period'of  twenty  years  are  as  follows: 

Mean  average  temperature  for  January,  46.7**  F. ;  Feb- 
ruary, 50.7**  F.;  March,  58.8"  F. ;  April,  65.1"  F. ;  May, 
72.2"  F.;  June,  80.9"  F. ;  August,  79.7"  F. ;  September, 
72.8"  F;  October,  63.5"  F. ;  summer,  79.9"  F. ;  autumn, 
63.4"  F.;  winter,  47.9"  F. 

The  mean  annual  rainfall  for  the  same  period  was: 
spring,  37.17  inches;  summer,  14.14  inches;  autumn,  6.95 
inches;  winter,  5.92  inches.  Mean  number  of  fair  days 
per  year  238;  cloudy  days,  70;  rainy  days,  57;  snow 
about  two  days  to  every  three  years. 

Prevailing  winds:  spring,  northwest  and  southeast; 
summer,  south  and  southwest;  autumn,  north,  northwest, 
and  southwest;  winter,  south,  southwest,  west,  north- 
west, and  north. 

Unfortunately,  no  record  of  the  humidity  of  the  atmos- 
phere was  taken,  and  it  cannot  be  obtained  now— the 
humidity  in  the  annexed  table  being  for  Augusta,  located 
298  feet  below  and  contiguous  to  the  river.  But  con- 
sidering the  proximity  of  Summerville  to  Aiken  (only  16 
miles) ,  and  the  similarity  of  soil  and  elevation,  I  do  not 
believe  that  the  humidity  of  the  former  differs  from  that 
of  the  latter  to  any  appreciable  extent. 

In  a  pamphlet  by  Dr.  C.  J.  Ken  worthy,  on  the  "  Climate 
of  Florida,"  the  fact  is  noted  that  Augusta,  Ga.,  has  a 
mean  temperature,  for  the  months  of  November,  Decem- 
ber, January,  February,  and  March,  of  51.4°  F., while  that 
of  Cannes  is  50.8"  F.  Again  the  interesting  fact  is  shown 
that  Augusta  has  a  mean  relative  humidity  for  thes(! 
months  2.5  degrees  less  than  that  of  Cannes  or  Men  tone, 
and  one-tenth  of  a  degree  more  than  that  of  Jackson- 
ville, Fla. 

The  accompanying  table  of  the  U.  S.  weather  bureau 
located  at  Augusta,  covering  a  pericxl  of  twenty-nine 
years,  was  furnished  through  the  kindness  of  the  signal 
service  officer  at  the  point,  Sergeant  Fisher.  By  con- 
sulting the  table  it  will  be  seen  that  the  average  number 
of  clear  days  and  partly  clear  days  for  the  twenty -nine 
years  was:  for  December,  21;  January,  20;  February, 
18;  March,  23,  and  April,  23.  With  "^such  an  average 
extending  over  so  great  a  number  of  years,  it  is  easy  to 
see  that  one  can  spend  much  time  in  comfort  out  of  doors 
when  it  would  be  impossible  to  do  so  in  the  more  rigor- 
ous northern  climates. 
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Climate  of  Auoubta,  Gboroia,  Latitude,  32^  28'  N. ;  Loxoitdde,  81"  54'  W. 


Tempcralure : 

Average  or  normal  for  fSryean 

Avenge  daily  ruiffe  for 20  years  — 

Mean  of  warmeat  for  29  years 

Mean  of  coldest  for  20  jean 

HIgbest  or  maximum  for  20  yean. . . . 
Loweat  or  minimum  for  20  yean  — 
Average  date  of  last  killing  frost  for  2 
Average  date  of  flnt  killing  frost  for  2 

Average  relative  for  5  years 

Average  absolute  for  5  years 

PrecipUaiion: 

Average  In  Incbes  for  29  years 

Wind: 

Prevailing  direction  for  29  years 

Average  volocity  in  miles  per  bour. . . 
WtaAher: 
Average  number  clear  and  fair  days 

for  5  years 

Largest  number  clear  days  for  6  years. 
Smallest  number  clear  days  for  5  years 
Average  number  cloudy  days  for  5 

years 

Largest  number  cloudy  days  for  5  years 
Smallest  number  cloudy  days  for  5 

years 

Average  number  rainy  days  for  29 

years 

Smallest  number  rainy  days  for  5  yean* 
Largest  number  rainy  days  for  5  years. 


Jan. 


47 

18.1« 
66 
39 

en 

6 
9  years, 
9  years, 

74 
2.457 

4.35 

W. 
4.5 


20 
19 
16 

11 
15 

12 

11 

m» 
I 

13 


Feb. 


W 

19.4« 

58 

38 

84 
3 
March  1 
Novemb 

71 
2.550 

4.30 

W. 

7.0 


18 
28 
14 

10 

14 


10 

2 

14 


March. 


56 

21.4» 

62 

50 

89 

22 
8th. 
erSth. 

70 
a414 

4.97 

W. 

7.0 


22 
22 
12 

9 

19 

9 

10 

9 

15 


April. 


64^ 

69 
50 
98 
29 


66 
3.O06 

3.48 

W. 
6.5 


23 
25 
22 

p. 

8 


8 

7 

11 


May. 


73 

21.9* 
77 
69 
100 
41 


66 
5.565 

3.28 

D.  K. 

5.8 


26 
28 
22 

6 
9 


8 

3 

13 


June. 


79 

19.9* 
83 
74 
106 
46 


70 
7.441 

4.50 

S. 
5.4 


23 

29 
23 

7 
7 


1 

11 

6 

15 


July. 


81 
19* 
86 
78 
106 
67 


76 
7.960 

5.52 

S.E. 
5.1 


23 
25 
19 

8 
12 


12 

8 

13 


August. 


79 

18.8* 
84 
76 
106 

68 


80 
8JM0 

5JW 

N.E. 
5.0 


23 
26 

18 

8 
13 


13 
10 
19 


Sept. 


76 

18.6* 
79 
70 
101 
41 


74 
&568 

8.80 

N.E. 
5Je 


23 
27 
21 

7 
9 


7 
6 
8 


Oct 


64 

S0.8* 

71 

58 

94 

20 


74 
4.372 

2.42 

N.E. 
6Jg 


2S 

27 
21 

6 
10 


7 
2 

8 


Not. 


54 

aD.7« 

60 

48 

85 


78 

8.08 

N.E. 

5JS 


22 
25 
19 

8 
11 


8 

5 

13 


Dec 


48 

lOOi* 
57 
38 
78 
7 


76 


2J86 
8.36 

W. 

6.0 


21 
24 

10 

10 
14 


0 

6 

11 


The  temperature,  in  the  winter  months,  not  infre- 
quently drops  below  the  freezing  point  and  thin  ice  is 
formed,  but  the  changes  are  not  usually  abrupt  and  the 
cold  does  not  continue  long.  Only  once,  in  thirty-five 
years'  experience,  have  I  known  the  mercury  to  register 
as  low  as  5*  above  zero.  The  climate  of  Augusta  may 
be  summarized  as  moderately  dry,  mild,  and  equable. 

Dr.  Richards,  in  an  article  in  the  first  edition  of  this 
work,  calls  attention  to  the  fact  that  the  census  for  1880 
shows  the  percentage  of  deaths  from  consumption  to  be, 
for  Georgia,  11. 14  per  10,000  inhabitants;  and  the  eleventh 
census  shows  a  similarly  small  death  rate  for  this  disease. 
Rheumatic  and  asthmatic  cases  almost  invariably  do  well 
here.  lt«  lower  altitude  makes  this  region  superior  to 
Denver  for  cardiac  cases  and  tuberculous  cases  compli- 
cated by  heart  lesions;  and  it  is  superior  to  Florida  in 
that  the  climate  is  less  debilitating. 

When  I  began  the  practice  of  medicine  here,  I  was 
struck  with  the  comparative  rarity  of  renal  diseases,  and 
a  riper  experience  confirms  my  first  observation.  This 
may  be  explained,  in  my  opinion,  by  the  freestone  drink- 
ing water,  the  simplicity  of  living,  and  the  equable  tem- 
perature. Be  the  explanation  what  it  may,  it  is  a  fact 
that  renal  diseases  are  comparatively  infrequent,  and 
that  cases  of  tiiis  class  are  benefited  when  brought  here, 
unless  tlie  discjise  has  already  so  far  advanced  that  relief 
is  impossible.  Thomas  D.  Coleman. 

AURICLE,  ANATOMY  AND  PHYSIOLOGY  OF.— The 

auricle  or  pinna  forms  with  the  auditory  canal  or  meatus 
the  external  ear.  It  is  ])laeed  on  the  side  of  the  head 
about  midway  between  the  external  angle  of  the  eye  and 
the  occipital  protuberance;  the  upper  border  is  about  on 
a  level  with  the  eyebrow ;  the  lower  edge  of  the  loin*  is 
about  on  a  level  with  the  tip  of  the  nose.  Its  vertical 
line  is  parallel  to  the  ramus  of  the  jjaw  and  forms  an 
angle  of  about  100  or  105  degrees  with  the  horizontal 
plane  of  the  head.  Those  ears  in  which  this  angle  ex- 
ceeds 112  degrees  are  called  slanting  ears.  In  height  the 
auricle  measures  from  55  to  60  nmi.,  and  in  width  from 
25  to  35  mm.  The  height  of  the  auricle  is  genemlly 
found  to  be  equal  to  the  length  of  the  nose.  The  true 
length  of  the  auricle  varies  in  man  from  22  to  49  mm., 
the  average  being  35.9  mm. ;  in  woman  it  varies  from  24 
to 41  mm.,  the  average  being  33.7  mm.  The  true  width  * 
of  the  auricle  varies  in  man  from  33  to  58  mm.,  the  aver- 
age being  44.4  mm.,  while  in  w^oman  it  varies  from  30  to 

*  Tbe  terms  "  true  length  ^'  and ''  tme  width  **  are  explained  f  urtheron. 


61  mm.,  the  average  being  40  mm.  The  anterior  third 
of  the  auricle  is  firmly  attached  to  the  root  of  the  zygoma 
and  to  the  squamous  and  mastoid  surfaces  of  the  tem- 
poral bone  by  means  of  ligament ous.muscular.and  cutane- 
ous tissues.  The  posterior  two-thinds  is  free  and  is  placed 
so  as  to  form  with  the  lateral  surface  of  the  h(^  the 
cephalo-auricular  angle  which,  opening  backward,  meas- 
ures on  an  average  from  80  to  40  degrees,  and  may  vary 
between  0  and  90  degrees ;  the  angle  decreasing  in  size 
as  it  pas.ses  upward  and  forw^ard. 

The  frameitork  of  the  auricle  consists  of  convoluted 
folds  of  yellow  reticulated  cartilage,  from  1  to  2  mm.  in 
thickness,  and  is  covered  by  its  perichondrium.  It  sup- 
ports the  glandular,  va.scular,  muscular,  and  cutaneous 
tissues  of  the  auricle.  The  cartilage  does  not  enter  into 
the  const mction  of  the  lobule  and  is  deficient  between 
the  tragus  and  the  spina  hclicis. 

The  auricle  may  be  considered  to  be  an  expansion  of 
the  external  auditory  canal,  which  it  surrounds,  and 
especially  so  above  and  behind.  It  is  oval  in  form, with 
the  longest  axis  vertical  and  its  broadest  extremity 
above.  It  has  two  surfaces — an  external  and  an  internal 
— and  a  circumferential  border.  The  external  surface 
looks  obliquely  outward,  forward,  and  slightly  down- 
ward. It  is  so  folded  upon  itself  that  it  presents  a  num- 
ber of  elevations  and  depressions,  which  give  it  a  most 
irregular  and  characteristic  appearance.  The  outer  sur- 
face is  as  a  whole  concave,  while  the  inner  is  convex, 
and  the  depressions  and  elevations  of  one  surface  corre- 
spond in  a  general  way  to  the  elevations  and  depressions 
of  the  other. 

The  border  of  the  auricle — that  is,  the  upper  third  of 
the  anterior  portion,  all  of  the  superior  portion,  and  the 
upper  two-thirds  of  the  posterior  portion — is  rolled  in 
upon  itself  and  forms  the  most  prominent  elevation  or 
crest  on  the  external  surface  of  tne  organ.  It  is  called 
the  helix  (Fig.  432,  1,  2,  3).  It  begins  m  a  thin  root,  the 
cvus  hclicis  (Fig.  432,  1),  in  the  cavity  of  the  concha,  and 
passes  obliquely  upward  and  forward,  and  then  in  a 
semicircle  upward,  backward,  and  downward,  to  termi- 
nate iuafreeextremitv,  the proc^sMiis?idicisr/iudatus  (Fig. 
433,  2),  at  the  snlrus^hflicoU^ularia  (Fig.  432,  15).  The 
crii<fa  helicift  divides  the  concha  into  two  parts — the 
upjxT  and  smaller,  the  ci/mha  conrh/r  (Fig.  432, 19),  and 
the  lower  and  larger,  the  can't^s  concha  (Fig.  482.  20), 
which  is  continuous  with  the  external  auditory  canal. 
By  the  incurving  of  the  helix  a  groove  is  formed  beneath 
it — the  fof<M(i  of  the  ftelix.  This  groove  is  well  marked  in 
its  ascending  portion,  and  gradually  becomes  shallow  as 
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It  passes  backward,  and  downward.  A  small  spine,  the 
fpinn  helici*  (Fig.  438,  I),  is  given  off  from  tlieascending 
portion  of  tlie  tielix.  It  serves  lo  give  a  firm  attachment 
to  the  attralicns  auriculum  muscle.  This  spine,  as  well 
as  the  proefmui 
eavdatua  heliHii, 
is  only  to  1) 
when  the 
lage  Is  denuded 
of  its  coverings. 
At  the  junction 
of  the  horizontal 
portion  of  the 
Iiclix  with  the 
descending  ^r- 


Fia.<8t— AnHclaotkHwi.  (AflerSrbwmlbr.) 
DO,  Bus  of  Uie  auricle ;  ahe,  crluuite  at  tbe 
■mlcle :  e,  Duwlniui  point  or  tubMcle :  1. 

onv  b«lld>;  i.£.MoeDdliiaCuilerlur  upper)  ,,,,„ ,,. 

portkiQ  or  Um  beUi ;  S.  dMoendliK  [poswrlor)  ^   ,.  ,      , 

pofttonot  UNbetli;  liM^wTKiulDpor-  helicis,   in 

hoDof tbeaucUieUi;  S,cnHlnferluiant£ell-  converging 

e.lngi>:lO,tuberculumnipiamgIcum?ll.  crests  the  erwra 

nUeuaniMuilcirtorUiKlniivtrvt^llclu);  furrata.    or   the 

12.  iDGtoon  lowrtnolca;  IB,  tutwrculum  re-  entiinft 
nnkitiDtonof  His;  14,  lulcuaaurli  poMerlor        ■'  ■-  ' 

-■     ■  ■ulcmtiellcolobulKta; 


SiSESss;  «"'*'i!^  (FiK- 


i.  6).    : 


i  the 


taolobuluto. 


iw;  ih,  aulcuB  n 


border  of  the  latter  eminence  arises  a  crest,  the  pontieuhtt 
(Fig.  438, 10),  which  passes  obliquely  downwai^  and  for- 
ward to  the  inasura  termittalia  (Pig.  488,  12) ;  and  to  this 
crest  is  attached  the  retraliens  auriculum  muscle. 

In  a  like  manner  the  following  names  have  been  given 
to  tlie  depressions  on  the  inner  aspect  of  the  auricle:  tho 
fottn.  anthelieit.  (Fig.  433.  5);  the  tulcia  anl/ielicU  trant- 
Tfrtui  (Fig.  488,  6);  the  tuhtis  cniri*  Mieit  (Fig.  488. 
9);  and  the  Jtgeura 
anliirago  •  helieiiia 
(Fig.  438,  13). 

To  aid  In  holding 
the  cartilaginous 
folds  in  place  and 
In  uniting  the  auri- 
cle to  Ihc  head,  two 
sets  of  ligamrnttaTe 
provided — the  in- 
trinsic and  the  ex- 
trinsic. 

Tlie  inlrinae  lig- 

number:  two  are 
on  the  Inner  sur- 
face of  the  auricle 
and  unite  the  em- 
inentiacunclite  with 
the  eminentia  tri- 
angularis, and  also 
with  the  eminentia 
fossa  aavicularis. 
Tho  other  two  are 
on  the  outer  sur- 
face. One  unites 
the  antitragus  with 
the  processus  cau- 
datus  helicis  and 
the  antlhelii,  and 
so  Alls  in  the  sulcus 


„ FTamewoit  of  tba 

Aurlcls  (Inner  Surface).  (Aller 
KUHHbe.)  Iw,  Ijpper  borderol  tlie  ear- 
tUaglDouB  turrow  tor  (lie  tdood-reswlg; 
cd,  ulerlor  media)  border:  lie,  poMerIn 
medial  bolder ;  x,  proceeaus  trlansnlarU; 
h.  angle  ol  Ihe  uilerlor  mugln  ol  tbe 


bellcls  cauduus ;  S,  IMeiai  blputlle  Bu- 
torlolan  Indaurm;  4,  medial  untoilnlaa 
.      ,  lodnini;  S,  loMa  anthelld*:  S.  raldu 

auns   pOBlertor.       antbeliiilstraiuvefnn;  7. eminentia loane 

The  fourth  extends      " '■     -         ■      --  .        - 

from  the  tragus  to 

the  heli.t,  and  gives 

oil  a  fasciculus 

which  is  inserted  in  tiie  external  auditory  canal.     It  in 

great  measure  Alls  up  the  iucjsura  intertraglca. 

Tho  extTitmU  Ugamenta  are :  the  anterior,  divided  Into  a 
superiorand  an  inferior  fasciculus,  which  extend  from  the 
root  of  the  zygoma  to  the  tragus  and  to  the  spina  helicis; 
the  posterior,  which  extends  from  the  mastoid  process  to 
the  posterior  surface  of  tho  concha ;  and.  finally,  n  fasci- 
culus which  extends  Into  the  external  auditory  canal. 


'  niiihflicit  (Fig. 
432,7).  It  passes 
downward  and 
backward  in  front  of  the  descending  poriion  of  the  helix. 
The  depresMon  wbich  Is  formed  between  the  two  crests  is 
known  as  the  /ona  ruirieularig  or  fi-saa  »caplu>idea  (Fig. 
482,  17).  The  depression  between  the  crura  furcata  IS 
called  the/oMa  inUreruralii  or  trinnffutarit  (Fig.  483,  18). 
The  antihelix  Is  separated,  by  the  sulcus  aiiris  posterior 
(incisur&anthelicis.  Fig.  482, 14),  from 
a  rounded  eminence^the  antitraguB 
(E\g.  432. 8),  —and  in  front  of  this  emi- 
nence, and  separated  from  It  by  that 
portion  of  the  cavity  of  the  concha 
irhich  Is  called  the  ineirura  inter- 
fragiea  (Fig.  432, 12),  is  a  lid-Kke  cov- 
ering to  the  auditory  canal — the  tra- 
ffti*  (Fig.  432.  S).  It  is  separated  from 
the  root  of  the  heiix  by  the  gulfvw 
auria  antrrior  or  infisura  trago/ieli- 
Haa  (Pig.  432,  11). 

The  most  dependent  part, of  the 
auricle,  which  is  devoid  of  cariilage 


.   « (lotmlut  auTieuiarit)  (Pig.  433,  4). 
On  the  inner  surface  the  elevations, 
u  they  correspond  to  the  depresdons 

on  the  outer  surface,  have  received  ?[o.4ai.— Muscles nl 

rimilar  names,  and  are  known  consc-  "  ' 

quently  as  the  emintnlia  foa^trn^   nos.431  Aso«5.-l,Tbe«io1ens.iirtculum   .  _ ....  

flutidta  vd  (nnnjTKtoni' (Fig.  433,  .);  aurii-uluiii  iir  inuirulus  surlcularta  anterior:  a.  3.  llip 

the  eminentia  fomia  narieviarit  (Fig,  surloulariB  pnwerior:  4.  Ibe  hellrla  major;  S,  Ihe  hellola  minor;  o,  tne  nsmcua.  wiit 

^lel^\\■Knl^^hl•^^linf^li/llv^nl•/llr^iFiL•  accwmory  fa*-LculUB :  T,  Uie Milltragrtais ;  B,  (he  (ransversus  auricular;  S,lbeobllquu 

'm''^_   .™„    5"""^<r/.  Jh  cul^;o,  spina  betlclt^ ^.^pcbu.  with  6' Its  posWrior  thkltenlog  or  ponUcule;  c. 


a  Burlnilarls  superior ;  2.  ibe  atlntiens 


488,6).    From  the  posterior  inferior 


.    (After  Tenat.> 
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It  passes  backward,  and  downvard.  A  smallapiae,  the 
fpin<i  AWfcM  (Fig.  433,  1),  is  given  oiT  from  theascending 
portion  of  the  helix.  It  Berves  to  give  a  firm  attachment 
to  the  attraheDB  auriculum  mugcle.  This  apiiie.  as  well 
as  the  proeeaifit 
eaiidatut  helicit, 
isonly  tobeseeD 
wtaen  the  carti- 
lage fs  denuded 
ntitB  coverings. 
At  the  juDcMoD 
of  the  horizontal 
portion  of  the 
lielix  with  the 
descending  por- 
tion we  have  a 
tul)ercle  known 
as  the  Daritini- 
(in  Point  or  Tti- 
bfirls  (Fig.  483, 
f).  which   poss- 

phologlcal  Im- 
portance, OS  will 
be  shown  below. 
It  corresponds  to 
theeartipofani- 

A  second  em- 
inence 


the  a 


'ihelii 


na.4K-AnTldeotftirui.    CABerBrhwallw.l  (Jig- f33.  B).  be- 

06,  Bug  of  tbe  aurlclei  oht,  trIiuiRle  ot  tbe  S^"^  >n  the  up- 

■nrlde:  e.  Darwlnlin  point  or  tubercle;  I,  per  anterior  por- 

enisbMld«:2,&»C«DdlngfUilatur  upper)  tion  nf  the  frHiu 

pntkiQ  o!  tbe  belU !  8.  dciwDdlnf  (poWohor)  J'*',"  J"  '?**  '?*** 

pottloDot  ibebelUi  4,  lobule;  EL  main  dot-  nellcls,    In    two 

nod  oftlieullliellx;  S.cnalii]teriin*iilfieU-  converging 

di;  I.cruiiuperluiuilbellcli;  S.uiUlruui:  ntvorn   tho ^n/rn 

■.IngaiiatabeRnJumNipnlnwIcumTll.  crests   tne  m/m 

■nleiMuirtiuiterlarflDemratngOihelldiial:  furtala.    or   the 

U,  iDdnin  hileitnsica;  18,  Uiberculum  re-  CTVt  i  nfe  riu» 

taolobolare  ot  Hb;  11,  wlcusaurls  poaUMor  „„tJiflinit     (F\ir 

(liiclHii«»ntJieUcU):lS.BUIeu>l)elloolc*uI«rt»;  .ii  „I        A  .^' 

li-t-lB,  nilciu  oUlquiu  or   Uli;  16,  nilciu  *oi.  «),    and  the 

pboUee;U,  to««' trlBwrulBrts :    IK,  lymba   n„Oielieit    fPi? 

tcololiululB.  *^.  I )■  ItpasseB 

downward  and 
backward  in  front  of  the  descending  portion  of  the  helix. 
The  depression  which  Is  formed  between  the  two  crests  is 
known  as  the  fo»»a  natieutaris  or  fmaut  tcaphoidea  (Fie. 
4SZ,  17).  The  depression  between  the  crura  furcata  is 
called  ihefoma  intereT-uralig  or  trianguUtrit  (Fig,  482, 18), 


The  antibeliz  Is  separated,  by  the  sulcus 
(Inclsuraanthelicis.  Fig.  4S!,  14),  from 
a  rounded  eminence — tbe  antitragut 
CS\g.  483,  8],— and  Id  front  of  thlsemi- 
nenc«,  and  separated  from  It  by  that 
portion  of  the  cavity  of  the  concha 
which  is  called  the  ineimira  iaUr- 
tragica  (Fig.  482. 13),  is  a  lid-like 


the  root  of  tlie  belix  by  the  tiileut 
aarit  anierinr  or  indtura  tragobeU- 
A'na  (Fig.  482,  II). 

The  most  dependent   part  _of  the 
-  :.v  jg  devoid  of  cartilage 


s  posterior 


border  of  the  latter  eminence  arises  a  crest,  the  pantieubit 
(Fig.  438,  10),  which  passes  obliquely  downwani  and  for- 
ward to  the  inciaura  lermiualis  (Pig.  438,  12) ;  and  to  this 
crest  is  attached  the  rettahens  auriculum  muscle. 

In  a  like  manner  the  following  names  have  been  given 
to  the  depressions  oa  the  inner  aspect  of  the  auricle;  the 
fo*»n  anthelieU,  (Fig.  433,  6);  the  »ii{n,»  aiiiMieit  Irant- 


(Fig.  488,  6);  the 
Q);  and  the  j!MMrv( 
anlili'Offa  ■  heticina 
(Fig.  438,  13). 

To  aid  in  holding 
the  cartilaginous 
folds  in  place  and 
in  uniting  tlie  auri- 
cle to  the  bead,  two 
seta  of  ligamenttoK 
provided — the  in- 
trinsic and  tbe  ex- 
trinsic. 

Tbe  intnnnc  lig- 
amenlt  are  four  in 
numljcr:  two  are 
on  the  inner  sur- 
face of  the  auricle 
and  unit*  the  em- 
inentiaconchtevilh 
the  emineutia  tri- 
angularis, and  also 
witb  tbe  eminenila 
fossa  nsvicularis. 
The  other  two  are 
on  the  outer  sur- 
face. One  unites 
the  antitragus  witb 
the  processus  cau- 
datus  helicis  and 
tbe  antibelix.  and 
so  Alls  in  the  sulcus 
auris  posterior. 
The  fourth  extends 
from  the  tragus  to 
the  helix,  and  gives 


helicit  (Fig.  488. 


Fia.  laa.— CaitiUglnoiu  Frunewnik  of  the 
Humui  Auricle  (Inner  Burface).  (Alter 
Bchwslbe.)    6c.  Upper  borderot  the  car- 

tlUgtaouB  tuiTow  lor  the  bl ■ 

tA,  tnterlor  medial  border ;  i 

medial  bonier;  x,  inwesusl „ , 

h,  ui|[le  ol  the  anlector  maivin  ot  lli» 


off  a 


clculu 


antbellds  tnntvenui ;  7.  eoilnenUa  toow 
Irluigalaila;  S,  emlnentla  coDcbn;  t, 
■ulcua  cniils  bellcia;  10;  ponliculiu:  II, 
emlDentia  fOM»  narlculaiia ;  12,  Inclsuia 

teitalnallB ;  IS,  Oanir*  aDtllraco-bellctnn. 

It  In 


temal  auditory  ca 
leisure  interl.ragica. 
The  eitrinne  ligamtnts  are:  tlio  anterior,  divided  Intoa 
Huperjorand  an  inferior  fasciculus,  which  extend  from  the 
root  of  the  zygoma  to  the  tragus  and  to  the  spina  helicia; 
the  posterior,  which  extends  from  the  mastoid  process  to 
the  posterior  surface  of  the  concha;  and,  flnally.  a  fasci- 
culus which  extends  into  the  external  auditory  canal. 


auricle,  which  v 


iebe  (Mndm  auneularit)  (Fig.  433,  4). 

On  the  inner  surftice  the  elevations. 

as  they  correspond  to  the  deprcssionn 

on  the  outer  surface,  have  rec-eived  iio.tSi.-HuKieaniibe  Auricle  as  Seen  on  ibe 

similar  names,  and  are  known  conse-  Eiiemal  Buifaoe. 

gently  sa  the  emin^ntia  f,^^-  n<js.  «4  AN-B«S.-I.TheMtolens«urteulum  or 

fAoidea  tel  tnanffnlarti  (Fig.  433,  7);  aurh-ulutn  or  iiiuvuIub  aurlcularls  anteriorL 

the  tmintJitia  fm»a  tuicicrilarii  (Fig.  aurtculariB  pnelerior;  l.lhe  SellclijnaKir  j^  S,  Ibe  SeVlfia 

488,11); and tbe(7nin^n/i'(nHtcA^'(Fig.  ""    '""'" "      ""      ""   "' 

488,6).    From  tbe  posterior  inferior 


Fio.  4%,— MUBcl«s  ot  Ilie  Auricle  ai  Been  on 
Ibe  Inlenul  Surface. 

iu*culu9Bur1(MilBr<» superior:  !. ibe attrabens 
a.  3.  Ihe  ivlrahena  aurlculuni.  ur  mun-ulus 
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Tbc  niuirim  of  tlic  auricUt  aru  also  dlvjdwl  Into  tlu.'  In- 
trinidr  and  tlu;  cxtrinidc  Kruun,  Ttiu  tlist  group  con- 
sists uf:  I.,  tlie  helin'r  imOor  (Fig.  434.  4).  wlijcli  cML-Dds 
fmm  Ibe  npine  IirliHs  lo  the  ascending  iH>rtic)n  of  tlic 
helix  uitd  tlic  iotcgunictit  i'i)vi-iiuir  it;  11.,  llic  /irlirit 
iniiior  {Vifi.  4S4,  0).  which  cxicnih  from  tlio  root  of  the 
hi'lix  to  the  aaci-ndInK  portion  of  the  licliT:  III.,  the 
tragirim,  a  qiiadrihitcnil  liuiidli-  of  tibrts  HltHi:lii'[l  lu  tho 
oxtcninl  Hiirfure  of  the  tnijtus  by  two  wta  of  fllirt-s — 
one  of  thi'm  running  laterally  ai)d  nnoilier  vertically, 
while  »  Kiiiall  bundle  of  the  latter  cxtcndii  to  tlie  sjiii'ia 
lieliiimFlK.  434.«.6);  IV.,  tlic.i«/iV/vi«/rM«,  which iwsses 
fmin  tlic  iiiititnigiiH  iipwurd  un<l  liackn-ard  to  tliL-anti- 
lii'ljx  mid  the  helix  near  the  Rpina  caiidatus  lu'liclH  (Fig. 
431,  7):  v.,  tlifi  tniiitrfmiH aiiriftUr,  which *;xli-nds  nu 
tltc  i[iii<T  Hiirface  of  the  aitricic  from  the  lower  portion 
of  lliG  cniincntitt  iiavicnlaris  to  the  ciuinentia  ninchtc 
(Fig.  43-'i,  \*);  VI..  tliu  oMii/aa*  aurifiilir,  tvhich  conHJst* 
of  (wo  or  tlin-e  fas('i<:iiliaud  extends  from  tliccininenlia 
foHSH!  trianjrtiluris  ti>  tliv  cniiiK-ntia  coik-Iiic  (Fig.  438,  ])). 

In  niau  tlienc  niuseles  arc  merely  nidinieuUtry.  while 
in  aiiimuls  they  serve,  flrst,  to  niotlify  the  general  fonn 
of  the  auricle  s<>  ns  ti>  allow,  nt  plciisure.  the  manner 
and  the  uinonnt  of  force  with  which  the  sound  waves  nro 
n.flectMl  towani  (he  aiiOilnry  canul:  second,  to  nxxlify 
the  diinnnHinns  of  tlic i-iit ranee  lo  llie  auditory  canal,  so 
ns  ti>  infliiiiice  thu  amount  of  sound  which  is  Xm  iH-netmtc 
tn  the  nieinbrana  tymjinni.  Tlietnuseles  of  the  tnijiiis 
hikI  the  antitmiiiis  are  Ihe  constnctorM,  and  the  mnsi'tes 
of  llic  helix  aru  thu  diliitiirs,  of  the  external  auditory 

Tlie  Keei'iid  or  exIrinKic  group  of  inuselesof  the  auricle 

arc:  I.,  lini  iitMlt'im iit'i-iriil II III ,  or  iii'iiiriifi)iiiiiirirHlariii»ii- 

fiiTAir,  which  ariiiesfnint  the  epi<'Tanitilaponeum)^s.|MS«es 
ildWHwant  aiHl  with  flltn-s  conreru;ilig.  and  is  inserted 
Into  Uw  eniiiienlia  triangularis  (Figs.  -134.  4a'i,  1);  II., 
the  at(rnhfu*iiiirir>iliim.  or  wunriiliiii  tiurifiiluriii  aiilfrii'i; 
which  also  arises  from  the  cnuiial  ai>oncHrosis  above  tho 
zvgoina.  nnssps  luckward,  and  is  inserted  into  the  ~  ~ ' 
helicis  ;Fig».  484.  43.1.  i);  HI.,  the  n-lnihei. 
or  mtrwufiu  imrii-irliin'a  jumtrrinr — a  muscle  which  is  com- 
posed of  two  or  three  fasrietill  tliut  arise  from  the  nus- 
loiil  prticesN.  itass  forward,  and  are  then  InsiTted  into  tlin 
t>ontiCUlus(Figs.  4:U,  43.).  .1).  These  muscles  are  also  for 
the  most  jmrt  ruiliuieutary  In  man,  but,  when  they  are 
capable  of  vohiiilnrv  action  tin-  lirst  draws  the  aiirielc 
upward  th    second  f  rwaril  a  d    p   unl  and  th   third 


the  spina 


liHckward.  In  animals  these  mnseles  serve  tlii'  impiinsiit 
functioQ  of  directing  the  auricles  lowar<l  the  «»unx- of 
the  souud. 

The  tkin  which  covers  the  auricle,  except  fur  its 
greater  delicacy  is  of  the  snine  gcni'nd  conslnictioii  as 
that  of  the  surrounding  region,  with  which  it  is  ccKitinu- 
ous.    Owing  to  a  gri'iitcr  development  of  Its  subculanc- 

688 


OUS  connective  tissue  on  the  externa)  surface  of  iba 
auricle,  it  is  more  llnnly  attached  to  it  than  ou  the  iunct 
surface.  Except  in  the  lobe  of  the  ear  it  is  destitute  of 
fat;  on theotherliand.it is wcllsupplicd with lympbatio, 
especiully  so  on  its  inner  siirfare.  Tlie  nrhnfMnin  glandi 
scattered  over  the  surfaces  of  the  auricle  arc  found  more 

cha  iind  in  the  fossa 
triangularis.  SiiiUirif- 
eeniit  ghiitdt  are  also 
to  be  found  on  the  sur- 
faces of  the  auricle. 

Tho  nrleriit  which 
supply  the  auricle  are 
deriviil  from  the  sii- 
IM'rlicliil  IeniiK>nil  (Fig. 
436,  1),  anil  the  pos- 
t<-ric>r  auricular  (Fig. 
436,  8),  both  of  them 
bran ( 'lies    of    the    ex- 


Kll     < 

the   tlrs 


li<l. 


437.— DiMrnun  ca  the  Rnnun  Ami- 
IM  nwt  litiiwDiknt. 
~-   -  iJ  Um 


(A tier  Schwallw.l 


itf  Uh*  aorlulej  tt.  niaxinium  lenRtb: 
Oil.  msxlniuni  bmilui:  affi.  tTlonsto 


derivfd 
I  he  »"iierii'r  mitt  nor, 
the  viidille  aatcrior, 
and  the  iufirior  aiiieri- 
or  aiiHfiiUir  branches, 
which  sujiply  tho  an- 
terior portion  of  thu 
external  surface  or  thu 
auricle  (Fig.  48(1,  -i). 
From  the  second  are 
derived  the  ;i"«/fn'- 
»r  iiiirif'il'ir  branches. 

ber,  which  supply  the 

posterior  two  thirds  of 

the  auricle,  both  on  its 

inner  and  on  its  outer 

HUTCaiX.         ""«■      ar-       dIvldliH  IId«  belwe™  Ihe  mrtnn  ul 

tiries  aro  divided  Into      tur  •iSruiar  eoUnpncw  fniH/b) ud 

two  si'ts  of   hramhes,       UnHotUia  tree  (old  Cai*r(). 

one  set  of  which  joiss 

sn|ierlicii(ily  on  the  inixT  surface  of  tbc  auricle  lo  Its 

iHinler  aud  thence  over  it  to  the  outer  surface,  while  tbe 

other  si't  iH'netraie  thmugb  from  the  inner  surface  to  liie 

outer  awl  furnish  the  hliksl  supply  for  the  structures  of 

the  coiK-ha.  the  antihellx.  and  the  lobule  (Fig.  433,  4,  S). 

Free  aiDislomoKis  takes  place  between  all  of  tbese  variotu 

The  surfaceof  the  auricle  Isalmost  everywhere  covered 
with  tiucsoft  lanugo  hairs,  but  inlheregiouof  the  meatus 
and  of  the  tragus  un<l  anlitmgus.  there  are  apt  to  be— 
(■spin-ially  later  in  life — some  verj'  stiff  and  wiry  liairs. 

Tlie  «irr,«arcor  two  kinils.  the  si'nsoryand  the  motor: 
th<-  hitler  U'ing  di'dviil  fnun  the  facial  and  the  former 
fnmi  the  niiricular temporal  branch  of  the  hiferior  maxil- 
lury,  and  also  from  the  temporo -auricular  bcancli  u[  tbe 
superll<*ial  wrvical  pli-xus. 

Tlie  yUl'E  ArillCLKistobefoundonlyintbemam- 
muliii.  The  inovidilc  fold  of  skin  which  covers  t'le  ojien- 
iiig  to  the  auditory  canal  of  such  animals  as  the  crocodile 
is  liv  uu  MKiiiis  homologous  with  the  auricli'  of  the  nuuu- 
mdia;  a  gmitcr  likeness  i-s  lo  be  seen  in  the  movable  flap 
of  skin  10  be  found  in  sucliliinlsustheowl.  Outlicotli^ 
haml,  thi'  iiuriele  of  iium  is  but  poorly  developet]  when 
eoiii|>unil  with  tluit  of  most  aniiuaia.  e.g.,  tbe  kangamo, 
llie  ndibit,  the  liare,  the  cumivora.  in  all  of  which  tbe 
aurielc  is  very  highly'  <levelo]Hil.  while  in  the  long-earcil 
but  of  Briiaii)  IIh-  surfac<-s  of  Isilh  auricles  are  togellMr 
eiiual  to  till-  eiilin:  surface  of  the  rest  of  thu  body  exclu- 
sive of  the  wings. 

To  iiuike  a  coinpariwin  between  the  auricles  of  man 
and  tiuwi'  of  animals  it  Is  necessary  to  have  certain  fixtd 
points  asamtitiis  for  such  comparison.  Fortius  piirpoic 
we  lake  the  true  lip  of  the  auricle  (Fig.  487.  f)  for  one 
liciint,  andlheextn'mitiesof  tbehaseof  Uie auricle,  which 
ciirrespoiids  to  the  front  line  of  its  ineertion.  for  two 
other  points  (Fig.  437,  a,  b).       The  triangle  formed  by 
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for  comparison  betweeo  the  auncles  of  all  the  mammalia. 
A  straight  line  drawn  from  the  true  tip  of  the  auricle 
(Fig.  437,  c)  to  the  inciaura  auria  anterior  (Fig.  437,  d) 


DuUIn?):  lie,  iJr',  lie'  represeot  Uie  relaUve  lengUis  ol  Uie  Uiree  aurlvles. 

BtrikcB  thcbasalliDeof  theauHclecloseabove  the  tragus; 
the  distance  between  these  two  points  being  the  true 
leogth  of  the  auricle,  while  the  dislance  between  the  two 
extremities  of  the  basal  line  of  the  auricle  is  its  true 
breadth.  Tliat  this  is  the  correct  inde\  for  measure- 
meut  is  seen  at  once  when  the  auricle  of  man  is  compared 
with  that  of  the  baboon  and  of  the  ox,  by  Buperiinjios- 
ing  the  outline  drawings  of  the  reduced  auricles  of  these 


narleulaili ;  if,  a 
enilDnnpe  wbloh  u> 


point  Oie  fsrtlloBC  ■ 

Uie  antltragus.  the  diiiwuIi 
uitllnglcua  and  tbe  vau<la 
bellds,   ixa   be  nee-      ' 

Taberelc  ot  Darwin's 

ular  Up :  2.  <tu9  anllirllrig 


auricle.    The  first  linedivides  the  auricle  into  aa  upper  or 
apical  region,  and  a  lower  or  basal  region.    Tbe  lntter(Fig. 
437,  a,  i.  It,  f,  b)  is  designated  by  Schwalbe  as  the  region 
of  eminences  or  the  conservative  portion,  and  the  former 
(Fig.  437.  a.  i,  k.  c.  e)  as  the  free  auricular  fold,  or  the  vari- 
able portion.    In  tbe  ape  and  especially  in  man 
tbe  conservative  portion  is  well  marked,  while 
in  the  ntaiority  of  all  otber  mammalia  it  is  drawn 
into  the  funnel-shaped  entrance  of  the  external 
auditory  canal. 

It  is  m  theapical  portion  of  the  auricle  of  man 
that  tbe  greatest  change  occurs.     First,  there  is 
the  marked  invotiitiou  ot  the  free  border  of  the 
car  in  the  formation  of  the  helix.     Jn  animals 
only  the  beginning  of  the  helix  is  involuted  and 
the  auricular  tip  occupies  its  highest  point.    In 
the   higher  order  of  apes  the  incurrmg  of  the 
lielix  is  completed  as  far  as  the  tip  of  tiic  auricle, 
and  in  thegcnuscercopithicustheauriculartipis 
moved  down  on  the  posterior  auricular  boiler 
(Fig.  489,  a),  while  in  the  chimpanzee  (Fig.  440) 
wefindabeginninginvolution  of  this  border.   Sec- 
ond, the  development  of  the  cms  su|)eriu3  anthc- 
licisiaconnecteawith  the  progressive  diminution 
of  the  human  auricle,  (or  if  the  human  auricle 
is  compared  with  that  of  the  lemur,  we  find,  in 
(a  Bpedm  ol  Ape)    the  latter,  that  of  tlie  entire  autihclix  system, 
ll^l)-^"  ihuft    ™'y  '^^  <="'»  anthelicia  inferius  (Fig.  441,  b)  and 
'  ■  'ran  In  doUed    the  Very  lowest  iwrt  of  the  antihclix  (Fig.  441,  e) 
■-•-•—  are  developed.     This  last  part  is  an  extension  of 

tlie  autitragus,  and  these  two  crests  are  entirely 
disconnected.  A  third  important  point  for  comparison 
is  the  auricular  lobe,  which  exists  in  man  aa  a  loose  fleshy 
convex  portion,  pendant  and  free  from  cartilage.  In  a 
few  apes  the  under  border  of  the  auricle  is  convex,  but 
contains  for  tbe  most  part  the  broad  cartilaginous  con- 
tinuation of  the  helix ;  only  a  small  space  beneath  the 
iucisura  intratragica  being  free  from  cartilage.  This  is 
the  first  indication  of  the  lobe,  which  exists  only  in  man 
and  the  anthropoid  apes. 

Viirtationt  from  the  normal,  aa  regards  the  dimensions, 
the  form,  or  the  inclination  of  the  auricle,  are  eonietimes 
observed. 

Variations  as  to  the  dimensions  of  the  auricle  are  to  be 
considered  from  the  individual  standpoint  aawell  as  from  - 
a  racial  standpoint,  and  it  is  necessary  to  distinguish  be- 
tween the  harmonious  proportion  wliicli  the  width  of 
tliu  auricle  bears  to  its  length — i.e.,  between  longearsand 
broad  ears — as  well  as  between  large  cars  and  small  cars. 
The  pmportion  which  the  height  of  the  auricle  bears  to 
Its  width  is  tbe  physiog- 
nomical auricular  index, 
while  the  proporiion  be- 
tween the  true  length  of 
the  auricle  and  the  true 
width  of  tbe  auricle  is  tbe 
morphological  auricular 
index.  The  first  may  be 
'X pressed  mathematically 


iloh  sprlDgs.  on  one  aide, 

lllaeloous  isuda  tiellds       helicJa:    5,  muKUlus  snll- 

aod  extends  ID  tbe  anUlragua.  tngion.  (BHtucedJaelze.) 

over  tliat  of  the  human  auricle,  in  such  a  manner  that  the 
basal  line  or  true  breadth  of  the  auricle  of  all  three  nill 
be  of  the  same  size  (Fig.  438).  The  distance  between  the 
two  points  (e'-it)  is  the  true  length  ot  the  auricle  ot  tbe 
ox  and  ia  extraordinarily  greater  than  that  of  the  ba- 
boon {e'-d),  wliich  is  itself  much  larger  than  that  ot  the 
human  auricle  (c-d).  However,  this  noticeable  reduc- 
tion in  lengtli  ia  not  true  of  some  other  measurements. 
This  can  be  demonstrated  If  the  straight  line  (Fig.  4S7,  o- 
i-i)  be  drawn  from  the  upper  insertion  point  ot  the 
auricle  to  the  sulcus  auris  poalcrior.  at  about  a  right 
angle  to  the  line  which  represents  the  tiue  length  ot  tbe 


by  the  formula  ^^^^ 


bclBbt 
and  the  second  by  Oic  for- 
mula ^l^^-  The  first 
is  a  true  index  for  com- 
parison between  the  auri- 
cles of  different  Individu- 
als and  races,  but  ia  of  no 
use,  as  was  shown  above, 
when  the  auricle  of  man 
is  compared  with  that  ot 
animals.  It  ia  then  neces- 
sary to  employ  the  second 
formula. 

Amongraces  theMongolianshave  theamalleat  auricles. 
those  of  Europeans  are  larger,  and  the  negroes  have  the 
largest  auricles.  As  we  descend  to  tiie  anthropoid  apes, 
the  gorilla,  the  chimpanzee,  and  theoraugoutaJig,ancl  SO 


criata   aoUwIldi 


Aurora  Bprfno- 
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o  the  lower  typefl  of  mammalia,  wc  And  the  auricles 
Aixue  lo  grov  in  size,  that  is.  according  to  tile  pbrKJot;- 
Dumiral  iDdi.-x ;  but  vihen  we  measun.-  tlitse  Haiiic  aurkk'S 
acconlJDglothe  morphological  index,  (lie  reverse'  is  found 
to  he  true.  i.e..  that  man  has  tile  widtBt  aurick-s  in  re- 
telinn  to  their  U'n;;lli. 

Vanation*  in  Ike  Form  of  ike  //W(>.— Thew  are  the  fol- 
lowing :  ilu>  fulhire  of  its  posterior  or  even  of  its  suju-rior 


no,  us.    -,- 

Loolilne  Forwani 
wBrd,  upnn  "   '" 


;  a,  lobultt. 


border  lo  iK-come  inverted ;  the  joining  of  the  root  of  the 
helix  uiih  the  antiliclix ;  tUu  division  of  the  root  of  the 
helix  into  two  or  more  branches. 

Varialimtt  in  the  Antihelii.  —  Complete  absence  or 
grtatly  dimini»lii'(l  size:  an  absence  of  ils  superior  cms, 
or  a  doubling  back  of  this  crus  aud  the  consequent  for- 
nuLllon  of  an  extra  fossa. 

Vari'ilion*  in  the  Tragutand  Antitragut. — Attenuation 
or  absunre ;  division  of  antittagus  Into  two  tubercles. 

Viiniifi'iii*  in  the  Lobe. — Very  small  size;  adherence 
of  its  cdKC  lo  the  Intcffumcnt  of  tile  face;  exaggerated 
vertiettl  Jevelopnient;  division  Into  two  parts,  viz.,  an 
anterior  and  ft  posterior  si'gmcnt. 

T'lbrirU  "f  V'iririn. — Of  the  many  morjihological 
BDomaliex.  one  of  the  most  iittercstiiig  Is  a  projection. 
more  or  I i-m  marked,  which  appears  on  the  freeeilgeof 
tiie  helix  nt  the  Junction  of  Us  superior  with  its  posterior 
border.  It  is  someliniefl  found  in  the  form  of  a  simple 
tulKTcIc  or  of  a  triangular  plaie.  In  tiic  great  majority 
of  dLses  in  which  llie  helix  is  normally  involiitiil.  the 
Darwinian  tip  points  downward  aiulliACKward  (Fig.  442): 
but  when  the  iWMterior  l»)nU-r  of  the  helix  is  not  inv<>lute<l 
In  c<mNei|uenee  of  arrested  development  it  points  u|)wanl 
and  iMekward  (Fig.  443).  and  the  auriele  tenninatcs  in 
a  point  OS  in  Ihose  of  anirnnls.  This  last  position  in- 
dicules  exa<;tly  its  anatoniieal  eigniliciince.  but  however 
it  be  pliKi-d  on  a  helix  tlial  is  involuted  or  uiKin  one  that 
Is  not.  It  is  always  honiolngoiis  wilh  llie  ear  lip  of  ani- 
mals. It  is  always  to  be  found  in  tin;  human  embryo 
iK'fore  the  sixth  month,  at  wliieli  lime  the  lu-lix  iH'glns  to 
roll  in. 

y.,n.,rio„»  in  the  Ii,rli„<itioii  of  the.  vWrrtV',-.— These 
may  Ih',  \m  notul  above,  an  abnormal  Kliiiitini;  iiurirl''  or 
an  aiirieie  in  which  the  ceplMdo-uiirieiihir  tiiii:le  in  ovi  r 
50  ilegriiti.  All  lliesc  varialions  fr-nn  the  nurmiil  are 
of  interest  to  alienists  and  crimiiio 

llydevvL,,     

/'Aj^mVA^>,ii^V»rfi»ft<^M<,-lr/dV'i',— Parwin,  Knpper. 
and  others  look  upon  the  auricle  as  an  apiH'ndajri'  wliieh 
has  liei'ouie  useli-sH  in  man.  On  the  other  hand,  there 
are  thosi-  who.  like  lirutwr,  iK'lieve  that  tlie  aiirlrti'  acts 
as  a  rellector  and  a  eoTiductor  of  sound  waves  toward  Ihe 
auditory  eiinnl.  Wriier  Iwlieve*  it  to  1h'  of  servin>  in 
locating  tile  source  of  sound.     Burnett  considers  lliat  the 
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auricle  Is  a  resonator:  the  region  of  the  helix  and  its 
fossa  resound  to  the  dec|X'r  partial  tones,  the  antihelix 
and  its  fossa  to  (lie  interme<liatc  partial  tones,  and  the 
conclia  to  .the  higher  partial  tones,  and  th<'se  tones  are  so 
blendeil  by  Ihe  auricle  as  lo  be  received  by  the  auditory 

Robert  Leiti*,  Jr. 

The  Information  furalnheJ  In  Ihe  prwMit  article  bu  been  drawn 
lanrely  (mm  Ibc  ("lUiwInji  n.urc™;-  

L.Tesliit :  TTHlN'irAiuIonili-Hiiinsliie,    Parlit.  Isar.   Ttilrd  edition. 

Karl  (na  Itardi^lehen :  Haadburb  der  AnBlomledwUeiiaclien.  Jena. 
ISn.    Dm  Aeu»ere  Ohr.  von  (i.  BcJiwalhe. 

AURORA  SPRINGS.— 31iller  County,  Missouri. 

Poht-Ofkh'k.— Aurora  Springs. 

AccKBs. — Vifi  Jefferson  City,  Lebanon  and  Southwest- 
em  Railroad— a  bratieli  of  Ihe  Missouri  Pueitic  system — 
3.5  miles  southeast  from  Jefferson  Cily.     Hotels. 

This  resort  Is  located  on  a  spur  of  the  U/.ark  Moun- 
tains, at  an  elevation  of  about  1,001)  feet  alrave  the  sea 
level.  The  climatic  conditions  here  arc  of  a  most  salu- 
brious and  attractive  cliaracter  ood  the  sc«'Uic  iH'auties 
lire  unrtur[iaHsed.  It  was  a  visit  to  this  locality  wliich  led 
Bayuni  Taylor  to  remark:  ~  I  have  travelled  all  orertbe 
world  lo  find  In  the  heart  of  Missouri  the  most  magnificent 
scenery  the  human  eye  ever  beheld,"  The  country  may 
be  described  as  a  suci^sion  of  narrow  ravines,  end  well- 
wooded,  high,  dividing  ridges,  running  in  a  general 
east  and  west  direction,  with  picturesque  streams  of  clear 
water  winding  through  and  cutting  the  ridges  at  right 
angles,  forming  narrow  gorges,  whieii  have,  coursing 
down  their  sides,  sparkling  nvulets  and  saury  brooks, 
fed  by  springs  situated  on  Ibe  hillsides.  The  springs 
are  located  under  a  magnesium  limestone  formation  at 
the  entrance  to  a  charming  park  and  near  the  headwaters 
of  Saline  Creek,  The  surrounding  country  slopes  gradu- 
ally to  tlie  soulhcast,  and  is  protected  from  the  winter 
winds  by  the  higher  ground  to  the  north,  while  the  cooler 
breezes  of  the  suirimer  come  from  the  south  and  n-est — 
dowQ  the  Osage  valley.  There  are  numerous  springs  Id 
the  neighborhood,  the  principal  ones  being  known  as  the 
-Round,"lhe  "Bluff,"'  the  "HealinB."  and  the  "Bath" 
spring.  A  sulphur  spring  is  located  at>out  seven  miles 
farther  down  Saline  Creek.  The  Round  spring  has  been 
analyzed  by  Prof.  Clifford  B.  Richardson,  analytiod 
clieniist,  Department  of  Agriculture.  Washington,  D.  C, 
with  the  following  result: 

O.M  UMTin  BTlTtS  U*UJ>N  COXTalNS: 

Bollda.  Gimlna. 

Calriam  aulphate S.4S 

MaKiwal rhlonile 0.85 

Kodlum  ebUimle  4.01 

Fetnnu  nrhiinalv 5.18 

Fi-rmiiHoilile a98 

LIthIa l.« 

Tolal 30.8T 

Thiswaterisahiiost  a  pure  clialybcaie.  It  hasasharp 
Icmiu  effect  on  the  physical  economy,  bracing  up  the 
digestion,  promoting  the  appetite,  and  inducing  health- 
ful sleep  and  rist.  Its  best  effects  liave  liein  observed  in 
(iise>i  of  dvNiiepsia,  rhetiniatlsm,  scrofulous  oomptalnts, 
and  ri'nal  ilisi'HMes.  and  in  the  debility  resulting  from  ner- 
vousuffcrlious  and  uterine  <-oni  plain  Is.  Visitors  will  And 
e.\e('llei)t  hotel  aceoiniiKKliitioiis  and  all  facitilies  for  bot, 
ei.ld,  and  slciim  ballis,  JaiM»  K.  Cro-*. 

AUSCULTATION.    See  Chait  DisctieK,  Phyriril  Diag. 

AUSTRALIA.— XocxhauslivcdeseriptionoftlieeHmate 
of  Tliis  greiit  continiiiliil  island,  extending  from  10'  to 40* 
viutii  iiilitude,  willlie  atlenipted  here,  even  if  the  data 
n-rre lit  hiiiid  for  so  iloiiic.  The  articles  upon  Mtlhtnmr. 
S,-:r  Siiiilh  II ■-(/<•»,  and  I'lV/fln"  In  Ihe  following  voliimea 
of  this  Hamiiiook  discuss  Ihe  eliinatie  conditions  of 
lliosi'  regions.  In  Ihe  pres<'nt  brief  notice  only  thoae 
portions  of  Australia  which  are  of  interest  to  health  seek* 
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ers,  aud  especially  to  those  suffering  from  pulmonary 
tuberculosis,  will  be  considered. 

In  the  first  place,  it  must  be  remembered  that  the  voy- 
age to  Australia  possesses  considerable  value  as  a  health 
measure ;  less  so  now,  it  is  true,  than  in  the  days  when 
one  had  to  depend  entirely  upon  sailing  vessels.  Further- 
more, since  the  high -altitude  treatment  of  consumption 
has  come  into  favor,  the  benefits  of  a  sea  voyage  for  this 
class  of  patients  liave  been  somewhat  lost  sight  of.  In 
those  earlier  days  the  voyage  to  Australia  or  to  New 
Zealand,  around  the  Cape  of  Good  Hope,  was  generally 
selected  on  account  of  its  length.  According  to  Weber 
("  Climate  and  Sea  Voyages  in  the  Treatment  of  Tuber- 
culosis," Boston  Medical  and  Svrgical  Journal,  June  8, 
1899),  the  following  characteristics  are  to  be  attributed 
to  sea  voyages:  (1)  Purity  of  air;  (2)  slight  range  of 
temperature ;  (3)  abundance  of  light ;  (4)  constant  move- 
ment of  the  air;  (5)  mental  rest. 

As  this  author,  however,  wisely  remarks:  "If  one  ex- 
amines the  conditions  of  an  ocean  voyage  more  exactly, 
he  finds  that  these  advantages  are  not  always  completely 
presented."  The  purity  of  the  air  is  wanting  in  the 
sleeping  cabins  and  saloons;  the  heat  of  the  tropics  is 
oppressive;  the  treatment  of  a  serious  illness  on  a  sea 
voyage  is  diflftcult;  and  there  are  the  storms  and  calms. 
**From  what  1  have  observed,"  concludes  Dr.  Weber,  "1 
would  give  it  as  my  opinion  that  sea  voyages  can  do 
good  service  in  a  certain  number  of  tuberculous  cases, 
but  that  in  most  such  cases  other  climatic  and  hygienic 
methods  of  treatment  exercise  at  least  just  as  good  an 
influence."  "If,  however,"  continues  Weber,  "persons 
of  strong  constitution,  who  like  sea  voyages,  uevclop 
phthisis  under  the  influence  of  overwork  or  mental 
worry,  long  sea  voyages  are  to  be  preferred  to  all  other 
methods  of  treatment."  This  statement,  as  it  appears  to 
the  writer,  can  scarcely  be  accepted  without  further 
qualiflcation.  (For  a  further  consideration  of  this  sub- 
ject the  reader  is  referred  to  "  Ocean  Voyages  in  Phthisis," 
by  Dr.  Parkes  Weber,  in  The  Prarti'fioner,  June,  1898 ; 
and  to  "Aero-Therapeutics"  by  C.  Theodore  Williams, 
1894.) 

The  climate  of  those  portions  of  Australia  which  one 
^  is  likely  to  visit  presents  the  following  general  charac- 
'  teristics:  In  summer  the  heat  is  apt  to  be  at  times  exces- 
sive, frequently  exceeding  100**  F.  at  Melbourne,  Sydney, 
and  Adelaide ;  but  the  air  is  so  dry  that  one  is  not  ren- 
dered particularly  uncomfortable  by  it,  nor  is  it  enervat- 
ing. The  hot  wmd  which,  "  arising  in  the  great  central 
Australian  desert,  sweeps  across  the  pastoral  plains,  rises 
over  the  range  of  mountains,  and  descends  with  fury 
upon  the  coast,"  may  raise  the  temperature  to  110**  F. 
Ttese  hot  winds  are  often  followed  by  cold  blasts  from 
the  Antarctic  Circle — blasts  which  lower  the  temperature 
thirty  or  forty  degrees  in  as  many  minutes.  That  such 
hot  winds  are  not  very  frequent  may  be  judged  from  the 
feet  that  Melbourne,  for  instance,  lias  only  fourteen  hot 
wind  days  annually.  There  is  the  usual  amount  of  dust, 
that  inseparable  accompaniment  of  a  hot  and  dry  climate. 
**  In  no  country  in  the  world,"  says  Lindsay,  "  is  the  sky 
so  seldom  overcast,  or  the  interruptions  to  the  pursuit  of 
business  or  pleasure  so  few."  The  winters  are  mild; 
**  snow  and  frost  are  rare  upon  the  lowlands  and  coast 
of  Australia,  and  in  many  places  are  quite  unknown." 
Lindsay  enumerates  three  climatic  regions:  (1)  the 
Littoral ;  (2)  the  Highland,  and  (3)  the  region  of  the  In- 
land Plains. 

The  Littoral,  where  the  principal  cities  are  located, 
consists  of  a  narrow  strip  of  country,  from  30  to  150 
miles  in  breadth,  which  lies  between  the  ocean  and  the 
mountains.  Owing  to  the  variability  of  the  climate,  the 
winds  above  mentioned,  the  heat,  and  the  dust,  this 
region — with  the  exception,  perhaps,  of  a  few  sheltered 
spots — is  not  to  be  recommended  to  invalids. 

The  Higfdand  region,  embracing  the  mountain  range  of 
the  Australian  Alps  and  the  Bhie  Mountains,  which  vary 
in  height  from  3,000  to  7,000  feet,  extends  from  Queens- 
land to  South  Australia.  Many  varieties  of  climate  are 
represented  in  this  region,  but  as  yet  there  are  but  two 

Vol.  L— 41 


or  three  resorts  where  proper  accommodations  can  be 
obtained.  These  are:  Mount  Macedon,  in  Victoria, 
where  is  an  excellent  sanitarium;  Bnemar  Woodend. 
situated  upon  a  plateau  at  an  elevation  of  2,500  feet,  and 
connected  with  Melbourne  by  rail,  44  miles  distant ;  and 
Catoomba  and  Mount  Victoria,  in  New  South  Wales. 
The  latter,  at  an  elevation  of  3,490  feet,  is  77  miles 
from  Sydney,  and  has  a  mean  annual  temperature  of 
53^  F. 

The  region  of  the  Inland  Plains,  whose  climate  is  cliar- 
acterized  by  heat,  dryness,  and  sunsliiue,  is  divided  into 
two  districts:  the  Riverina  iu  New  South  Wales,  and 
the  Darling  Downs.  The  Riverina  is  the  centre  of  the 
sheep-fanning  industry.  It  is  boundec  on  the  west  by 
the  Central  Desert,  on  the  south  by  the  Murray  River, 
on  the  north  by  Queensland,  and  on  the  east  by  the 
Darling  Downs,  the  second  district  of  this  region.  In 
the  Riverina  the  summer  heat  is  severe,  the  thermometer 
occasionally  rising  to  110**  F.,  but,  on  account  of  the  ex- 
treme dryness,  it  is  not  much  felt.  "  Hot  winds  and  dust 
storms  are  frequent,  but  days  of  still,  cloudless  sunshine 
fonn  the  rule  in  summer."  "In  winter  there  is  a  little 
morning  frost,  but  the  midday  is  always  warm.  Autumn 
and  spring  present  an  almost  ideal  perfection  of  climate." 
Accommodations  are  afforded  in  the  towns,  especially  at 
Deniliguin,  and  "almost  every  squatter's  house  has,  or 
has  had,  its  invalid  visitant,"  where  the  young  man  with 
incipient  phthisis  works  out  his  cure  by  adopting  a  pas- 
toral life.  There  is  railroad  connection  with  Sydney  and 
Melbourne  from  this  district. 

The  Darling  Downs  have  an  altitude  of  2,000  feet,  and 
are  somewhat  cooler  and  less  exposed  to  the  hot  winds; 
otherwise  the  climatic  characteristics  are  similar  to  those 
of  the  Riverina.  Accommodations  can  be  obtained  at 
the  towns  of  Toowomba  and  Warwick ;  the  former  is  102 
miles  west  of  Brisbane.  Droughts  are  not  infrequent  in 
these  inland  plains,  and  Ilann  mentions  the  report  of  a 
reliable  person  that  at  a  station  in  Darling  it  had  not 
rained  for  thirty  months.  At  times  much  suffering  is 
caused  by  the  drought. 

"Unquestionably  the  inland  climate  of  Australia  is 
highly  beneficial  for  early  phthisis, " says  Williams,  "and 
can  be  strongly  recommended  to  more  or  less  vigorous 
patients  with  pastoral  tastes,  who  are  prepared  to  spend 
years  in  the  recovery  of  their  health."  It  is  well  to  bear 
in  mind,  if  one  contemplates  a  trip  to  Australia,  that  our 
winter  is  their  summer,  and  it  is  strongly  recommended 
that  the  invalid  should  plan  to  arrive  there  in  the  winter 
or  early  spring  rather  than  in  summer. 

For  the  geological  formation,  vegetation,  and  scenery 
of  Australia  the  reader  is  referred  to  the  general  descrip- 
tion of  the  country  in  books  of  travel,  etc.  For  the  in- 
formation given  above  the  writer  is  chiefly  indebted  to 
Lindsav's  '•Climatic  Treatment  of  Consumption,"  Lon- 
don, lo87,  and  Williams*  **  Aero-Therapeutics,"  London, 
18»4.  EdicaM  0.  Otis. 

AUTO-INTOXICATION.— To  the  writin^sof  Bouchard 
and  his  pupils  is  due  much  of  the  wide  interest  w^hich 
during  the  past  decade  lias  been  aroused  in  the  subject  of 
auto-intoxication.  Bouchard's  views,  indeed,  have  not 
all  received  acceptance  from  later  investigators,  and  in 
many  phases  the  subject  is  still  only  an  attractive  and 
plausible  hypothesis;  but  with  each  year  new  facts  are 
evolved,  especially  from  the  domains  of  physiological 
and  pathological  chemistry,  which  in  one  place  or  an- 
other furnish  the  needed  link  to  the  gradually  forming 
chain  of  evidence. 

Albu  defines  auto  intoxication  as  a  poisoning  of  the 
organism  by  the  products  of  its  own  metabolism,  which 
products  may  be  either  normal  in  character  but  excessive 
in  amount,  or  abnormal  in  character.  Among  the  ab- 
normal products  are  to  be  distinguished  those  which 
under  normal  conditions  would  promptly  undergo  fur- 
ther change,  and  those  which  in  the  healthy  organism 
are  never  found  or  are  present  only  in  minute  quantities. 

The  human  body  is,  to  quote  Bouchard,  both  a  recepta- 
cle and  a  laboratory  of  poisons.     They  are  contained  in  the 
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food,  they  are  formed  in  large  quantity  during  the  proc- 
ess of  nonnal  digestion,  and  tiiey  exist  in  the  fluids  and 
tissues  of  the  body ;  and  yet  the  liealthy  individual  is  not 
poisoned. 

While  certain  organs  are  occupied  in  manufacturing 
poisons,  certain  others  are  busily  engaged  in  arresting 
these  poisons  and  excreting  them,  or  in  converting  them 
into  useful  or  hannless  ImkHcs.  Upon  these  **  organs  of 
defence,"  then,  rests  the  responsibility  of  so  disposing  of 
the  constantly  forming  poisons  of  the  IxmIv  that  the 
latter  is  protected  fn)m  their  deleterious  effects.  And 
this  these  defensive  organs  are  capable  of  doing  when 
all  the  bodily  functions  are  acting  normally  and  when 
no  excess  of  noxious  matter  is  intnKluced  fn>m  without. 
The  adjustment,  however,  is  so  delicate  that  a  functional 
derangement  of  any  one  of  the  organs  may  suffice  to 
permit  of  the  accunnilation  in  the  blood  of  enough  toxic 
material  to  give  rise  to  systemic  disturbances  of  an  acute 
or  chronic  nature — in  other  wonls,  to  auto-intoxication. 

These  organs  of  defence  are  of  two  kinds:  1.  Organs 
of  transformation  or  arrest,  i.e.,  liver,  gastrointestinal 
mucous  membrane,  spleen,  lympli  n(Kles,  adrenal  iKxlies, 
thyroid  gland,  etc.  These  organs  possess  the  power  of 
checking  different  poisonous  IxKlies  brought  to  them  by 
the  blocS  or  lymph,  and  of  converting  them  into  non- 
toxic and  as.similable  sulxstances,  or  of  filtering  out  and 
rejecting  them  entirely,  as  is  the  ca.se  with  the  liver  and 
it43  excretory  product  the  bile.  2.  Organs  of  elimination, 
such  as  kidneys,  lungs,  skin,  and  intestines,  whose  duty 
it  is  to  remove  from  the  circulating  fluids  such  toxic  sub- 
stances as  either  escape  the  organs  of  arrest  or  arc  formed 
later  in  the  other  tissues,  e.g.,  the  muscles. 

Such,  in  brief,  are  the  essential  points  of  the  present 
theory  of  auto-intoxication,  and  certainly  they  supply  at 
least  a  most  tempting  hypothesis  for  the  explanation  of 
a  vast  number  of  otherwise  inexplicable  conditions.  It 
remains  to  see  wliat  proofs  can  be  offered  in  support  of 
the  theor}'. 

It  is  at  once  evident  from  the  complex  and  unstable 
character  of  many  of  the  poisons  that  to  obtain  such 
direct  proof  as  the  isolation  of  the  toxic  matters  from 
the  blood  or  tissues,  and  the  induction  of  symptoms  of 
poisoning  by  their  injection  into  animals,  must  be  in  manv 
cases  a  task  beset  with  great  difficulties  or  even  impossi- 
ble of  accomplishment. 

It  ha])iM'ns,  therefore,  that  for  many  of  the  individual 
intoxicjitions  only  indirect  ]>ro()fsor  inferences  have  been 
sup])lird.  These  have  l>een  furnished  in  many  ways: 
bv  the  study  of  the  pliysiolo«iy  of  the  glandular  orgjtns: 
of  the  t(>xi(ity  of  the  excretions,  and  in  particular  of  the 
urine;  of  the  aiiatomieal  chanires  arnl  clinical  pictures  as 
compared  with  those  produeed  by  known  poisons;  of 
the  etioIoL'"y,  and  of  the  results  of  treatment. 

In  studyiiiir  the  eharaeter  of  tlie  dilTerent  poisons  of 
the  bodv  a  tlisiinetioii  shouhl  be  made  bet\v<'en  those  re- 
suiting  from  intniM-ellular  chan.ires  within  the  organism 
and  tiios<*  which  arise  from  tint  action  of  siiprophytic 
bacteria  inhabiting  the  stomach  and  intestines. 

Among  the  former  are  to  be  classed  the  leuoomaYns, 
"those  basic  substances  which  result  from  tissue  metab- 
olism" (Vauglmn). 

Since  the  hvdnx-vanic  acid  nidical  is  a  freciuent  con- 
stituent  of  leucomaYn.s.  it  is  not  surprising  that  s<mie  of 
these  are  known  to  be  intensely  poisonous. 

The  name  •'])tonmYn  "  was  given  by  Selnii  to  certain 
organic  compounds,  basic  in  clianicter.  wliich  Jire  formed 
bv  theactionof  ba(*teriau])on  nitroirenous  matter.  Tiiese 
all  contain  nitrogen  as  an  essential  part  of  their  basic 
character  and  have  been  called  putrefactive  alkaloids. 
Not  all  ptomaYns  are  poisonous:  indeed,  many  of  them 
seem  to  be  quite  inert.  Hrieger  restricts  the  term  pt«)- 
maYn  to  the  non-pois(mous  basic  pnMlucts.  and  to  the 
poisonous  ones  gives  the  name  of  "toxin."  The  name 
"toxalbumin"  helms  reserved  for  certain  powerful  non- 
basic  poisons  whose  chemical  nature  is  still  in  doubt 

These  obscun;  nitrogenous  luKlies.  however,  comprise 
only  a  very  small  part  of  the  sum  of  the  chemical  sub- 
stances found  in  the  gastrointestinal  canal  an<l  in  the 


interior  of  the  body  which  may,  under  the  proper  condi- 
tions and  when  in  sufficient  quantity,  proTe  toxic  to  the 
organism.  Many  of  these  bodies  will  be  referred  to  later 
in  discussing  the  individual  intoxications. 

Classification. — A  comprehensive  and  satisfactory 
classification  of  the  different  auto-intoxications  in  ttie 
present  state  of  our  knowledge  of  the  subject  is  hardly 
to  l)e  expected.  Perliaps  the  most  satisfactory  is  that  of 
Albu,  which  is  here  given : 

1.  Auio-Int^m^ation  CavMd  by  Failure  of  Function  of 
Definite  Organ*. — ^Thcse  are  gland  affections  with  or 
without  anatomical  changes.  Of  the  former  class  that 
of  simple  atrophy  seems  to  be  much  the  most  frequent 
condition.  To  this  category  belong  myxoedema  and 
cachexia  strumipriva,  pancreatic  diabi^tes,  acute  yellow 
atrophy  of  the  liver,  and  perhaps  also  Addison^s  (fisease. 
These  are  all  diseases  which  owe  their  existence  to  the 
failure  of  function  of  those  organs  to  which  modern 
physiology  ascrilK.»8  the  destruction  of  the  toxic  products 
of  metalK)lism  which  are  constantly  formed  in  the  organ- 
ism. 

2.  Ait  to-In  toxica  Hon  by  General  A  nomalies  of  Metabolism 
irithout  Ecideni  Localization. — These  are  diseases  in  which 
the  intermediate  products  of  metabolism  and  the  products 
of  retrograde  metamorphosis  reach  the  general  circulation. 
To  this  class  belong  oiabetes  in  general,  oxaluria,  gout, 
etc. 

3.  Auto-Intoxication  throtigh  Retention  of  the  Phydo- 
Utgical  Products  of  Metaholie  Action  in  the  Different  Or- 
gans.— In  this  group  are  included  the  severe  manifesta- 
tions after  extensive  bums  of  the  skin,  the  CO*  poisoning 
in  conditions  of  dyspnoea,  unemia.  etc. 

4.  Auto- Intoxication  through  IUxcemre  Production  ef 
Physiological  and  Pathological  Products  of  the  Organism, 
e.g.,  Hydrothionflemia.  acetonuria,  diaceturia,  cystinuria, 
diabetic  coma,  coma  carcinomatosum,  etc. 

Between  tlie  third  and  fourth  groups,  and  perhaps  be- 
longing to  both,  stand  most  of  the  auto-intoxications 
which  arise  from  the  gastro- intestinal  tract  and  which 
follow  the  i.iost  various  acute  and  chronic  digestive  de- 
rangements: Gastric  and  intestinal  vertigo:  asthma 
dyspepticum;  tliose  irritative  and  paralytic  manifesta- 
tions of  the  central  nervous  system  which  develop  in  the 
course  of  chronic  constipation :  dilatation  of  the  stomach. 
strangulattKl  hernia,  etc. ;  various  skin  affections  and 
many  functional  diseases  such  as  tetany,  Thomsen's  dis- 
ease, hifantile  eclampsia,  etc. 

In  addition  to  the  list  of  diseases  already  mentioned  it 
seems  ciuite  possible  that  later  developments  may  show 
that  to  the  auto-intoxications  nuist  be  addt»<i  also  many 
ancmialies  of  nutrition  and  blood  dyscrasias  such  as 
chlorosis,  ])erni('ious  anjemia,  leucaemia,  the  cachexia  of 
cancer,  and  perhaps,  too.  scorbutus,  purpura,  lupmo- 
philia,  etc. 

Ai'To  Intoxications    of     the    Gastro-Ixtestinai- 
Tract. — The  auto-intoxications  which  apparently  liavc?:: 
their  origin  in  the  gastro-intestinal  canal  are  not  on^y 
the  most  frequent,  but  include  also  some  of  the  most  id"^ 
portant  and  typical  examples. 

It  is  by  no*  means  easy,  in  attempting  to  differentiti 
between  auto-intoxicaticms  and  tho.se  intoxications  not 
autoirenous  nature,  to  say  in  every  case  just  where  t 
line  shall  be  drawn. 

Those  intoxications  which  develop  as  a  result  of  fail 
of  function  of  the  organs  of  defence,  and  when  no  to 
matters  have  been  intnMluced  from  without,  are  cU' 
auto-intoxications.     On  the  other  hand,  poisoning  rest 
inir  from  the  ingestion  of  noxious  matters  generati-d 
tainted  meat,  ice  cream,  etc.,  or  that  resultini;  from 
accumulation  in  the  bodv  of  toxins  formed  bv  bacte 
not  normally  found  there,  e.g.,  the  diphtheria  or  tetacC 
bacillus,  are  manifestlv  not  auto-intoxications. 

It  is  ])ossible  that  certain  disea.ses  may  l>e  the  result 
intoxications  which  are  of  both  autogenous  and  exog 
ous  chamcter.  Bouchard  so  regartls  typhoid  fever, 
addition  to  the  infection  of  the  body  by  the  )>athoge 
bacterium  and  its  toxin.s,  he  believes  that  the  intesti 
uleemtions  mav  Ik*  the  cause  of  an  auto-intoxication  eit 
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by  increasing  normal  fermentation  or  by  inducing  ab- 
normal fermentative  processes. 

2'he  I\nison8  of  the  Odstro- Intestinal  Canal. — Most  of 
the  auto-intoxications  of  the  gastro-intestinal  tract  are 
caused  not  by  the  generation  of  foreign  poisonous  sub- 
stances, but  by  the  development  in  execessive  quantities 
of  those  toxic  bodies  which,  in  small  amount,  are  a  part 
of  the  normal  digestive  processes.  Among  the  abnormal 
toxic  substances  occasionally  formed  are  to  be  mentioned 
chiefly  /^-oxybutyric  acid,  tetra-  and  penta-methylen- 
diamin,  and  the  so-called  alcaptan. 

There  are  chiefly  two  processes  which  lead  to  the  pro- 
duction, in  the  gastrointestinal  canal,  of  injurious  sub- 
stances in  large  quantities — fermentation  and  putrefac- 
tion. 

These  are  both  processes  without  which  the  normal 
course  of  digestion  could  hardly  be  conceived  and  which 
do  not  cease  even  in  prolonged  hunger.  Fermentation 
has  its  seat  chiefly  in  the  strmiach  and  involves  chiefly 
the  carbohydrates.  Putrefaction,  on  the  other  hand,  is 
almost  altogether  an  intestinal  process  and  affects  espe- 
cially the  albuminoids. 

These  catabolic  processes  are  prmluced  by  micro-organ- 
isms which  are  introduced  with  the  food  or  are  swallowed 
with  the  saliva.  Miller  has  found  a  lactic-acid-forming 
bacillus  in  the  saliva  of  the  mouth.  Unfortunately,  up 
to  the  present  time  only  a  few  of  the  bacteria  of  the 
several  processes  of  fennentation  and  putrefaction  are 
known. 

The  carbohydrates  may  undergo  any  one  of  four  dif- 
ferent forms  of  fermentation — the  lactic  acid,  the  buiyric 
acid,  the  acetic  acid,  and  the  yeast  fermentation, — each  of 
which  is  produced  by  its  speciflc  bacterium.  The  acids 
are  in  part  further  transformed  into  certain  gases,  espe- 
cially hydrogen  and  carbon  dioxide. 

Tlie  products  of  the  putrefaction  of  albuminoids  differ 
CTeatly  from  those  of  the  fermentation  of  the  carbohy- 
drates.    They  may  be  divided  into  several  groups: 

1.  NHa,  N.COa,  HaS,  methylmercaptan  and  cystin. 

2.  Substances  from  the  amido-acid  series,  of  which 
leucin  is  a  type. 

3.  Substances  from  the  group  of  aromatic  bodies  which 
arc  the  derivatives  of  benzol,  e.g.y  phenol,  cresol,  indol, 
skatol,  ty rosin,  and  alcaptan. 

Aceton  is  still  another  pnxluct  of  the  putrefaction  of 
proteids  which  has  been  found  in  both  gastric  and  intes- 
tinal contents. 

Hydrogen  sulphide  is  believed  not  to  be  a  product  of 
normal  putrefaction  in  the  intestine.  It  is  found,  how- 
ever, under  many  pathological  conditions  not  only  in  the 
intestines,  but  also  in  tlie  stomach.  AVhen  in  large 
quantities  it  may  reach  the  blcKxl  and  prwhice  typical 
H,S  poisoning  such  as  occurs  in  certain  occupations. 
This  HaS  poi.soning,  which  occurs  in  certain  acute  gastro- 
intestinal disturbances,  is  termed  hvdrothion.'emia  and  is  a 
goodexampleofa  pure  gastro-intestinal  auto-intoxication. 
All  these  above-mentioned  substances,  except  perhaps 
HaS,  are,  in  greater  or  less  quantity,  products  of  normal 
digestive  chemistry. 

Tliere  are  stvll  to  be  mentioned  those  foreign  poisonous 
bodies  which  are  formed  from  the  albuminoids  in  certain 
abnormal  putrefactive  processes.  To  these  belong  the 
ptomaYns,  toxins,  toxalbumins,  etc.  Neither  their  mod(^ 
of  formation  nor  their  grouping  is  well  imdersto<Kl.  It 
is  possible  that  they  may  Ix^  formed  in  minute  (juantities 
during  normal  digestion. 

Doubtless  the  stagnation  and  decomposition  of  the 
^stro  intestinal  contents  favor  their  development;  so 
thev  exist  by  preference  in  the  contents  of  dilated  .stomachs 
and  in  the  retained  faeces  of  intestinal  obstruction,  con- 
stipation, etc. 

Three  varieties  can  be  recognized: 

1.  Alkaloid-like  bodies  of  the  constitutitm  of  the 
pyridins  or  the  chinolins.  such  as  Bouchard  found  in 
normal  ffleces. 

2,  Diamins;  in  particular  tetra-methlyendiamin  (pu- 
trcscin)  and  penta-methylendiamin  (cadaverin),  which  are 
found  in  cystinuria,  severe  diarrhcras,  etc. 


8.  Toxalbumins;  unknown  poisonous,  nitrogenous 
bodies. 

Auto-Intoxications  of  Gastric  Origin. — The  results 
of  absorption  of  the  normal  products  of  gastric  digestion 
in  excessive  amount,  or  of  the  toxic  products  of  abnormal 
digestive  processes,  may  manifest  themselves  in  symptoms 
of  the  most  varying  kind  and  degree  of  severity.  Brun- 
ton  suggests  that  the  lassitude  and  drowsiness  which  are 
.so  apt  to  follow  a  full  meal  may  depend  upon  the  absorp- 
tion of  an  excess  of  the  normal  digestive  products,  and  so 
be  a  mild  manifestation  of  auto-intoxication. 

Most  of  the  severe  constitutional  disturbances  associated 
with  gastric  disorders  in  childhood  are  believed  by  Heub- 
ner  to  be  due  to  auto-intoxication.  Of  the  chronic  intoxi- 
cations of  gastric  origin  those  associated  with  dilatation  of 
the  stomach  deserve  especial  mention.  In  this  condition 
there  exists  every  favorable  condition  for  the  formation 
of  fermentative  and  putrefactive  products  and  for  their 
absorption.  These  intoxications  accompanying  gastric 
dilatation  are  especially  characterized  by  the  periSdicity 
of  the  appearance  of  the  symptoms. 

Among  otherchronic  auto-intoxications  should  be  men- 
tioned migraine,  certain  other  periodic  headaches  and 
neuralgias,  and  possibly,  too,  the  gastric  crises  of  tabes 
dorsal  is. 

Positive  evidence  that  migraine  should  be  classed  with 
the  auto-intoxications  is  still  quite  lacking,  but  there  can 
be  no  question  that  in  some  cases  at  least  there  exists  a 
very  close  relation  between  the  periodic  manifestations 
and  gastric  derangements. 

Tetany. — This  <lisea.se,  says  Albu,  furnishes  the  most 
brilliant  example  of  a  ga.stro-intestinal  auto-intoxication. 
Mo.st  of  the  cases  are  now  known  to  be  associated  with 
some  form  of  gastrointestinal  disturbance,  e.g.,  acute 
and  chronic  gastritis,  dyspepsia,  hypersecretion,  dilata- 
tion of  the  stomach,  intestinal  worms,  etc.  Of  these, 
dilatation  of  the  stomach  is  the  condition  most  f  retiuently 
found.  Of  the  three  theories  offered  to  explain  the  close 
relation  of  tetany  to  stomach  diseases,  that  of  auto-intoxi- 
cation has  now  been  very  generally  accepted.  Various 
toxic  substances  have  been  isolated  from  the  dilated 
stomachs  of  such  cases,  but  none  has  yet  been  proven  to 
be  the  cause.  A  study  of  the  urine,  however,  has  given 
better  result.s.  Albu  obtained  from  the  urine  in  one  case 
a  metallic  salt  of  an  alkaloid-like  body  which  was  con- 
stantly present  during  the  tetany  attacks  and  never  dur- 
ing the  free  peri(Kls. 

Many  of  the  clinical  phenomena  are  best  explained 
upon  the  theory  of  auto-intoxication.  Finally,  in  animals 
an  artitieial  tetany  can  be  produced  by  theinjection  of 
chlorofonn  and  ergot  in. 

(oprtfmia. — It  has  long  been  recognized  that  chronic 
constipation  is  apt  to  be  associated  with  such  symptoms 
as  dizziness,  headache,  lassitude,  insomnia,  hypochon- 
driasis, and  even  migraine,  neuralgia,  etc.  To  explain 
these  effects  two  theories  have  been  offered:  1.  That  of 
reflex  action  due  to  the  irritant  effects  of  the  hardened 
fecal  masses  upon  the  nerves  of  the  intestine;  and  2. 
That  of  the  absorption,  from  the  intestine,  of  the  putre- 
fac'tive  products  of  the  retained  faeces  Of  these,  the  latter 
seems  in  every  respect  the  mon;  plausible,  and  has  re- 
ceived indirect  substantiaticm  in  the  discovery  that  in 
obstinate  constipation  there  is  almost  always  an  increased 
transfer  of  the  pnxlucts  of  putrefaction  from  intestines 
to  urine.  The  miture  of  the  absorbed  pHniucts  is  un- 
known. It  seems  probable  that  they  are  for  the  most 
part  bodies  belonging  to  the  group  of  aromatic  substances 
such  as  phenol,  indol.  skatol,  etc.  For  this  speaks  the 
fact  that  in  constipation  there  is  freijuently  an  increase 
in  the  execretion.  by  the  urine,  of  indiean  and  also  of  the 
ethereal  sulphates.  Bouchard  is  inclined  to  believe  that 
the  poisons  of  the  fjcees  are  alkaloi<lal  bodies  belonging 
to  the  ptomaYn  group.  His  view  that  many  of  the  con- 
stitutional symptoms  in  intestinal  obstruction  and  allied 
conditions  were  due  to  the  absorption  of  poisons  from  the 
retained  fluid  fa-ces.  has  received  support  from  the  ap- 
parently toxic  nature  of  the  nephritis  which  not  infre- 
quently develops  in  the  course  of  these  affections.     Bou- 
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chard  found  the  urine  in  diarrhoeal  conditions  much  more 
toxic  than  when  the  fteces  were  normal. 

Eclampifia  Infantum. — That  a  close  relation  exists  be- 
tween many  of  the  convulsions  of  oliildhood  and  gastro- 
intestinal disturbances  cannot  be  denied.  These  disturb- 
ances, to  be  sure,  may  be  of  the  most  varied  nature  and 
in  some  of  the  cases  seem  to  depend  upon  the  presence  of 
intestinal  parasit<?s.  In  the  explanation  of  these  convul- 
sions is  seen  again  the  struggle  for  precedence  between 
the  reflex  and  the  auto-intoxication  theories,  and  again  the 
latter  seems  more  satisfactorily  to  answer  the  require- 
ments. Even  in  those  cases  depending  upcm  the  pres- 
ence of  intestinal  worms  the  symptoms  are  attributed  by 
several  of  the  most  recent  writers  to  the  absorption  of 
the  toxic  products  formed  by  the  living  or  dead  parasites. 

Much  attention  has  recently  been  given  to  the  associa- 
tion of  acetonuria  with  many  cases  of  eclampsia  infantum. 
Accton  is  without  doubt  frequently  found  in  the  urine  in 
these  cases,  and  von  Jaksch  claims  for  it  a  convulsive 
effect,  and  ^oes  so  far  as  to  desc;ribe  a  particular  clinical 
picture  which  he  terms  epilepsia  acetonica.  Baginsky 
also  has  found  aceton  in  the  urine  of  many  cases  of  in- 
fantile convulsions,  but  he  lias  never  found  it  in  the 
vomitus  or  faeces.  Moreover,  acetonuria  is  frequently 
seen  in  febrile  conditions  not  associat<>d  with  convulsions, 
and  he  regards  the  presence  of  aceton  in  the  urine  as  a 
symptom  rather  than  as  a  cause  of  infantile  eclampsia. 

Nerwun  and  Mental  Diseases. — As  mi^ht  be  expected,  a 
great  number  of  functional  nervous  disease's  have  been 
attributed  with  greater  or  less  plausibility  to  auto-intoxi- 
cation. 

In  the  case  of  tetany,  urjemia,  eclampsia,  and  eclampsia 
infantum  there  are  substantial  grounds  ifor  such  belief. 
In  many  cases,  however,  there  is,  uj)  to  the  present  time, 
little  that  can  be  offered  in  support  of  this  theory. 

The  relation  of  epilepst/  to  auto-intoxication  is  by  no 
means  settled.  Griffith  has  isolated  in  large  quantities 
from  the  urine  of  epileptics  an  alkaloidal  body  to  which 
he  ascribes  causal  attributes,  but  his  tindings  have  hith- 
erto not  been  verified. 

There  remain  to  be  mentioned  three  very  rare  nervous 
affections  which  may  with  considerable  probability  be 
attributed  to  auto-intoxication. 

1.  A  periodic  pamlysis  of  the  extremities,  first  de- 
scribed by  Hartwig,  in  which  there  is  the  periodical  ap- 
f)earance  of  extensive  pamlysis  associated  with  sudden 
OSS  of  electrical  irritability.  Tiiese  symptoms  last  for 
hours  or  days  and  then  disappear.  The  affection  hiis 
been  seen  to  develop  after  attacks  of  malaria,  after  in- 
fectious diseases,  and  even  after  the  ingestion  of  certain 
foods. 

'2.  .\fi/asf/i€nia  (Iraris  IWudo-Pnrali/tira  (Jolly). — This 
recently  described  condition  cousistij  essentially  in  the 
periodic  devel<)])uient  of  extreme  muscular  weakness  of 
the  whole  Ixxly.  It  res<'mbles  clinically  the  results  of 
the  acticm  of  ])roto-veratrin  upon  the  muscle  and  nerve 
endings  and  those  of  extreme  nmscular  fatigue. 

8.  Myotonia  C^nf/entta,  or  I'homsfn's  Disease . 

There  is  ground  for  Iw^lieving  that  certain  psychoses, 
especially  those  of  a  more  acute  nature,  may  be  the  mani- 
festations of  an  auto-iutoxicatiou.  Several  investigators 
have  found  an  increased  toxicity  in  urine  from  cases  of 
melancholia  and  from  other  psychoses.  It  is  still  tew 
early,  however,  to  formukte  definite  views  upon  the 
subject. 

Gastric  a nd  In teMinal  Vertiyo.  Asth ma  Dyspepticu m .  — 
A  close  relati(»nship  lias  for  a  long  time  been  recognized 
bet  ween  gastrointestinal  derangements  and  certain  forms 
of  vertigo  and  asthma;  and  while  proofs  are  still  lacking, 
there  are  many  reasons  for  believing  that  these*  conditions 
may  .sonietinies  depend  upon  the  absorption  from  the 
gastrointestinal  canal  of  certain  toxic  substances. 

>'/7'/<  lyiseoMCK. — From  the  importance  of  the  skin  as  an 
organ  of  excretion  it  may  be  fairly  assumed  that  the  dis- 
turbances of  the  skin  in  many  dis<'ases  are  to  be  taken  as 
evidence  of  an  attempt  on  the  part  of  the  skin  to  excrete 
certain  poisons.  e.(j.,  in  unemia,  diabetes,  the  exanthe- 
mata, etc. 


Such  disturbances  may  manifest  themselves  in  the  form 
of  almost  any  known  eruption,  the  erythematous  and 
urticarial  types,  however,  being  those  most  frequently 
seen.  These  skin  affections  seem  especially  frequent 
with  gastro-intestinal  auto-intoxications.  Singer  has 
found  almost  regularly  in  the  skin  diseases  associated 
with  digestive  disturbances,  an  augmentation  of  the  pu- 
trefactive products  as  shown  by  the  increased  amount  of 
ethereal  sulphates  in  the  urine. 

Diseases  of  Mnscles. — In  1889  Wagner  described  under 
the  name  of  jtolymyositis  acuta  an  inflammatory  disease 
of  the  muscles  throughout  the  body,  associated  with 
gastric  and  constitutional  symptoms,  for  which  Senator 
has  suggested,  with  8(mie  plausibility,  an  origin  in  auto- 
intoxication.    There  is  as  yet,  however,  no  proof  of  this. 

Coma  Carcinrnnatosum. — In  cancerous  conditions  of  the 
gastro-intestinal  tract,  and  in  various  cachectic  conditions 
due  to  such  unlike  diseases  as  the  severe  antemias,  chronic 
nephritis,  miliary  tuberculosis,  and  cirrhosis  of  the  liver, 
there  sometimes  develops  a  peculiar  form  of  coma  which 
is  closely  allied  to  diabetic  coma  and  which  is  known  as 
carcinomatous  or  dy  scrasic  coma.  This  has  a  close  clinical 
resemblance  to  the  coma  of  diabetes,  but  differs  sorae- 
wliat  in  a  few  of  its  symptoms  and  especially  in  its  prog- 
nosis. In  the  urine  of  these  casc'S  as  well  as  of  those  of 
diabetic  coma  are  found  aceton,  diacetic  acid,  and  /3-oxy- 
butyric  acid.  These  bodies  seem  to  l>e  proiiucts  of  the  de- 
structive metabolism  of  the  albumins  which  is  brought 
about  by  the  action  of  toxins  present  in  diabetes,  cancer, 
and  the  other  cachexias.  It  seems  probable  that  both  the 
coma  and  the  acids  found  in  the  urine  are  the  exprt^ssious 
of  the  action  of  these  toxins,  rather  than  that  the  coma  is 
the  result  of  the  poisoning  of  the  body  by  the  acids 
thems(dves.  The  condition  commcm  to  all  tiiese  diseases 
is  that  of  grave  disturliance  of  nutrition,  which  means 
excessive  albumin  destruction.  Klemperer  found  that 
the  blcKKl  serum  of  a  cancennis  patient,  when  injected 
into  a  dog,  caused  a  much  greater  incn»ase  in  the  albumia 
conversion  than  did  the  serum  of  a  healthy  perscm. 

The  nature  of  this  coma-inducing  poison  is  as  yet  quite 
unknown.  It  is  interesting  that  the  carcinomatous  coma 
has  thus  far  been  observed  only  in  cancers  associated 
with  the  gastro-intestinal  tract. 

ChUmms.  Pernicious  Ancemi^.  Ijeucctmia. — Among 
the  various  theories  regarding  the  aiuse  and  origin  of 
chlorosis,  that  one  which  ascribes  it  to  a  chronic  intestinal 
auto-intoxicaticm  or  copnemia  has  been  warmly  advo- 
ciited  by  Sir  Andrew  Clark,  Bouchard,  Duclos,  Noth- 
nagel.  illlllmann,  and,  more  recently,  by  Garrod  and 
Forchheimer.  The  last-named  investigator  concludes 
that  the  origin  of  chlorosis  lies  in  a  disturbance  of  the 
ha'inatopo^tic  function  of  the  intestinal  mucous  mem- 
brane, lie  believes  this  membrane  to  be  the  laboratory 
of  luemoglobin,  since  in  rabbits  he  found  the  blood  in  the 
mesenteric  vein  to  be  much  (eighteen  per  cent.)  richer  in 
hiemoglobin  than  that  of  the  mesenteric  artery,  and  in  hu- 
man bhMKl  that  after  each  meal  there  was  a  considerable  in- 
cretvse  in  the  luemoglobin  content.  Moreover,  he  obtained 
from  the  urine  of  chlorolic  patients  an  alcoholic  precipi- 
tate which  proved  poisonous  to  rabbits.  Tliis  was  e\i- 
deiitly  a  nitrogenous  substance,  and  was  regarded  by  him 
as  an  intermediate;  body  between  albumin  and  m*ptone. 

On  the  other  hand.  Rethers  has  failed  to  find  in  the 
urine  of  chlorotics  that  evidence  of  excessive  intestinal 
])utrefaction  which  is  based  upon  an  increase  in  the 
etheral  sulphates. 

Although  in  many  clinical  aspects  chlorosis  corresponds 
closely  to  other  known  intoxications,  and  although  there 
are  many  theoretical  grounds  for  accepting  such  a  view^. 
there  is  still  hicking  sufficient  evidence  to  justify  the  defi- 
nite acceptance  of  the  theory  of  auto-intoxication. 

The  same  may  be  said  concerning  the  primary  perni- 
cious anaemias  and  the  leucannia.s.  A  support  for  the 
auto-intoxication  theory  in  these  diseases  is  furnished  by 
the  fact  that  very  marked  changes  from  the  normal 
metabolic  i>rocess<*s  are  found  in  all  forms  of  pernicious 
aiuemia  and  leucjemia.  A  number  of  investigators  have 
found  in  these  a  much-increased  excretion  of  nitrogen* 
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and  this  albumin  destruction  does  not  occur  in  the  simple 
ansemias.  Anaemia  of  itself  causes  no  increase  of  de- 
structive metabolism,  and  when  this  occurs  then  some 
other  agents  must  be  at  work.  These  agents  can  hardly 
be  conceived  as  other  than  poisons  acting  through  the 
blood  upon  the  cell  activity  of  the  organism.  Again,  a 
marked  diminution  of  blood  alkalinity  is  found  only  in 
the  severe  forms  of  antemia,  and  never  in  chlorosis  and 
the  simple  anaemias. 

KDttnitz  regards  leucaemia  as  a  chronic  peptonaemia 
and  offers  an  ingenious  theory  based  upon  this  to  explain 
the  great  increase  in  leucocytes.  His  views  have  not  yet 
been  substantiated  by  others. 

Ilydrothwn/Bmia.—Thm  condition  is  of  especial  interest 
because  it  funiislied  the  first  positive  demonstration  of 
gastro-intestinal  auto-intoxication.  In  1864  Betz,  a  Ger- 
man, in  two  cases  with  peculiar  and  violent  gastro-iiites- 
tinal  symptoms,  demonstrated  the  presence  of  H38  in 
both  urine  and  fa'ces,  and  regarded  it  as  an  evidence  of 
int-estinal  putrefaction. 

The  name  hydrothionn?mia  is  applied  to  the  HaS  poi- 
soning which  develops  in  the  course  of  an  acute  gastro- 
intestinal derangement,  and  is  associated  wilh  symptoms 
similar  to  those  of  HaS  poisoning  in  certain  occupations. 
The  condition  is  a  rare  one. 

Lately  Boas  and  others  have  found  HaS  in  some  quan- 
tity in  dilated  stomachs,  but  never  in  the;  urine. 

It  is  doubtful  if  the  nervous  and  psychical  disturb- 
ances associated  with  chronic  constipation  are  to  be  re- 
ferred to  the  toxic  effects  of  the  HaS  which  is  sometimes 
present. 

Acetonuna.  Dicetiirin. — The  interesting  condition  of 
acetonuria  is  discussed  in  detail  elsewhere  under  its  own 
title. 

The  presence  of  aceton  in  the  urine  has  l>een  demon- 
strated in  a  great  number  of  different  conditions  which 
seem  to  have  no  relation  to  each  other,  and  it  lias  now  be- 
come evident  that  acetonuria,  in  most  cases  at  least,  is 
rather  to  be  regarded  as  a  symptom  than  as  a  cause  of 
disease.  Even  upon  the  origin  of  aceton  there  is  not  yet 
full  accord.  The  weight  of  opinion,  however,  at  this 
time,  attributes  its  formation  to  abnormal  metabolism  of 
the  albuminoids  in  the  gastro-intestinal  tract. 

The  presence  of  diacetic  acid  in  the  urine  is  usually  of 
more  serious  import  to  the  organism  than  is  that  of  aceton, 
but  here  also  there  is  much  doubt  as  to  whether  it  is  to 
be  regarded  merely  as  evidence  of  abnormal  metabolism 
or  whether  it  itself  is  the  source  of  an  intoxication.  It 
seems,  in  its  origin,  to  be  closely  related  to  both  aceton 
and  /?-oxybutyric  acid. 

Oystinnrin.  Diujninnria. — Cystinuria  is  a  rare  condi- 
tion, the  interest  in  which  was  greatly  augmented  by  the 
discovery  by  Baumann  and  Udrausky  that  in  patients 
whose  urine  contained  cystin  there  were  also  to  be  found 
in  the  urine  bodies  of  definite  chemical  composition  called 
diamins.  From  these  could  be  separated  two  substances, 
penta-  and  tetra-methylendiamin,  which  were  identical 
respectively  with  cadaverin  and  putn'scin — bodies  iso- 
lated by  Brieger  from  putrid  meat.  These  diamins,  more- 
over, could  be  found  as  well  in  the  fieces  of  these  patients. 
Here,  then,  is  an  illustration  of  the  actual  excretion  by  the 
urine  of  toxic  substances  formed  in  the  intestine.  Since, 
as  Brieger  showed,  the  diamins  develop  only  in  certain 
definite  putrefactive  processes,  it  follows  that  in  those 
suffering  from  cystinuria  certain  specific  decomposition 
processes  must  occur  to  give  rise  to  the  diamins. 

Diaminuria  is  found  only  in  connection  with  cystinuria, 
but  the  cystin  in  these  cases  has  not  been  found  in  the 
intestines.  Whether  or  not  the  diamins  have  a  toxic  ac- 
tion upon  the  organism  is  not  known.  Cystinuric  pa- 
tients suffer  from  various  symptoms,  and  it  is  possible 
that  some  of  these  may  be  dependent  upon  the  formation 
and  absorption  of  the  diamins. 

Omluria. — There  is  still  sf)me  doubt  concerning  the 
origin  of  oxalic  acid  in  the  Ixxly,  but  it  is  i^robably  an 
intennediate  product  of  carbohydrate  metabolism  which, 
under  normal  conditions,  is  promptly  further  changed 
into  COa  and  water,  but  which  under  pathological  con- 


ditions may  be  formed  in  excess  or  may  not  be  properly 
transformed.  Under  these  circumstances  it  will  appear 
in  the  urine.  Cantani  believes  oxaltemia  to  arise  from 
excessive  starch  or  sugar  decomposition,  and  from  this  a 
distinct  clinical  picture  to  result  wJiich  is  characterized 
by  emaciation,  furuncles,  abscesses,  etc.  He  regards 
oxaluria  as  analogous  to  glycosuria  and  as  having  origi- 
nated in  the  same  way.  There  is,  without  doubt,  some 
relation  between  diabetes  and  oxaluria,  for  not  only  are 
they  frequently  associated,  but  glycosuria  and  oxaluria 
have  been  known  to  alternate  in  the  same  individual. 

The  appearance  of  small  quantities  of  the  oxalates  in 
urine  does  not  indicate  an  anomaly  of  metabolism.  When 
large  amounts  are  present  regularly,  however,  there  must 
be  some  serious  derangement  of  the  processes  of  nutrition, 
and  the  oxaluria  may  perhaps  then  be  the  expression  of 
a  definite  auto-intoxication. 

77(i€  Poimnsof  tfw.  Unne. — Normal  urine,  which  for 
a  long  time  was  believed  to  be  not  toxic,  is  now  known 
to  be  distinctly  poisonous,  and  this  toxicity  is  ascribed  in 
large  part  to  the  salts  of  potassium.  These  salts  alone, 
however,  do  not  make  up  the  entire  toxicity,  since  the 
urine  itself  is  found  to  be  more  poisonous  than  the  urine 
ash,  and  urine  rendered  free  from  potassium  is  still  toxic. 
This  unknown,  organic  "^urotoxin"  has  been  earnestly 
sought  for.  Bouchard  gave  to  this  search  fresh  impetus 
by  tiie  introduction  of  his  method  of  measuring  the  toxic- 
ity of  urine.  This  consisted  in  the  intravenous  injection 
of  urine  into  animals  and  the  determining  of  the  amount 
nece.ssar}'  to  produce  death.  The  amount  needed  to  kill 
1  kgm.  of  animal  was  made  the  unit  of  toxicity  or  "uro- 
toxy."  In  this  way  he  could  study  and  compare  the 
different '*  urotoxic  coefficients" — that  is,  the  number  of 
urotoxies  which  1  kgm.  of  man  can  form  in  twenty-four 
hours.  This  coefficient  in  normal  individuals  averaged 
0.464.  and  in  pathological  conditions  varied  between  0.1 
and  2.0. 

Bouchard  found  in  urine  at  least  seven  distinct  poisons, 
including  a  narcotic,  a  sialogenous,  a  convulsive,  and  a 
myotic  cme.  He  found  the  urine  toxicity  to  be  independ- 
ent of  its  concentration,  and  found  that  in  pathological 
states  the  toxicity  was  usually  but  not  always  increased. 

These  methods  of  Bouchard,  which  have  been  very  ex- 
tensively employed  in  Fi-ance,  are  far  from  being  wholly 
satisfactory,  and  the  reliability  of  his  results  and  conclu- 
sions have  been  questioned,  especially  in  Germany,  where 
much  more  exact  methods  have  been- employed. 

Recently  much  attention  has  been  paid  to  the  organic 
poisons  of  the  urine,  and  a  number  of  alkaloid-like  bodies 
have  been  isolated  whose  source  Bouchard  believes  to  lie 
in  the  putrefactive  pnxlucts  of  the  intestines.  It  seems 
probable  that  these  toxins  are  to  be  regarded  not  as  the 
products  of  specific  diseases,  but  rather  as  the  cleavage 
products  of  albumin  w^hich  appear  in  the  urine  when  for 
any  reason  there  is  an  excess  of  nitrogen  excretion.  It 
seems  doubtful  if  the  organic  disease  poisons  themselves 
often  appear  in  the  urine.  Their  composition  is  so  com- 
plex and  unstable  and  they  take  such  an  active  part  in 
metabolism  that  they  are  likely  to  be  broken  up  before 
reaching  the  kidneys. 

It  mupt  be  admitted  that  up  to  the  present  time  the 
poisons  of  the  urine  have  furnished  little  positive  proof  in 
support  of  the  theory  of  auto-intoxication. 

The  subject  of  uraemia  will  be  dealt  with  under  its  own 
title. 

Ai'TO-Intoxic.\tion8  of  Hkpatic  Oh k JIN. — In  spite  of 
the  many  advances  that  physiology  has  wwuV'  in  the  elu- 
cidatitm  of  the  many  functions  of  the  liver,  not  all  these 
are  yet  clearly  understo(Kl. 

As  to  the  derangements  of  thr*  biliary  function,  we  must 
distinguish  sharply  between  a  cesHrttion  of  bile  formation 
(acholia),  and  the  obstruction  and  the  r«*tention  in  the 
liver  of  the  already  formccl  bile  (hypcrcholia). 

The  effects  of  the  latter  condition  upon  the  organism 
are  well  understood,  and  depend — 

1.  Upon  the  failure  of  action  of  the  bile  as  a  digestive 
secretion,  and 

2.  Upon  the  reabsorptiou  of  the  bile  into  the  blood 
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through  the  lymph  vessels  of  the  liver.  Contrary  to  the 
view  of  BouchanJ,  it  is  now  generally  believed  that  the 
bile  pigments  are  comparatively  harmless  and  tliat  the 
bile  salts  are  the  more  actively  toxic  agents. 

The  group  of  severe  nervous  sympt4)ms  seen  in  grave 
disease  of  the  liver  and  known  as  chohvmia  depend,  in 
all  probability,  however,  not  upon  a  poisoning  by  bile 
salts  from  hypercholia,  but  rather  up(m  the  serious  meta- 
bolic clianges  caused  by  cessation  of  the  bile-forming 
function,  and  probably  at  the  same  time  cessation  of  the 
other  functions. 

That  part  of  the  urea  formation  of  the  body  which 
takes  place  in  the  liver  (the  so-called  **  Schroeder's  por- 
tion ")  is  formed  from  ammonium  carbamide,  which  is 
a  destructive  product  of  the  albmnins  and  the  amido 
acids.  In  severe  disease  of  the  liver  this  **  Schroeder's 
portion"  of  urea  is  usually  lacking,  and  the  unused 
anunonium  carbamide  is  in  part  changcnl  to  ammonium 
carbonate. 

The  introduction  of  ammonium  carbamide  into  the 
Y)lcK>d  of  an  animal  pnxluces  symptoms  very  <;los<fly  cor- 
responding to  those  which  follow  total  extirpation  of  the 
liver. 

The  liver  st^ems  to  prevent  the  entrance  into  the  systemic 
blood  of  these  toxic?  substances  which  are  intermediate 
steps  between  albumin  and  urea,  i.e.,  leucin,  glycocoU, 
the  amido  acids,  and  esp^'cially  anunonium  carbamide. 

Insufl1<;iency  of  the  livrr  function,  then,  always  favors 
the  development  of  autointoxications  from  the  gastn)- 
intestinal  tract. 

Arutfi  YffJoir  Atrophy.  Cfudtrm in.  — The  ultimate  cause 
of  acute  yellow  atrophy,  except  in  cases  of  phosphorus 
poisoning*,  is  still  entia-ly  unknown.  Whatever  it  may 
Ik,*,  there  can  be  little  doubt  that  the  symptoms  depend 
upon  the  failure  of  the  liver  to  exercise  its  functions  in 
converting  or  rejecting  the  many  toxic  products  of  diges- 
tion (rarried  to  it  by  tlje  ])ortal  vein.  We  then^fore  have 
a  typical  example  of  auto-intoxication  occasional  by  the 
failun;  of  function  in  a  {uirticular,  and  in  this  case  a  most 
vital,  organ  of  defence.  As  a  result  of  the  failure  of 
liver  functions,  the  bliHwl  is  flcxnled  with  substances 
which  normally  are  not  found  there.  Am(mg  these. 
leu('in  and  tyrosin  are  the  best  known.  It  is  probably 
no  .single  substance,  but  the  sum  c)f  all  the  fon-ign  sub- 
stances circulating  in  the  bUxxl,  which  gives  to  the  dis(?ase 
its  clinic^il  picture. 

The  a]^pearance  in  the  urine  of  leucin,  tyrosin,  and 
other  foreign  IxKlies,  and  the  great  diminution  in  the  ex- 
cretion of  urea,  are  exactly  what  might  be  expected  from 
ces.*<jition  of  liver  activity.  The  irritation  of  the  kidneys 
by  the.M»  foreign  b<xlies  may  wifll  render  their  excn'tion 
less  complete,  and  so  coni])licate  still  further  the  situation. 
Moreover,  since  un^a  is  an  active  diuretic,  its  great  decrease? 
mav  have  the  effect  of  still  further  impairing  renal  ac- 
tivity. 

l)hihet€H, — Not  the  least  import^mt  function  of  the  liver 
is  to  arrest  the  sugar  carried  to  it  and  to  convert  this  into 
glycogen.  The  liver  is  imA  a  perfe<;t  filter,  however,  and 
even  under  nonnal  conditions  a  small  (luantity  of  sugar 
gets  past  the  barriers  and  so  rnich,es  the  blood.  When 
sugar  is  fonned  in  the  intestine  in  amounts  greater  than 
normal,  mon^  of  it  is  apt  t^)  escape  the  livttr  filter,  and 
when  this  sugar  in  the  blocKl  reaches  a  c<'rtain  amount  it 
makes  its  appearance  in  the  urine  and  thus  is  profluceil 
an  ''alimentary"  glycosuria.  Sugar  in  the  bloml  pos 
fii?sses  marked  toxic  properties,  and  seems  especially  to  be 
a  ** protoplasm  poison."  leading  in  all  8ev<?n»  forms  of 
diabetes  to  vastly  incrifased  tissue  destruction,  t(»excessive 
albuminous  metabolism,  and  to  hi^h  nitrogen  excretion. 
Whatever  its  cause*,  then^fore.  diabetes  is  still  a  typical 
example  of  an  auto-intoxication. 

Since  destruction  or  extirpation  of  the  pancreas  is  so 
regularly  as.»MK'iate<i  with  sev<'n?  diabetes,  it  is  evident 
that  the  pancn'as  must  have  for  one  of  its  functions  the 
regulation  of  normal  metabolism  nmch  as  has  the  thy- 
roid gland. 

With  the  failure  of  this  su gar-con trr>l ling  function  of 
the  pancreas  the  liver  is  quite  unable  to  arrest  all  of  the 


excess  sugar  carried  to  it,  and  the  filter  becomes  alto- 
gether inadequate.  The  nature  of  this  reguUting  func- 
tion is  entirely  unknown.  It  may  possibly  depend  upon 
a  ferment. 

Addimii'H  Disease. — The  modem  theory,  which  regards 
Addison's  disease  as  an  auto-intoxication  caused  by  failure 
of  the  specific  function  of  the  adrenals,  w^hile  stUl  lack- 
ing in  direct  proofs,  has  yet  some  interesting  facts  to  sup- 
port it  and  is  gaining  general  acceptance.  This  view 
holds  that  the  adrenals  exercise  some  control  upon  the 
processes  of  metabolism  whereby  the  action  of  certain 
toxic  substances  is  neutralized  or  the  bodies  are  con  vertini 
into  harmless  ones.  Just  as  the  thyroid  seems  to  liave  a 
regulating  effect  upon  the  mucin  fbnnation  of  the  IkxIv 
and  the  pancreas  \i\Ktu  sugar  formation,  so  the  adrenafs 
have  a  specific  infiuence  upon  the  conversion  of  one  of 
the  most  widely  distributed  nitmgenous,  organic  sub- 
stances in  the  iKxly,  namelv  neurin. 

Auto-Intoxications  of  'f  nvRoiD  Origin. — The  recog- 
nition of  the  relation  between  myxa'dema  and  cretinism 
and  the  atrophy  or  destruction  of  the  thyroid  gland :  the 
discoverv  that  total  extirpation  of  the  thynnd  was  regu- 
larly followed  by  those  cretinoid  manifestations  known 
as  cachexia  struniipriva,  and  the  results  of  the  treatment 
of  myxcedematous  conditions  by  thyroid  extract,  have 
served  to  throw  much  light  upon  the  hitherto  little  un- 
derstood functions  of  this  ductless  gland.  It  can  now 
scarcely  be  doubted  that  the  thyn>id  exerts  some  form  of 
contn>lling  action  upon  the  products  of  digestion  whereby 
complete as.similation  is  bn)ughtal)out.  it  completi»«  the 
conversion  of  the  absr)rb<Hl  foods  and  destroys  certain 
unfinislied  toxic  pnnlucts  of  metabolism,  in  particular 
the  mucin.  The  exact  method  of  its  action  is  not  clear. 
It  may  be  that  by  its  cell  activity  the  thyroid  tronsfonns 
into  harmless  bodies  certain  toxic  ones  brought  to  it  b}' 
the  blood,  or  that  it  generates  a  particular  pn)duct  which 
ui)on  entering  the  circulation  neutralizes  the  effects  of 
certain  poisons.  It  is  po.ssible  that  it  may  combine  lK)th 
of  these  functions.  In  any  cAse,  cretinism,  nivxcedema, 
and  cachexia  strumipriva  must  Im?  n»gardeff  as  auto- 
intoxicaticms  due  to  failure  of  function  of  a  particular 
organ  of  defence. 

In  ejr*fphthalmic  goitre  we  have  a  clinical  picture  which 
in  many  respects  is  the  direct  antithesis  of  that  of  myx- 
(edema;  furthermore,  as  Greenfield  hassuggesteil.  the  his- 
tologieal  ap|)earances  are  those  of  an  organ  in  active 
evolution;  finally,  the  poisonous  symptoms  produced  by 
t^)o  large  dos<*s  of  thyroid  extract  l)ear  a  striking  similar- 
ity to  those  of  exophthalmic  goitre. 

Thc»se  facts  have  naturally  led  many  to  the  belief  tliat 
Graves' dis<?a.sc  is  the  result  of  a  morbid  activity  of  the 
thyroid  gland ;  and  although  there  are  some  contrailictor}- 
facts  .still  to  be  explained,  this  theory  is  the  one  now  very 
generally  accepted.  Reganling  the  nature  of  the  auto- 
intoxioition,  two  views  are  held:  one,  that  by  some 
anomaly  of  function  an  abnormal  and  toxic  secretion  is 
formed:  the  other,  that  the  symptoms  depend  11  p<m  the 
prmluction  of  the  normal  sei-retion  in  ejtcemre  amoftnt. 
The  latter  view  seems  at  present  to  l>c  the  more  plausible 
one. 

It  must  be  added  that  another  hypothesis  which  has 
recently  gaincrd  some  adherents  attributes  tlie  conditicm 
to  an  auto-intoxicrati(m  of  gastrointestinal  origin.  One 
experimental  fact  seems  to  offer  supiK>rt  to  this  view. 
IlUrthle  has  found  that  by  inducing  jaundice  through 
ligature  of  tli(*  gall  duct  in  animals,  a  change  in  the  ac- 
tivity of  the  thyrt»id  was  regularly  produced Whereby  an 
<\\cessive  dev(?lopment  of  colloid  resulted. 

TiiK  Auto-Intox RATIONS  OF  pREosANCY. — The  hy- 
pothesis which  s<'es  in  many  of  the  di-sorders  of  pregnancy 
the  manifestations  of  a  poisoning  of  the  organism  by  the 
prcnlucts  of  its  own  metalwlic  pn>ces8e8  has  much  that 
is  attra(!tive  and  plausible  in  it.  and  in  the  case  of  certain 
affections,  especially  in  that  of  eclampsia,  can  summon 
to  its  support  a  considerable  number  of  very  significant 
facts. 

It  has  been  clearly  shown  that  during  normal  preg- 
nancy an  increased  amount  of  work  is  put  upon  the 
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various  organs  of  the  body,  and  especially  upon  those 
concerned  in  tlie  processes  of  metabolism  and  elimina- 
tion. 

The  increased  demand  upon  the  organs  can  under  per- 
fectly normal  conditions  be  met  satisfactorily,  and  we  see 
women  go  through  their  period  of  gestation  with  scarcely 
a  single  departure  from  the  state  of  perfect  health.  These 
increased  demands,  however,  are  prone  to  bring  to  light 
any  inherent  weakness  in  an  organ  which  in  the  non- 
pregnant state  may  perhaps  be  capable  of  performing  its 
functions  most  satisfactorily. 

Among  the  organs  of  defence  which  are  likely  in  preg- 
nancy to  manifest  evidences  of  insufficiency,  the  liver  and 
kidneys  stand  alone  in  point  of  importance.  The  liver 
in  particular  seems  especially  liable  to  fail  in  the  per- 
formance of  some  of  its  manifold  functions. 

In  the  symptom*  which,  with  greater  or  less  reason, 
have  been  ascribed  to  auto-intoxications,  are  included 
the  obstinate  vomiting,  salivation,  insomnia,  peripheral 
neuritis,  the  psychoses  of  pregnancy,  bronzing  of  the 
skin,  pruritus,  jaundice,  eclamp.sia,  and  acute  yellow 
atrophy.  In  connection  with  salivation  it  is  interesting 
to  recall  that  one  of  the  poisons  found  by  Bouchard  in 
normal  urine  was  a  powerful  sialogogue. 

Eclampsia  Gravidarum. — The  uriue  of  eclamptic  pa- 
tients has  been  found  to  be  much  less  toxic  than  that  of 
other  pregnant  women,  while  the  blood  serum,  on  the 
other  hand,  is  distinctly  more  poisonous  than  that  in 
normal  pregnane  v.  Tliere  can  be  no  doubt,  therefore, 
that  in  the  blood  of  eclamptic  patients  there  is  an  ac- 
cumulation of  poisonous  substances.  These  in  all  prob- 
ability are  not  the  end  products  of  destructive  metabolism. 
but  rather  the  intermediate  products  which  have  gained 
the  circulation  Ix-cause  of  failure  on  the  part  of  some 
organ  to  convert  them  into  useful,  or  at  lejist  harmless, 
bcdies.  In  other  words,  eclampsia  presents  every  evi- 
dence of  being  a  severe  auto-intoxicjition. 

While  certain  cases  of  eclampsia  may  be  identical  in 
nature  with  uraemia,  there  is  much  evidence  to  show  that 
in  many,  and  perhaps  in  most  cases,  the  two  conditions 
are  quite  distinct. 

Within  the  past  few  years  many  investigators  have 
called  attention  to  the  association  of  severe  hepatic  lesions 
with  the  manifestations  of  eclampsia,  and  it  ciinnot  be 
doubted  that  some  at  least  of  the  severe  auomalies  of 
metabolism  found  in  this  condition  are  due  to  derange- 
ment of  the  liver  functions.  In  some  cases  the  liver  lias 
shown  post  mortem  the  typical  appearances  of  acute  yel- 
low atrophy ;  in  others  those  of  heniorrhapc;  hepatitis;  in 
others  still,  manv  necrotic  areas  have  been  found.  Sclimorl 
reports  a  series  of  seventeen  ca.ses,  in  every  one  of  which 
serious  changes  in  the  liver  parenchyma  were  found  post 
mortem.  These  consisted  usually  in  necrotic  areas  of 
hemorrhagic  or  ana»mic  character.  Macroscopically  the 
livers  present^Kl  somewhat  the  appearance  of  acute  yel- 
low atrophy. 

Stumpf  .suggests  that  the  liver  disturbances  are  of 
secondary  nature,  and  that  the  origin  of  the  poisf)n  may 
lie  in  the  fetal  organism.  Vnder  the  inHueuce  of  this 
unknown  poison  there  is.  he  believes,  an  interference 
with  the  formation  of  urea.  As  a  result  of  this,  abnormal 
products  of  metabolism  reach  the  blood  and  furnish  a 
source  of  irritation  to  the  kidneys,  which,  in  turn,  become 
insufficient  and  fail  properly  to  eliminate  tlu^se  noxious 
bodies.  The  resulting  abnormal  condition  of  the  bUxnl 
acts  also  as  a  poison  to  the  liver  cells,  and  the  failure  of 
function  of  these  precipitates  the  eclamptic  attack  through 
action  upon  the  central  nervous  system. 

lA'iris  A.  Conner. 

In  an  article  such  as  the  present  one  it  Is  Inipractlcablp  to  ^ve 
specific  referenc««  for  all  the  many  assertions  made  thenMn.  While 
numerous  sources  of  Informati<m  have  in'en  utilizjnl,  moKt  of  the  state- 
ments contained  are  based  upon  thosi>  found  in  the  followiofr  puk)- 
licatlonii : 

Bodcliard:  Lectures  on  Auto-Intf»xi<ation  in  Disease.    English  edi- 
tion, 1894.    F.  A.  Davis  <"o.,  l»hiladelphia. 
iklbu:     Deber  die    Aut^jintoxioationen    des  Intestinaltractus,  18©5. 

Hirschwald,  Berlin. 
Vauffban  and  Novy :  Ptonialns  and  Leucomalns.    Third  edition,  1896. 
Lea  BroB.  &  Co.,  Philadelphia. 


G.  Bouffe  de  Saint-Blaise:    Les  auto-intoxications  de  la  groesesse, 

1889.    Ballli^e  et  FIL'*.  Paris. 
Bickel :  Die  Pathogene  der  Chol«emie,  1900.    Berfnnann,  Wiesbaden. 

Of  these,  the  work  of  Albu  has  proved  especially  valuable,  and  to  it 
those  readers  who  desire  piore  detailed  information  are  referred. 

AUTOMATIC  ACTIONS.— By  the  term  automatic  ac- 
tions, as  applied  to  living  bodies,  we  mean  those  move- 
ments which  go  on  without  any  outside  stimulus,  the 
causes  being  in  the  Ixxly  itself.  For  the  sake  of  under- 
standing them  more  clearly  it  is  necessary  to  divide  them 
into  certain  classes,  which,  so  far  as  the  higher  animals 
are  concerned,  are  as  follows: 

1.  The  ArTOMATic  Actions  of  Veget.\tive  Life. — 
Under  this  head  we  have:  {a)  those  of  the  respiratory 
neuro-mechanism ;  (h)  those  of  the  cardiac  neuro-mechan- 
ism;  {c)  those  of  the  vaso-motor  neuro-mechanism:  {d) 
the  rhythmical  movements  of  the  stomach,  intestines,  v 
spleen,  and  bladder. 

The  automatic  actions  in  these  classes  may  be  modified 
by  volimtary  or  other  extrinsic  influences,  but  they  are, 
nevertheless,  essentially  independent  of  them.  Thus  the 
respiratory  movements* may  be  modified  by  volitional  im- 
pulses, but  they  in  the  main  goon  rhythmically  and  inde- 
pendently. The  mechanism  of  this  process  of  automatism 
is  well  illustrated  in  the  cardiac  movements.  The  pulsa- 
tions of  the  heart  depend  upon  the  stimuli  rhythmically 
sent  out  by  the  intrinsic  ganglia.  The  cells  which  origi- 
nate these  stimuli  receive  no  excitation  themselves  except 
that  furnished  by  the  aliment  from  the  blood.  This  ali- 
ment is  constantly  building  up  these  motor  cells  into  a 
more  and  more  unstable  condition.  When  the  instability 
reaches  a  certain  limit,  the  cell  decomposes  or  explodes 
with  a  discharge  of  its  force,  after  which  it  immediately 
begins  to  build  up  into  instability  again ;  and  so  the  proc- 
ess goes  on.  This  explanation  applies  to  all  the  rhyth- 
mical automatic  movements  of  vegetative  life.  The 
movements  are  performed  by  unstriped  muscles,  or  the 
muscles  of  internal  relation. 

2.  The  Automatic  Actions  of  Voluntary  Life. — A 
second  and  much  more  striking  class  of  automatic  activi- 
ties includes  those  involving  voluntary  muscles  and  the 
mind.  They  appear  in  various  forms  and  in  varying 
complexity  according  to  the  part  of  the  nervous  system 
which  they  involve.     They  may  be  divided  as  follows: 

{a)  The  Motor  Automatisms. — The  harmonious  move- 
ments of  the  eyes,  the  muscular  adjustments  called  forth 
in  the  use  of  the  voice,  and  of  the  jaws,  mouth,  and 
throat  in  suckling,  are  illustrations  of  motor  automatism. 
The  movements  of  the  body  and  limbs  in  standing,  sit- 
ting, walking,  and  in  the  various  acquired  dexterities, 
such  as  those  of  dancers,  players,  jugglers,  acrobats,  and 
skilled  artisans,  all  are  done  automatically.  Being,  in 
man,  acquired  by  practice,  thev'  may  be  spoken  of  as 
secondary  automatic  acti(ms.  They  have  for  their  an- 
atomical substratum  certain  arrangements  of  nerve  fibres 
and  cells  in  the  cerebellum,  basal  ganglia,  and  spinal 
cord.  The  conscious  mind,  though  taking  no  active 
share,  first  fathered  them,  and  stands  in  ready  connec- 
ti(m  with  them.  It  starts  or  stops  the  machinery,  just 
as  by  touching  the  pendulum  we  start  or  stop  a  clock 
that  has  l)een  wound.  Physiology  teaches  also  that  all 
voluntary  acts  tend  by  repetition  to  become  automatic. 
For  voluntary  movements,  by  repetition,  are  more  and 
more  easily  and  quickly  performed,  until  at  last  they  no 
longer  possess  the  elements,  such  as  duration  and  inten- 
sity, necessary  to  arouse  consciousness,  and  they  are  then 
done  automatically. 

(b)  Psyrhiral  Automatism. — There  is  another  class  of 
automatic  activities  closely  related  with  the  foregoing. 
Here  volition  and  normal  consciousness  have  no  share  at 
all,  and  the  whole  psychical  life,  so  far  as  it  appears  at 
all,  is  automatic.  The  mind  becomes  a  real  machine, 
working  in  certain  established  grooves,  unmodified  by 
anv  volition  or  bv  any  external  or  internal  stimulus  ex- 
cept  such  as  gives  it  the  start :  just  as  th<»  boy  trims  the 
sails  and  fastens  the  rudder  of  his  toy  boat,  then  launches 
it  to  sail  as  its  mechanism  directs. 

This  psychical  automatism  is  represented  in  lower  ani- 
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mals  by  many  of  their  iustiuctive  acte.  In  following  its 
instincts  the  aninial  obeys  no  conscious  purpose,  but  is 
impelled  by  unfelt  stimuli  from  within,  these  stimuli 
being  fumi$lic<l  bv  the  peculiar  anatomical  arrangements 
and  nutritive  needs  of  its  nervous  system,  inheriU^d  from 
its  ancestors.  Instinct  covers  in  the  lower  animals,  how- 
ever, both  the  acquired  aptitudes  and  the  psychical  au- 
tomatisms in  man. 

This  psychical  or  cerebral  automatism  is  perfectly  illus- 
trated in  the  conditions  known  as  trance  and  sonmambu- 
lism.  Here  consciousness,  while  not  exactly  al)olished, 
is  in  an  aberrant  state  (see  Con^iouA/teMS,  Diaorder^  of)^ 
the  will  is  .suspended,  but  thought  and  feeling  continue, 
and  the  Innly  responds  in  systematized  and  apparently 
iutel]ig(>nt  acts. 

There  are  two  distinctions  which  in  a  medical  study  of 
psychical  automatism  must  Iwmade:  First,  unconscious 
cerebration  is  a  different  thing  from  the  psychical  autom- 
atism which  we  are  describing.  The  t<*rm  unconscious 
cerebration  should  be  limitt»d  to  that  very  large  share  of 
our  mental  life  which  runs  on  beneath  consciousness. 
Few  persons,  in  carrying  on  a  train  of  thought,  bring 
every  link  in  the  logical  chain  into  consciousness.  AVe 
pass  with  a  step  from  the  first  tenn  to  the  la.st,  the  inter- 
mediate pn)cess  l>eing  subconscious.  In  the  a.ss(K*iation 
of  ideas,  one  mental  picture  is  ofton  ff»llowed  by  another 
apparently  remote,  the  missing  links  not  rising  into  con- 
scious view.  Unconscious  cerebration,  thrrrfore,  refers 
simply  to  the  sulx'onscious  part  of  our  onlinary  thoughts 
and  feelings,  and  is  one  of  the  modes  in  which  the  mind 
naturally  acts.  Second,  cerebnil  automatism,  as  under- 
stood ])y  sonie  writ<TS,  siieh  as  Carpenter  luid  Luys,  is 
made  to  include  cerebral  retlex  acts.  i.e..  all  the  mental 
acts  which  arise  involuntarily  in  response  to  a  stimulus. 
Thus  we  are  tohl  that  the  ready  resi)onse  of  emotion  at  a 
dniniatic  climax,  the  instant  formati(m  of  judgment 
where  certain  simple  and  (ronnmm(*onditions  are  present, 
are  all  examples  of  cerebral  automat  ism.  From  this  same 
l)oint  of  view,  the  conunon  s<*nse  of  mankind  is  but  the 
automatic*}illy  formed  judgment  upon  the  various  affairs 
of  life,  which  risi'salike  in  the  gn»atmassof  men.  There 
is  ])ropnety  in  this  view,  and  hues  of  distinction  must  Ik? 
somewhat  arbitrarily  drawn.  Nevertheless,  the  acts  re- 
feri*ed  to  are  much  more  typically  n*flex  than  automatic 
ads,  as,  for  example,  when  a  novel  situation  excites  at 
once  spontaneously  a  burst  of  laughter.  And  it  is  better 
to  limit  the  term  cerebral  automatism  to  those  conditi(ms 
of  the  mind  in  which  spontaneity  is  alx)lished  for  a  time 
and  the  psychical  mechanism  acta  entirely  apart  from 
any  conscious  stimulus. 

( 'enthral  autr)matism,  as  thus  lindted.  is  pathological 
and  has  a  mediiral  importance.  It  is  a  condition  that  is 
brought  about  by  a  number  (»f  caus<*s,  and  makes  a  s<mie- 
what  different  clinical  picture  a<rcordingly.  Cerebral  au- 
tomatic states  nuiy  Ik*  clas.sitied  as  follows:  The  epileptic, 
the  somnambulic,  the  hypnotic,  theautomatism  of  inebri- 
ety, of  insanity,  of  narcotic  intoxication,  of  syphilis,  of 
injuries  to  the  head,  and  t>f  overwork  or  cerebral  ex- 
haustion. 

Epileptic  Ceuebr.vl  Automatism. — ^The  automatic 
mental  stiitc^  which  occurs  in  epilepsy  accompanies  nuich 
more  fre<iuently  jietit  mtd  than  hint  mal.  It  generally 
follows  the  atta(rk.  but  sometimes  precedes  it,  and  still 
more  rarely  takes  its  place,  in  whi<'h  latter  ca.se  the  tA?nns 
ps\'ehical  epilepsy  (llughlings  Jackson),  masked  epilepsv 
(Esquirol),  epilepsia  larvata  (Morel)  have  been  applieJ. 
It  is  a  transitory  psycliitral  disturbance,  and  onlv  one  of 
several  forms  which  occur  at  this  perio<l  (see  J^jnleivny). 
Cases  of  epileptic  automatism  are  numerous.  In  tlie 
simpler  forms,  the  patient  simplv  proceeds  to  do  s<mie 
ordinary  but  inapposite  act.  often  he  begins  suddenly 
to  tin<lres.s,  or  tries  to  go  upstairs,  and  will  climb  uprm  a 
chair,  or  table,  or  shelf.  Very  fn'quently  he  ])uts  some 
object  near  at  hand  in  his  pocket.  Much  more  compli- 
catwl  acts  may  l)e  tlone.  A  patient  of  Le  Grand  du 
Saule's,  after  an  attack,  found  that  he  liad  taken  passage 
in  a  steamer  for  Bomlmy.  (Jowers  tells  of  a  cannan  who, 
after  an  attack,  drove  for  an  hour  through  the  crowdcnl 


streets  without  accident.  Trousseau  relates  the  case  of 
an  architect  who,  when  s(>ized  with  an  attack,  would  run 
quickly  from  plank  to  plank  without  falling;  and 
Gowers,  again,  had  a  young  lady  patient  who,  during 
the  epileptic  automatism,  would  play  the  most  difficult 
nmsic.  In  some  cases  the  emotional  faculties  are  more 
involve<l.  and  attacks  of  transitory  mania,  or  furious  im- 
pulse, occur. 

Artificial  Cerebral  Automatism,  Hypnotism, 
Trance. — In  the  condition  known  as  hypnotism,  tmuce, 
mesmerism,  "electro-biology,"  the  phenomena  of  cere- 
bral automatism  arc  very  perfectly  shown,  and  an 
understanding  of  it  gives  the  key  to  all  the  cerebral 
automatic  states.  When  the  hypnotic  condition  is  pro- 
duced artificially  in  a  man  he  is  instructed  first  to  fix 
his  attenticm  upon  some  particular  object,  such  as  a 
bit  of  glas.s,  which  is  hehl  slightly  above  the  level  of 
vision,  so  as  to  put  the  ocular  muscles  upon  a  certain 
strain.  After  a  few  minutes,  in  si'nsilive  subjects,  tho 
nervous  fovvx"  scH?ms  to  lose  \Xs  equilibrium  and  to  c<>n- 
centrate  its<'lf  in  one  particubir  direction.  Little  force 
is  left  to  supply  the  rest  of  the  conscious  functions 
of  the  brain,  and  the  whole  mentid  life  of  the  subject  is 
narrowed  into  one  field.  The  mind  is  but  a  point.  Tlie 
equilibrium  of  nervous  force  IxMng  once  overturned,  it 
continues  unstable,  and  can  be  turned  in  one  direction  or 
another,  acconling  to  the  suggestion  of  the  manipulator. 
Thus  the  hypnotic  thinks  that  he  sch's  a  beatific  vision, 
and  every  capacity  of  his  mental  behig  is  expended  on 
the  feelings  that  such  a  vi.sicm  excites.  Or  he  is  told  that 
he  is  a  murderer,  and  must  die,  and  he  is  overpowered 
with  fear  and  remorsi'.  Or  his  mind  is  directed  to  the 
idea  that  one  side  of  his  b<3dy  is  in.si>n.sible ;  he  then  feels 
no  pain  on  that  side.  In  any  case,  his  mental  energies 
urt^  all  so  absorlx'd  by  scmic  single  dominant  feeling,  that 
onlinary  sen.sory  impulse's  coming  up  to  the  brain  impinge 
fruitlessly  upon  consciousness,  and  awaken  no  sensations. 
The  hypnotic  is  to  all  intents  an<l  purpiwes  anapsthetic, 
blind  and  d<.'af  to  everything  exce])t  an  ex|>ected  sugges- 
tion from  the  o])erator,  which  is  the  only  link  that  holds 
him  at  the  time  to  the  external  world.  Under  the  domi- 
nation of  some  ]mrticular  id(^  or  f(>eling,  his  mind  may 
autonmtically  caus<^  him  to  {K'rfonn  many  complex  and 
appan'utly  intelligent  acts.  The  concentration  of  ner- 
vous fonre  upon  sc^me  particular  function,  such  as  that  of 
sight,  hearing,  or  touch,  exalts  theses  senses,  so  that  vision 
is  clearer,  hearing  more  acute,  and  the  touch  more  sensi- 
tive (see  HypnottHm^  l^>mnamhHlism).  Such  is,  in  brief, 
the  physiology  of  hypnotic  automatism. 

Although  the  hypnotic  condition  is  usually  produced 
artificially,  certain  persons  of  a  highly  sensitive,  nervous 
temi)erament  are  subject  to  spontimeous  attacks.  Just  as 
other  pcRwms  suffer  from  the  similar  condition  of  som- 
nambulism. Indeed,  spontaneous  hypnotic  attacks  are  a 
kind  of  day  somnambuli.sm.  Individuals  thus  suffering 
are  generally  of  a  hvst<.Tical  temperament,  with  deficient 
will  iK)w<T,*and  their  hypnotic  attacks  may  accompany, 
or  l)e  complicated  with*  attacks  of  catalepsy,  ecstasy,  or 
hysterical  seizures  of  various  kinds.  There  are  persons 
who  have  a  congenital  tendency  to  fall  spontaneously 
into  hypnotic  states.  Such  was  the  case  with  a  patient 
of  LeUrand  du  Saule's.  who.  whenever  he  got  into  a 
state  of  excitement  or  exi>ectancy,  would  fall  off  into  a 
hypnotic  sleep.  Some  oi  the  n»port<Hi  cases  of  morbid 
s<>nmolence  belong  to  this  class  (si»e  Sltrp,  Dt'sorderti  of). 
In  other  instances  the  U'udency  to  spontaneous  trance 
states  is  acquire<I,  as  in  a  case  reported  by  Finkelnburg: 
a  young  woman,  having  bw?n  once  mesmerized  by  a  pro- 
f(>ssional,  ever  after  was  subject  to  spontaneous  attacks 
of  tranct?. 

TIm'  c<mditi<mof  trance,  or  one  closely  allied  to  it.  is 
induce<l  voluntarily  by  the  so-calUid  trance  speakers.  It 
may  also  Ix?  brought  on  by  some  periodically  occurring 
affection,  as  wjis  shown  in  a  case  related  by  Dr.  B.  F. 
Berkley  (  WfHfern  Journal  of  yfrtlinne  and  Sitrgery,  N.  8.. 
vi,,  p.  204).  A  mnrrie<l  woman,  age<l  tldrty-nine.  for 
years  suffered  frrmi  trigeminal  neuralgia,  wliich  finally 
ended  in  a  severe  form  of  tic  douloureux  occurring  every 
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Antomatte  Actions. 
A  a  to  pales* 


two  weeks.  After  each  attack  she  fell  into  a  state  of 
** somniloquence"  lasting  for  an  hour  or  two.  During 
this  time  she  would  preach  on  religious  topics  with  some 
amount  of  eloquence.  She  was  a  modem  illustration  of 
the  similar  states  into  which  the  priests  of  the  Delphic 
oracle  went  when  uttering  their  prophecies. 

Hypnotic  states  are  generally  brought  to  an  end  by  the 
pMiSses  of  the  manipulator.  If  the  patient  is  left  alone 
the  hypnotic  state  continues  for  some  hours,  passing 
finally  into  true  sleep,  from  which  he  awakens  spontane- 
ously. In  some  persons  who  are  subject  or  have  been 
subjected  to  periodic^al  attacks  of  hypnotism,  the  mind 
recalls  in  one  attack  what  occurred  in  the  previous  one. 
After  such  a  person  comes  out  from  an  attack  he  has  no 
recollection,  as  a  rule,  of  what  was  done  in  it.  There 
are  considerable  variations  in  the  degree  or  intensity  of 
the  hypnotic  state.  In  the  slighter  degrees  it  resembles 
considerably  that  of  profound  reverie  or  abstniction. 
There  is  a  distinction,  however,  l)etwoen  the  absorbed 
reverie  of  the  student  and  the  absorlied  contemplation 
of  the  hypnotic.  In  the  former  case  the  mind  is  con- 
structing and  building  und<T  a  certain  kind  of  voluntary 
direction;  in  the  latter  the  mind  is  going  automatically 
over  old  ground. 

Traumatic  Cerebral  Automatism. — Very  rarely  in- 
juries of  the  head  pnxluce  such  a  pathological  change  in 
the  brain  as  to  make  the  person  injured  the  subject  of 
periodical  attacks  of  cerebral  automatism.  In  thes<'  easels 
the  mental  condition  is  the  same  as  if  the  patient  walked 
in  his  sleep  or  had  been  artificially  hypnotized. 

One  of  the  most  typical  ca.sesof  this  kind  isthatrelatt^d 
by  Mesnet,  of  the  French  soldier  who,  after  suffering  from 
a  severe  injury  of  the  head,  used  to  pass  into  automatic 
states  lasting  for  days.  He  would  then  unconscioush'  po 
through  all  the  routine  actions  t^  which  he  had  been  ac- 
customed, such  as  dressing,  taking  a  walk,  smoking, 
etc. 

The  Cerebral  Automatism  of  Inebriety. — Dr.  T. 
D.  Crothers  has  related  some  remarkable  cases  in  which 
the  effect  of  the  long-continued  abuse  of  alcohol  has 
been  to  induce  perimiic  attacks  of  cerebral  automatism. 
The  patients  fall  into  a  state  very  much  resembling  that 
of  hypnotism.  In  this  condition  they  may  go  through 
the  Qrdinary  routine  of  life  in  so  perfect  a  manner  that  no 
one  would  recognize  the  peculiar  aberration  of  the  mind. 
After  a  period  of  hours,  or  even  of  a  day  or  more,  normal 
consciousness  returns  and  they  remember  nothing  of  what 
they  have  been  doing.  One  of  the  most  remarkable  illus- 
trations of  this  kind  was  that  of  a  railway  conductor 
who,  aft(^r  passing  into  the  automatic  state,  would  ttikt* 
charge  of  his  car,  run  the  train,  collect  tickets,  make 
change,  and  do  all  the  other  duties  of  his  position. 
Finally,  after  returning  home  and  awaking,  he  could 
remember  nothing  of  what  he  had  done. 

Briefer  and  less  typical  attiicks  of  cerebral  automatism 
occur  undoubtedly  in  very  many  cases  of  chronic  in- 
ebriety. 

Syphilitic  Cerebral  Automatism. — Cerebral  syph- 
ilis sometimes  produces  states  of  automatic  mental  action, 
though  these  are  not  of  a  very  typical  kind.  The  .syphi- 
litic poLson  causes  a  kind  of  somnolent  or  stu])r)rous  con- 
dition, in  which  the  patient  a])])ears  incapable  of  volun- 
tary intelligent  acts.  When  roused  and  set  upon  ordinary 
tasKS  or  routine  duties,  he  goes  through  them  automati- 
cally and  almost  unconsciously. 

The  Automatism  of  Brain  Exhaustion-  and  Brain 
Disease. — Luys  ("The  Functions  of  the  Brain,"  p.  18:3) 
relat**s  the  history  of  a  young  man  who  had  Uvvn  for  sev- 
eral days  engaged  in  making  calculations  of  eomi)ound 
interest,  which  had  caus^'d  a  great  tension  of  his  mind. 
One  evening,  after  dinner,  he  was  about  to  go  to  sleej) 
when,  as  he  says:  "  Without  the  slightest  encouragement 
on  my  part,  in  a  state  between  sleejiing  and  waking,  I 
began,  without  the  smallest  volition  on  my  part,  to  calcu- 
late and  go  over  again  exactly  the  same  problems  as  when 
in  my  office.  The  cerebral  machine  ha<l  Inen  set  in  mo- 
tion too  violently  to  be  sto]>p(Ml.  and  this  involuntary 
work  went  on  in  spite  of  me,  and  in  spite  of  all  the  means 


I  endeavored  to  employ  to  cause  its  cessation,  that  is  to 
say,  for  from  about  three-quarters  of  an  hour  to  an  hour 
and  a  quarter."  Many  persons,  after  an  evening  of  ex- 
hausting study,  on  retiring  to  bed  have  experiences 
somewhat  similar  to  the  above.  Healthy  persons  also 
discover  a  little  of  this  cerebral  inertia  in  their  disinclina- 
tion>  or  even  absolute  inability,  voluntarily  to  leave  a 
task  in  which  they  are  absorbed. 

Dr.  O.  C.  Gibbs  (Penmtylrania  and  Independent  Medical 
Journal,  ii.,  p.  12,  1859)  relates  the  history  of  a  large, 
muscular  man,  aged  fifty -five,  who  showed,  in  a  perma- 
nent and  exaggerated  form,  this  kind  of  automatic  condi- 
tion. The  person  in  question  had  been  a  hard  drinker 
and  smoker,  but  had  suffered  from  no  disease.  His 
family  at  last  noticed,  however,  that  his  mind  was  some- 
what affected.  His  memory  failed,  and  he  would  tell  the 
most  absurd  stories.  Gradually  his  intelligence  dimin- 
ished and  his  will  became  impaired.  When  he  began  to 
do  a  certain  thing  he  had  no  power  to  stop  himself.  If 
he  went  to  the  barn  to  throw  down  hay  he  would  never 
stop,  unless  interfered  with,  until  he  had  pitched  off  the 
whole  mow.  If  sent  out  to  bring  in  an  armful  of  wood 
he  would  never  stop  until  the  pile  was  all  in.  or  the  room 
was  full.  When  he  once  commenced  to  eat.  it  seemed  as 
if  he  could  never  cease.  As  his  mind  became  more 
affected  he  gradually  lost  the  power  of  balancing  himself, 
and  showed  a  constant  tendency  to  go  backward  when 
stjinding,  and  to  tip  over  backward  when  sitting.  He 
slept  nuich.  Ilis  strength  gradually  failed,  and  he  died 
with  no  marked  symptoms.  The  diagnosis  of  cerebral 
softening  was  probably  correct,  although  no  post-mortem 
examination  was  made. 

The  Cerebral  Ai  tomatism  of  Insanity. — The  con- 
dition of  cerebral  automatism  has  been  described  as  a 
form  of  insanity.  But.  on  the  other  hand,  there  are 
forms  of  insanity  in  which  cerebral  automati.sm  appears 
as  part  of  the  phencmienaof  the  disease.  Thus,  maniacal 
states,  especially  those  of  epilepsy,  and  the  impulsive 
acts  in  the  various  states  of  defective  mental  inhibition, 
may  be  looked  upon  as  automatic. 

Perhaps  the  automatic  cerebral  life  in  the  insane  is  best 
shown  in  acute  dementia,  in  which  di.sease  only  the  low- 
est of  the  mental  functions  remain,  and  the  sufferer  is 
guided  onl}'  by  the  impulses  and  stinuili  of  his  vegeta- 
tive system. 

In  secondary  dementia,  and  in  idiocy  and  other  states 
of  mental  enfeeblement,  the  mental  activities,  so  much 
as  remain,  are  more  or  less  automatic. 

Medico-Leo AL  Relations  of  Cerebral  Automa- 
tism.— In  conclusion,  I  have  only  space  to  call  attention 
to  the  very  evident  medico-legal  importance  of  a  knowl- 
edge of  cerebral  automatic  states.  This  applies  espe- 
cially to  the  more  frequently  occurring  forms,  such  as 
those  of  artificial,  epileptic,  and  possibly  inebriate,  au- 
tomatism. There  is  no  doubt  that  a  cerebral  automatic 
is  irresponsible,  morally,  for  his  acts,  and  except  in  in- 
ebriate automatism,  the  courts  would  sustain  the  medical 
view.  Unfortimately,  it  is  as  yet  i)ractically  almost  im- 
possible to  demonstrate  by  objective  tests  that  an  accused 
person  was  really  in  an  automatic  state. 

Charles  L.  Dana. 

AUTOPSIES. — (Synonyms:  Post-Mortem  Examina- 
tion; necropsy;  Latin.  Aut<fjma  radanrint,  turti'o.  (fb- 
dnrtio  ;  French,  necrojme,  autojm'e  eadarertf/ne  ;  G<'nnan. 
F^irhe nucha u,  Sertion,  Obdiirtio.)  An  examination  of  the 
body  after  death,  to  investigate  the  condition  of  the 
various  parts  of  the  body,  to  note  any  changes  in  the 
organs,  and  to  detenuine  as  far  as  pos.sible  the  cause  of 
any  such  changes. 

General  Considerations. — An  article  intended,  as 
this  is,  to  aid  the  general  practitioner  in  making  a  post- 
mortem examination  would  fall  short  of  the  mark  were 
it  to  give  simply  the  various  cuts  to  be  made  in  order  to 
expos<'  and  permit  of  th(?  examination  of  the  different 
organs.  While  it  would  be  out  of  the  question,  in  a 
handbook,  to  detail  all  the  possible  alterations  in  the 
viscera,  and  the  method  of  their  recognition,  yet  there 
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Tlie  BOODer  after  deatli  an  autopBj  is  made,  the  belter. 

as  putrefactive  ciiBuges  modify  the  appearances  of  pallio- 

lofftcal  OS  well  as  of  normal  organs. 

In  case  an  auCopsy  is  to  he  held,  the  undertaker  should 

be  requested  tii  jiostjione  the  injection  of  any  embalming 
fluid  until  tJie  exsmmatinn  has  been  made,  as 
the  presiTvalive  fluids  modify  tonsidembly 
the  appeamnn-s.  owing  to  the  cnagiilation  of 
albumen  and  tliu  alteration  of  color  produced 
thereby.  If  for  any  reuaon  the  autopsy  fs 
to  bo  made  late,  it  is  d<-Nirable,  when^  this  is 
possible,  to  huve  the  bodv  kept 

wii ■ ■    -  ■ 

and  w 

should     take    iiistrumeuts. 

twine,  a  xponge.  aud  a  rub- 
ber   sheet  a   yard   siiuarc. 

The  fewer  inBiriimenirt  he 

can  get  along  with  tht;  iH't- 

ter:  there  is  less  to  carry; 

fewer  lo  soil,  and  less  lia> 

liilirv   of   leaving    any  be- 

hiiuf. 

( )iie  needs  a  stout  knife 

fruni   seven  ti»  nine  inthc-s 

In   length,   of   which    lialf 

belongs  In  the  handle,  half 

lo    lliR    blade.    Thu  blade 

sliouhl  be  from  tliree-iiuar- 

U'rs  of  an  inch  to  an  iiirh 

and    a    quart^'r    iu   width. 

varying  according    to    the 

length  (Pig.  444). 
Also  a  sharj I  pointed  seal  - 

pel    and    a    mcdiuiii-si/iii 

pair  of  scissors.     A  pair  of 
Fio.  til.      small,    probe -poin led    scis-  f lO.  145. 

sors,  as  represented  iu  Fig. 
445.  is  very  useful,  though  not  absolutely  necessary. 

One  Deeds  also  a  pair  of  forceps  (Fig.  446)  and  a  large 
needle  (a  sail  needle  tliat  can  be  bought  at  a  hatdware 
Blore  for  a  few  cirnts  will  answer  the  purpose). 

Twodthirinstrunienls,  not  absolutely  pswnlial,  though 

pilir-'  ■  i'li;  the  rilis 


the   Imiin    iiml 


tonnrnve  th-sinn-      /^^^ 
»le..rd,iie)iis,.|kTi..wn     ff         Vl 

W"  (J 


witb   him.     After  the  autopsy  it  tan  bo  waahed  with 
soap  and  water,  and  is  then  ready  for  use  at  the  nen 
autopsy.     The  belter  the  (iiulity  of   the  sponge  (Iw 
longer  it  will  last  and  the  better 
work  It  will  do. 

At  tbc  bouse  there  can  be  ob- 
tained the  followiog  articles: 
lialf  a  dozen  newspapers,  sev- 
eral pieces  of  old  cotton  riotb. 
a  slnji  pail,  and,  if  there  be  no 
running    water,    a    pitcher    of 

The   physician  cannot  be  too 

eureful  to  avoid  wounding  the 

feelings   of   the   family   In    the 

house    where     the    autopsy    is 

made.     A  room   left  in  a  slate 

of  confusion,  or  the  soiling  of 

carpi.-1,  rhairs,  or  utensils  with 

drops  of  blood,  not  only  gives 

offene^e  to  the  friends,  but  often 

prevents  the  careless  physician 

petting  permission  for  autopsies 

in  the  future,  as  the  family  are 

very  likely  to  give  their  neigh- 
bors  an    account    of    Dr.   A.'s 

sloven  lint-Bs. 
In    making   an  autopsy  la  a 

private  bouse,  it  is  often  neets- 

sary   to    alter    the    position   of 

table,  chairs,  or  the  like.    Before    | 

any  change  is  made,  it  should 

be  the  duty  of  the  physician  to 

take  mental  note  of  the  arrange-  no.  44a. 

Mifut  of  articles  in  the  room,  in 

order  that,  when  the  autopsy  is  finished,  everything  iiiay 

be  restored  to  its  former  place. 

All  articles  required  In  making  the  examination  should 

be  obtained  before  the  autopsy  is  begun. 
The  body  will  be  found  either  ujwn  a  bed.  with  nr 

without  a  lioard  under  il.  or  upon  an  undertaker's  fiame 

ai't  on  horses,  or  In  an  ice  bos.  In  any  of  the«e  poditoni 
the  examination  can  be  made  without  mov- 
ing the  body,  unless  tlic  head  is  to  lieopenni, 
which  cannot  be  done  with  tbe  biNly  in  sd 
ice  bo.^  extx'pt  tbe  head  be  taiscd  and  sup- 
ported above  the  level  of  the  box. 

The  clothing  covering  the  trunk  shimH 
hi;  torn  down  the  middle  line, 
in  froul.  and  drawn  to  either 
side.  Newspapers  should  then 
l)e  tucked  iu  at  Ihe  sides  of  the 
the  head  a 


It^lhii 


f  the 


whole 


to  leave  exposed 
iterior  surface  of 
tln'  trunk  from  the  chin  to  the 
iud>es.  Should  anv  fluid  Ite 
-I'illed  later.  Il  will  fall  upon 
[  he  paper  and  not  soil  the  clolh- 

The  riililicr  sheet  should  be 
-preud  out  on  tJic  floor  near 
ivlirre  the  operalor  stands;  the 
liip  pail  is  to  be  placed  upon 
the  sponge  should  benioist- 
ir  the  band. 


vfor 


ipongo  sho 
t  be  laid  n. 


iliint  u: 


theii 


■  (o  be  iilneed  upon  a 

ilijL^lwnl  Ihe  iiirpsc.     All  appli- 
iiiiee-^  iire  to  be  made  ready  be- 
fore any  cutting  is  done.     Once 
is  made,  the  perfoniier 
hliiody  that   nothing  ca 
without  soiling. 

The  physician  should  examine  his  hand« 
carefully  with  reference  to  the  presence  of 


Fio.  4S0. 


beginning 
bands  become  m> 
be  touched  later 
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of  the  diaphragm  is  reached,  remembering  to  go,  on  the 
right  side,  to  the  outside  of  the  falciform  ligament  of  the 
liver.  Put  the  forefinger  of  the  left  hand  upon  the  ex- 
ternal surface  of  the  thorax  corresponding  to  the  position 
of  the  fingers  inside.  Withdraw  the  right  hand  and,  be- 
ginning at  the  clavicle,  count  downward  ribs  and  inter- 
spaces until  the  finger  of  the  left  liaud,  previously  placed 
on  the  outside,  is  reached.  This  gives  the  position  of  the 
arch.  Its  usual  position  is  the  fourth  rib  on  the  riffht, 
and  the  fourth  interspace  or  fifth  rib  on  the  left.  It  is 
lowered  when  the  lung  is  solidified,  and  when  there  is 
fluid  or  gas  in  the  pleural  cavity.  The  fluid  or  gas  may 
be  so  abundant  as  to  bulge  the  diaphragm  downwanl. 
(To  determine  presence  of  gas  in  pleural  cavity,  see 
later.) 

The  next  step  is  the  removal  of  skin  and  muscle  from 
the  anterior  surface  of  the  thorax,  so  as  to  lay  bare  the 
sternum,  cartilages,  and  bony  ribs  for  a  distance  of  two 
to  three  inches  outside  the  articular  line. 

The  abdominal  flap  is  seiz(»d  in  its  upper  part  by  the 
left  hand,  and  turned  fonribly  outward;  by  doing  this 
the  rectus  abdominis  at  its  point  of  origin,  the  lower 
margin  of  the  ribs,  and  the  attachment  of  the  diaphragm 
are  exposed.  The  heel  of  the  blade  of  the  large  knife  is 
now  placed  upon  the  origin  of  the  rectus,  and  by  means 
of  a  single  sweeping  stroke,  carried  just  above  the  lower 
border  of  the  ribs,  the  Rectus  and  the  diaphragmatic  at- 
tachments are  severed.  Then  seize  the  flap  a  little  higher 
up,  turn  it  forcibly  outward  so  as  to  put  the  muscles  on 
the  stretch,  and  divide  the  parts  which  have  l)eeu  made 
tense.  Continue  the  cuts  in  like  manner  until  the  ribs 
on  the  right  side  are  exposed,  removing  all  the  muscle 
with  the  flap  so  as  to  leave  the  ribs  clean.     Repeat  the 

f)rocess  on  the  left  side.     Then  expose  the  stemo-clavicu- 
ar  articulation  by  dividing  subcutaneously  the  tissues 
that  cover  it. 

Before  removing  the  sternum  a  general  inspection  of 
the  abdominal  cavity  should  be  made,  to  note  whether 
there  be  an  increase  in  the  amount  of  the  serous  fluid 
normally  present,  or  abnormal  contents.  The  reason  for 
making  the  cursory  examination  at  this  stage  of  the  au- 
topsy is  that  if  there  be  fluid  in  either  of  the  pleural 
cavities,  some  of  it  will  be  likely  to  escape  into  the  peri- 
toneal cavity  on  removal  of  the  sternum ;  hence  it  would 
be  impossible  to  determine  later  whether  fluid  found  in 
the  abdominal  cavity  was  there  originally  or  had  come 
from  the  pleural  cavity. 

If  pneumotliomx  is  suspected,  the  presence  of  gas  in 
the  pleural  cavity  should  l)e  determined  at  this  stage  of 
the  autopsy.  It  is  hest  done  by  making  a  double  fold 
of  the  skin  tlap  over  tlic  anterior  portion  of  the  thorax  on 
the  suspected  side.  Water  is  ])()ure<l  into  the  space  be- 
tween the  folds,  making  a  little  pool.  The  sharp-pointed 
scalpel  is  now  driven  lhn)u;rh  the  muscle  of  an  inter- 
costal space,  wliere  the  water  lies,  and  tlie  effect  noticed. 
If  there  be  gas  in  the  jileural  cavity,  it  will  escape  by 
bubbling  through  the  licpiiil;  otherwise  the  water  will 
disii])pear  through  the  opening.  One  must  not  mistake 
the  collection  of  gas  from  putrefactive  changes  in  the 
ple\n-al  cavity  for  gas  whieli  has  collected  during  life. 
If  present  from  jiutrefaction,  it  will  he  double-sideil,  and 
there  will  be  other  evidence  of  putrefactive  changes  iu 
the  tissu(»s. 

The  sternum  is  now  to  be  removed.  This  is  done*  by 
opening  the  sterno-clavicular  articulation,  and  dividing 
the  cartilages  of  the  ribs  about  one-eighth  of  an  inch 
from  their  junction  with  the  bony  ribs.  "The  knife  to  be 
used  is  the  small  pointed  scal])el  already  described.  Tlu? 
guide  to  the  positicm  of  the  sternoclavicular  articulation 
is  the  tendon  of  the  sternal  attachment  of  the  sterno- 
cleido  mastoid  muscle.  Insc^rt  the  knife  above  the  clav- 
icle about  one  inch  outside  this  tendon;  then  by  an  up- 
and-down  motion  divide  the  soft  i)art8  till  the  tendon  is 
reached;  turn  the  knife  so  as  to  enter  the  joint;  then 
follow  the  joint  in  a  s<*micircle,  with  the  siime  up-and- 
down  motion  of  the  knife,  not  trying  to  guide  it,  so  far 
as  its  vertical  direction  is  concenied,  for  tlie  plane  of  the 
joint  is  a  constantly  varying  one;  hence  the  importance 


of  holding  the  knife  loosely  in  the  fingers  and  letting  it 
take  its  own  course.  Do  not  remove  the  knife  after  the 
joint  has  been  opened,  but  continue  the  incision  out- 
w^ard  along  the  under  border  of  the  clavicle  for  an  iach 
outside  the  joint,  then  turn  the  knife  at  right  angles  to 
its  former  position  and  cut  the  first  rib.  In  opening  the 
sterno-clavicular  joint,  care  should  be  taken  not  to  cany 
the  point  of  the  knife  below  the  inner  part  of  the  joint, 
as  the  innominate  veins  lie  beneath  and  are  liable  to  be 
cut. 

The  costal  cartilages  are  to  be  cut  in  the  place  indicated 
above  by  a  quick,  forcible  stroke  with  the  scalpel,  the 
heel  of  the  knife  striking  upon  the  next  rib  below  as  the 
blade  incises  the  rib.  In  this  way  the  blade  is  prevented 
fn)m  going  too  dt^ply,  and  thereby  injuring  the  hmg. 
All  the  cartilages  havmg  been  divided,  the  sternum  is  to 
be  depressed  Ix'low  the  level  of  the  bony  ribs  and  the  in- 
tercostal muscles  cut,  the  knife  being  held  parallel  to  the 
ribs  to  avoid  cutting  the  lung.  Remove  the  sternum  by 
lifting  its  lower  end  up,  cutting  the  attachments  of  the 
diaphragm  to  it,  and  also  the  tissues  of  the  anterior  me- 
diastinum, keeping  as  close  as  possible  to  the  posterior 
surface  of  the  sternum  so  as  to  avoid  opening  the  peri- 
cardium. When  the  under  surface  of  the  sterno-clavicu- 
lar joint  is  reached  some  difficulty  will  be  experienced  in 
removing  the  sternum,  owing  to  the  resistance  offered  by 
the  firm  ligaments  of  the  joint,  but  by  prying  the  sternum 
outward  these  ligaments  are  put  upon  the  stretch,  and 
can  then  be  readily  cut  with  the  point  of  the  knife. 

The  sternum  having  been  removed,  a  general  view  of 
the  anterior  mediastinum  should  be  taken,  especially  with 
reference  to  the  presence  of  serous  fluid  or  pus  in  its 
meshes. 

Although  the  heart  is  the  first  organ  of  the  thorax  to 
be  examined,  yet  the  pericardium  should  not  be  opened 
until  a  cursory  view  of  the  pleural  cavities  has  been  taken 
with  reference  to  the  presence  of  fluid ;  for  here,  as  in  the 
peritoneal  cavity,  fluid  present  inav  have  come  from  the 
pericardium,  if  that  be  first  opened. 

Open  the  pericardium  by  seizing  the  anterior  portion 
of  the  parietal  layer  with  the  forceps  and,  lifting  it  up 
(if  there  be  adhesion  of  the  pericardial  surfaces,  as  a  re- 
sult of  earlier  inflammatory  processes,  it  will  be  made 
apparent  by  the  inability  to  raise  the  anterior  portion  of 
pericardium),  nick  it  with  the  scissors;  cut  upward  as 
laras  the  retlection  of  the  pericardium  upon  the  aorta; 
then  cut  downward  to  the  right  and  also  toward  the 
apex.     The  incision  will  have  llie  form  of  an  invert<^<J  Y. 
Lift  up  the  heart  and  note  the  contents  of  the  pericanlium 
and  its  character  (s<Tum,  fibrin,  pus,  blmxl).    Also  note 
the  appearance  of  both  pericardial  surfaces.    Examine 
the  heart  with  reference  to  its  size,  shai>e,  and  the  con- 
traction of  its  walls.     Then  open  the  four  cavities  of  the 
heart  i/i*?"/?/,  to  determine  the  character  and  amount  of 
their  contents.     The  niethod  is  as  follows:  Let  the  heart 
rest  upon  the  palm  of  the  left  hand,  with  the  thumb 
upon  the  upi>er  surface;  turn  the  heart  toward  the  left; 
this  will  make  prominent  the  right  auricle,  and  ^'^^ 
bring  into  view  the  superior  and  inferior  ca  vie  where  they 
join  the  auricle.     Make  an  incision  into  the  auricle  al- 
right angles  to  the  cava?.     Next  turn  the  heart  back  to 
its  former  position ;  lift  the  thumb  from  the  anterior  sur- 
face and  incise  the  right  ventricle  by  a  cut  parallel  a^*^ 
close  to  its  right  bonier,  remembering  not  to  carry  J^^ 
cut  to  the  apex,  as  this  is  formed  by  the  left  ven't^^^}*^ 
only.     Open  the  left  ventricle  by  au  incision  aloD^  ^^^ 
left  border  a  little  to  the  right  of  and  parallel  to  ^^^ 
coronary  vessels.     To  open  the  left  auricle,  put  the  ^V^*q 
linger  in  the  cut  in  the  left  ventricle  and  the  thunil>  *^^ 
the  cut  in  the  right  ventricle,  then  lift  up  the  heart  **  .^ 
carry  it  towaixl  the  right  of  the  body;  in  this  way    ?^ 
left  auricle,  with  the  two  left  pulmonary-  veins  entf'^  .^ 
it.  will  be  seen.     Open  the  auricle  by  a  crescentir  ^'    j 
beginning  in  the  upper  vein,  thence  into  the  auricle.  ** 
outward  into  the  lower  vein.     Introduce  one  or  n* 


4nre 


lingers  into  the  incisions  and  note  the  amount  of  Ihc^**^   j 
tents  and  their  character.     The  left  ventricle  iscontrac^  . 
and  empty,  unless  the  individual  has  died  from  parftl>'^^ 
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with  the  pancreas  and  meaenten'.  must  now  be  removed. 
To  do  this,  the  left  lobe  of  the  liver  should  be  lifted  up : 
the  diaphragm  cut  through  its  middle  as  far  down  as  the 
oesophagus;  the  oesophagus  divided  transversely  about 
two  inches  above  the  stomach;  the  cut  end  compressed 
iK'tween  the  thumb  and  forefinger  of  the  left  hand :  the 
stomach  lifted  and  dissected  away  from  the  underlying 
tissues;  the  pancreas  and  mesentery  dissected  from  the 
aorta  and  inferior  cava,  and  the  gastro-hepatic  and  duo- 
deno-hepatic  omenta  divided.  The  whole  gastro-intesti- 
mil  tract,  together  with  pancreas  and  mesentery,  is  now 
freed  and  can  be  removed  from  the  body. 

Although  the  examination  of  the  intestines  is  usually 
postponed  until  the  last,  to  avoid  soiling  other  parts  with 
its  contents,  yet  the  method  will  be  given  here.  The 
gastro-intestinal  tract  should  be  opened  its  entire  length, 
either  with  an  ordinary  pair  of  s(*issors  or  with  an  instru- 
ment which  renders  the  openition  far  easier,  the  entero- 
tome  (Fig.  448),  the  hooked  blade  Ix^ing  introduced  into 
the  inside.  The  stomach  is  to  l>e  opened  along  the  greater 
curvature,  the  reason  being  that  the  common  lesions — 
ulcers — are  usually  situated  on  the  lesser  curvature.  The 
small  intestine  should  be  opened  along  the  mesenteric 
attachment,  for  the  reason  thatPeyer's  patches,  the  usual 
seat  of  typhoid  and  tuberculous  processes,  are  situate<l  on 
the  opposite  side.  The  large  intestine  is  to  be  opened 
along  one  of  the  three  ta?nije,  or  bands,  the  object  being 
to  avoid  getting  the  point  of  the  scissors  caught  in  the 
pouches  lying  Ixitween  the  bands. 

Much  time  can  be  saved  by  using  the  scissors,  not  in 
the  ordinary  way  by  opening  and  closing  the  blades,  but 
by  k(^eping  the  blades  immovable  and  carrying  the  scis- 
sors forward  with  the  right  hand,  at  the  same  time  draw- 
ing the  intestine  backward  with  the  left  hand. 

The  amount  and  cliaracter  of  the  contents  of  the  vari- 
ous portions  of  the  gastro-intestinal  tract  should  be  noted ; 
the  mucosa  is  to  be  freed  of  its  adherent  material  either 
by  water,  when  this  can  be  obtained,  or  else  by  the 
fingers,  and  the  mucosa  of  the  entire  tract  is  then* to  be 
carefully  examined  for  evidences  of  inflammatory  proc- 
esses— ulcers,  perforations,  or  other  lesions. 

The  stomach  and  intestines  having  been  removed  from 
the  abdominal  cavity,  a  view  can  be  obtained  of  the  kid- 
neys, ureters,  and  bladder  in  situ — a  point  of  value,  as 
the  relation  of  one  to  the  others  is  often  needed  in  ex- 
plaining the  association  of  lesions.  It  is  the  custom  of 
the  German  pathological  anatomists  to  remove  the  kid- 
neys before  the  intestine,  hence  at  a  stage  in  the  autopsy 
when  it  is  impossible  to  get  a  view  of  the  urinary  tract 
in  its  continuity.  It  seems  to  the  writer  that  nothing  is 
gained  by  removing  the  kidneys  before  the  intestine,  but 
that  nuirh  may  be  lost;  for  if  one  finds,  as  the  kidneys 
lie  in  situ,  that  they  present  changes,  it  may  be  very 
advantageous  to  remove  them  with  the  renal  artery  and 
aorta,  on  the  one  hand,  as  in  cases  of  atrophy,  especially 
when  dependent  upon  a  chronic  interstitial  nephritis,  or, 
on  the  other  hand,  with  the  ureters  and  bladder  and  per- 
haps the  penis,  if  there  be  hydronephrosis  or  pyelo- 
nephritis. 

A  genenil  inspection  of  the  urinarj'  tract  having  been 
made  as  the  parts  lie  *//  situ,  one;  should  then  open  the 
blad(l(T  by  an  incisicm  from  one  to  two  inches  in  length 
along  its  upper  wall.  The  amoimt  and  chamcter  of  the 
contents,  and  especially  the  ap]>eamnee  of  the  mucous 
membrane,  should  l)e  noted ;  for  if  (here  be  evidence  of  an 
inflammator\'  process  it  will  be  desimble  to  remove  the 
kicineys.  ureters,  and  bladder  in  a  single  mass,  owin^  to 
the  fact  that  inflammatory  processes  in  the  mucosa  of  the 
bladder  may  extend  upw^'ard  through  the  ureters  and  in- 
volve the  i>elves  of  the  kidnevs  and  the  kidnevs  them- 
.selves. 

If  there  be  no  evidence  of  a  cystitis,  no  further  ex- 
amination of  the  bladder  is  now  to  be  made,  but  atten- 
tion is  to  ])e  directed  to  the  kidneys.  Inasmuch  as  these 
oriians  lie  l)ehin<l  tiie  peritoneum,  it  is  necres-siiry  to  cut 
this  in  order  to  get  at  them.  The  incision  should  be 
made  just  to  the  outbid**  of  the  kidney  along  its  convex 
border.     The  lingers  of  the  right  hand  should  now  be  in- 


troduced into  the  cut  and  the  kidney  "shelled  out"  of  itg 
perinephritic  fat,  lifted  upward,  Uie  blood-vessels  at  the 
hilus  cut  transversely  and  traction  made  upon  the  kid- 
ney, which  will  strip  up  the  ureter  as  far  as  the  brim  of 
the  pelvis,  where  it  may  be  divided.  The  suprarenal 
capsules  may  either  be  removed  with  the  kidney  or  may 
be  left  in  situ  until  a  later  stage  of  the  examination.  On 
the  right  side  it  is  less  easy  to  remove  the  suprarenal 
capsule  with  the  kidney  than  on  the  left,  owing  to  its 
closer  adhesion  to  the  under  surface  of  the  liver. 

The  examination  of  the  kidney  consists  in  notine  its 
size,  shape,  color,  and  density ;  and  in  the  removal  of  the 
capsule,  observing  whether  it  comes  off  easily  or  with  diffi- 
culty, also  whether  portions  of  renal  substance  adhere  to 
it.  An  incision  in  the  kidney  is  made  by  holdins^  the  organ 
between  the  thumb  and  fingers  of  the  left  hana,  with  the 
hilus  resting  upon  the  palm,  and  cutting  along  the  whole 
convex  boruer  through  the  kidney  to  and  into  its  pelvis. 
In  the  examination  or  the  cut  surface  the  ratio  of  cortex 
to  pyramids,  as  to  thickness,  should  first  be  noted,  and 
then  the  cortex  studied  with  reference  to  the  appearance 
presented  by  the  glomeruli  and  the  regions  of  convoluted 
and  straight  tubules.  The  decree  of  injection  of  the 
vessels  of  the  cortex  and  pyramids,  as  determined  by  the 
color,  is  to  be  observed ;  then  the  mucous  membrane  of 
the  pelves  is  to  be  examined;  finally,  the  ureters  are  to  be 
opened.  If  there  be  evidence  of  atrophy  involving  one 
or  both  kidneys,  the  corresponding  renal  artery  should  be 
opened  to  theaorta  to  determine  wnether  the  lumen  is  nar- 
rowed from  chronic  endarteritis. 

The  next  step  in  the  autopy  is  the  removal  of  the 

f>elvic  organs,  either  with  or  without  the  external  genital& 
n  the  female,  the  external  genitals  should  be  removed 
with  the  internal  genitals  in  cases  of  death  following 
puerperal  fever  or  abortion ;  in  the  male,  when  there  is  a 
suspicion  of  stricture  or  wound  of  the  urethra,  or  of  a 
periurethral  abscess. 

In  case  it  is  not  necessary  to  remove  the  external  geni- 
tals the  method  of  procedure  for  removal  of  the  pelvic 
organs  is  as  follows:  Sweep  the  knife  around  the  true 
p(>Tvis,  keeping  as  close  to  the  bony  wall  as  possible;  in 
this  way  the  loose  connective  tissues  will  be  severed. 
Seize  the  bladder  by  its  upper  portion  and  draw  it  back- 
ward, awav  from  the  pubes;  cut  its  attachments  to  the 
pubes,  and  then,  while  still  making  strong  backward 
traction,  cut  the  vagina  and  rectum  transversely  as  far 
forward  as  possible.     In  this  way  the  vagina  as  far  as 
the  hymen  may  be  obtained.     The  same  procedure,  so 
far  as  the  drawing  back  of  the  bladder  and  cutting  its 
attachments  are  eoncenied,  is  to  be  carried  out  in  theraalf. 
the  prostate  aud  n*etum  being  then  divided  transverselr 
as  far  forward  as  possible. 

The  removal  of  the  external  genitals  connected  witli 
the  internal  pelvic  organs  is  accomplished  in  the  foIJow*- 
ing  way:  The  pelvic  organs  are  freed  fn.>m  their  sur- 
roundings as  already  described ;  then -incisions  are  made 
on  the  outside,  beginning  at  the  lower  end  of  the  primary 
incision,  which  had  been  carried  to  the  pubes,  and  car- 
ried to  the  outside  of  the  labia  majora  on  both  sides  in 
the  form  of  an  ellipse,  the  two  cuts  meeting  again  in  the 
median  line  behind  the  anus  at  the  tip  of  the  coccyx. 

The  vulva  is  now  dissected  awav  from  the  pubes  until 
the  bony  pubic  arch  is  reached.  'The  knife  is  then  to  be 
inserted  beneath  the  pubic  arch  with  the  blade  close  to 
(he  bone,  and  then  pushed  into  the  cavity  of  thepeh'is 
so  that  its  point  can  be  seen.  With  the  linife  held  hon- 
zontiilly,  it  is  swept  around  in 'the  two  curved  incisions 
described  above  until  the  coccyx  is  reached.  Tliis  will 
free  the  attachments  to  the  pubic  arch  anteriorly  and 
laterally,  and  to  the  coccyx  and  lower  part  of  the  sacrum 
posteriorly. 

The  external  genitals  are  now  to  be  drawn  under  the 
pu!)ir  arch  into  the  cavity  of  the  pelvis.  This  puts  the 
uttachnients  to  the  sacrum  on  the  stretch,  and  ^\^^\ 
better  view  of  the  parts  that  still  require  to  1h'  divided 
in  order  wholly  to  free  the  organs  in  question.  . 

In  the  male  the  penis  may  be  remove<l  with  the  internal 
organs  by  drawing  the  dartos  toward  the  glands;  cutting 
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vrMh  the  scissors  the  small  amount  of  connective  tissue 
that  holds  the  skin  to  the  body  of  the  penis;  then  divid- 
ing the  penis  by  a  transverse  cut  just  behind  the  corona, 
unless  it  is  thought  desirable  to  remove  the  ghins  also,  in 
which  case  the  dartos  should  be  cut  circularly  where  it 
is  reflected  upon  the  glans,  i.e.,  in  the  corona.  The  at- 
tachments of  the  penis  to  the  pubic  arch  are  divided  by 
transfixion,  as  in  the  female;  the  organ  is  drawn  under 
Uie  arch  into  the  cavity  of  the  pelvis,  and  the  adhesions 
to  surrounding  parts  divided. 

If  there  be  anything  abnormal  about  the  perineum,  it 
is  desirable  to  remove  with  the  penis  and  pelvic  organs 
an  elliptical  or  lozenpv.shaped  portion  of  skin,  its  anterior 
apex  being  just  behind  the  scrotum,  having  its  posterior 
apex  at  the  coccyx.  This  will  include  perineum  and 
anus.  The  removal  is  accomplished  by  transfixing  with 
the  knife  held  in  a  horizontal  p^isition,  the  point  bc>ing 
carried  well  into  the  pelvic  cavity. 

The  further  exanunation  of  the  male  pelvic  organs 
consists  in  prolonging  the  incision,  made  in  the  bladdtT 
while  in  ttftu,  to  the  urethra  through  the  prostate  with 
the  scissors.  If  the  penis  has  Ix^en  removed,  the  incision 
should  be  continued  along  the  dorsum  to  the  meatus. 
The  interior  of  the  bladder  and  urethra  can  now  be  ex- 
amined. Transverse  incisions  are  to  be  made  in  the  pros- 
tate. The  vesiculoe  seminales  and  the  prostatic  and  v(>si- 
cal  venous  plexuses  should  next  receive  attention.  The 
plexuses  are  of  importance,  as  likely  to  be  the  seat  of 
Uirombi. 

Tlie  rectum  is  now  to  be  opened  along  its  posterior 
wall,  and  the  mucous  surface  examined. 

In  the  female  the  bladder  and  urethra  are  first  t/>  Ik? 
opened  and  examined.  The  vagina  is  then  to  be  exposed 
along  its  whole  length  by  an  incision  along  its  left  lateral 
wall.  In  this  way  one  avoids  injuring  the  bladder. 
"When  the  cervix  is  reached,  the  incision  should  becarricMl 
at  right  angles  to  its  first  direction,  and  the  anterior  wall 
of  the  vagina  be  cut  transversely  as  far  as  the  middle  line 
of  the  uterus.  The  scissors  are  then  introduced  through 
the  OS  into  the  cervical  canal,  and  the  uterus  opened  by 
cutting  in  the  middle  line  anteriorly  as  far  as  the  fundus. 
Counter  incisions,  iM^ginniuj^  at  al>out  the  middle  of  the 
body,  are  now  to  be  made  m  the  direction  of  the  orifice 
of  each  Fallopian  tube. 

If  the  tubes  are  enlarged  they  should  ]ye  opened  with 
the  probe-pointed  scissors.  In  the  normal  tul)e  the  canal 
is  so  small  that  it  is  almost  impossible  to  follow  it  out, 
and  it  is  furthermore  imnecessary. 

The  ovaries  are  to  be  openi^d  by  an  incision  Iveginniug 
on  the  free,  convex  borderand  continued  to  the  hilus.  ?.*., 
to  the  broad  ligament.  The  vaginal  and  uterine  plexuses 
are  then  to  be  exaniincKl. 

If  death  has  occurrtnl  in  the  puerperal  state  or  after 
anal>ortion,  the  external  genitals  and  vagina  should  lie 
examined  carefully  with  reference  to  hieerations,  and 
numerous  incisions  be  made  in  the  vaginal  wall,  extend- 
ing into  the  perivaginal  connective  tissue,  to  determine 
whether  a  purulent  lymphangitis  is  present. 

In  the  puerperal  uterus  the  inner  surface  is  to  be  ex- 
amined for  evidence  of  an^ endometritis.  The  uterine 
sinuses,  the  pampiniform  plexuses,  and  the  ovarian  veins 
are  to  be  examined  for  thrombi  undergoing  sei>tic  soften- 
ing. The  tubes  are  to  be  opened  to  discover  evidence  of 
a  purulent  intlamnmtion  of  their  mucosii  (siilpingitis  pur- 
ulenta).  Numerous  incisions  are  to  be  made  in  the  wall 
of  the  uterus  for  evidence  of  suppurative  lymphangitis. 

The  examination  of  the  testicles  can  he  readily  made, 
without  injuring  the  scrotuni.  l)y  ])ushing  them  \i]>wanl 
through  the  c^nal.  W)  that  they  will  a])pcar  at  the  rin^s 
on  either  side.  The  peritoneum  and  then  the  tunica 
vaginalis  are  to  be  divided,  and  the  testicle  can  Ik-  re- 
moved by  severing  the  cord.  It  slioul(i  be  oj)ened  by  an 
incision  parallel  to  its  long  diameter,  b(*ginuing  on  the 
side  opposite  the  epididymis. 

Theliverisremovetibycuttingtheligjiments.  In  noting 
the  dimensions  of  this  organ  one  should  take  cogni/anc(> 
of  the  relations  of  the  right  to  the  left  lobe  as  regards 
Bize.     The  shape,  color,  density,  and  any  points  relating 


to  the  capsule  are  to  be  observed.  The  incision  for  ex- 
amining the  interior  should  Ik»  made  transversely.  lK*gin- 
ning  at  the  left  border  and  ending  at  the  right  border. 
The  appearances  of  the  single  lobules  are  now  to  be 
studied :  the  relative  proportions  of  central  and  peripheral 
parts  and  the  color  of  each  being  the  important  pomts  to 
be  observed. 

The  gall  bladder  is  to  be  opened  by  an  incision  parallel 
to  the  long  diameter. 

The  onier  in  the  examination  of  the  organs  of  the  ab- 
dominal cavity  is  to  be  varied  in  case  of  acute  peritonitis. 
In  making  an  autopsy  one  should  not  rest  satisfiinl  in  find- 
ing evidence  of  acute  peritonitis,  but  should  always 
search  for  the  cause.  Of  the  causes,  the  most  common 
are  extension  of  an  inflammation  from  the  pelvic  organs, 
this  especially  in  the  female ;  perforation  of  the  vermiform 
appendix  from  appendicitis;  and  perforation  of  the  gas- 
tro-intestinal  tract  at  some  part.  In  case  of  acute  peri- 
tonitis, no  organ  should  Imj  removed  until  the  pttinible 
source  has  bcK;n  made  out.  This  is  done  b^  lifting  and 
separating  the  folds  of  intestine,  and  ohservmg  in  which 
part  of  the  peritoneal  cavity  the  inflammatory  process  is 
farthest  advanced.  Then  the  parts  may  be  dissected 
away  from  this  organ,  whichever  it  may  be,  and  the  at- 
tempt made  to  find  the  perforation  or  other  lesion  which 
is  primary.  The  questionable  organ  may  then  be  re- 
moved and  further  examined. 

To  proceed  with  the  method  ordinarily  carried  out. 
After  the  removal  of  the  liver  there  remain  in  the  cavity 
of  the  chest  and  abdomen  the  trachea  and  its  bifurcation, 
the  greater  part  of  the  (esophagus,  the  aorta,  and  the 
inferior  cava.  The  aorta  is  to  In*  opened  in  situ,  with 
the  scissors,  along  the  anterior  wall  from  the  arch  to  the 
bifurcation,  and  then  the  iliac  arteries  are  to  b(?  opened  to 
the  groin.  The  inferior  cava  and  the  iliac  veins  are  also 
to  be  opened.  These  vessels  are  open(»d  in  situ  that  no 
injury  may  be  done  to  thrombi  if  they  be  present  within. 

The  aorta  and  as  much  of  the  trachea  and  oesophagus 
as  possible  are  now  to  be  removeti  by  cutting  the  two 
latter  as  high  up  in  the  neck  as  they  can  be  reach(*d,  and 
dissecting  them  and  the  aorta  from  the  vertebral  column, 
the  aorta  being  attached  to  the  vertebral  column  by  a 
small  amount  of  connective  tissue. 

The  trachea  is  to  be  opentni  along  its  posterior  wall 
(the  cartilaginous  rings  l>eing  interrupted  at  this  l>art); 
the  rrsophagus  along  the  anterior  wall. 

The  larynx  and  tongue  may  be  removcni  with  the 
lungs,  or  simply  with  the  trachea.  The  knife  is  passed 
upwanl  under  tlH>  skin  of  the  neck  and  the  atta(*hmeuts 
of  the  trachea  and  larynx  to  the  anterior,  lateral,  and 
posterior  parts  8even*d  by  sweeping  cuts  starting  in  the 
median  line  and  carried  to  the  side  and  then  to  the  back. 
The  attachmentsof  themusclesof  the  tongue  to  the  lower 
jaw  are  divicied,  the  knife  being  carried  up  from  below 
preferably  to  being  intnKluced  through  the  mouth.  Tlie 
soft  palate  is  separated  from  the  hard  palate,  and  the 
pillars  of  the  fauces  aic  cut  laterallv  so  as  to  include  the 
tonsils.  The  tongue  is  now  seized  with  the  fingera  of 
the  left  hand  pas.sed  upward  thn>ugh  the  neck  and  drawn 
downward,  and  the  muscles  and  connective  ti.ssue  hold- 
ing the  pharynx  to  the  vertebral  colunui  are  divide<l. 

In  this  way  the  soft  palate,  tonsils,  wall  of  pharynx, 
larynx,  and  upper  part  of  o'sophagus  mav  be  remov(Hl 
together,  and  a  gocwl  opportunity  alTonled  for  their  ex- 
amination— a  point  of  value  in  diphtheritic  proces.ses  and 
the  like. 

The  larvnx  shouhl  alwavs  be  opened  anteriorlv. 

The  cavity  of  the  trunk  is  now  enij)ty  and  a  gfMHi  op- 
portunity is  affonled  for  the  examination  of  the  IxHlies 
of  the  vertebne,  if  there  be  anvthini^  in  the  cast'  which 
renders  such  an  examination  desirable. 

Unless  the  bntin  or  cord  is  to  b<'  removed,  the  exanuna- 
tion is  now  com])let(Ml.  Before  returning  the  organs  to 
the  IxMly  cavitv  it  shouhi  be  sponged  dry,  and  the  pelvis 
packed  with  pieces  of  old  cotton  cloth  to  prevent  leakage 
through  the  anus.  After  the  orpins  have  been  put  back 
the  sternum  is  to  be  replaced  and  held  by  two  stitches  on 
either  side,  taken  through  the  intercostal  muscles. 
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The  flaps  are  next  brought  into  apposition  preparatory 
to  sewing  them  together.  To  do  this  take  a  piece  of 
stout  twine  one  and  a  lialf  times  the  length  of  the  incision ; 
after  threading  it,  tako  a  stitch  at  the  extremity  of  the 
long  incision  and  tie  a  hard  knot  in  the  end  of  the  string. 
For  sewing,  the  glover's  stitch  is  to  be  used,  i.e.,  from  in- 
side out.  The  stitches  should  be  about  three-quarters  of 
an  inch  apart  and  three-eighths  of  an  inch  from  the  edge 
of  the  flap,  taking  up  only  the  skin  and  subcutaneous 
tissue,  but  not  the  fat  tissue.  When  the  seam  is  finished 
a  double  knot  is  made  in  the  string  and  the  end  drawn 
under  the  skin. 

Certain  final  details  will  be  considered  after  the  method 
of  removal  of  the  brain  and  cord  has  Ix^n  explained. 

Method  of  Remoral  and  Examination  of  the  Brain. — 
Note  the  ratio  of  the  head  to  the  body,  and  of  the  cranium 
to  the  face. 

Make  an  incision  in  the  scalp,  beginning  half  an  inch 
behind  the  right  ear,  near  its  lower  border,  and  extend- 
ing over  the  middle  of  the  vertex  to  the  corresponding 
pomt  behind  the  left  ear.  In  women  the  hair  should  first 
be  roughly  parted,  along  the  line  where  the  incision  is  to 
be  made,  with  the  handle  of  the  scalpel.  After  the  in- 
cision has  been  started  by  cutting  with  the  edge  of  the 
knife  downwani,  it  is  best  to  reverse  the  blade  so  that  its 
back  comes  against  the  bone  and  to  cut  upward.  Tlie 
incision  is  to  be  carried  to  the  bone  except  in  the  tem- 
poral region,  where  it  should  be  carried  only  to  the  apo- 
neurosis covering  the  temp»oral  muscle. 

The  anterior  flap  is  first  to  be  freed  from  the  temporal 
muscle  on  either  side,  leaving  the  muscle  attached  to  the 
bone,  as  it  is  through  this  that  tlie  stitches  will  be  taken 
lat«r  that  are  to  hold  the  calvaria  in  place.  The  flap  is 
now  to  be  seized  by  the  left  hand  and  strong  forward 
traction  made,  while  a  series  of  sweeping  cuts  through 
the  pericranial  connective  tissue  are  marie  with  the  scal- 
pel held  in  the  right  hand.  Tliis  dissection  should  be 
continued  until  the  frontal  eminences  come  into  view. 
The  posterior  flap  of  the  scalp  is  now  to  be  dissected 
from  the  bone  as  far  back  as  the  occipital  protuberance. 
While  the  scalp  is  being  removed  the  condition  of  the 
loose  pericranial  tissues  should  be  noticed  with  reference 
to  evidence  of  (rdcnia,  hemorrhage,  or  purulent  inflam- 
mation. The  skull  is  now  bare  over  the  vertex,  and  note 
should  be  made  of  any  abnormalities  of  its  surface. 

The  next  step  is  the  removal  of  tlie  calvaria.  This  is 
sometimes  done  by  sawing  through  the  skull  in  a  circle; 
but  this  is  bad  practice,  in  that  the  calvaria  cannot  be 
later  h(?ld  firmly  in  place  when  it  is  sewn  up — it  will 
wobble.  The  best  way  is  to  saw  along  three  lines  to  be 
marked  in  the  periosteum,  as  a  guide,  with  the  scalpel. 
The  first  or  anterior  cut  begins  above  and  iK'hind  the  ear, 
and  is  carried  diR*ctlyover  the  vertex  to  a  corresponding 
point  on  the  other  side,  the  line  passing  just  behind  the 
edge  of  the  hair  above  the  forehead.  Tlie  other  two  in- 
cisions in  the  bone  are  to  begin,  one  at  each  end  of  the 
cut  just  described,  and  Im»  carried  backward  to  the  median 
line  behind,  the  two  lini'S  meeting  at  an  angle  of  about 
one  hundred  and  sixty  degrees,  well  in  front  of  tlie  oc- 
cipital protubemnce.  Each  of  tlicse  two  lines  just  de- 
scribed sliould  meet  the  anterior  line  at  an  obtuse  angle 
in  the  temporal  region. 

If  the  hair  be  long  it  should  be  wrapped  up  in  a  towvl, 
80  as  to  fonn  a  ball,  and  the  whole  mass  placed  beneath 
the  nape  of  the  neck.  This  is  to  prevent  the  sawdust 
getting  into  it. 

The  calvaria  is  now  to  be  sawn  along  the  lines  already 
marked,  the  head  being  steadied  by  placing  the  Vil  hand 
upon  the  calvaria;  a  towel  placed  between  the  hand  and 
the  bone  prevents  slipping. 

Tlie  incision  in  the  bone  should  be  carried  through  the 
outer  table  and  dii)loP.  and  nearly  through  IIk^  inner 
ta]»le.  One  can  readily  detennine  when  the  saw  has 
reaclied  tlie  diploi*  by  the  red  color  of  the  siwdust  and 
the  softer  feel  conveyed  to  the  hand  thiougli  the  saw 
blade.  Wli.it  remains  un^^jiwn  can  Im»  readily  cnicked 
Avith  the  cliiscl  and  hanuner,  placing  the  chisel  in  the  in- 
ciMon  and  striking  with  the  hammer  a  quick,  sharp  blow- 


known  as  a  recoil  blow ;  this  obviates  the  danger  of  driv- 
ing the  chisel  into  the  brain. 

If  there  be  a  suspicion  of  fracture  of  the  skull,  the  in- 
cision with  the  saw  should  be  carried  through  the  bone 
and  no  cracking  whatever  done  with  the  chisel  and  ham- 
mer. 

The  calvaria  being  now  loosened,  the  wedge-shaped 
end  of  the  hammer  head  is  to  be  introduced  in  the  mid- 
dle of  the  anterior  cut  and  pressed  downward  with  the 
left  hand,  while  the  handle  is  rotated  in  the  horizontal 
plane  with  the  right  hand.  In  tliis  way  a  powerfol 
leverage  is  obtained,  and  the  calvaria  can  he  forced  back- 
ward sufiSciently  to  introduce  the  hook  on  the  end  of  the 
haAimer  handle  into  the  cut  in  the  bone.  By  pulling 
backward  on  the  hammer  the  calvaria  may  be  separated 
from  the  dura  and  so  removed. 

Generally  the  adhesion  between  the  calvaria  and  dura 
is  not  a  firm  one,  but  occasionallv  in  adults  the  separa- 
tion requires  the  aid  of  the  end  of  the  enteiotome,  intro- 
duced between  the  dura  and  the  bone  and  the  two  pried 
apart.  Occasionally  in  old  people,  and  always  in  young 
children,  the  adhesion  is  so  firm  that  the  dura  has' to  be 
removed  with  the  bone.  This  is  accomplished  by  incis- 
ing the  dura  along  the  incision  in  the  bone  and  then  cut- 
ting the  attachment  of  the  falx  to  the  crista  galli  in  tiie 
superior  longitudinal  fissure,  when  the  calvaria  may  be 
drawn  backward  and  the  falx  cut  posteriorly. 

After  the  removal  of  the  calvaria,  its  thickness,  the  re- 
lation of  diploe  to  tables,  and  the  appearance  of  the  inner 
surface  should  be  noticed. 

The  examination  of  the  dura  is  now  in  order,  first 
observe  whether  the  alternation  of  fissures  and  convolu- 
tions, as  darker  and  lighter  areas  lying  beneath,  can  be 
determined  through  it.  If  so,  the  dura  has  the  normal 
degree  of  translucencv,  and  is  of  the  normal  thickness. 
If  this  alternation  of  dark  and  light  cannot  be  made  out 
the  dura  is  thicker  than  nornial.  Next  open  the  superior 
longitudinal  sinus  and  note  its  contents,  whether  fluid 
or  coagulated  blood  or  a  thrombus.  With  scissors  and 
forceps  cut  through  the  dura  along  the  line  of  incisioa  in 
the  bone ;  then  reflect  it  toward  the  median  line  so  as  to 
expose  its  inner  surface.  The  presence  of  hemorrlu^ 
or  pigmented  false  membranes  or  patches  is  the  impor- 
tant pathological  condition  to  be  looked  for  here. 

The  knife  is  now  to  be  introduced  into  the  superior 
longitudinal  fissure,  the  dura  drawn  backward,  and  tlie 
attachment  of  the  falx  to  the  crista  galli  severed.  Tlie 
dura  can  now  be  drawn  backwanl  as  fai  as  the  posterior 
incision  in  the  skull ;  it  should  not  \h}.  cut  off.  but  should 
be  allowed  to  bang  down.  The  veins  of  the  pia,  where 
they  enter  the  superior  longitudinal  sinus,  offer  slight 
resistance  to  the  removal  of  the  dura.  They  mar  be 
divided  with  the  knife  or  scissors  or  else  torn. 

The  greater  portion  of  the  convexities  of  the  brain  is 
now  in  view.  One  should  note,  in  connection  ^iththe 
pia,  the  degi-ee  of  fulness  of  its  blood-vessels:  whether 
it  is  translucent  or  opaciue:  whether  abnormally  dn.' 
whether  its  meshes  contain  clear  serous  fluid,  and,  if  »\ 
the  amount ;  also  whether  tluTC  be  fibrin  or  pus  in  its 
meshes.  One  should  then  note  whether  the  brain  fills  the 
cavity  of  the  skull;  also  the 'relation  of  the  convolutions 
to  the  sulci  as  to  proportitmate  size. 

The  brain  is  now  to  l>e  removed  from  the  skuIL  In- 
sert the  two  forefingers  l)etw(*en  the  dura  and  the  frontal 
lobes  <m  either  side  of  the  median  fissure  and  hook  them 
around  th(?se  lobes;  draw  backward  on  the  brain  until 
the  oi>tic  nerves  can  be  seen ;  then  making  slight  traction 
backward  on  the  brain  by  two  fingere  of  the  left  hand 
hooked  around  its  tip,  cut  aen)ss  the  cranial  nerves  anfl 
carotid  arteries  close  to  their  foramina  until  the  tentorium 
is  reached;  cut  the  laMer  closer  to  its  attachment  to  the 
petrous  portion  of  the  temporal  bone.  Next  divitl^"  *"^ 
cranial  nerves  given  otf  from  the  medulla  oblonirBtaj 
Then  C4irry  the  knife  as  far  down  in  tJie  vertebral  fJ^Jj 
as  possible,  and  cut  the  cord  by  an  inverted  V-sW'" 
cut,  starting  in  the  median  line,  and  cutting  lirst  t^  tlie 
right,  then  to  the  left.  The  vertebral  arteriesare  di^idw 
by  the  same  stroke. 
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The  brain  i8  now  readily  removed  by  hooking  the  fin- 
gers of  the  right  hand  under  the  cerebellum,  supporting 
the  brain  from  behind  with  the  left  hand,  and  then  lift 
ing  it  out  by  the  same  turn  employed  in  delivering  the 
aftercoming  head  in  a  breech  presentation. 

The  further  examination  of  the  brain  is  to  be  postponed 
until  the  basal  portion  of  the  cranial  cavity  has  been 
looked  at.  The  latei-al  sinuses  are  to  be  opened  and  their 
contents  noted.  If  there  be  a  suspicion  of  a  fracture  the 
whole  of  the  dura  is  to  be  stripped  off,  it  being  usually 
impossible  to  discover  a  fracture  of  the  base  while  the 
dura  is  in  situ. 

The  posterior  part  of  the  eye  may  be  exposed  and  re- 
moved by  chipping  away  with  the  chisel  the  thin  orbital 
plate  which  forms  the  roof  of  the  orbit  and  the  greater 
part  of  the  floor  of  the  anterior  fossa. 

The  middle  ear  can  be  exposed  by  chipping  off  its  roof, 
which  lies  in  the  middle  of  the  petrous  portion  of  the 
temporal  bone.  If  the  inner  ear  is  to  be  examined,  the 
whole  petrous  bone  must  be  sawn  out  by  a  V-shaped  in- 
cision in  the  squamous  portion  of  the  temporal,  the  apex 
of  the  V  extending  bt»low  the  external  meatus. 

The  mastoid  cells  can  be  opened  either  from  the  inside 
of  the  skull  or  from  the  outside. 

An  excellent  view  of  the  nares  can  be  obtained  by 
removing  those  portions  of  the  ethmoid  and  sphenoid 
lying  in  the  middle  line,  from  the  cribriform  plate  of 
the  ethmoid  in  front  to  the  posterior  clinoid  processes 
behind. 

By  removing  the  basilar  process  of  the  sphenoid  and 
the  sphenoidal  process  of  the  basilar,  the  so-called  clivus 
Blumbachii,  an  excellent  view  of  the  pharj'nx  and  larynx 
can  be  obtained. 

The  examination  of  the  brain  is  now  to  be  resumed. 
If  it  is  desired  to  weigh  it,  this  should  be  done  before  it 
is  incised.  The  brain  is  placed  upon  the  convexities,  the 
base  uppermost.  The  pia  of  the  base  is  to  be  examined 
especially  for  evidence  of  inflammation  or  tuberculosis. 
The  blood-vessels  should  then  receive  careful  attention 
— first  the  circle  of  Willis,  then  the  vertebrals  and  basilar, 
then  the  anterior  cerebrals.  The  fissure  of  Sylvius  is  now 
to  be  opened  by  cutting  the  pia  that  forms  a  bridge  across 
the  fissure  from  the  frontal  to  the  temporal  lobes,  and  the 
branches  of  tlie  middle  cerebrals  followed  out  as  far  as 
the  island  of  Reil.  These  are  the  most  important  of  the 
cerebral  vessels,  owing  to  the  liability  of  lodgment  of 
emboli  in  them  and  because  they  supply  the  larger  and 
most  important  part  of  the  brain.  Evidences  of  endar- 
teritis should  be  looked  for,  and  the  vessels  opened  with 
the  probe-pointed  scissors.  Emboli  or  thrombi,  if  pres- 
ent, can  now  be  readily  discovered. 

This  examination  completed,  the  brain  should  be  placed 
upon  its  base  and  the  incisions  made  to  open  the  lateral 
ventricles.  Tliis  is  a  curved  incision  following  the  direc- 
tion of  the  ventricle,  the  convexity  being  inward,  the  an- 
terior end  about  the  middle  of  the  frontal  lobe,  the  posterior 
end  near  the  middle  of  the  occipital  lobe,  the  middle  of 
thecurve  abouta  quarter  of  an  inch  from  the  longitudinal 
fissure.  The  hemisphere  shoukl  be  supported  by  placing 
the  fingers  of  the  left  hand  under  the  base  and  the  thumb 
of  the  same  hand  in  the  longitudinal  fissure,  lifting  the 
hemisphere  upward.  This  serves  to  separate  the  roof 
from  the  floor  of  the  ventricle. 

The  anterior  portion  of  the  cut  should  be  deep,  made 
with  the  knife  held  at  an  angle  of  forty-five  degrees, 

Soint  downward  (to  reach  the  anterior  horn).  Tlie  mid- 
le  portion  of  the  cut  should  be  less  deep,  made  with  the 
knife  held  horizontally  (so  as  not  t^  injure  the  floor  of 
the  ventricle).  The  posterior  cut  should  be  deep,  made 
with  the  knife  held  at  an  angle  of  forty-five  degrees, 
handle  downward  (to  reach  the  posterior  horn). 

One  lateral  ventricle  having  been  opened,  the  brain  is 
to  be  turned  half  around  and  the  other  lateral  ventricle 
opened  in  the  same  way.  The  knife  is  now  introduced 
in  the  foramen  of  Munro,  and  an  incision  is  made  verti- 
cally upward  through  the  anterior  pillars  of  the  fornix 
and  the  corpus  callosum.  The  posterior  portions  of  the 
fornix  and  corpus  callosum  are  now  drawn  backward  as 
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far  as  possible.  By  so  doing  the  velum  interpositum 
and  choroid  plexuses  are  brought  into  view.  These  are 
also  to  be  drawn  backward,  thus  exposing  the  third 
ventricle.  The  right  posterior  pillar  of  the  fornix  and 
the  adjoining  brain  substance  are  now  cut  transversely 
and  carried  over  to  the  left.  Tliis  procedure  exposes 
the  corpora  quadrigemina.  The  fourth  ventricle  is  now 
to  be  opened  by  an  incision  ma<le  through  the  middle 
line  of  the  cerebellum,  from  above  downward,  at  the 
same  time  dividing  the  corpora  quadrigemina  and  valve 
of  Vieussens  by  extending  the  median  cut  to  the  aque- 
duct of  Sylvius. 

The  whole  ventricular  tract  is  now  exposed  to  view. 
Note  should  be  taken  of  the  size  of  the  ventricles,  the 
character  and  amount  of  their  contents,  and  the  condition 
of  the  ependyma. 

The  hemispheres  are  next  examined.  In  doing  this  it 
is  essential  to  expose  as  large  an  area  of  white  and  gmy 
matter  as  possil)le,  but  without  disturbing  the  relations 
of  the  parts.  The  firet  incision  is  a  curved  one  just  to 
the  outside  of  the  basal  ganglia  and  following  the  line  of 
their  outer  borders.  It  should  extend  near  to  the  pia 
below.  A  series  of  cuts  are  now  to  be  made,  each  suc- 
ceeding cut  being  made  in  the  middle  of  the  preceding 
cut  and  extending  to,  or  nearly  to,  the  pia.  In  this  way 
the  hemisphere  is  rolled  out,  unfolded  as  it  were,  and  a 
large  surface  or  series  of  surfaces  is  exposed  to  view. 
The  pia  is  to  be  left  uninjured,  serving  as  a  binding  to 
retain  the  parts  in  their  normal  relation:  so  that,  if  a 
lesion  be  discovered  in  the  white  or  gmy  matter,  the 
parts  may  be  replaced  and  the  situation  localized  as  to 
convolution. 

The  basal  ganglia  (corpora  striata  and  thalami  optici) 
are  now  to  be  examined  by  means  of  a  series  of  transverse 
incisions,  the  cuts  being  about  one-twelfth  of  an  inch 
apart.  These  are  most  readily  made  by  supporting  the 
ganglia  by  one  hand  placed  underneath,  while  with  the 
knife  in  the  other  hand  the  cuts  are  made  and  the  slices 
turned  to  one  side  so  as  to  expose  the  cut  surface.  The 
necessity  of  the  numerous  incisions  in  the  basal  ganglia 
is  owing  to  the  fact  that  lesions  sufficient  to  lead  to  a  fatal 
result  are  often  small,  and  might  go  unobserved  were 
the  incisions  made  far  apart. 

The  cerebellum  is  now  t^)  be  examined  by  a  primary 
incision  beginning  in  the  middle  of  the  cut  made  in  it  in 
opening  the  fourth  ventricle  and  extending  through  the 
greatest  breadth  of  the  organ.  This  divides  it  into  two 
equal  portions,  exposing  a  large  surface  of  gray  and 
white  matter  and  the  arbor  vitte.  A  series  of  radiating, 
fan-shaped  incisions  should  then  be  made  in  each  of  these 
lateral  portions,  the  cuts  extending  to  the  pia. 

The  pons  is  now  to  be  lifted  by  the  leit  hand  placed 
beneath  it  and  a  series  of  transverse  incisions  is  to  be 
made,  beginning  anteriorly  in  the  corpora  quadrigemina 
and  crura  cerebri  and  extending  through  pons  and  me- 
dulla to  the  spinal  cord.  As  in  the  basal  ganglia,  so 
here,  the  slices  should  be  as  thin  as  possible,  that  even  a 
minute  lesion  may  not  escape  observation. 

The  remaining  step  in  the  examination  of  the  brain  is 
to  strip  the  pia  from  the  convolutions  of  the  organ,  es- 
pecially on  the  convexities,  and  note  whether  it  is  readily 
removed  or  whether  it  comes  away  with  difliculty  and 
removes  portions  of  brain  substance  with  it,  leaving  a 
worm-eaten  appearance  of  the  cortex  beneath.  Such  an 
adhesion  indicates  a  meningo-encephalitis,  conunon  in 
dementia  paralytica. 

The  examination  of  the  brain  being  now  completed, 
the  cavity  of  the  cranium  should  be  sponged  dry  and 
filled  with  a  sand  bag,  made  by  taking  a  piece  of  cotton 
cloth  eighteen  inches  square  and  puttmg  on  it  as  much 
house  sand  as  corresponds,  in  the  judgment  of  the  opera- 
tor, to  the  capacity  of  the  cranium;  then  gathering  the 
comers  into  a  mass  and  tying  them  together  with  a 
string.  A  sand  bag  serves  tlie  double  purpose  of  giving 
weight  to  the  head  and  supporting  the  calvaria.  The 
calvaria  is  to  be  replaced  and  held  there  by  stitches 
taken  through  the  temporal  muscle  on  either  side,  care 
being  taken  to  draw  the  twine  tight  to  prevent  slipping 
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of  the  calvaria.  The  two  flaps  of  the  scalp  are  now 
drawn  together  and  sew^n,  after  the  method  described  in 
connection  with  the  body.  The  seam  requires  a  piece  of 
twine  twice  the  length  of  the  incision. 

Semination  of  me  Spinal  Cord. — To  remove  the  cord 
the  body  should  be  placed  face  downward,  with  a  block 
under  the  thorax.  An  incision  is  made  along  the  ridge 
formed  by  the  spinous  processes  of  the  vertebne  from 
the  occiput  to  the  sacrum.  The  skin  together  with  the 
muscles  filling  the  vertebral  grooves  should  be  dissected 
from  the  arclies,  leaving  the  mminte  bare.  The  laminoe 
are  now  sawn  nearly  through  in  a  line  with  the  roots  of 
the  transverse  process.  By  means  of  the  straight  chisel, 
or,  better,  with  the  rachitome  (Fig.  452)  and  the  hammer 
the  arches  arc  freed  and  then  pried  off.  The  arches  of 
the  upper  cervical  vertebrae  are  best  divided  with  the 
costotome  (Fig.  447). 

The  membranes  and  cord  are  now  divided  transversely 
at  the  lower  end ;  the  dura  is  seized  with  the  forceps  and 
the  cord  lifted  upward,  and  the  spinal  nerves  are  divided 
with  tlie  scalpel  close  to  the  foramina.  When  the  atlas 
is  reached  the  cord  is  held  only  by  the  dura,  where  it  is 
reflected  on  the  margin  of  the  foramen  magnum  to  be- 
come the  periosteum  of  the  inner  surface  of  the  skull. 
This  is  divided  by  a  circubir  incision  a  little  below  the 
foramen  magnum.     The  cord  is  now  free. 

The  dura  of  the  cord  is  now  incised  anteriorly  and  pos- 
teriorly throughout  its  entire  length,  and  its  inner  sur- 
face, as  well  as  the  pia  of  the  cord,  examined. 

The  cord  is  examined  by  a  series  of  transverse  incisions 
half  an  inch  apart,  the. pia  on  the  anterior  surface  being 
left  intact  to  serve  as  a  binding  to  hold  the  parts  together. 
The  incision  in  the  back  is  to  be  sew^n  up  in  the  same 
way  as  the  one  in  front. 

Cultures  of  bacteria  from  the  blood  are  best  made  from 
the  right  ventricle  of  the  heart.  The  surface  of  the  right 
ventricle  is  sterilized  by  a  case  knife  heated  in  a  Bunsen 
lamp,  laying  it  flat  on  the  surface  of  the  heart.  An  in- 
cision is  made  through  the  wall  with  another  knife  steri- 
lized in  the  same  w'ay,  and  the  platinum  wire  introduced 
through  the  cut  and  the  culture  made. 

Cultures  from  any  of  tlie  solid  organs  may  be  made  in 
the  same  w^ay. 

The  examination  of  the  whole  body  being  now  com- 
pleted, the  soiled  new^spapers  are  to  be  removed  and 
burned  in  the  furnace  or  kitchen  fire.  The  operator 
should  himself  attend  to  the  emptying  of  the  slop  pail, 
which  will  contain  bloodv  fluid  and  more  or  less  intestinal 
contents;  and  should  also  see  that  all  utensils  are  thor- 
oughly cleaned,  tliat  all  spots  of  blood  are  removed  from 
the  body,  and  that  the  body  is  restored  to  the  position  it 
was  in  before  the  autopsy  was  begun. 

A  word  as  to  the  report  of  the  autopsy.  A  proper  re- 
port should  consist  of  two  i)arls.  The  first,  to  consist  of 
a  description  of  what  is  seen,  should  be  ])urely  objective, 
and  should  contain  no  cxi)rcssion  of  opinion.  The  second 
part  is  to  contain  the  anatomical  dia«^nosis;  in  other 
words,  the  inferences  drawn  from  the  appearances  pre- 
sented by  the  organs. 

If  the  report  consists  (as  unfortunately  it  so  often  does) 
simply  of  the  inferences  of  the  operator,  without  a  de- 
scription of  the  appearances  upon  which  those  inferences 
are  based,  it  is  of  little  value  to  any  one  else,  and  of  no 
value  as  evidence. 

Let  the  physician,  then,  in  his  report,  describe  to  the 
best  of  his  ability  what  he  sees,  and  if  he  is  in  doubt  as 
to  what  the  meaning  of  the  appearanctes  is,  any  specialist 
takini^  his  report  can  give  him  much  more  assist^mce 
than  if  the  inferences  only  are  stated. 

W.  W.  Gatuutt. 

AUTOPSIES,   MEDICO-LEGAL    RELATIONS    OF.— 

Gknkuat.  CoNsiDEKATiuN. — Whcu  death  is  due  to  other 
than  natural  causes,  the  data  upon  which  such  a  conclu- 
sion is  based  may  become  the  subject  of  legal  intiuirv. 
This  article  concerns  itself  with  such  data  as  ma}'  be 
furnished  by  the  performance  of  an  autopsy.  The 
lesions  found,  the  method  of  their  observation,  and  the 


deductions  to  be  drawn  therefrom  are  the  sabjects  for 
discussion.* 

"^  Natural  cause  of  death, "  is  rather  difficult  to  define 
tersely.    The  importance  of  its  full  comprehension  is 
apparent,  not  onlv  to  avoid  error  in  reaching  soch  a  con- 
clusion, but  also  from  the  fact  that  an  effort  to  show  the 
evidence,  including  data  from  the  autopsy  compatible 
with  natural  causes,  is  frequently  made  by  the  defence. 
**  Senile  changes  or  disease  unassociated  with  poisoning 
or  traumatism,  **  although  it  might  answer  in  the  major- 
ity of  cases,  is  nevertheless  faulty,  as  the  following  con- 
siderations show.    The  acute  infectious  diseaaises  accepted 
as  natural  causes  are  all  associated  with  poisoning  from 
the  toxins  produced  by  the  bacteria.    £yen  the  acute 
infectious  diseases  may  come  under  Uie  category  of  un- 
natural causes  if  the  bacteria  are  accidentaUy  or  deliber- 
ately inoculated. 

Accidental  inoculation  of  bacillus  mallei  (glanders) 
has  caused  a  number  of  deaths  in  bacteriologioSi  labora- 
tories, and  the  deplorable  cases  of  death  from  accidental 
inoculation  of  the  bacillus  of  bubonic  plague  in  a  labora- 
tory in  Vienna  furnish  additional  examples  of  acute  in- 
fectious diseases  in  which  the  cause  of  death  can  by 
no  means  be  considered  natural.  The  deliberate  inges- 
tion or  injection  of  a  pyre  culture  of  pathogenic  bacteria 
with  suicidal  or  homicidal  intent  might  occur.  The  in- 
gestion of  a  pure  culture  of  typhoid  bacilli  with  suicidal 
intent,  followed  by  typhoid  fever  and  recovery,  has  come 
to  notice.  Again,  the  pathological  changes  following 
the  long-continued  ingestion  of  alcohol  in  excessive 
amount  are  looked  upon  as  natural  causes,  although  they 
are  certainly  the  products  of  poisoning.  £r)'sipelas  and 
tetanus  are  invariably  produced  through  some  solution 
of  continuity  in  the  skm  or  mucous  membrane,  in  some 
cases  so  slight  that  no  notice  may  have  been  taken  of  it, 
nor  can  it  in  some  cases  be  demonstrated  at  autopsy. 

If  we  adopt  the  above,  with  these  restrictions,  as  a  work- 
ing definition,  it  becomes  necessary  in  examining  lesions 
to  differentiate  between  those  produced  by  disease  and 
those  produced  by  poisoning  or  traiunatism.     Nor  is  this 
an  easy  matter,  as  might  at  lirst  appear.    A  lesion  appar- 
ently traumatic  may  be  due  to  disease.    Lesions  appar- 
ently due  to  disease  alone  may  prove  to  be  dependent 
upon  trauma  primarily,  as  when  infection  follows  a 
wound.     Again,  a  diseased  condition  (as  cerebral  arterio- 
sclerosis, or  pachymeningitis  haemorrhagica)  mav  be  an 
important  contributing  cause  (vertigo)  of  an  accident  in 
which  traumatism  is  sustained,  causing  death;   or  the 
diseased  condition  may  directly  predispose  to  a  result 
(fatal  hemorrhage)  out  of  proportion  to  the  compara- 
tively slight  traumatism.     Finally,  traumatism  and  dis- 
ease not  dependent  in  causation  upon  one  another  may 
both  contribute  more  or  less  equally  in  causing  death. 
The  lesions  of  disease  may  so  closely  resemble  the  effects 
of  poison  (in  the  toxicological  sense)  that  their  differen- 
tiation by  gross  examination  is  almost  impossible,  chem- 
ical and  bacteriological  examinations  being  necessar}'  to 
clear  up  tlie  case.     The  occurrence  of  this  similarity  w 
not  strange,  when  we  remember  that  many  of  the  lesions 
of  infectious  diseases  are  due  to  poison,  namely,  the  ^»^* 
terial  toxins. 

Technique. — The  method  of  observation  include**^^ 
techni(|uc  employed  in  the  performance  of  the  aut<3p^V- 
Not  only  the  data  and  the  deductions  drawn  there ^^?1 
but  the  way  in  which  these  data  were  acquin.»d  n^^^'^V^. 
subjected  to  searching  investigation  in  court.     By  ^"^^  .• 
methods  incorrect  data  may  be  obtained.     Direc"*^  ^. 
takes  in  observation  are  not  here  referred  to,  but-       ^^s 
tentional  and  unobserved  artifacts,  and  their  dia-  -^^i- 
as  lesions.     It  is  absolutely  necessarj'  to  be  fully     -^^P^, 
zant  of  all  methods  and  manipulations  by  whi'cfc^  ^IJ^^ 
artifacts  may  be  produced,  not  only  to  avoid  the^^^* . 
also  to  be  ai)le  to  testify  to  that  effect.     Incons»^^r°^ 
the  technique  of  medico-legal  autopsies  only  these     VOiOts 
will  be  dwelt  upon. 

*  For  slprns  of  death,  ripor  mortis,  putrpfaction,  etc.,  wibje^y  w* 
bractHl  In  an  external  examination  of  the  cadaver,  see  lyioov^* 
Legal  Status  of. 
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Aatopalea* 
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Head. — In  removing  the  calvaria  the  bone  should  be 
:  sawed  through  completely.  The  wedge,  or  chisel  and 
mallet,  had  better  not  be  used.  Although  the  physician 
may  be  certain  that  a  fracture  was  produced  dunng  life 
and  not  post  mortem  by  use  of  chisel  and  mallet,  yet  if 
their  use  is  admitted  a  reasonable  doubt  may  be  cast 
upon  his  testimony.  The  brain  should  be  removed  with 
special  care,  raising  the  frontal  lobes  sufficiently  to  cut 
nerves  and  Vessels  close  to  the  foramina  of  exit  and,  rais- 
ing the  temporal  lobes,  to  sever  thoroughly  the  anterior 
and  lateral  attachments  of  the  tentorium,  first  on  one 
then  on  the  other  side,  and  divide  the  remaining  nerves 
and  vessels  below,  in  doing  which  the  brain  should  not 
be  raised  from  the  base  of  the  skull  more  than  neces- 
sary. After  division  of  the  tentorium  the  brain  should 
be  supported,  as  the  final  division  of  nerves,  ves- 
sels, ana  spinal  cord  proceeds,  lest  by  its  own  weight 
dragging  upon  these  structures,  it  causes  artificial  lacer- 
ations. The  brain  should  be  perfectly  free  before  its 
removal  is  attempted,  and  should  be  allowed  to  slide 
backward,  the  convex  surface  resting  in  the  palm  of 
the  hand. 

Spinal  Cord. — To  avoid  artifacts  a  complete  division 
-of  the  laminae  on  either  side,  1  cm.  from  the  spinous 
process,  should  be  made  with  a  straight  saw  curved  on 
the  end,  the  serrations  extending  a  snort  distance  upon 
the  curve.  Chisel  and  mallet  had  better  be  avoided. 
Test  the  complete  division  by  pressing  each  spinous  proc- 
ess from  side  to  side.  If  free,  the  laminae  and  spinous 
processes  can  readily  be  removed  together  from  below 
upward,  by  grasping  the  lowest  and  using  the  knife 

•  alone.  After  the  attachment  of  the  dura  spinalis  to  the 
foramen  ovale  within  the  skull  has  been  severed,  the 
spinal  cord  should  be  n?moved  together  with  its  dural 
sheath,  the  spinal  nerves  being  cut  close  to  the  interver- 
tebral foramina  on  either  side  from  below  upward.  The 
dura  should  be  opened  in  the  median  line  anteriorly  and 
posteriorly  after  the  removal. 

Mouth  and  Neck. — The  examinatioti  of  the  fauces  and 
.  aditus  laryngis  is  of  importance,  more  especially  in  in- 
fants, great  care  being  required  to  prevent  occurrence  of 
:  artifacts.    The  tongue,  anterior  and  posterior  pillars  of 
fauces,  tonsils,  soft  palate,  pharynx,  oesophagus,  larynx, 
and  trachea  may  be  removed  together.     The  incision  is 

•  extended  to  the  chin,  or,  after  the  thorax  has  been  opened, 
they  may  be  removed,  without  extending  the  incision 
over  two  inches  above  the  epistemal  notch,  by  separat- 
ing the  skin  from  the  clavicle  and  working  up  from  the 
thorax,  separating  the  unincised  skin  from  larynx,  hyoid 
bone,  and  muscles  of  the  floor  of  mouth.  Retraction  of 
the  skin  by  hooks  or  a  finger  of  an  assistant  on  either 

:8ide  in  an  upward  direction  gives  ample  room  if  the 
sternum  and  costal  cartilages  have  been  removed ;  and  the 
-  space  may  be  still  further  increased  by  partial  incision  of 
the  stemo-cleido-mastoid  muscle  near  or  at  its  insertion  to 
the  clavicle.  With  a  sharp-pointed  knife  the  floor  of  the 
mouth  is  punctured  in  the  median  line  close  to  the  inferior 
maxilla,  and  the  muscles  and  mucosa  cut  through  along 
the  body  of  the  bone  to  the  angle  on  both  sides.  The 
tongue  is  drawn  down  through  the  incision,  and  with 
the  knife  passed  over  the  dorsum  of  the  tongue,  an  in- 
cision is  made  through  the  soft  palate  close  to  the  bone 
from  the  median  line  outward,  then,  anteriorly  to  the  an- 
terior pillar  of  the  fauces,  downward  inio  incision  through 
the  floor  of  the  mouth  on  both  sides.  The  loose  areolar 
tissue  on  either  side  of  the  trachea  and  larynx,  a?sophagus 
and  pharynx,  and  posterior  to  the  latter,  is  separated 
well  up  to  the  occipital  bone,  where  the  attachment  of 
the  pharynx  is  cut  across.  The  styloid  muscles  are  cut 
and  the  organs  drawn  gently  downward,  care  being  taken 
to  observe  whether  there  are  any  points  at  which  attach- 
ments still  require  to  be  divided.  It  is  possible  for  the 
stomach  contents  to  reach  the  larynx  or  the  aditus  laryn- 
gis post  mortem,  either  in  moving  the  cadaver  about 
•or  during  the  performance  of  the  autopsy.  During  the 
removal  of  the  stomach  its  contents  may  be  forced  into 
the  CBSophagus  and  pharynx  and  larynx.  To  guard 
-figaiiist  this  a  ligature  should  be  applied  to  the  car- 


diac end  of  the  oesophagus  before  dissecting  out  the 
stomach. 

Tluyrax. — In  cases  of  hemorrhage,  great  care  should  be 
exercised  so  that  its  origin  may  be  accurately  determined, 
and  its  cause,  whether  traumatic  or  due  to  disease  or  pos- 
sibly to  both  conditions,  determined.  The  examination 
of  the  organs  in  sitti  should  be  made.  To  determine  the 
presence  of  pulmonaiy  thrombosis  the  pulmonary  artery 
should  be  opened  with  organs  in  situ.  If  the  examina- 
tion is  unsatisfactory,  the  organs  of  the  thorax  may  be 
taken  out  together  with  those  of  the  neck  and  mouth  if 
necessary.  Pleural  adhesions  having  been  separated,  or 
if  too  dense  (rather  than  risk  an  artificial  laceration  of 
the  lung),  the  costal  pleura  having  been  stripped  oflf,  the 
attachments  of  the  diaphragm  cut  away  from  the  ribs, 
and  its  pillars  severed,  an  incision  is  made  through  the 
parietal  pleura  along  the  vertebral  column  external  and 
posterior  to  the  aorta  on  the  left  side,  the  lung  being 
brought  forward  for  that  purpose,  and  the  left  sul^lavian 
vessels,  common  carotid,  and  jugular  are  cut.  On  the 
right  side  the  incision  is  made  external  and  posterior  to 
the  vena  cava  superior,  right  auricle,  vena  cava  inferior, 
and  the  innominate  artery  and  vein  are  cut  across.  The 
oesophagus  near  the  cardia  is  ligated  and  cut  above  the 
ligature.  The  aorta,  inferior  vena  cava,  and  suspensory 
ligaments  of  the  liver  are  then  severed.  By  this  tech- 
nique injuries  may  be  clearly  demonstrated  which  by  the 
usual  technique  might  escape  observation,  or,  if  observed, 
their  origin  or  relations  might  be  doubtful. 

Abdomen. — The  abdomen  should  invariably  be  opened 
before  the  thorax,  the  skin  and  muscles  of  the  latter  be- 
ing dissected  off  to  give  more  room  for  inspection.  The 
height  of  the  vault  of  the  diaphragm  in  the  mammillary 
line  on  either  side  should  be  determined.  The  organs 
should  be  examined  as  far  as  possible  in  gitu  and  the 
contents  of  the  peritoneal  cavitv,  if  any,  its  character, 
amount,  and  distribution  noted.  In  cases  of  injury 
special  care  is  to  be  taken  in  the  removal  of  organs,  the 
incisions  necessary  being  deliberately  and  cleanly  made 
and  laceration  of  tissue  avoided.  In  cases  of  bullet  and 
stab  wounds  their  site  should  be  accurately  determined 
and  their  measurements  carefully  made  so  that  the  direc- 
tion of  the  course  of  the  bullet  or  knife  may  be  deter- 
mined. The  abdominal  organs  may  be  removed  together 
with  the  thoracic  organs  and  diaphragm,  in  order  to  de- 
termine more  accurately  the  relations  of  certain  trauma- 
tisms. The  oesophagus,  aorta,  vena  cava,  and  ligaments 
of  the  liver  are  not  divided.  An  incision  is  made  through 
the  parietal  peritoneum  on  the  right  side  external  to  the 
right  kidney  and  ascending  colon,  on  the  left  side  ex- 
ternal to  the  left  kidney,  descending  colon,  and  sigmoid 
flexure.  The  loose  connective  tissue  between  the  organs 
and  the  posterior  abdominal  wall  is  readily  separatea  by 
blunt  dissection,  the  lumbar  branches  of  the  aorta  and 
the  common  iliac  vessels  requiring  the  knife. 

Pelvis. — The  pelvic  organs  may  also  be  removed  to- 
gether, the  connection  of  ureters  with  bladder  and  the 
sigmoid  with  rectum  remaining  intact.  The  female 
genital  organs,  after  examination  in  situ,  should  be  re- 
moved together.  A  circular  incision  is  made  through 
the  peritoneum  around  the  margin  of  the  true  pelvis,  the 
loose  areolar  tissue  stripped  up  with  the  fingers  down  to 
the  levator  ani  et  vagina),  and  anteriorly  well  down  be- 
hind the  symphysis  pubis.  With  a  few  sections  of  the 
knife  the  ostium  vaginae  together  with  the  urethra,  the 
bladder,  vagina,  uterus  and  appendages,  and  rectum  are 
removed.  After  examination  of  the  rectum,  bladder, 
urethra,  and  the  appendages,  especially  the  ovaries  for 
a  corpus  luteum  of  pregnancy,  the  vagina  is  laid  open 
with  knife  or  scissors.  The  cavity  of  the  uterus  should 
not  be  opened  by  thrusting  the  blade  of  the  scissors  or 
knife  into  it.  A  clean  incision  should  be  made  in  the 
median  line  posteriorly  until  the  cavity  is  reached  so  as 
to  avoid  all  chances  for  the  occurrence  of  artificial  lacera- 
tion or  puncture. 

Cases  of  suspected  poisoning  require  special  considera- 
tion. The  presence  of  the  chemist  at  the  autopsy  and 
his  direct  reception  of  the  organs  for  examination  from 
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the  patholojc^ist  simplify  matters  considerably.  If  tills 
plancauuot  lie  foUuwetr,  it  devolves  upon  the  pathologist 
to  remove  such  organs  and  fluids  in  which  the  suspectwl 
poison  may  be  detected,  in  such  a  manner  as  to  avoid 
contamination,  and  to  place  them  in  possession  of  the 
chemist  with  the  least  possible  delay  and  by  as  direct 
means  as  circumstances  will  allow,  ft  should  W.  rcmem- 
l)ered  that  every  step  from  tlie  performance  of  the  au- 
topsy to  there<'epti(m  of  the  material  for  exaniinati<m  by 
the  chemist  may  be  inatle  the  subject  of  a  searching  ex- 
amination in  court,  namely,  how  the  organs  were  n*- 
moved,  what  instruments  were  used  and  what  conditi(m 
thev  were  in,  what  rccfpt^ides  the  matiTial  was  placed 
in  mr  transportation,  how  these  receptacl(?s  were  treated 
b<»fore  andafter  the  material  was  ])lacc<l  in  thiin.  whether 
any  preservative  fluid  was  used,  were  they  properly 
sealed,  and  what  means  were  employed  in  tninsporting 
them  to  the  chemist.  Thes<'  points *may  appear  trivial, 
yet  too  much  attention  cannot  l)e  paid  to  the  minutest 
detail.  Carelessness  in  this  regard  nmy  nullify  the  entire 
work  of  the  chemist  and  cauw  a  break  in  an  otiierwise 
intact  chain  of  evidence.  On  the?  otiier  lian<i.  such  care- 
lessness may  Ik^  the  means  of  unknowingly  convicting 
an  innocent  defendant.  (tla.<s  jars  that  have  been  used 
for  no  other  purjiose,  carefully  cleaned  with  soap  and 
water,  rinsc^d  with  water,  then  with  alcohol.  close<l  prefer- 
ably with  a  ground  glass  stopper  or  clean,  welltitting 
cork,  shouhl  In*  useil.  Stomach  or  intestinal  contents, 
urine,  and  bliMxl  should  be  placed  hi  si'parate  jars.  When 
the  determination  of  the  amount  of  poison  jn  individual 
viscera  is  of  importance  they  should  Im*  placeil  in  8c*parate 
jars.  The  condition  of  pn'siTvation  or  decay  of  the  ma- 
terial should  be  noted.  If  the  material  cannot  be  placinl 
in  the  hands  of  the  chemist  directly,  a  sufllcient  amount 
r)f  strong  alcohol  shouhl  be  added  to  cover  the  organs  in 
the  jars,  in  order  to  elu-ek  decompo.sition  and  prevent 
breakage  by  the  gas<'s  of  d(>c<miposition.  If  this  is  <lone 
a  portion  of  the  same  alcohol  that  was  us(>d  in  the  jars 
shouhl  be  sent  to  the  chemist  also.  Fhially  all  jars  should 
be  sepamtely  tied  with  tape,  pn)perl\' waled  and  labelle<l. 
]\y  this  means,  although  the  material  may  have  neces- 
sarily  passed  through  sevemi  hands,  provided  it  reacrhes 
the  cli(>mist  with  intact  seal,  the  chain  of  evidence,  so  far 
as  the  examination  of  the  organs,  fluids,  etc.,  is  concerned, 
remains  unbroken. 

Casks  ok  Poisomjcc. — The  (!vi<lence  aln'ady  at  han<l 
before  the  performance  of  an  autopsy  nmy  jjoint  to  a 
given  poison  as  the  causifof  death,  eitlier  fnmi  theclinioil 
hi.story  of  thecasi*.  or  fn»m  the  dis<*overv  of  the  empty 
poison  botth?  or  ])ackage,  or  of  some  of  the  poison  sus- 
pected to  have  lM»en  given  to  or  taken  by  the  deci'ased. 
This  evidence,  although  a  valuable  guith*.  cannot  Ik*  en- 
tiri'ly  relied  upitn  and  should  not  bias  the  judgment  of 
the  pathologist.  Casi's  occur  in  which  an  entirely  dilTerent 
{>oison  is  found  to  have  been  the  cause  of  deatl>.  and 
s<mie  in  which  the  presumptive  evidence  ap[>eared  very 
strong  have  provetl  to  Ik'  deaths  from  natuial  causes,  or 
the  altemtions  found  have  turned  out  to  1k'  merely  post- 
nn)rtem  changes.  Caws  occur  in  which  there  is  no  sus- 
picion whatever,  and  yet  [)oisoninir  is  proved  by  autopsy 
and  <^hemical  examination.  Such  are  not  merely  cases 
of  smhh'n  death  without  anv  cliniciil  history,  but  (»ften 
enough  cases  that  have  been  ill  f<»r  sonu>  time  and 
treatiMl  for  flis*'asi*  by  a  physician,  c<tnip<'lent  enough 
comparatively,  who  may  have  tiled  a  <h'atli  certitlcate 
giving  thedis<»as4'diagnos<Ml  by  him  as  the  caus^'  of  death. 
In  fact,  it  is  well  known  that  the  results  of  some  poisons 
may  S4»  closi-ly  resemble  dis<»a.s«'  clinically  and  even  path- 
ologically  that  mistakes  ciui  easily  In-  made.  The  (inly 
s;ife  way  to  avt)i<l  ermr  is  for  the  clinician  to  hisisi  upi»n 
an  autopsy  In'fon'  signing  the  death  ifrlitlcate.  and  for 
the  patlioiogist  t-o  employ  chemical  and  lia<'terin]oirical 
aid.  In  the  perfonnan(v  of  autopsies,  whether  poi.siaiing 
is  suspect etl  or  the  cjius<»  of  death  is  unknown  or  <h>ubt- 
ful.  a  complete  exaininatiim  of  the  body  should  Iw  made; 
ami  the  pathologist  should  be  ever  mindful  of  tho>e  con- 
ditions, although  often  n'sembling  the  results  uf  diseases 
such  as  cholera,  dysentery,  nephritis,  malignant  jaundice, 


or  acute  yellow  atrophy  of  the  liver,  which  may  never- 
theless Ik?  the  results  of  poisimssuch  as  arsenic,  mercury, 
potassium  chlorate,  or  phosphoru.s. 

Some  poisons  proiluce  no  characteristic  changes  in  the 
tissucjs  of  the  iKwiy,  so  far  as  gross  or  even  micriHscopical 
examination  is  <:oncern(Hl:  their  presencrc  cannot  1k'  posi- 
tively atlirmed  until  chemical  (*xaminati(m  is  made.  The 
pathologist  may,  however,  be  able  to  state  that  no  patho- 
logical conditicm  of  the  organs  due  to  disease  or  trauma- 
tism, and  sutlicient  to  ctiuse  (h'ath,  has  U-en  found. 
When  the  organs  are  found  in  a  normal  condition  it  may 
be;  easy  enough  to  reach  this  conclusion.  Wlien.  how- 
ever, pathologiciil  (rhanges  an*  prt*st*nt.  it  is  often  very 
ditHcult  to  estimate  their  importance  in  the  caus:itiou  of 
death.  Although  our  knowledge  of  the  morphology  of 
disi'ase,  and  of  the  iKicteriology  of  many  of  the  infectious 
disea.S4*s.  is  extensive,  that  of  its  chemistry  is  not  nearly 
so  well  advanced.  Pathological  conditions  are  found 
which  in  the  absence  of  any  sus])ici(ms  circumsianci*$  are 
as.sumed  to  be  the  cause  of  death:  yet  we  meet  with  cases 
in  which  these  conditions  aiv  present  and  may  even  1ms 
very  pronounced,  but  nevertheless  <leath  is  the  result  of 
violence  or  of  some  other  intercurrent  di.scase.  When  the 
circumstances  of  a  death  are  suspicious,  a  clieniii'al  ex« 
amination  is  usually  calle<l  for.  There  are  cases,  how- 
ever, of  sudden  death  in  which  no  suspicions  are  enter- 
tained at  the  time,  but  in  which,  though  a  ctireful  au- 
topsy is  perfoniuHl.  a  conscientious  piithologist  cannot 
satisfy  himself  of  the  cause  of  death,  even  with  the  aid 
of  m!crr).scopical  and  liacteriological  examinations.  In 
such  cases  a  chemical  examination  alone  can  attirui  or  ex- 
clude poisoning. 

Other  poisons  do  pnKluce  efft'Cts  more  or  less  charac- 
teristic by  tlieir  diri'Ct  hK'al  action,  by  their  absorption, 
and  by  their  excretion.  The  tjisk  in  tlie  performance  of 
the  autopsy  is  to  det^'rmine  whether  the  changes  found 
may  have  been  pnxlucenl  by  a  poison,  and  if  possible  by 
what  poison.  Of  cours<',  the  po.siiive  ]m>ot  in  every 
cas<*  must  be  furnished  by  chemical  examination.  The 
work  of  the  pathologist,  however,  is  of  importance,  on 
the  one  hand  \o  obviate  useh'ss  chemical  examinations, 
on  the  other  to  insist  upon  a  chemical  examination  when 
neces.siiry.  and  to  select  such  orgiiiis  and  fluids  of  im- 
portance for  examination.  On  this  account  it  is  impor- 
tant to  know  what  changes  are  chamct eristic  of  poison- 
ing, and  what  an;  chanurt eristic  of  special  poisons. 

Certain  physical  chamcteristics  of  poisons  may  lead  to 
the  sus])icion  of  their  pn*.si*nce.  •  A  gn'cn  color  may  in- 
dioitethe  pn*s<'nce  of  aceto-arsenite  of  copper:  yellow, 
pota.ssium  chromate  or  iiMlim';  blue,  sulphate  of  copper; 
or  certain  dyes,  as  such  used  in  corrosive  sublimate 
tabh'ts,  or  in  the  heads  of  matches,  may  funiLsli  an  in- 
<lic]ition.  The  odor  chanicteristic  of  phosphorus,  or  of 
bitter  almonds,  of  alcohol,  of  chloroform,  of  laudanum. 
or  ()f  carbolic  acid  may  furnish  an  indication.  The 
gmnular  or  crystalline  appearance  of  the  substance,  its 
insolubility,  may  furnish  a  clew.  The  chemical  reaction, 
whether  acid  or*  alkaline,  is  important,  and  the  contents 
of  stomach  and  intestine  should  always  Ik?  tested  in  this 
reganl. 

In  the  greatest  numUT  of  poistming  cases,  the  poison 
is  intrtMluced  by  way  of  the  mouth;  unusually,  by  rectal, 
vaginal,  intm-uterine,  or  hyp<Klermatic  injection.  Some 
l>ois<ins  ]>roduce  no  effect  U|M>n  the  mucous  membrane; 
others  are  irritants  and  causi*  etfects  varying  in  inteu.sity 
from  c(»nges!ion  and  <'Cchymoses  to  complete  c<»m>sion 
with  pHHluction  of  «'scliars.  Thosi^  poisons  which  pro- 
I  diice  the  c«>rrosive  etTect  upim  the  mucosa  may  act  either 
by  cr>agulating  its  albuminous  constituents— ^is  hapiiens 
in  the  case  of  the  mineml  acids,  oxalic  acid  and  carbolic 
acid,  and  mercuric  chloride — or  by  dissolving  them  and 
causing  a  swelling  and  .S4)ftening  of  the  mucosa — as  is 
truei>f  S4Mlium,  potas.si\nn.  and  ammonium  hydrate  and 
potassium  cyanide.  ConcentrattHl  sulphuric'  acid  dis- 
solves c(Kigulate<l  albumen ;  if  dro])ped  on  a  mucims mem- 
brane a  .spot  is  fonned  that  is  tmnsparent  in  the  ct»ntre 
and  white  at  tin*  iH^riphery  where  the  acid  has  been  di- 
bit td  by  the  fluid  of  the  tissue  and  the  albumen  predpl- 
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tated.  When  the  caustic  alkalies  have  acted  upon  a 
mucous  membrane,  if  neutralized  or  if  the  reaction  is 
changed  by  addition  of  acid,  the  albumen  is  precipitated 
and  a  grayish  eschar  appears. 

These  effects  may  be  further  changed  in  appearance 
by  the  action  of  the  poison  upon  the  blood  with  which  it 
-comes  in  contact.  If  the  poison  separates  haDmatin  from 
hflemoglobin  and  dissolves  it,  the  eschar  or  the  tissue  may 
be  discolored  brown  or  brownish  black  by  imbibition,  as 
with  sulphuric  acid,  hydrochloric  acid,  oxalic  acid,  and 
the  caustic  alkalies.  Carbolic  acid  and  corrosive  su blimate 
coagulate  blood  but  do  not  cause  a  separation  of  hiematin. 
Each,  however,  produces  a  change  of  color  in  the  coagu- 
lum,  namely,  carbolic  acid  a  bright  brick  red,  and  sub- 
limate a  grayish  violet. 

The  effects  may  vary  according  to  the  amount  of  the 
poison,  its  concentration,  the  duration  of  its  action,  and  the 
condition  of  fulness  or  emptiness  of  the  stomach  and  in- 
testines. The  lips  and  skin  of  the  face  and  neck  may 
show  corrosive  action  of  the  poison.  The  mucous  margin 
may  present  grayish-white  or  brownish  eschars.  Cres- 
xientic  streaks  on  either  side  of  the  upper  lip,  extending 
upward  from  the  corners  of  the  mouth,  may  be  present 
when  the  poisonous  fluid  has  been  imbibed  from  a  tumbler : 
there  may  be  streaks  from  either  corner  of  the  mouth  pass- 
ing downward  over  the  cheek  or  chin,  and  down  the 
neck,  when  the  poison  has  been  spilled  while  drinking. 
Corrosion  of  the  lips  and  skin  may  be  absent  when  the 
poison  has  been  swallowed  from  a  bot  tie.  The  mucosa  of 
the  mouth  may  show  swelling  and  eschars,  but  from 
short  duration  of  contact  these  may  not  be  well  marked. 
The  mucosa  of  the  cesophagus  may  show  little  action 
from  the  short  duration  of  contact  and  the  relatively 
slight  amount  of  poison  that  remains  in  contact. 

The  stomach  usually  shows  the  greatest  amount  of 
change.  This  may  affect  its  entire  surface,  or  be  confined 
more  especially  to  the  region  of  the  fundus,  greater  cur- 
vature, and  posterior  surface.  Exceptional!}',  the  corro- 
sive action  may  be  confined  to  the  smaller  curvature  and 
.anterior  surface,  the  most  probable  explanation  being  the 
ingestion  of  poison  upon  a  full  stomach,  which  shortly 
thereafter  has  emptied  its  contents  into  the  duodenum, 
in  which  case  the  duodenum  and  jejunum  show  the  ef- 
fects more  markedly.  The  summits  of  the  folds  in  the 
mucosa  show  more  decided  effect  on  account  of  greater 
exposure,  the  sulci  being  in  part  protected  by  contact  of 
opposite  surfaces.  Thus  the  eschars  in  the  stomach  form 
longitudinal  streaks  separated  sometimes  by  intervening 
mucosa  not escharotic  or  less  markedly  so.  The  corrosive 
Action  varies  in  depth  and  may  extend  through  the  peri- 
toneum, involving  adjacent  organs  such  as  the  spleen, 
colon,  pancreas,  and  liver,  without  perforation  of  the 
stomach ;  or  the  stomach  may  have  been  perforated  by 
the  action  of  the  poison,  and  its  contents  have  escaped 
into  the  peritoneal  cavity  prmlucing  characteristic  changes 
wherever  the  poison  has  come  in  contact.  Autodigestion 
•of  the  stomach  with  perforation  may  occur  without  the 
presence  of  corrosive  poisons. 

In  the  duodenum  and  jejimum  the  crests  and  superior 
surfaces  of  the  valvule  are  especially  exposed  and  show 
the  greatest  amount  of  corrosive  action,  usually  more  in- 
tense nearer  the  pylorus  and  becoming  less  seveit*  further 
down.  Exceptionally,  the  duodenum  as  well  as  the  stom- 
4ich  may  escape,  and  a  coil  of  jejimum  further  along  show 
severe  corrosion.  The  ileum  rarely  shows  the  effect  of 
-direct  local  action,  and  the  same  may  be  said  of  the  colon, 
■except  in  those  cases  in  which  the  poison  has  been  intro- 
duced directly  into  the  rectum.  The  caput  coli  and  first 
portion  of  the  ascending  colon  may  occasionally  show  the 
effect  of  local  action,  probably  from  the  longer  duration 
of  contact  of  poisons  that  have  passed  with  greater  rapid- 
ity through  the  small  intestine.  The  colon  and  lower 
part  of  the  ileum  may  show  the  effects  of  poison  by 
excretion.  This  is  a  characteristic  effect  in  bichloride 
of  mercury  poisoning,  especially  if  a  period  of  a  week  or 
two  has  elapsed  after  its  ingestion. 

The  effects  upon  the  tissues  from  the  absorption  of 
poisons  is  shown  in  the  degenerative  changes,  parenchy- 


matous or  fatty,  in  the  functional  epithelial  cells  of  the 
organs,  as  the  stomacli  and  liver;  in  the  muscle  fibre  of 
the  heart  and  sometimes  of  the  voluntary  muscles ;  and 
in  the  epithelium  of  the  kidney,  more  especially  of  the 
cortex,  when  excretion  of  the  poison  has  taken  place. 

Carbolic  Acid  Paisoning. — Escliars  on  tl>e  lips  may  be 
white,  grayish,  or,  when  drying  has  occurred,  dark  brown. 
The  eschars  on  the  cutaneous  surfaces,  if  any,  are  usually 
brown,  dry,  and  leathery.  The  mucosa  of  the  tongue  and 
mouth  may  be  white  or  grayish  white,  or  show  no 
change.  I^harynx  and  oesophagus  usually  show  grayish- 
white  eschars.  There  is  generally  more  or  less  oedema  of 
the  aryepiglottic  folds  alx)ut  the  aditus  laryngis  and  the 
loose  submucous  tissue  over  the  arytenoids  and  anterior 
wall  of  the  pharynx. 

The  eschars  in  the  stomach  are  usually  longitudinal, 
involving  the  crests  of  the  folds,  and  of  a  w^hite  or  gray- 
ish color,  while  the  intervening  mucosa,  where  not  escha- 
rotic, will  present  a  light  red  tint  due  to  the  action  of 
carbolic  acid  on  the  blood.  The  entire  wall  has  a  dense 
leathery  feel,  and  the  stomach  may  be  markedly  con- 
tracted. The  action  of  carbolic  acid  may  extend  to  the 
peritoneal  coat  and  even  to  the  spleen  and  liver,  the  color 
usually  being  pink,  or  light  red,  upon  a  grayish-white 
base. 

The  distribution  of  effects  varies  according  to  the  con- 
centration and  amount  of  the  carbolic  acid,  and  the  condi- 
tion of  the  stomach,  whether  empty  or  full  when  the  acid 
was  taken.  The  escharotic  action  may  extend  to  a  vari- 
able distance  down  the  small  intestine,'the  valvulae  of  the 
duodenum  and  jejunum  perhaps  showing  grayish-white 
eschars,  while,  further  along,  the  mucosa  may  present  a 
pink  discoloration  and  marked  swelling  and  softening. 
The  other  organs  show  but  little  change,  in  the  great  ma- 
jority of  cases,  since  death  occurs  witliin  a  few  minutes. 
Passive  hyperemia  is  usually  present.  When  cases  have 
survived  the  ingestion  of  a  smaller  amount  for  some 
hours,  the  characteristic  phenol  urine  is  found,  with 
marked  parenchymatous  degeneration  of  the  kidneys. 

JSulphun'c  Acid  Poiwning. — The  eschare  on  the  lips 
and  skin  are  usually  brown,  leathery,  and  dry.  The 
mucous  membrane  oi  the  mouth  and  oesophagus  presents 

frayish-white  eschars.  The  stomach  wall  is  thick  and 
ense,  the  mucous  membrane  corroded,  the  eschara  brown 
or  black  from  the  imbibition  of  dissolved  ha^matin. 
Wherever  the  blood  lias  been  acted  upon,  whether  ex- 
travasated  or  in  the  vessels,  the  coaguhmi  is  black,  dry, 
and  brittle.  Either  from  the  action  of  the  acid  or  from 
casting  off  of  necrotic  portions  of  mucous  membrane  the 
surface  may  present  an  irregular  nodular  appearance. 
The  fundus  of  the  stomach  may  be  perforated  either  dur- 
ing life  or  post  mortem,  and  wherever  the  acid  comes  in 
contact  with  tissue  a  cloudy  appearance  is  presented, 
due  to  coagulation  of  albumin.  The  mucosa  of  the  small 
intestine  may  present  a  variegated  appearance  of  grayish - 
white  eschars,  where  the  acid  has  caused  a  coagulation 
of  the  albumin  of  the  tissue,  with  intervening  dark  brown 
or  black  areas,  where  ecchymoses  have  occurred  or  where 
a  previous  eschar  iias  exfoliated  laying  bare  the  sub- 
mucosa  stained  with  iia'matin.  The  kidneys  show  paren- 
chymatous degeneration  or  nephritis.  In  prolonged  cases 
the  necrotic  mucosa  of  the  stomach  and  intestine  may  be 
thrown  off,  showing  a  hemorrhagic,  oedematous  sub- 
mucosa,  with  more  or  less  imbibition  of  ha»matin. 

llydrochlaric  Acid  Poisoning.  —  Hydrochloric  acid 
produces  no  corrosive  action  on  the  skin.  The  eschars 
are  grayish-white  when  simple  coagulation  of  albumin  has 
taken  place,  and  dark  brown  or  black  when  ecchymoses 
have  occurred  or  when  imbibition  of  dissolved  ha*matin 
has  taken  place.  The  effect  is  verj-  much  like  that  of 
sulphuric  acid,  except  that  the  drying  of  the  eschars  and 
of  the  blood  clot  is  less  pronounced,  owing  to  the  fact 
that  hydrochloric  acid  has  not  so  strong  an  afllnity  for 
water. 

Nitric  Acid  Poisoning. — The  eschars  present  a  yellowish 
stain,  due  to  the  formation  of  xanthoproteic  acid;  other- 
wise they  are  not  markedly  different  from  those  de- 
scribed above,  except  as  regards  the  fact  that  nitric  acid 
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does  not  separate  and  dissolve  hsematin.  The  brown  or 
black  discoloration  of  the  eschars  present  with  both  sul- 
phuric and  hydrochloric  acids  does  not  occur. 

Coiicentratid  Acetic  Acid. — A  case  of  poisoning  from 
this  acid  is  on  record;  death  was  due  to  pneumonia,  and 
a  grayish-white  corrosion  of  the  mucous  membrane  of  the 
mouth  and  respiratory  passages  was  observed.  A  sponge 
saturated  with  concentrated  acetic  acid  was  held  at  the 
mouth  and  nose. 

Oxalic  Acid  and  Oxalate  of  Potamum. — In  concentration 
they  produce  white  or  grayish  corrosion  of  the  mucous 
membrane  of  the  pharynx  and  oesophagus.  The  mucosa 
of  the  stomach  is  swollen,  injectini.  aiul  escharotic,  with 
imbibition  of  htematin ;  it  is  easily  removed  by  washing. 
The  escharotic  action,  however,  is  never  as  great  as  with 
sulphuric  acid.  White  opacities  (oxalate  of  lime)  are 
found  in  the  blood  of  the  corroded  portions,  also  in  the 
uriniferous  tubules.  Perforation  of  the  stomach  may  oc- 
cur, with  the  resulting  effect  of  a  local  peritonitis,  due 
to  the  escape  of  the  contents  of  the  organ  into  the  peri- 
toneal cavity.  These  perforations,  however,  are  in  most 
instances  a  post-mortem  occurrence.  Wherever  the  poi- 
son acts  upon  the  blood,  black  clots  occur  in  which  ox- 
alate of  lime  crystals  may  be  found. 

Caiistic  Potash,  Soda,  and  Ammonia. — The  mucosa  of 
the  mouth  may  be  swollen  and  red,  the  epithelium  part- 
ly exfoliated,  partly  still  adherent  in  whitish  shreds. 
The  oesophagus  may  have  lost  its  epithelium,  and  may  be 
swollen  and  hypenemic.  its  lower  portion  being  brownish 
and  soft.  The  mucosa  of  the  stomach  is  thrown  into  thick 
folds,  markedly  swollen  and  ecchymotic,  with  superficial 
losses  of  substance;  it  is  dark  brown,  from  imbibition  of 
haematin.  The  submucous  tissue  is  markedly  oedeniatous. 
Croupous  gastritis  may  follow  the  action  of  the  caustic. 
Croupous  bronchitis  and  circumscribed  areas  of  broncho- 
pneumonia may  result  from  aspiration  of  the  caustic  s(Kla 
or  potash  and  may  be  the  immediate  cause  of  death.  In 
other  cases  the  cicatricial  tissue  following  the  exfoliation 
of  the  sloughs  may  finally,  if  not  relieved  surgically,  cause 
death  by  stricture  of  the  oesophagus. 

Carbon  Monoxide  Poisoning. — The  appearance  of  the  ca- 
daver, in  poisoning  l)v  carbon  monoxide,  is  very  charac- 
teristic, more  especially  in  the  cases  of  poisoning  from  il- 
luminating gas.  The  post-mortem  spots  are  of  a  pink 
hue,  and  give  the  cadaver  an  almost  life-like  aj)pearance. 
The  blood  is  fluid  and  cherry  red  in  color.  Tlie  mucous 
and  serous  membranes  are  of  a  rosy  tint,  and  the  ortrans 
(especially  those  containing  much  blood)  present  a  cherry 
red  appearance.  Tliis  is  especially  well  marked  where 
the  blood  is  seen  upon  a  white  background,  as  in  the 
brain.  The  color  sliould  be  determined  at  once  as  soon 
as  the  blood  or  organs  are  exposed  to  tiie  air.  as  after 
a  longer  exposure  blood  that  docs  not  contain  carbon 
monoxide  h.-enioijlobin  niav  become  liirlit  red  in  color, 
the  reducod  h{enio»2lobin  clianginir  to  oxylKcmoglobin. 
th(;  oxygen  being  ab.sorbed  from  ihc  ainiosphere.  The 
appcamnce  of  tlie  blood  in  some  easels  of  carbon  mon- 
oxide poisoning,  although  carbon  monoxide  lia'nioglobin 
is  present,  may  present  a  dark  color  from  excess  of  re- 
duced Iia»mog]obin,  from  carl)on  dioxide  absorption. 
This  occurs  more  commonly  in  poisoning  from  coal  gas, 
and  from  iniialalionof  smoke  at  contlagrations.  The  ap- 
petirance  of  the  blood  may  also  vary  when  sevend  hours 
have  intervened  Ix'tween  tlie  cesspit  ion  of  inhalation  of 
carbon  monoxide  and  death.  Since  vomiting  is  a  symp- 
tom of  carbcm  monoxide  poisoning,  cases  may  di(\  in  an 
atmosphere  of  carbcm  monoxide,  from  as])init  ion  of  vomit. 
the  formation  of  carbon  monoxide  ha'nioirlobin  l)eing  as 
yet  insullicient  in  amount  t(^  cause  death. 

('arbon  monoxide  h.-emoglobin  is  readily  diMnonstnited 
by  the  spectroscope.  j)roducing  two  al)sor|>ti()n  bands 
near  D  and  E  like  oxyliainoglobin,  but  not  reduced  like 
the  latter  by  addition  of  annnoniuni  sul])hide.  In  doubt- 
ful CAses,  therefore,  a  specimen  of  the  blood  should  be 
saved  for  this  examination.  It  has  ])een  found  that  car- 
bon monoxide  lia'nioglobin  can  be  demonstrated  in  the 
blood  of  extra va.S{itions  and  in  muscle  when  its  de- 
monstration fails  in  the  blood  taken   from  the  heart. 


Where  cases  have  died  in  an  atmosphere  of  carbon  mon- 
oxide, or  shortly  after  being  removed  therefrom,  tlie 
blood  resists  decomposition  for  a  considerable  time,  and 
the  spectroscopic  examination  may  be  of  value  even 
after  the  lapse  of  two  or  three  months.  Such  blood  also 
keeps  its  bright  red  color.  A  note  on  the  color  and  con- 
dition of  preservation  of  blood  that  is  taken  for  exami- 
nation is  of  importance,  since  with  decomposition  (es- 
pecially if  ammonia  is  present  in  abundance)  luematin  is 
fomieii.  Such  blood  is  of  dark  color  and  becomes  cloudy 
when  mixed  with  water.  The  absorption  bands  are  not 
clear,  or  there  is  only  a  shading  in  the  green.  On  addition 
of  ammonium  sidphide  two  bands  appear — i.e.,  the  spec- 
trum of  reduceti  lisematin. 

The  differential  diagnosis  between  illuminating-gas 
and  coal-^as  jwisoning  may  not  be  easy  to  make.  Cases 
of  poisonmg  by  illuminating  gas  present  the  most  charac- 
teristic appearances  post  mortem  and  on  spectroscopic 
analysis ;  those  of  poisoning  by  coal  gas,  from  the  larger 
pert^entage  of  carbon  dioxide,  present  less  characteristic 
appearances,  and  the  spectroscope  may  show  the  bands 
at  I)  and  E,  after  the  addition  of  ammonium  sulphide, 
together  with  a  more  or  less  deep  intervening  band  be- 
tween them.  In  ca.ses  of  death  in  conflagrations  the  ef- 
fect of  inhalation  of  smoke,  as  shown  by  the  presence  of 
black,  sooty  deposits  upon  the  respiratory  mucosa,  is 
quite  characteristic. 

Besides  spectroscopic  analysis  there  are  a  number  of 
chemical  tests,  very  easy  of  application  at  the  autopsy 
table,  which  prove*  of  aid  in  doubtful  cases.  The  addi- 
tion of  a  drop  or  two  of  a  ten-per-cent.  sodium  hydrate 
solution  changes  the  color  of  other  blood  to  a  dirty 
brown  or  brownish  green;  carbon  monoxide  blood  re- 
mains bright  red.  Solution  of  a  copper  salt  changes  the 
color  of  other  blood  to  chocolate  brown:  carbon  mon- 
oxide blood  remains  red.  Tannin,  ferrocyanide  of  potas- 
sium, and  acetate  of  lead  form  a  brown  precipitate  with 
other  blood,  a  red  one  with  carbon  monoxide  blood. 

These  tests,  and  also  the  spectroscopic  test,  may  pro- 
duce recognizable  results  in  some  cases  in  which  death 
has  occurred  even  sixty  hours  after  exposure  to  carbon 
monoxide;  in  other  cases,  however,  the  reaction  can 
barely  l>e  made  out  even  when  the  interval  amomits  to 
only  two  hours. 

A  certain  number  of  lesions  which  sometimes  occur 
subsequently  to  carlwn  monoxide  poisoning  may  aid  in 
reaching  a  diagnosis  where  from  the  length  of  time  be- 
tween cessation  of  exj>osure  and  death  the  above  tests 
fail.     Croupous   inflanmialiou  of  the  fauces  has  been 
noted  where  death  followed  seventeen  hours  after  coal- 
gas  inhalation.     In  some  ca.ses  there  are  vaso-motor  and 
trophic  disturbances  of  the  skin  which  predispose  to  ne- 
crosis from  pressure.     A  case  with  dermatitis  bullosa  on 
both  hands  has  been  reported,  death  taking  place  five 
days  after  exjmsure  to  coal  gas.     In  another  case  deat^ 
occurred  at  the  end  of  eight  days.     Symmetrical  soltcja- 
ing  of  tlie  anterior  part  of  the  inner  capsule  and  ad  jo\xv- 
ing  portion  of  the  head  of  the  caudate  nucleus,  als*.~»  o' 
the  inner  part  of  the  lenticular  nucleus,  has  occurreiV  ^^ 
number  of  cases  in  which  a  day  or  more  has  intervc^^^" 
Its  occurrence  has  been  explained   by  Kolisko  oc^i-  ^^^ 
ground  of  the  peculiar  course  of  the  arterial  brancln^^ ^^^. 
long  anterior  perfomting  branch  of  the  anterior 
bml)  which  supplies  the  part,  its  course  l>eing  in  t 
versi»  direction  to  that  of  the  artery  from  which  it  sp 
so  that  with  the  decrease  of  pressure,  which  is  the 
of  ( arbon  monoxide  poisoning,  a  diminution  in  th 
of  blood  or  even  stasis  may  occur. 

Jli/df'orf/anic  arid. — This  acid,  alone,  produces 
iniection  and  ecchvmoses  of  the  mucosa  of  the  stor 
which  may  in  part  be  explained  by  the  condition 
phyxia,  death  occurring  rapidly  therefrom.     Besi 
odor  of  bitter  almonds  tliere  is  nothing  characterist 

Cyanide  of  Pofai<siu)n. — The  mucosa  of  the  st< 
over  its  entire  surface  or  at  the  fundus,  or  espi 
u]H)n  the  crests  of  the  folds,  is  deep  red  in  color,  s'^^'^''^^ 
and  softened,  and  presents  sometimes  almost  a  tmns?^'^^^'^^ 
appearance;  a  thick  mucus,  which  is  tinged  a  lig^^  ^ 
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or  brownish  red  from  blood,  covers  the  surface.  The 
stomach  contents  are  usually  blood  tinged  and  stringy. 
The  reaction  is  strongly  alkaline.  The  mucosa  is  soapy 
or  slippery  to  the  touch.  The  characteristic  odor  of  bitter 
almonds  is  present  in  the  stomach,  and  also  in  other  or- 
gans, as  the  brain  and  lungs.  The  odor  of  ammonia  may 
be  distinguished  either  from  its  presence  in  the  cyanide, 
or  through  the  effects  of  decomposition  in  the  stomach. 
The  redness  and  swelling  of  the  mucous  membrane  are 
due  to  injection  and  ecchymoses,  the  primary  effect  of  ir- 
ritation, and  to  the  secondary  action  of  solution  of  the  al- 
buminous constituents  of  the  tissue  and  imbibition  of 
the  superficial  layers  with  hsematin  due  to  the  strong  al- 
kaline action.  The  secondary  effect,  therefore,  may  be 
absent  or  poorly  marked  when  the  dose  is  small  or  when 
its  effects  have  been  counteracted  by  the  acid  contents  of 
the  stomach.  In  such  cases,  unless  a  characteristic  odor 
is  present,  the  diagnosis  can  be  made  only  by  chehiical 
examination. 

The  same  effects  may  be  apparent  in  the  mucosa  of 
the  duodenum,  pharynx,  cesophagus,  larynx,  trachea 
and  bronchi,  especially  if,  during  vomiting,  some  of  the 
pdtassium  cyanide  has  been  aspirated.  In  some  cases  the 
crests  of  the  folds  in  the  mucous  membrane  of  the  stom- 
ach may  present  a  grayish-white  appearance. 

The  blood  usually  presents  the  condition  found  in  as- 
phyxia, i.e. ,  dark  anci  fluid.  The  spectrum  is  identical  with 
that  of  oxyh^emoglobin  and  is  reduced  by  ammonium  sul- 
phide. Occasionally  it  is  light  red.  This  color  may  be 
due,  according  to  Hoffmann,  to  thehyperalkalinity  of  the 
blood,  which  is  easily  and  quickly  produced  by  the  am- 
monia contained  in  cyanide  of  potassium,  more  especially 
in  old  samples.  Traces  of  ammonia  cause  the  appearance 
of  a  light  red  color  in  blood  solution,  and  clarify  tur- 
bid solutions.  Others  ascribe  the  light  red  color  to  the 
formation  of  a  compound  of  cyanogen  with  metha^mo- 
globin  or  haematin.  If  to  a  dilute  solution  of  normal 
blood  ferricvanide  of  potassium  be  added,  there  is  an 
immediate  change  in  color  from  red  to  brown,  and  in  the 
spectroscope  a  methiemoglobiu  band  appears  between  C 
and  D.  A  trace  of  hydrocyanic  acid  or  of  cyanide  of 
potassium  will  change  the  solution  to  a  red  color,  and  in 
the  spectroscope  there  will  appear  in  the  green  a  broad 
band  which,  after  the  addition  of  ammonium  sulphide, 
changes  to  two  bands. 

Nitrobeiizol  Poisoning. — The  mucosa  of  the  stomach 
and  small  intestine  is  injected  and  ecchymotic.  The 
odor  of  bitter  almonds  in  the  stomach,  bram,  and  lungs 
is  even  more  marked  and  persistent  than  in  hydrocyanic 
acid  poisoning.  The  blood  and  muscle  are  brownish  in 
color.  From  the  presence  of  brownish  methtemoglobin 
in  the  uriniferous  tubules,  especially  in  the  pyramids,  a 
resembluicc  to  chlorate  of  potassium  poisoning  is  pro- 
duced. 

Arsenic. — Arsenious  acid  usually  does  not  produce 
corrosive  effects  upon  the  mucosa.  These  effects,  al- 
though they  have  been  observed  in  several  cases,  are  evi- 
dently of  rare  occurrence.  This  poison,  however,  does 
produce  an  intense  gastroenteritis.  There  is  nothing 
characteristic  about  the  external  appearance  of  the 
cadaver,  or  about  the  condition  of  the  mouth,  pharynx, 
or  oesophagus.  The  mucosa  of  the  stomach  is  intensely 
congested  throughout  or  in  patches;  it  Ls  cedematous, 
swollen,  and  sometimes  ecchymotic.  It  is  covered  with 
blood- tinged  mucus,  and  scattered  over  its  surface  may 
be  found  granules  or  crystals  of  arsenious  acid.  These 
are  sometimes  large  enough  to  be  felt  or  even  to  be  seen. 
The  small  intestine  is  filled  with  thin  fluid,  almost  watery, 
with  flocculi — the  characteristic  rice-water  contents.  The 
mucosa  is  congested,  markedly  swollen,  cedematotis,  and 
flaccid.  In  the  lower  portion  of  the  small  intestine  and  in 
the  large  intestine,  the  mucosa  may  be  pale.  There  is 
marked  parenchymatous  or  fatty  degeneration  of  the 
glands  of  the  stomach  and  intestine,  of  the  epithelial  cells 
of  the  kidney  and  liver,  and  of  the  heart  muscle.  In 
gome  cases  the  stomach  may  present  few  or  no  changes, 
but  the  changes  in  the  intestine  are  far  more  constant. 

The  appearance  of  yellowish  streaks  occasionally  seen 


on  the  stomach  mucosa  are  due  to  the  formation  of  yellow 
sulphide  of  arsenic. 

The  colon  may  be  covered  with  thick  mucus  containing 
desquamated  epithelial  cells  and  many  lymphocytes. 
There  may  be  a  croupous  colitis.  The  mesenteric  lymph 
nodes  may  be  swollen.  There  may  be  ecchymoses  m  the 
pericardium  and  pleura,  but  especially  under  the  endo- 
cardium. The  blood  is  usually  poorly  coagulated,  and 
in  the  peripheral  vessels  may  be  thick  and  tarry,  due  to 
loss  of  water.  In  some  cases  there  is  slight  jaundice,  and 
ecchymoses  may  appear  in  the  faucial  mucous  membrane 
and  in  the  cellular  tissue  of  the  neck,  but  not  in  the 
muscle.  When  ecchymoses  appear  in  the  pleura  and 
mediastinum,  and  fatty  degeneration  of  the  heart,  liver, 
and  kidney  is  present,  the  case  may  resemble  phosphorus 
poisoning.  The  hemorrhagic  spots  in  the  mucosa  of  the 
stomach  may  become  eroded  by  the  gastric  contents,  and 
this  doubtless  explains  why  a  corrosive  action  is  ascribed 
to  arsenic,  which  it  most  probably  does  not  possess. 

Arsenic  is  more  rapidly  eliminated  than  other  metallic 
poisons,  and  it  is  conceivable  that  death  may  occur  from 
arsenic  poisoning  and  yet  quite  small  amounts  of  arsenic 
be  found.  It  is  therefore  of  importance  to  preserve  for 
examination  in  susi>ected  cases  not  only  the  stomach  and 
intestine  and  their  contents  separately,  but  also  the  heart, 
kidney,  liver,  bone,  and  muscle,  since  in  some  cases  ar- 
senic has  been  demonstrated  in  these  organs,  more  espe- 
cially in  the  liver  and  bone,  when  its  demonstration  has 
failed  in  the  stomach  and  intestine  or  in  their  contents, 
by  reason  of  it«  having  been  already  eliminated.  Much 
01  the  arsenic  that  has  been  taken  internally  may  have 
been  gotten  rid  of  by  vomiting  and  diarrhoea,  common 
with  arsenic  poisoning.  In  cases  in  which  examination  is 
made  after  burial  it  is  important  not  only  to  take  portions 
of  every  organ  and  tissue  of  the  bod}',  inasmuch  as  it  is 
well  known  that  arsenic  may  diffuse  itself  through  the 
tissues  post  mortem,  but  also  to  take  samples  of  the  ob- 
jects surrounding  the  cadaver,  including  wood  of  the  cas- 
ket and  surrounding  earth.  In  addition  to  this  it  is  also 
of  importance  to  take  another  sample  of  earth  from  an- 
other part  of  the  cemetery.  All  organs  should  be  care- 
fully weighed  at  the  time  of  the  autopsy,  and  if  possible 
the  entire  organ  sliould  be  given  to  the  chemist.  If  this 
cannot  be  done,  provided  the  weights  of  the  organs  are 
known,  a  basis  for  calculation  of  the  amount  of  arsenic 
is  furnished.  It  is  both  afHrmed  and  denied  that  the  ca- 
daver after  arsenic  poisoning  resists  decomposition  for  a 
considerable  length  of  time.  Mummification  has  been 
described  as  a  characteristic  appearance.  This  may,  how  - 
ever,  be  due  to  other  conditions,  such  as  burial  in  sandy 
soil,  et  cetera. 

Actio- Arsenite  of  Copper,  Paris  Qreen. — The  appearance 
of  this  substance,  its  characteristic  color,  its  insolubility, 
and  the  fact  that  it  appears  in  the  stomach  in  pasty 
masses,  loosely  adherent  to  the  mucosa,  which  is  swollen, 
cedematous,  congested,  and  ecchymotic  beneath  the  at- 
tached mass,  renders  the  diagnosis  of  this  form  of  poison- 
ing quite  easy.  The  small  intestine  s^ows  the  same  ap- 
pearance as  m  poisoning  by  arsenious  acid.  The  Paris 
green  may  be  covered  by  a  brownish  magma,  the  reduced 
iron  given  as  an  antidote. 

P/wsphoms. — Red  phosphorus  is  not  poisonous:  the 
yellow  variety  is  intensely  so.  Acute  cases  (death  in 
from  foiir  to  eight  hours)  may  show  but  few  pathological 
changes.  The  contents  of  the  stomach  and  intestines 
may  smell  of  phosphorus  and  may  shine  in  the  dark  on 
l)eing  shaken;  pieces  of  matches  may  be  found.  The 
gastric  mucosa,  heart  muscle,  and  epithelial  cells  of  liver 
and  kidney  may  show  cloudy  swelling.  The  subacute 
cases  (death  after  from  three  to  seven  days)  conrntionly 
show  characteristic  changes.  The  stomach  is  not  cor- 
roded, ecchymoses  and  hemorrhagic  erosions  are  com- 
mon ;  the  gland  cells,  especially  the  adelomorphous  cells, 
are  in  marked  fatty  degeneration,  so  that  the  ducts  are 
marked  by  yellowish  points  (gastradenitis  phosphorica). 
The  contents  may  be  dark  brown  from  the  presence 
of  blood.  Phosphorus  may  no  longer  be  demonstrated 
chemically  in  the  stomach  and  its  contents,  in  the  sub- 
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acute  cases.  The  lower  part  of  the  small  int<»stine  and 
the  colon  are  more  likely  to  contain  phosphonis.  Jaun- 
dice is  re^larly  i)resent  and  markinl.  E^-chymoses,  which 
are  a  cliaracteristic  lesion  in  poisoning  by  phospho- 
rus, are  abundantly  present  in  the  gastric  and  nitestinal 
mucosa,  in  all  the  stTous  membranes,  especially  the  pleura 
and  the  pericardium,  in  the  adventitia  of  the  aorta  and 
its  branches,  in  the  conjunctiva,  in  the  subcutaneous  are- 
olar t  is.'^ue.  in  the  intennuscuhir  tissue,  and  in  the  medias- 
tinum. Hemorrhages  may  (Kcur  from  the  stomach  and 
intestine,  and  from  tlu^  uterus,  in  some  cases  causing 
death.  The  1)1(mm1  is  tluid  in  acute  cases,  poorly  coagu- 
lated in  subacutj*  cases.  The  rwl  cells  ai*e  dlsintegrate<l. 
the  white  cells  may  Im'  fatty.  Fatty  degeneration  of  the 
liver,  kidney,  musirle  of  the  heart,  and  arteries  is  very 
well  marked.  The  organs  are  bile-stained  and  the  fecal 
masses  in  the  lower  part  of  the  small  intestine  and  colon 
are  grayish.  TIk*  jaundicte,  excessive  fatty  degenera- 
tion, and  hemorrhagic  changes  are  so  well  maiked  that 
the  diagnosis  usually  presents  no  difticulty. 

Acute  yellow  atrophy  of  the  liver,  and  septicaemia 
with  jaundice,  ecchymos<*s,  and  fatty  clegenenition  of 
the  viscera,  may  closely  resemble  phosphorus  poisoning; 
this  being  spec.'lally  tnie  of  the  fonner.  In  acute  yellow 
atroj)hy,  although  a  primary  enlargement  of  the  liver 
may  take  place,  the  characteristic  ccmditions  are:  marked 
diminution  in  size  and  consistency,  the  occurrence  of 
reddish  softened  areas  where  the  epithelial  cells  are  dis- 
integrated  into  a  granular  detritus,  and  the  appearance  of 
round-celled  infiltration  of  the  connective  tissue.  Many 
bacteria  have  also  been  observed  in  this  form  of  poison- 
ing.  The  liver  in  phosphorus  poisoning  is  usually  large, 
and  although  of  doughy  consistency,  it  is  still  firmer  than 
in  acute  yellow  atrophy.  Punctate  hemorrhages  may  be 
jiresent,  but  the  n^ddish  areas  described  above  are  absent. 
In  septicaemia  with  jaundice  and  ecchymoses,  the  fatty 
degeneration  is  usually  not  so  far  advanced  as  in  phos- 
phorus poisoning.  The  restMUblance  may,  however,  be 
so  close  as  to  rentier  a  decision,  simply  from  the  gross  ap- 
pearances, impossible,  in  which  cjis«»  the  demonstration 
of  phosphorus  by  chemical  examination,  or  the  demon- 
stration of  bacteria  by  bacteriological  examination,  will 
clear  up  the  diagno.sis. 

Bielilorid^i  of  Mercury  Pin'muing. — In  the  acute  cas(?s,  in 
which  death  occurs  in  collapse  after  a  few  hours,  the 
corrosive  effect  upon  the  mucosa  of  the  mouth,  ])harynx, 
ocsopiiagtis,  and  especially  the  stomach,  is  apparent  in  the 
prest^uoe  of  grayish-whitt*  eschars.  From  the  action  of 
mercury  upon  the  blood  the  eschar  may  show  a  grayish- 
violet  tinge.  In  cases  that  have  survived  a  few  days 
the  eschar  may  in  part  have  been  cast  off.  j)resenting 
ulcers  with  undermined  edges,  the  submucous  tissu(*  be 
in£:  conLTCsled  and  ecchvmotic.  Where  the  action  has 
not  Ix'cn  sufiifientlv  slronir  t(^  cause  corrosion,  themucosii 
may  be  congested  and  eeehyniotic.  The  upper  ])orlion 
of  the  snijill  intestine  mav  also  siiow  the  sjime  etTects, 
AN  Inch  irradually  bcconx'  less  marked  as  we  jidvance  down- 
ward  from  tlie  stomach  in  the  course  of  onr  examination. 
In  subacute  cases,  these  ])ortions  of  the  alimentary  tract 
may  show  no  changes  or  merely  those  of  a  diphtheritic 
intlannnation.  In  tiie  lower  poi-tion  of  the  ileum  an<l  in 
the  large  intestine,  the  ehanieteristic  changes  are  found, 
consistinu:  of  an  intlannnation  of  an  acute  exudative  tvne 
with  necrosis  and  the  formation  of  a  nieni])nnie.  atlecting 
more  especially  the  crests  of  the  folds  and  the  areas  in 
and  about  the  lympliadenoid  tissue.  The  subnnicosji  is 
consideniblv  distended  with  serum  and  intiltratid  with 
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j)us  cells.  The  gross  ap])eamnces  closely  i('seinl)le  those 
of  dvsenterv.  This  elf ect  is  not  due  to  the  local  action  of 
sublimate;  it  sec-ms  to  he  due  to  the  excretion  of  the  poi- 
son, especially  by  the  large  intestine,  since  it  is  e<iually 
well  marked  in  cases  of  mercury  poisoning  by  inunction, 
by  subcutan(M)us  injection,  and  by  intni-uterine  injection. 
The  ki<lnevs  are  enlarired.  soft,  and  (edematous.  The 
cortex  is  markcdlv  swollen,  and  of  a  liirht  vellow  or  irrav- 
ish  color.  The  pyramids  are  dark  and  congeste<l.  These 
chanij:es  are  due  to  parenchvmatous  or  fatt  v  dcireneration 
of  the  epithelium  of  the  uriuiferous  tubules,  especially  in 


the  cortex,  and  to  an  acute  exudative  inflammatioiL  A 
markcKl  proliferation  and  desquamatiou  of  epithelhim 
may  occur.  The  stroma  of  the  kidney  is  infiltrated  with 
serum. 

PoUisHum  Chlorate. — The  oxyhaimoglobin  is  reduced 
to  metlnemoglobin,  and  in  addition  the  red  blood  cells 
are  disintegrated.  The  blood  presents  the  appeanmce 
of  thick  chocolate  or  coffee  grounds.  The  post-mortem 
spots  are  grayisli  or  grayish  violet.  Jaundice  may  be 
present.  The  spleen  may  be  enlarged.  The  kidaeys 
prest^nt  a  characteristic  appearance.  An  acute  exudative 
nephritis  of  hemorrhagic  type  is  invariably  present.  It 
is  characterizwl  by  especially  well  marked  changes  about 
the  glomeruli,  the  urinifeious  tubules  being  filled  with 
brown  blo<xl  clots  which  give  the  appearance  of  brownish 
striations  more  marki»d  in  the  pyramids. 

Opium  and  Morphine. — If  opium  has  been  taken  in 
substance  or  in  tincture,  the  cliaracteristic  odor  may  be 
present,  and  if  in  the  form  of  tr.  opii  erocata.  a  charac- 
teristic yellow  color  may  be  distinguishable.  If  a  decoc- 
ti(m  of  poppv  ht»ads  has  lK»en  taken,  particles  of  the 
plant  may  be  discovereii  and  identified  by  the  microecope. 
As  far  as  the  api)earance8  iwst  mortem  are  concerned, 
there  is  nothing  characteristic  upon  which  the  diagnosis 
can  be  made  positively.  Pa.ssive  hypcnemia  of  the  brain 
and  lungs  may  be  found.  The  blood  in  acute  ca.ses  is  usu- 
ally fluid,  in  others  it  is  clotted.  The  appearance  of  the 
])upils  is  of  nunor  hnportance,  since  the  marked  contrac- 
tion may  not  be  preserviHl  post  mortem. 

Stnfrhnine. — Early,  intense,  and  persistent  rigor  mortis 
has  been  noted,  but  this  occurs  in  other  conditions.  The 
bloiMi  is  dark  and  fluid  (asphyxia):  passive  hypera^mia of 
the  brain  and  lungsand  ecchvmotic  spots  may  be  present. 

Atropine  and  its  group,  digitalis,  veratrine,  aconite. 
alo(»s,  colocynth.  jalap,  scammony,  savin,  croton  oil 
colchicum,  hellebore,  elaterium,  may  all  produce  the 
effects  of  gastro- intestinal  irritation,  clepending  upon  the 
amount  of  the  drug — namely,  hypera:-mia,  ecchymoses. 
intense  catarrlial  or  sometimes  croupous  inflammation,  or 
even  necrosis. 

Pt^nuun  Poisoning. — The  appearance  post  mortem  is 
not  characteristic;  a  more  or  less  intense  gastroenteritis 
may  be  the  only  lesion  found.  In  addition,  parenchv- 
matous degeneration  of  the  liver,  kidney,  and  heart 
inu.scle,  general  passive  hypenemia,  ecchymoses,  and 
dark  flind  IiUhkI  may  be  present. 

Muxenrine  Poimning  (tojidst(X>ls). — Cases  have  been 
described  with  jaundice,  ecchymoses  in  the  cutis,  acute 
fatty  degenemtiou  of  the  liver,  kidney,  and  heart  musclf. 
The  remains  of  toadstiK)ls  in  the  gastro  intestinal  tract 
and  their  botanical  determination  may  lead  to  the  diag- 
nosis. 

Chfomforui. — Death  from  narcosis  mav  leave  no  char- 
acteristic  signs  except  those  of  asphyxia.     The  odor  of 
chlorofonn  may  be  present  or  absent  in  the  lungs,  stoiuach. 
and  brain.     In  some  cases,  the  presence  of  chloroform 
may  be  denumst rated  in  the  bhxMl  or  in  the  brain  by 
chemical  examination.     If  swallowed,  the  odor  of  cIiIoto- 
fonn  may  be  a|)parent  in  the  stomach  content.s,  ami  tUe 
nnicosjiof  the  stomach  may  present  a  soft  gravisli  slovi^^ 
where  the  chloroform  has  come  in  contact.    In  one   <^ 
in   which   death   from    pneumonia    occurred  live       ^^^* 
after  swallowing  chloroform,  extensive  ulceration  «-^^.^\- 
stomach  and  jejunum  was  found;  and  .similar  1^^^^*^^  ' 
were  observe(l  in  another  case  in  which  death  occ 
after  tweutv  s<^ven  hours.     The  blcKxl  is  fluid  or 
clotted  according  to  the  rapidity  or  slowness  with 
death   has  .set  in.     Decomposition  after  chlon>forr 
soning  takes  place  ra]>idly,  and  there  will  be  gjis  b 
in   the  blood — a  certain  indication,  as  was  forme? 
lieved,  of  chloroform  poisoning.     In  ca.ses  dying 
time  after  chloroform  narcosis,  parenchymatous  do 
tion  of  the  heart,  liver,  and  kidney  has  l>een  foun 

Chhnvil  hi/drate  may  simply  pnKluce  a  marked 
a^nia  of  the  hmgs,  bniin,  and  spinal  cord.  It  isim 
to  take  a  specimen  of  the  urine  for  chemical  exami-^     .      . 

Ether. — Poisoning   from    ether    narcosis   may  ^^'F^Ji 
show  the  signs  of  asphyxia,  viz.,  fluid  and  dark-cr"^"^^*^ 
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blood  and  the  occasional  presence  of  ecchymoses.  In 
recent  cases  the  odor  of  ether  may  be  detected  in  the 
lungs,  stomach,  and  brain.  Poisoning  from  ingestion  of 
ether  produces  the  effects  of  intense  gastro-intestinal 
irritation. 

It  is  of  interest,  and  also  of  medico-legal  importance, 
to  examine  the  lymphadenoid  tissue  throughout  the 
body — namely,  the  naso  pharj'nx,  tonsils,  dorsum  of  the 
tonffue  posteriorly,  soIiUiry  follicles  of  the  stomach  and 
small  and  large  intestine.  Peyer's  plaques  of  the  small 
intestine,  the  mesenteric  and  retroperitoneal  lymph  nodes. 
the  Malpighian  bodies  of  the  spleen,  and  the  thymus 
gland.  A  hyperplasia  of  these  structures — termed  status 
lymphaticus — predispos€*s  to  the  occurrence  of  sudden 
death  from  causes  that  otherwise  api>ear  insufficient. 
In  a  number  of  cases  of  death  following  chloroform 
and  ether  narcosis  this  condition  has  been  found.  In 
some  of  these  cases  very  small  amounts  of  ether  and 
chloroform  liad  been  given  and  had  been  very  carefully 
administered. 

Alcohol. — Concentrated  alcohol  coagulates  albumin  and 
extracts  water,  and  may  therefore  produce  a  direct  con-o- 
sive  action  upon  the  gastro-intestinal  mucosa.  Numer- 
ous cases  of  sudden  death  following  ingestion  of  large 
amounts  have  occurred  in  adults,  and  comparatively 
small  amounts  have  sufficed  to  cause  death  in  children. 
Post  mortem  there  will  be  found  the  signs  of  asphyxia, 
with  alcoholic  odor  from  stomach  contents,  limgs,  and 
brain,  and  with  intense  gastro  enteritis.  It  is  stated  that 
in  chronic  alcoholics  intolerance  of  alcohol  increa.ses  with 
the  advancement  of  the  chronic  pathological  changes 
due  to  its  long-continued  use,  so  thatcomi)aratively  small 
amounts  may  Anally  cause  d(.*aih. 

Glass^  if  finely  pulverized,  is  not  poisonou.s.  as  is  com- 
monly believed  by  the  laity.  If,  however,  the  particles 
are  larger,  an  intense  irritant  effect  on  the  mucosa  of  the 
stomach  and  intestines  may  be  mechanically  produced, 
and  cases  of  death  from  this  cause  are  on  record. 

Trichinosis. — As  deaths  occasionally  occur  from  an 
invasion  of  trichina  spiralis,  due  to  the  ingestion  of 
"measly"  pork,  the  vender  of  such  meat  or  sausage 
might  be  held  responsible.  In  such  a  case  the  contents 
of  the  stomach  and  upper  portion  of  the  intestinal  tract 
should  be  examined  for  free  trichina?,  and  the  nuiscular 
tissue,  especially  of  the  diaphragm,  chest,  and  neck,  for 
encapsulated  trichinae.  At  the  same  time  due  considera- 
tion must  be  given  to  the  history  of  the  case,  and  to  such 
other  points  as  may  throw  light  upon  the  source  of  the 
infection. 

Anthnix. — Intestinal  anthrax  has  occurred  in  a  number 
of  cases  in  which  an  invasi<m  of  the  bacillus  has  been  di- 
rectly traced  to  infected  meat.  In  some  cases  the  meat  had 
been  thoroughly  cooked.  This  is  not  surprising  in  view 
of  the  resistance  of  anthrax  spores  to  high  temperatun»s. 

Mortal  Injuries. — The  medico-legal  questions  that 
arise  are  the  following : 

1.  Differentiation  between  post-mortem  changes  and 
the  effects  of  injury. 

2.  Differentiation  between  injuries  inflicted  before 
-death  and  post-mortem  injuries. 

8.  The  determination  of  the  immediate  cause  of  death, 
whether  directly  due  to  the  injury,  and,  in  the  presence 
of  more  than  one  injur}',  the  detennination  of  which  one 
immediately  caused  death,  or  whether  more  than  one  in- 
jury was  necessarily  fatal. 

4.  The  determination,  if  possible,  of  the  character  of 
the  injury,  and  of  the  means  and  metluxl  of  its  infliction ; 
also  whether  the  means  and  metliml  alleged,  and  the  cir- 
cumstances reported  as  having  attended  the  act,  are  com- 
patible with  the  character  of  the  injury. 

5.  Whether  the  conditions  foimd  are  compatible  or  not 
with  suicide,  and,  in  the  case  of  more  than  one  fatal  in- 
jury, whether  or  not  the  injtiries  might  liave  been  self- 
inflicted. 

6.  The  determination  of  the  cause  of  death  where  dis- 
ease follows  injury,  and  also  the  determination  of  the 
question  whether  the  disease  is  the  direct  result  of  the  in- 
jury or  not.     When  an  injury  occurs  in  a  subject  already 


diseased,  it  is  important  to  learn  whether  or  not  the  dis- 
eased condition  might  have  predisposed  to  the  occurrence 
of  the  accident  in  which  injury  was  sustained,  or  whether 
the  outcome  of  the  injury  was  influenced  for  the  worse 
by  reason  of  such  pre-existing  disease. 

1.  After  death  the  blood  remaining  fluid  in  the  veins 
and  capillaries  naturally  flows  to  the  most  dependent 
portion  of  the  cadaver,  collecting  especially  where  the 
skin  is  not  subjected  to  pressure.  With  the  occurrence 
of  decomposition  the  red  blood  cells  disintegrate,  and  the 
serum  tinged  with  blood -coloring  matter  may  transude 
through  the  ves.sel  wall  and  infiltrate  the  surrounding 
loose  areolar  tissue.  Therefore  the  early  post-mortem 
spots  may  be  entirely  obliterated  by  pressure.  When, 
however,  post  mortem  transudation  has  occurred  the  spots 
are  permanent.  When  decomposition  is  advanced  the 
cutis,  subcutaneous  tissue,  fascia,  and  even  the  muscle 
may  be  markedly  infiltrated  and  succulent.  Under  these 
conditions  ordinary  post-mortem  changes,  unless  their 
charact-er  and  the  fact  of  decomposition  having  taken 
place  are  noted,  may  be  mistaken  for  contusions,  ecchy- 
moses. or  ha*matomata.  Indeed,  it  is  found  that  after 
death,  even  without  the  presence  of  injuries,  when  the 
veins  and  capillaries  are  distended  with  blood  from  the 
parts  being  in  a  dependent  position,  minute  lacerations 
may  occur  and  thus  give  rise  to  tiie  formation  of  ecchy- 
moses. Such  have  been  found,  for  instance,  in  the  con- 
junctiva on  one  side  when  the  head  has  been  lying  on  that 
side,  and  in  the  skin  of  the  lower  extremities  when  death 
has  occurred  by  hanging,  the  cadaver  having  been  sus- 
pended for  some  days.  Where,  liowever.  such  effusion  of 
blood  does  occur  its  ext<'nt  is  not  usually  eiiual  to  that 
following  actual  contusion  or  that  due  to  the  formation  of 
a  hspmatoma  during  life.  When  a  contusion  <x?curs  or  a 
hematoma  develops  during  life  the  effused  blood  usually 
clots;  if,  however,  decomposition  is  far  advanced,  the 
clot  may  be  partially  disintegrated  and  some  difficulty 
may  be  expc^rienced  in  determining  the  exact  condition 
of  things.  If  we  take  into  consideration  all  the  above 
points,  and  the  fact  that  it  is  just  this  formation  of  clot 
that  hinders  the  further  transudation  into  the  tissues,  a 
conclusion  can  generally  Ik?  reached. 

2.  Besides  obvious  mutilations  of  the  cadaver,  embrac- 
ing wounds,  fractures,  and  lacerations  of  tissue,  post- 
mortem injuries  may  be  unknowingly  produced  during 
the  performance  of  an  autopsy.  A  wound  sustained 
during  life,  however,  will  present  certain  easily  dis- 
tinguishable characters.  There  will  be  some  inflamma- 
tory reaction  about  the  wound,  or  granulation  tissue 
will  be  present,  or  the  edges  of  the  wound  will  liave  be- 
come aclherent.  The  effusion  of  blood  in  the  tissues 
about  the  wound,  especially  the  clotting  of  blood  in 
these  tissues,  forms  additional  evidence.  Evidence  of 
hemorrhage  internally  or  externally  is  in  favor  of  injuries 
sustained  during  life.  It  is  possible,  however,  for  blood 
to  flow  from  a  wound  made  after  death  if  the  woimd  has 
been  mad(;  in  a  dependent  portion  of  the  body,  if  a  large 
vein  has  been  op<med,  or  if  decomposition  is  somewhat 
advanced.  Gaping  of  the  wound  where  the  subcutane- 
ous areolar  tissue  is  loose  favors  the  idea  that  the  injury 
was  sustained  during  life.  When*,  however,  the  skin  is 
thick  and  the  subcutaneous  tissue  denser  and  more  adher- 
ent, gaping  may  not  occur.  Gaping  of  the  wound  or  ever- 
sion  of  its  edges  may  occur  when  subcutaneous  fat  is  pres- 
ent in  considerable  amount,  and  when  decomposition  has 
taken  place.  The  sign,  therefore,  is  not  an  absolutely  re- 
liable one  for  or  against,  but  may  be  of  value  if  these 
restrictions  are  taken  into  account.  Fmctures  may  occur 
post  mortem  and  may  be  unknowingly  produced,  during 
the  autopsy,  especially  in  senile  cases  of  osteoporosis,  by 
overextension  of  the  cervical  vertebra*.  The  absence  of 
hemorrhage  and  of  inflammatory  reaction  readily  excludes 
the  possibility  of  a  fracture  having  occurred  during  life. 
By  the  same  manipulation  transverse  laceration  of  the 
sternocleidomastoid  muscles  may  be  produced.  In  de- 
ciding the  question  of  post-mortem  occurrence  or  of  in- 
fliction during  life  the  same  restrictions  hold  as  were  dis- 
cussed above. 
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Injuries  may  occur  just  before  death  in  cases  of  sudden 
death  from  disease  or  in  cases  of  poisoning,  us  the  result 
of  a  fall.  These  may  evidently  be  of  slight  importance. 
In  cases  of  cerebral  hemorrhage  of  this  type  it  may  be 
of  considerable  importance  to  determine  whether  or  not 
such  hemorrhages  are  of  this  character  and  have  followed 
some  primary  lesion. 

.S.  An  injury  may  be  sufficient  of  itself — if  it  should 
seriously  damage  or  destroy  s^jme  vital  organ — to  cause 
death.  There  are  cases,  h<)wever,  in  which  the  decision 
tliat  a  given  injury  must  ni^essarily  have  been  fatal  is 
very  hard  t^)  reach.  This  is  due  to  the  fact  that  in  rare 
cases  the  patient  will  recover  fn^m  injuries  whidi  are 
commonly  looked  upon  as  iie(*essarily  fatal.  Then  again, 
even  if  he  does  not  recover,  he  may  live  for  days  or 
we^^ks  after  the  infliction  of  the  injury. 

Secondary  m<»chanical  effects  follow-ing  the  injury  may 
be  the  hnme<liate  cause  of  death.  Among  thesis  may  be 
mentioneii  compression  of  the  brain  by  blood  clot,  inter- 
ference with  heart  action  by  hemorrhage  into  the  peri- 
cardial sac,  pneumothorax  from  a  iK»netrating  wound  of 
the  chest  wall  or  also  of  the  lung  itself,  and  laceration  of 
the  lung  by  a  fractun*d  rib. 

Hemorrliage.  external  or  internal  into  one  or  another 
body  cavity,  may  be  the  imnu*<liat<»  caus(>  of  death.  If  it 
is  internal,  tlie  actual  amount  of  blood  lo.st  to  the  circula- 
tion may  Iw  directly  mwisured:  if  it  is  external,  and  the 
evidence  of  the  autopsy  alone  is  at  hand,  we  must  depend 
for  our  diagnosis  \ipon  the  aniemia  of  the  organs.  If 
death  is  due  to  hemorrlmg(>,  all  the  organs  are  pah*  and 
almost  bloo<llesH:  the  heart  and  ves.s(>ls  contain  much  less 
bl(KxI  than  normally  and  are  (tout  nu'ted.  This  a))plies,  of 
course,  to  cases  in  wliicli  death  iinniediately  follows  the 
loss  of  blood.  If  some  time  has  intervened  between  the 
occurrence  of  the  hemorrhage  and  death,  there  will  be 
an  anteniie  condition,  an  hydnemia;  but  the  organs  will 
not  bii  found  in  the  blcMMlless.  dry  condition  characteristic 
of  thow  ciis4?s  in  which  death  follows  immedwtely  after 
hemorrhage. 

Th<?  inunediate  cause  of  death  may  be  sh<H^k.  Then* 
is  no  jKisitive  evidence  post  mortem  upon  which  such  a 
diagnosis  could  be  based  independently  of  the  history  of 
tlie  case.  Multiplicity  of  injuries,  exU'nt  of  injury,  evi- 
dence of  compntssion  or  c(»ntusion  of  the  alKlonu>n  as 
afforded  by  marked  dilatation  of  the  alKlominal  veins, 
might  all  favor  such  a  conclusion.  The  cUnieal  hi.story, 
esi)ecially  the  time  intervening  between  injury  and  death, 
taken  in  connection  with  the  above  data,  i»  i)n)lwbly 
better  evidence.  In  this  connection  it  should  Iw  remem- 
bered tliat  there  are  undoubted  cases  of  death  from  shoi^k 
alone  without  the  infliction  of  injury.  In  many,  of 
course*,  a  neurotic^  pnHli.sposition  may  be  pn'sumed,  or  the 
existence  of  heart  lesions  or  diseas<>  of  the  cerebral  vessels 
may  explain  the  causi*  of  death,  the  slKK'k  in  such  cases 
producing  a  nervous  or  vas<'ular  eff«'Ct  determining  the 
<K;currence  of  syncope  an<i  death. 

In  the  presence  of  more  than  one  injury,  the  effects  of 
each  shouhl  be  cnn'fully  weighed  and  its  iniiM)rtance  in 
the  causation  of  death  determined.  Each  injury  shouhl 
be  separat(*ly  consi<lered  and  th<?  probable  result,  if  such 
injury  alone  were  pres<-nt.  determined.  This  is  a  matter 
of  considerable  imiM>rtance.  as  tin*  injuries  may  have  lM*en 
inflicte<l  by  different  individuals,  or  by  the  simie  indi- 
vidual under  different  cireumstances;  as.  for  instance, 
when  a  lirst  shot  is  tin*d  in  self  defence  and  a  second 
when  the  tts.sailant  has  turned  in  flight.  The  ((uestion 
might  arise  whether  one  of  the  wounds  might  have  been 
self  inflicted,  the  other  having  been  admit te<lly  indicted 
by  the  defendant  on  trial.  Such  might  i>os.sibly  be  the 
case  in  a  struggle,  lM)th  the  pjirticipants  being  armed,  or 
where  an  ofllcer  in  pursuit  of  a  fugitive,  revolver  in 
hand,  is  afterward  found  dead  with  two  bullet  wounds. 
JJven  though  there  may  l»(^  evidence  of  his  weap<m  hav- 
ing been  n'cently  discharged,  this  of  course  would  not  be 
conclusive  of  one  wound  having  been  s<'lf-inflict<'d. 

4.  An  accurate  (h'scription  of  all  injuries,  their  char- 
acter, IcK'ation,  tissues  involvtHl,  nu^asurements.  direction, 
and  external  appearance,  including  tliat  of  surrounding 


parts,  not  only  of  the  Ixxly  but  also  of  the  clothing  if 
possible,  should  be  made  in  every  case.  This  is  of  the 
greatest  importance,  and  may  be  the  only  admissible  evi- 
dence upon  which  a  case  can  be  decided  by  the  jury. 

A  contusion  according  to  its  severity  indicates  more  or 
less  forcible  contact  with  some  flat  or  blunt  Arm  sub^ 
stance — i.e.,  either  a  blow  or  a  fall.  "Which  is  the  case  in 
a  given  instance  may  l>e  impossible  to  decide  from  tlie 
contusion  alone.  Its  size  may  affonl  some  help;  its  loca- 
tion may  lie  of  more  importance.  Such  situations  com- 
patible with  a  fall  will  readily  suggest  themselves,  yet 
many  of  these  contusions  may  not  be  distinguisliable 
from  those  which  are  the  result  of  a  blow^.  If,  however, 
the  an*a  of  contusion  is  smaller  than  the  area  which  might 
readily  have  come  in  contact  with  given  surrounding  ob- 
jects, the  ccmclusitm  would  be  in  favor  of  a  blow. 

Abrasions  favor  the  conclusion  of  a  glancing  fall  or 
Wow. 

A  ha'matoma  may  occupy  the  site  of  contact  in  a  blow 
or  fall,  or  may  lie  secondary  to  a  fracture  the  result  of 
such  blow  or  fall,  and  may  occupy  a  position  near  or  at 
a  distance  from  the  inmiediate  site  of  contact. 

Wounds  are  described  as  incised,  contused,  laceiated, 
and  punctunHl.  These  adjectives  readily  suggest  a  cut  or 
a  thru.st  with  a  sliarp,  bhmt,  ragged,  or  pointed  iustni- 
ment ;  or  a  fadl  up(m  such  sharp,  blunt,  ragged,  or  pointed 
object.  It  should  be  remembered,  however,  tJiat  the  ap- 
pearance of  an  incised  wound  may  be  simulated  when. 
such  wound  (K'cure  over  projecting  l>ony  ridges,  as  the 
supraorbital  ridge,  nose,  margin  of  jaw,  tibia,  et  cetera, 
although  really  produced  by  blunt  objects  either  from  a 
blow  or  from  a  fall.  Even  a  bullet  wound  may  occasion- 
ally resemble  an  incised  or  punctured  wound*  from  the 
splitting  of  the  skin  over  a  bony  surface. 

Ihdkt  WounffM. — The  accurate  description  of  their 
special  characteristics  is  of  the  great I'st  importance,  not 
only  in  proving  the  presence  of  a  bullet  wound  when  the 
bullet  cannot  be  found,  but  also  in  furnishing  data  frmn 
which  valuable  conclusions  may  l)e  drawn.  The  points 
for  examination  and  dctscripti<m  are  as  follows: 

(a)  The  skin  and  surrounding  parts  externally. 

(1)  The  soluticm  of  continuity  in  the  skin. 

(2)  The  immediate  surroinnling  narrow  zone  of  con- 
tusion. abrash)n.  and  lead  staining.  Both  of  these  are 
effects  produccnl  by  the  bullet. 

(8)  The  stain  or  smudge  which  can  readily  be  i^'iped 
off  or  washed  off,  the  effect  of  the  smoke. 

(4)  The  embe<hUHl  powder  jmrticles,  some  of  which  from 
their  very  superficial  location  can  Ihj  washed  off,  while 
others  more  <le<»[)ly  situated  remain — the  effect  of  incom- 
plete combustion  of  the  powder. 

(5)  Burning  of  the  surnmndmg  skin  and  singeing  of 
the  hair,  the  effect  of  the  flame. 

(0)  The  zone  of  contusion  alM)ut  the  wound  larger  tlian 
that  produce<l  by  the  bullet — the  effect  of  concussion  of 
the  <'X plosive  gases. 

(h)  Immediately  beneath  the  wound  in  the  skin  the 
following  effects  may  l)e  noted: 

(1)  C(mtusion  and  laceration  of  tissue  by  the  explosive 
ga.scs. 

(2)  Staining  by  smoke  and  by  particles  of  powder  un- 
changed or  incompletely  burned. 

(3)  Burning  or  charring  by  the  flame,  ignited  powder, 
or  wad. 

(/•)  The  track  of  the  bullet  and  the  tissue  surrounding 
it  may  pres<Mit  the  alK)ve  effects  of  laceration  from  the 
explosive  gas<'S.  charring  from  the  flame,  and  blackening 
from  embedded  particles  of  powcier;  and  in  soft  parts 
t  hesii^  elTects  may  be  even  more  marked  tlian  directly  be- 
ncath  the  skin  on  account  of  the  (centrifugal  distribution 
of  these  effcct.s.  In  bullet  wounds  of  the  brain  still  other 
effects  may  be  produced:  some  of  them  being  due  to  the 
fact  that  smaller  or  larger  fragments  of  bone  are  carried 
in  like  j>rojectilcs.  and  others  resulting  from  the  fragmen- 
tation of  the  bullet,  the  residt  either  of  the  composition  of 
the  metal  or  of  the  manner  in  which  the  bullet  has  struck 
the  bone. 

If  we  take  these  facts  into  account,  it  can  readily  be  un- 
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derstood  how  these  effects  vary  according  to  the  size, 
calibre,  length,  shape,  cousisteDcc,  and  structure  of  the 
bullet;  the  kind,  condition,  and  amount  of  the  powder 
charge ;  the  character  of  the  weapon,  whether  a  rifle,  gun, 
pistol,  or  revolver;  and  the  range  from  which  the  shot 
was  fired.  Intervening  clothing  and  hair,  depending  upon 
its  amount,  texture,  and  arrangement,  may  influence  cer- 
tain of  these  appearances,  causing  their  absence  in  the 
wound  or  upon  the  skin  when  otherwise  they  would  cer- 
tainly have  been  present. 

From  experiments  perfoiined  upon  the  ctidaver  with 
different  weapons  of  different  calibre,  at  ranges  varying 
from  contact  onward,  and  upon  different  parts,  results 
have  been  produced  which  with  certain  minor  limitations 
form  a  basis  upon  which,  when  the  effects  produced  in  a 
wound  are  known  and  the  circumstances  set  forth  above 
are  taken  into  account,  the  range  at  which  the  shot  was 
fired  can  lie  determined  with  considerable  accuracy.  It 
is  not  meant  that  the  distance  can  alwa^'s  be  determined 
within  an  inch;  nor  is  such  determination  always  called 
for.  We  can  determine,  however,  that  certain  effects 
could  not  have  been  produced  beyond  a  certain  range,  or 
within  a  certain  range,  and  thereby  we  shall  be  able  to 
exclude  suicide,  or  to  admit  its  possibility.  The  effects 
produced  in  the  wound  may  then  be  the  only  evidence 
upon  which  a  decision  can  be  reached,  or  may  prove 
strong  corroborative  evidence,  or  may  be  the  only  means 
of  preventing  an  imjust  conviction. 

The  wound  in  the  skin  may  be  round,  its  edges  rough- 
ened by  contusion ;  or,  by  reason  of  small  lacerations  of 
its  mar^n,  it  may  present  the  appearance  of  a  rosette. 
Again,  it  may  be  quite  large  and  may  have  a  triangular 
or  ovoid  shape;  or  it  may  be  slit-like  and  resemble  an  in- 
cised wound,  the  bullet  having  caused  a  splitting  of  the 
skin.  Such  a  wound  may  heal  by  primary  union  and 
obscure  the  character  of  the  injur)'.  It  is  produced  more 
frequently  with  revolvers  or  smaller  calibre  and  by 
pointed  bullets.  Aberrations  from  the  circular  or  round 
form  of  wound  may  be  produced  by  the  bullet  striking 
the  skin  surface  at  a  more  acute  angle.  Larger  lacera- 
tions leading  from  the  wound  may  in  some  casi^s  be  ex- 
plained by  the  effect  of  the  explosive  gases  beneath  the 
skin.  (For  further  details  in  regaixl  to  the  different 
characteristics  of  bullet  wounds  the  reader  is  refernnl  to 
the  article  on  OunsJwt  IiijuHes  in  a  later  volume.) 

The  limit  of  the  range  beyond  which  grains  of  powder 
cannot  become  embedded  m  the  skin  adjacent  to  the 
wound  varies,  according  to  the  calibre  of  the  weapon 
used  and  the  amount  of  the  charge  of  powder,  from 
about  one  foot  with  a  small  revolver  to  three  feet  and 
more  with  those  of  large  calibre,  six  feet  with  the  old- 
style  army  pistol,  and  a  still  greater  distance  with  a  shot- 
gun. Embedded  powder  grains  are  found  within  these 
ranges  for  weapons  cited.  They  are  few  in  number  and 
scattered  with  the  higher  range,  and  more  concentrated 
and  abundant  as  contact  is  approached,  on  account  of 
their  centrifugal  distribution.  With  contact  they  are 
usually  absent  in  the  skin  but  present  in  larger  amount 
in  the  tissues  beneath,  the  depth  depending  upon  the 
calibre  of  the  weapon  and  the  amount  of  powder  in  the 
charge.  With  a  revolver  of  medium  calibre  the  deposit 
of  powder  grains  in  the  wound  diminishes  with  increase 
of  range  to  mere  staining  of  the  bullet  track,  so  that  be- 
yond one  inch  the  effect  of  powder  grains  in  the  wound 
ceases  to  be  observed.  When  the  muzzle  is  not  held  in 
immediate  contact  the  powder  grains  appear  in  the  skin 
about  the  wound,  and  the  appearance  varies  with  the 
distance  as  stated  above. 

At  contact  the  effect  of  the  explosive  gases  and  the 
staining  and  charring  of  the  subcutaneous  wound  are  most 
marked,  varying  acconliug  to  calibre  and  powder  charge. 
Laceration  of  tissue  thus  produced  is  almost  constant 
with  0.32  to  0.44  calibre,  but  is  exceptional  with  0.22. 

Burning  of  the  hair  is  more  extensive  than  burning  of 
the  skin,  and  varies  according  to  the  calibre  and  the 
range.  With  an  0.22  calibre  it  varies  from  contact  to 
three  inches;  with  an  0.44  calibre,  from  contact  to  fifteen 
inches.     At  contact  there  may  be  no  singeing  of  the  hair 


at  all,  or  if  present  it  is  confined  to  a  few  liairs  immedi- 
ately about  the  wound.  With  a  revolver  of  medium 
calibre,  at  one-quarter  of  an  inch,  singeing  is  invariably 
present  but  may.  be  limited  to  an  area  of  one  inch  or  less. 
At  a  range  of  from  three  to  five  inches  singeing  is  no 
longer  constant. 

Burning  of  the  skin  varies  in  the  same  way  and  within 
narrower  limits.  At  contact,  with  a  revolver  of  medium 
calibre,  there  may  be  chaning  of  the  edge  of  the  wound, 
but  the  greatest  effect  is  produced  on  the  underlying 
tissues.  At  a  distance  of  from  one-quarter  of  an  inch  to 
three  inches  cliarring  is  usual  but  not  constant ;  at  greater 
ranges  it  is  absent.  With  larger  weapons  it  may  occur 
at  greater  ranges. 

To  recapitulate,  the  effects  will  disappear  in  the  fol- 
.  lowing  order,  as  the  range  is  increased  from  contact  to 
the  maximum  limit: 

(1)  Effect  of  explosive  gases. 

(2)  Effect  of  smoke  stain  or  smudge  which  can  be  wiped 
or  waslied  off. 

(3)  Effect  of  the  flame  in  burning  of  the  skin. 

(4)  Singeing  of  the  hair. 

(5)  Embedded  powder  grains. 
Protection  of  the  part  by  clothing  or  hair  will  explain 

the  absence  of  some  effects,  namely,  smoke  stain,  em- 
bedded powder  grains  in  the  skin,  or  burning  of  the  skin 
at  short  range.  In  such  cases  we  may  have  the  valuable 
sign  of  singeing  of  the  hair  to  guide  us. 

The  track  of  the  bullet,  besides  presenting  effects  already 
noted,  may  be  of  importance  in  establishing  the  direction 
from  which  a  shot  was  fired  or  the  position  of  the  body 
when  the  shot  was  fired.  Care  should  be  taken  in  reach- 
ing conclusions,  since  it  is  well  known  that  the  course  of 
a  bullet  may  be  deflected  especially  by  bone,  and  tliat  & 
bullet  may  wander  not  only  after  being  in  the  body  & 
considerable  time,  but  also  in  fresh  cases.  The  track  is. 
of  importance  also  as  a  guide  to  the  location  of  a  bullet. 
The  track  may  contain  the  wad,  and  in  an  interesting 
case  in  literature  such  a  wad  served  to  convict.  A  game- 
keeper was  found  dead  in  the  forest;  the  wad  was  not 
burned  and  proved  to  be  part  of  a  calendar  in  possession 
of  a  notorious  poacher. 

Although  the  bullet  may  be  markedly  deformed  or  flat- 
tened, the  rim  at  its  base  is  usually  sufllciently  intact  to 
determine  its  calibre.  Certain  marking  upon  the  bullet 
may  prove  valuable  evidence  of  its  havmg  been  fired  from 
a  given  weapon.  Moreover,  its  presentation  to  the  jury 
is  the  best  evidence  that  the  wound  was  really  produced 
by  a  bullet. 

Multiple  wounds  may  be  caused  by  the  same  bullet 
passing  through  the  upper  extremity  and  thorax,  or  lower 
extremity  and  abdomen,  or  through  mamma  and  thorax ; 
three  or  moro  wounds  being  present  in  the  skin.  It  is 
necessary  to  distinguish  wounds  of  entrance  from  wounds 
of  exit.  As  far  as  the  soft  parts  are  concerned,  this  has 
been  discussed  above.  In  the  calvaria  the  fracture  pro- 
duced is  an  excellent  criterion.  The  table  upon  which 
the  bullet  impinges  first  is  fractured  to  a  less  extent. 
Thus,  in  wounds  of  entrance  the  outer  table  presents  the 
smaller  opening,  the  inner  the  larger  opening ;  the  frac- 
ture shelves  inward.  In  wounds  of  exit  the  inner  table 
presents  the  smaller  opening;  the  fracture  shelves  out- 
ward. 

The  opening  made  by  the  bullet  in  passing  through 
bone  is  usually  larger  than  the  calibre  of  the  bullet,  and 
in  the  case  of  bullet  wounds  of  the  brain  the  canal  of  the 
bullet  may  also  be  considerably  larger,  this  effect  being 
due  in  part  to  the  fiattening  of  the  bullet  against  the 
bone,  and  in  part  to  the  carrying  in  of  fragments  of  bone. 

Where  deflection  has  occurred  and  where,  as  in  the 
abdominal  cavity,  the  bullet  may  traverse  a  considerable 
distance  without  causing  lesions,  the  track  or  canal  of 
the  bullet  may  not  lead  directly  to  the  bullet  itself.  In 
one  case  the  wound  of  entrance  was  located  in  the  right 
hypochondriac  region  and  with  it  was  associated  a  wound 
of  the  transverse  colon  and  its  mesentery.  The  direction 
of  the  track,  up  to  this  point,  was  backward,  inward^ 
and  slightly  downward,  yet  the  bullet  was  foimd  em- 
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bcdcUMi  beneath  the  ilio-psoaA  niusele  on  the  left  side  of 
the  tifth  lumbar  vert(*bm.  In  another  case  the  wound 
of  entrance  was  looatwi  on  the  anterior  and  inner  aaiK?rt 
of  the  h'ft  thigli,  with  perforation  into  the  i>eritoneal 
«ivitv  below  Poupart's  ligament.  The  bullet,  however, 
was  found  in  the  stomach,  and  there  wan  a  wound  in  its 
posterior  wall  near  the  greater  curvature,  with  a  wcond 
wound  in  the  transviTse  m(*socolon.  In  bullet  wounds 
of  the  brain  the  amount  of  deflation  may  be  considerable, 
so  that  the  canal  may  pass  through  the  supertieial  part 
of  the  cortex,  from  (me  side  of  the  calvaria  to  the  other. 
The  angle  of  deflection  may  lx»  very  acute.  Thus  in  one 
case  the  wound  of  entmnce  was  locatwl  over  the?  left 
{larietal  1>osh,  while  the  tnick  passed  downward  and 
across  the  median  line  through  the  bniin  to  the  right 
side  of  the  frontal  bone,  causing  comminution  at  the 
jimction  of  the  orbital  plate  and  perpendicular  portion. 
A  second  ciinal  was  found  in  the  right  hemisphere  lead- 
ing to  the  bullet:  the  latter  being  very  much  flattened 
beneath  the  right  parietal  boss,  which  was  excessively 
comminuted. 

The  disrrharge  of  a  weapon  at  contact,  providwl  the 
powder  charge  is  sufticiently  large,  even  tliough  there  is 
no  bullet  and  conscniuently  no  bullet  wcmnd  through  the 
skin,  may  cause  death.  A  cas<»  is  report«Ml  of  laceraticm 
of  the  heart  through  such  a  dis<harge  at  contact  against 
the  pnecordial  n-gion.  The  skin  pn'si'nted  the  usual  ap- 
pearances with  the  exception  of  a  bullet  wound,  i.r., 
smoke  stain,  burn,  and  embedded  powth'r  grains  were 
vi-sible. 

Ca.<«es  havemrcurred  in  wliicli  the  mouth  was  filled  with 
powder,  which  was  then  ignitrd. 

The  cxtrnt  of  e(»nHninution  of  bone  varies  with  the 
chanictcT  of  the  bullet,  its  soft  or  hanl  consistencv,  its 
strui'lure,  its  calibre,  powder  charge,  and  range;  in  ad- 
dition the  thicknt'ss  of  hmw  must  be  taken  into  account. 

5.  The  decision  wlietlirr  a  bullet  W(mnd  was  wlf-in- 
flicted  may  be  diflieult  to  reach  wla-n  the  wound  presents 
the  aj)j)eamn{-e  of  a  shot  at  contact,  or  within  a  ruige  at 
which  wif -inflict ion  is  possible.  Such  wcmnds  may  of 
course  have  been  infliclrd  by  anothrr  individual.  The 
wound  in  .suicide,  although  u.^ually  inflicted  at  or  nearly 
at  contact,  nee<l  not  f»f  course  have  been  so  inflicted. 
From  the  situation  of  the  wound  of  entmnce.  and  the 
direction  of  the  tmck.  valuable  conclusions  may  be  drawn; 
but  the  possibility  of  suicide  shouhl  not  be  excluded  ex- 
cept after  the  most  careful  con.sidenition.  since  peculiar 
methodrt  of  handling  the  pistol  may  have  been  employed, 
such  as  steadying  th<f  barrel  with  one  hand  against  the 
part  an<l  pulling  the  trigger  with  tln^  other.  From  the 
reflection  of  smoke  and  powder  gniins  the  hand  may  be- 
come stained.  (*areful  examination  of  both  hands  with 
this  end  in  view  should  be  made,  and  from  the  above  it 
can  ea.sily  be  understojnl  how  the  stain  may  appear,  not 
only  upon  the  hand  used  to  discharge  the  wi'apon,  but 
where  the  barrel  Inn  been  steadied  with  the  f»ther  liand 
this  may  be  stained,  and  yet  the  stain  be  absent  upon  the 
hand  that  htxH  pulled  the  t^iL^u^»'r.  This  will  explain,  for 
instance,  the  prestMice  of  a  bullet  wound  on  the  right  side 
of  the  head.  an<l  a  powder  stain  on  the  left  hand.  The 
palm  and  flexor  aspe<t  of  the  thumb  .shouM  be  examined 
for  scmtches  or  contusions  that  might  have  been  pro- 
duced by  the  recoil  of  the  revolver.  All  attending  cir- 
cumstances should  be  noted.  Of  course,  the  revolver 
still  gnisiM'd  in  the  hand  of  the  deceasi'd  dews  not  neces- 
sarily prove  suicide,  as  it  is  conceivable  that  b«-fore  rigor 
mortis  has  set  in  such  a  condition  may  be  directly  pro- 
duce<l  post  mortem. 

The  question  of  multipl<>  wlf-inflicted  wounds  comes 
up  for  decision  in  castas  in  which  one  or  more  were  neces- 
sarily fatal,  and  it  may  be  important  to  decide  whether 
one  was  immediately  fatal.  The  pn/sumption  may  arist? 
that  the  second  wound  could  not  have  b«'en  inflicted  after 
the  infliction  of  the  first.  Double  bullet  woimds  in  the 
heart  have  been  s<'lf-inflicted.  Whether  a  bullet  wound 
of  the  bniin  necessjirily  prevents  a  further  voluntary 
action,  is  often  hard  to  di'cide.  Of  course,  if  a  vital 
ceutre  has  been  lacerated  death  must  liave  occurred  im- 


mediately thereafter.  Still  it  is  quite  possil>Ic  tliat  lac- 
eration of  the  brain,  and  sometimes  quite  coDsidorahle 
ia(u*mtion,  may  (xx^ur  in  uncommon  cases  without  being 
immetliately  fatal. 

Bullet  woimds  and  other  injuries  may  occur  in  cases  of 
suicide,  all  having  been  self-inflict(>il.  In  addition,  numer- 
ous cases  have  l>een  reported  of  poisoning  and  traumatism 
in  the  siune  individual. 

6.  The  estimation  of  the  relative  importance  of  disease 
and  injury  and  of  their  dt-pendence  upon  each  otJier  is 
best  considered  regionally.  Certain  consi<lerations  apply 
in  all  cases.  Thus,  for  example,  it  must  be  rememliereii 
that  a  woiHid  infection — such  as  S(.*pticu'mia,  pytemia, 
erysipelas,  and  tetanus — may  follow  an  injury.*  Local 
tul>erculous  proces.**!^  may  he  secondary  to  traumatism. 
Pneimionia  may  follow  an  injury  and  inay  prove  fatal. 
When  injuries  occur  in  a  stdiject  of  chrtmic  disease,  the 
injury  and  th(^  diseas*'  should  l)e  s<*|>arately  considered, 
and  {he  attem])t  should  \ye  made  to  determine  the  part 
played  by  each  in  the  causation  of  death.  Post  mortem, 
the  diffe'n'ntiation  l)<*twiH>n  the  results  of  disL^asc  and 
those  of  traumatism  should  be  made,  and  in  this  con- 
n(*etion  the  subject  of  hemorrhage  is  important,  as  it  may 
be  the  result  of  either.  Mistakes  may  be  made  in  de- 
tennining  the  origin  of  hemorrhage. 

Head. — Concumon  of  tlve  Bifthi. — External  signs  of 
violence?  may  be  present,  but  castas  may  oitrur  of  even 
fatal  concussion  with  little  or  no  evidence  of  external 
violence.  Tho  bmin  is  usually  congestcKi.  an<l  sometimes 
shows  multiple  and  very  fine  contusions  over  the  entire 
surface.  The  floor  of  the  frnirth  ventricle  is  a  spot  where 
important  evidence  may  be  found  in  the.se  c»s(^,  and  it 
should  be  examine<l  from  alK>ve,  the  brain  having  been 
laid  on  its  l^ase  with  the  cerel)ellum  towanl  the  observer. 
After  section  of  the  cen-bral  hemisphere.^  (m  either  side,  a 
mcnlian  incision  is  nuule  through  the  cerebellum  until  the 
ventricle  is  reached.  Then  the  incision  is  to  be  extended 
anteriorly  to  the  coriM)ra  quadrigemina  and  posteriorly 
to  the  divergemce  of  the  n'stifomi  b<xlies.  Finally,  tlie 
sepamtion  of  the  two  halves  of  the  cen^btOlum  will  bring 
into  vit'w  the  ll(H)r  of  the  fourth  ventricle.  In  fatal  con- 
cussion ecchymotic  spots  varying  in  number  and  extent 
HTv.  usually  found  hen'.  Oire  should  be  taken  not  to 
confu.sc*  tla;  prominent  veins  usually  found  on  either  side 
of  the  anterior  part-  of  the  floor  of  the  fourth  ventricle, 
with  ecchymoses. 

Contusion  of  the  brain  is  practicallv  a  minut«  surface 
laceration  of  the  cortt'X.  It  is  markiMl  by  red  spots  that 
remain  after  pn*ssure  on  the  pia  and  which  on  section 
prove  to  1m*  a  thin  surface  hemorrliage  iK'neath  the  pia  in 
the  bniin  substance. 

TiUcemtion  of  the  brain  is  always  accompanied  by 
heuiorrhaire  and  may  In?  due  to  violence  or  to  the  cfTusioii 
of  bl(M)d  from  spontaneous  rupture  (►f  a  diseased  vessel. 
In  the  latter  cav?  the  tvpical  location  of  the  hemorrhage 
is  in  the  lenticular  nucleus,  the  bliMxl  having  c<unc  from 
a  rupture  of  one  or  another  of  the  anterior  perforating 
artf-ries.  most  (rrimmonly  the  h»nticuh>-8tnate.  The 
hemorrhage  and  laceration  may  vary  in  extent;  thev 
may  involve  the  inner  ciipsule.  the  in^ad  of  tlie  caudate 
nucleus  or  the  (»ptie  thalamus,  and  sometimes  the}"  ex- 
tend into  the  ventricle;  or  the  ext<'nsion  may  take  place 
in  an  outward  direction  through  the  outer  capsule,  the 
claustruni.  and  the  cortex  of  the  island  of  Keil.  Violence. 
however,  may  caus«>  just  such  a  hemorrhage,  although 
in  sJicli  a  case  oth:*r  lesions  aR*  likely  to  Ik*  pres<»nt  in 
additi(Hi.  .\s  a  gen<>ml  rule,  nuiltiplicity  of  hemorrhages 
antl  lacerations  points  to  vio](>nce.  A  spontaneous 
hemorrliag<'  may  occur  in  the  usual  site  described- above, 
and  when  tlu*  violence  is  due  to  a  fall  upon  the  back  of 
the  head  following  loss  of  consciousnc*ss  multipU'  heuior- 
rha ires  with  laceration  of  brain  tis.*«uc  may  occur  in  the 
bniin  substance  and  in  the  cort(>x.  In  laceraticm  of  the 
brain  due  to  violence,  the  lesions  are  usually  most  markeil 
in  the  cortex,  on  the  surface,  and  they  IxK'cmie  k*88  exten- 
sive in  thech'cper  portion  of  the  brain  tis.sue.  Such  lacefB- 
tion  may  be  due  to  a  conuninutefl  depn*ssed  fracture  of 
the  skull,  the  actiud  tearing  being  caused  by  fragments  of 
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bone;  far  more  commonly,  however,  the  seat  of  laceration 
is  directly  opposite  the  point  of  application  of  violence 
as  indicated  by  a  lacerated  scalp  wound,  contusion  or 
haematomaof  the  scalp.  The  brain  is  apparently  capable 
of  enduring  considerable  compression  without  the  occur- 
rence of  laceration.  Where,  however,  the  brain  tissue  is 
called  upon  to  till  out  an  increased  sjmce,  t.^*.,  where  dis- 
tention occurs,  lacemtion  results.  When  violence  is  ex- 
erted upon  one  point  of  the  calvaria,  the  convexity  of  the 
bone  is  suddenly  reduced,  wiiile  at  a  point  directly  oppo- 
site the  convexity  is  increased  by  compensation.  At  the 
p>oint  of  application,  therefore,  the  brain  may  be  com- 
pressed without  laceration,  whileat  the  opposite  point  the 
brain  is  distended  and  laceration  results.  With  a  blow 
or  fall  upon  the  side  of  the  head,  with  a  iuematoma  in 
the  temporal  or  parietal  region,  the  surface  of  thec^iudate 
nucleus  and  optic  thalamus  on  the  same  side  is  sometimes 
the  seat  of  laceration,  without  lacemtion  of  the  temporal 
or  parietal  cortex  on  that  sitle.  He  re,  again,  the  cortex 
has  been  compressed  and  an  opposite  brain  surface,  though 
an  internal  one,  has  become  lacerated  by  distention. 
Laceration  of  the  cortex,  although  commonly  occurring 
with  fracture  of  the  skull,  either  at  some  point  in  the 
skull  cap  or  at  its  base,  may  also  occur  w  ithout  fracture, 
the  bone  having  been  sufficiently  elastic  to  accommcMlate 
itself,  without  breaking,  to  the  sudden  change  in  shape 
due  to  the  violence.  With  laceration  of  the  brain  a  blood 
clot,  more  or  less  extensive,  may  form  iM'tween  dura  and 
pia.  When  the  lac^eration  does  not  in  vol  ve  the  pla  mater, 
blood  may  be  infiltrated  in  the  meshes  of  the  pia  arach- 
noid and  may  infiltrate  the  sulci  beneath  the  pia  mater. 

Ii\jurt€S  to  the  Cevehral  Vefuwh. — Isolated  laceration  of 
one  or  another  cerebral  vessel  may  Im;  due  to  violence 
either  witli  or  without  fracture  of  the  skull.  Tlie  vessel 
may  or  may  not  have  previously  l>een  the  seat  of  fatty  de- 
generation or  of  aneuri.sm.  In  such  a  case  the  blood  is  usu- 
ally poured  out  beneath  the  pia  mater,  more  commonly  at 
the  Imse  of  the  brain ;  it  may  infiltrate  both  fissures  of  Syl- 
vius, and  passing  beneath  the  velum  interpositum,  through 
the  large  transverse  fissure,  may  break  through  the  single 
layer  of  epithelium  ccmstituting  the  ependyma  and  gain 
access  to  the  ventricles.  An  accurate  examination  of  all 
the  cerebral  vessels  is  a  matter  of  considerable  importance. 
In  the  case  of  an  aneurism,  spontaneous  rupture  is  quite 
possible;  but  when  the  vessels  are  the  seat  of  fatty  de- 
generation and  atheroma,  spontaneous  rupture  is  infre- 
quent, if  we  except  the  lenticulo-striate  and  anterior  per- 
forating branches.  Atheroma  will,  however,  account  for 
conditions — namely,  vertigo  and  sudden  loss  of  conscious- 
ness— which  in  themselves  may  be  responsible  for  the  oc- 
currence of  traumatism. 

TVavmatie  Meningitis. — Acute  purulent  or  proliferative 
meningitis  may  occur  from  traumatism,  and  may  be  the 
immediate  cause  of  death.  Where  a  wound,  with  or 
without  fracture  of  the  skull,  lias  opened  the  way  for  in- 
fection, or  where  fracttire  of  the  base  of  the  skull  has  per- 
mitted infection  through  nasal,  buccal,  or  aurul  orifices. 
tlie  connection  of  a  purulent  meningitis  with  the  trauma- 
tism, although  indirect,  is  quite  evident.  Such  a  puru- 
lent meningitis  may  not  follow  the  traumatism  directly, 
as  infection  may  take  place  later  and  is  possible  as  long 
as  the  wound  or  fracture  is  not  completely  healed. 

Where,  however,  a  purulent  or  an  acut«  proliferative 
meningitis  is  found  without  an  appaix*nt  avenue  of  in- 
fection, but  following  a  traumatism  (as  contusion  of 
some  part  of  the  head  with  concussion  of  the  bniin),  the 
connection  between  the  meningitis  and  the  tmtimatism  is 
more  difficult  to  establish.  All  other  caus<*s  of  meningitis 
would  have  to  be  excluded.  In  addition,  the  clinical  his- 
tory of  onset  of  meningitis  within  at  least  a  few  days  from 
reception  of  the  traumatism,  would  be  most  important 
evidence.  The  st^ige  of  the  inflammatory  process  tis 
found  at  the  autopsy  is  of  great  importance.  Although 
it  might  not  be  possible  to  determine  absolutely  the 
duration  of  the  disea.se.  still  it  might  be  ascertained  that 
the  duration  was  or  was  not  longer  than  a  given  time, 
namely,  the  date  of  the  occurrence  of  the  traumatism  in 
evidence. 


The  important  bearing  of  an  inflammatory  process,  with 
invasion  of  pyogenic  Sicteria  in  some  other  portion  of 
the  body  adjacent  or  remote,  should  not  be  forgotten  as  a 
possible  source  of  infection. 

The  occurrence  of  acute  exudative  inflammations  of 
serous  membranes  in  subjects  of  chronic  interstitial  or 
diffuse  nephritis  without  traumatism,  would  render  the 
acceptance  of  these  diseases  as  predisposing  conditions 
of  meningitis  from  traumatism  (]uite  plausible. 

Hemorrhagic  meningitis  is  not  necessarily  traumatic. 
It  may  occur  as  a  complication  of  typhoid  fever  and 
other  infectious  diseases. 

Acute  pachymeningitis  may  be  secondary  to  fracture 
of  the  skull,  from  infection,  or  toan  infected  scalp  wound 
or  erysip(?las.  The  inflammation  may  affect  the  external 
layer  of  the  dura  (usually  in  the  form  of  a  purulent 
pachymeningitis)  or  the  internal  layer  (in  the  form  of  a 
fibrinous  pachymeningitis),  or  both  layers  may  be  in- 
flamed. 

Pachymeningitis  interna  luemorrhagica  may  give  rise  to 
a  hemorrhage  with  formation  of  clot  between  the  dura  and 
Hie  pia.  "W  hen  one  or  more  layers  of  tissue  result  from  at- 
tacks of  this  form  of  inflanmmtion — layers  which  may  be 
stripped  off  from  the  dura — the  diagnosis  is  readily  made 
from  a  simple  macroscopic  examination.  An  excessive 
hemorrhage  may,  however,  occur  at  an  early  stage  when 
the  membrane  is  as  yet  very  thin,  and  when  microscopic 
examination  may  be  necessary  to  substantiate  the  diag- 
nosis. Pachymeningitis  interna  ha^morrhagica  nmst  be 
suspected  whenever  a  blocKl  clot  is  found  between  the  pia 
and  the  dura,  especially  over  the  convexity  on  one  side, 
in  the  absence  of  laceration  of  the  brain.  Such  a  clot 
might,  Jiowever,  result  from  laceration  of  the  veins  in 
the  pia  as  they  pass  over  to  the  dura,  to  gain  access  to 
the  longitudinal  sinus.  I*acliymeningitis  may  at  any 
time  cause  a  spontaneous  hemorrhage  with  compression 
of  the  brain  and  death.  It  is  conceivable  that  violence, 
not  necessarily  excessive,  may  at  any  time  determine  such 
a  hemorrhage;  it  should  be  remembered,  however,  that 
vertigo  and  loss  of  consciousness  (common  symptoms  of 
this  affection)  may  be  responsible  for  the  occurrence  of 
trauma,  which  in  its  turn  may  determine  the  hemor- 
rhage. 

Menivge/tl  Arteries. — Laceration  is  due  to  traumatism, 
and  occurs  most  commonly  with  fracture  of  the  skull 
(calvaria  or  base),  the  site  of  laceration  corresponding  to 
the  point  where  the  line  of  fracture  crosses  the  course  of 
the  artery.  Ijaceration  may  occur  without  fracture.  The 
middle  meningeal  or  one  of  its  branches  is  most  exposed 
to  laceration'from  its  course  and  its  position  in  a  deep 
groove,  or  even  a  canal,  of  bone.  The  effusion  of  blood 
occurs  bt^tween  dura  and  bone,  unless  the  dura  is  com- 
pletely lacerated  by  a  comminuted  depressed  fracture. 
Compression  of  the  brain  by  the  residting  clot  is  usually 
sufficient,  if  unrelieve<l,  to  cause  death.  However,  when 
the  effusion  of  bhKxi  is  not  too  excessive  the  compression 
may  not  be  sufficient  to  cause  death.  A  clot  three  inches 
in  diameter  and  three-fourths  of  an  inch  in  thickness 
compressing  the  right  frontal  lobe,  and  due  to  laceration 
of  a  bran(!h  of  the  anterior  meningeal  artery,  with  stellate 
fracture  of  the  right  orbital  plate,  was  found  in  a  case  in 
which  death  was  due  to  pneumothorax  from  perforation 
of  a  tuberculous  focus.  There  was  no  history  of  cerebral 
symptoms.  The  organization  of  the  peripheral  part  of 
the  clot  showed  that  it  must  have  been  present  for  sev- 
eral weeks. 

As  regards  fracture  of  the  skull,  calvaria  or  base,  as 
a  cause  for  death,  it  should  be  remembered  that  the  frac- 
ture in  it.self,  except  in  so  far  as  it  may  open  the  way  for 
infection,  is  of  minor  imj)ortance.  The  lesions  of  the 
vessels  and  consetjuent  hemorrhage,  the  accompanying 
concussion,  contusion,  laceration,  and  compression  of  the 
brain,  are  the  important  factors.  The  fracture  is  of  im- 
portance, and  its  description  should  always  be  accurately 
made,  as  it  may  indicate  not  only  the  degree  of  violence 
sustained,  b\it  in  addition  may  serve  to  indicate  the  char- 
acter of  the  weapon  employed  or  the  manner  in  which 
the  injur}'  was  sustained. 
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Neck. — The  injuries  prcxliiced  by  strangulation  and 
banging  are  considered  under  Anphyxia.  Contusion  of 
the  larynx  may  cause  sudden  death  by  shock,  by  reflex 
paralysis  of  respiration,  or  by  spasm  of  the  glottis.  Frac- 
tures of  the  laryngeal  or  tracheal  cartilages,  from  the 
<£dema  of  the  submucous  areolar  tissue  accompanying 
them,  may  cause  occlusion  of  the  respiratory  passage  and 
asphyxia.  Laceration  of  tlie  mucosa  accompanying  such 
fractures  or  occurring  alone  may  be  followed  by  cellular 
emphysema  and  by  asphyxia.  A  case  in  point  has  been 
observed  in  which  a  laceration  of  the  mucosa  between 
the  larj'nx  and  the  trachea,  followed  by  celluhir  emphy- 
sema of  the  neck,  glottis,  upper  half  of  the  thoracic  wall, 
and  mediastinum,  although  tracheotomy  had  been  per- 
formed, caused  deatU  from  asphyxia,  l" he  laceration  in 
this  case  was  produced  by  sudden  over-extension  of  the 
neck,  in  a  fall  upon  the  chin. 

Incised  wounds  of  the  neck,  as  in  cases  of  suicide,  may 
<jause  death  from  hemorrhage ;  more  commonly,  however, 
the  larger  vessels  are  not  cut,  but  the  incision  passes  be- 
tween the  hyoid  bone  and  the  larynx,  through  the  larynx 
or  trachea,  into  the  respiratory  passage.  Death  in  such 
-cases  may  be  due  to  a  complicating  broncho-pneumonia 
from  aspiration  of  the  discharges  from  the  wound. 

Direct  contusion  of  the  posterior  part  of  the  neck  may 
be  accompanied  by  contusion  of  the  medulla  and  spinal 
cord  without  fracture  of  the  cervical  vertebrae. 

Fracture  and  dislocation  of  the  cervical  vertebne  are 
more  often  due  to  a  fall  or  blow  upon  the  vertex  of  the 
cranium  than  to  direct  violence  upon  the  neck. 

A  wound  of  the  jugular  veins  immediately  above  the 
thorax  may  be  followed  by  entrance  of  air  into  the  right 
heart  and  pulmonary  circulation,  causing  sudden  death. 

Thorax. — Simple  fracture  of  the  ribs  is  not  usually  in 
itself  a  cause  of  death.  If,  however,  an  intercostal  artery 
has  been  lacerated,  or  the  lung  or  the  heart  punctured, 
death  may  follow  hemorrhage  or  pneumothorax. 

Compound  fi*acture  may  be  followed  by  cellular  em- 
physema, and,  if  perforation  of  the  pleural  sac  has  oc- 
curred, bjr  pneumothorax. 

Contusion  and  laceration  of  the  lung  may  accompany 
fractured  ribs,  or  there  may  be  few  or  no  signs  of  vio- 
lence in  the  thoracic  wall.  This  is  particularly  apt  to  be 
the  case  in  children.  These  lesions  may  prodiice  ecchy- 
moses,  parenchymatous  hemorrhages,  interstitial  emphy- 
sema, or  pneumothorax. 

Pneumothorax  may  result  from  the  perforation  of  a 
tuberculous  focus  into  the  pleural  sac. 

Wounds  of  the  lung  may  cause  death  by  hemorrhage, 
pneumothorax,  cellular  emi)hysenia,  or  by  complicating 
pneumonia. 

Pneumonia  may  be  seroiulary  to  corebml  injuries,  and 
to  oMkt  injuries  besides  tliose  of  the  respiratory  tnict 
mentioned.  Infection  of  wounds  may  cxi)lain  a  secondary 
pneumonia  in  some  cases;  in  otliers  a  condition  of  pas- 
sive hypenemia,  followed  by  "hypostatic"  jHieumonia, 
may  be  due  to  the  confinement  and  enfeebled  condition 
following  such  injuries,  or  to  the  advanced  age  of  the 
individual. 

Rupture  of  the  heart  may  be  spontaneous  and  due  to 
fatty  degeneration  or  necrosis  of  a  i)ortion  of  its  wall 
from  occlusion  of  the  atTerent  branch  of  the  coronary 
artery.  Such  rupture  usually  occurs  in  the  anterior  wall 
of  the  left  ventricle.  Contusion  and  laceration  of  the  heart 
may  occur  from  direct  contiision,  or  from  compression  of 
the  thorax.  In  the  latter  case,  laceration  is  far  more  likely 
to  occiir  in  the  w»\ll  of  the  right  auricle.  Laceration  of 
the  posterior  wall  of  the  left  ventricle,  where  it  comes  in 
relation  with  the  tendon  of  the  diaphragm,  was  found  in 
case  of  fall  from  a  height;  the  accompanyins:  lesions,  in 
this  case,  being  contusions,  fractured  ribs,  and  lacemtious 
of  both  lungs. 

Stab  and  i)ullet  wounds  of  the  heart  cause  death  through 
the  compression  exerted  upon  the  heart  by  the  effused 
blood  in  the  i)ericardial  sac.  This  serves  to  explain  the 
fact  that  death  in  such  cases  is  not  necessiirily  instan- 
taneous. A  few  cases  of  recovery  from  such  wounds  are 
on  record.     Depending  upon  the  character  of  the  wound 


and  the  rapidity  or  slowness  of  the  resulting  hemorrhage, 
a  shorter  or  longer  period  may  intervene  between  recep- 
tion of  the  in j ury  and  death.  Voluntary  action  may  occur 
after  a  wound  of  the  heart  has  been  received.  Thus  the 
wounded  person  may  run  a  short  distance,  or  may  close 
the  clasp  knife  with  which  the  wound  had  been  iidicted. 
Multiple  bullet  wounds  of  the  heart  have  been  selfin* 
flicted.  usually  with  weapons  of  small  calibre.  Multiple 
self  inflicted  stab  wounds  of  the  heart  and  other  organs 
are  on  record. 

Fatty  embolism  of  the  pulmonary  artery  may  follow 
fractures  of  cancellous  bone,  especially  if  considerable 
comminution  occure.  Embolism  of  the  pulmonary  ar- 
teries may  also  occur  as  a  result  of  a  primary  peripheral 
thrombo-phlebitis  due  to  injury. 

Aneurisms  in  this  region  may  rupture  spontaneoosiy. 
or  rupture  may  follow  an  injury  of  comparatively  minor 
violence. 

Abdomen. — Shock  with  comparatively  slight  evidences 
of  injury  due  to  contusion  of  the  abdomen  or  of  the  solar 
])lexus,  may  occur.  Contusion,  compression,  and  lacera- 
tion of  organs  without  apparent  injury  of  the  abdominal 
wall,  are  not  infrequent.  Laceration  of  an  arterj'  may 
occur  alone  from  traumatism,  and  without  previous  dis- 
ease. In  other  cases  the  artery  may  be  the  seat  of  some 
disease  like  aneurism  or  tuberculosis,  and  a  spontaneous 
h.-ematoma  or  hemorrhage  may  occur,  or  such  hemorrhage 
may  be  the  result  of  an  injury  otherwise  of  insufficient 
violence  to  cause  rupture.  Septic  peritonitis  may  follow 
perforation  of  a  hollow  viscus  due  to  disease,  or  perfora- 
tion may  have  been  immediately  brought  about  by  injury. 
Hemorrhagic  peritonitis,  hemorrhagic  pancreatitis,  with 
or  without  fat  neci*osis,  may  be  mistaken  for  the  results 
of  injury.  Ilcematoma  of  the  suprarenal  capsule  due  to 
excessive  passive  hypenemia,  with  or  without  rupture 
into  the  perit/)neal  cavity,  is  another  condition  that  may 
be  mistaken  for  the  result  of  violence. 

Pelcis. — Spontaneous  rupture  of  the  bladder  without 
disease  may  occur  in  subjects  of  hysteria.     A  case  with 
fatal  hemorrhage,  in  which  traumatism  was  absolutely 
excluded,  has  come  to  notice.     Septicaemia  may  follow 
infiltration  of  urine  due  to  laceration  by  careless  catheter- 
ization.    Injury  to  the  female  genitalia,  not  only  in  cases 
of  criminal  abortion  but  also  in  non-pregnant  cases,  may 
be  proiluced  by  direct  violence,  or  during  coitus.    Such 
injuries  are  commonly  lacerations  of  various  extent, 
either  simply  involving  the  hymen  or  ostium  vagine,  or 
extending  upward    into  the  vagina,  or  involving  the 
fornix  and  perforating  into  the  peritoneal  cavity.    lu 
such  ca.ses  death  may  be  due  to  hemorrhage,  or  to  septi- 
ciemia,  or  to  septic  peritonitis.     Kupture  of  the  pregnant 
uterus  may  be  the  result  of  a  fall  or  blow:  on  the  other 
hand  it  may  occur  spontaneously.     In  the  latter  case,  how 
ever,  rupture  occurs  after  labor  pains — that  is,  contrac- 
tions of  the  uterus— have  set  in.  and  usually  after  a  more 
or  less  prolonged  duration  of  labor  due  to  obstruction  to 
delivery. 

AnouTTON. — The  questions  for  investigation  are - 
abortion  occurred?  If  so.  has  it  been  induceil?  Is- 
si)onsil)l(»  for  the  death  of  the  individual? 

Abortion  may  be  detined  as  the  termination  of 
tion  before  the  viability  of  the  fa»tus,  this  term  be»- 
cepted  as  about  thirtj'  weeks  or  seven  calendar  n 
The  conditions  post  mortem  upon  which  the  diagik 
gestation  that  has  been  terminated  may  be  base< 
readily  be   remembered   by  recapitulating  the  CJ 
])roducod  in  the  uterus  and  ovary  by  gestation, 
addition  some  portion  of  the  products  of  conce] 
still  retained  in  utero.  its  demonstration  affords 
proof.      Nevertheless,  if  no  such  portion  he  fou: 
changes  produced  in  the  uterus  ana  ovary  are  sufli 
characteristic,  provided  too  long  a  time  has  not  e- 
to  warrant  a  positive  diagnosis. 

If  a   portion  of  the  foetus,  or  its  membranea-r  ^^/^ 
especially'  chorionic  or  placental  villi,  be  demon^^^^«^' 
this  alone  is  proof  of  gestation,  but  is  not  in  itself  P^fo^ 
of  criminal  abortion.     The  signs,  so  far  as  the  uterus anrf 
ovary  are  concerned,  may  individually,  at  least  in  pwt,  be 
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produced  by  other  conditions.  These  si^s  are,  in  the  first 
place,  enlargement  of  the  uterus,  especially  its  body,  and 
enlargement  of  its  cavity;  second,  hypertrophy  of  the 
uterine  wall,  a  softer  consistency,  and  enlargement  of  its 
veins  with  formation  of  sinuses,  especially  at  the  placental 
site ;  third,  thickening  of  the  endometrium  with  the  char- 
acteristic change  in  its  morphology— namely,  the  produc- 
tion of  the  true  decidua  of  pregnancy,  and  over  the  an- 
terior or  posterior  wall  at  the  fundus,  where  the  chorionic 
villi  become  attached  to  the  decidua  serotina,  the  forma- 
tion of  the  placenta.  Even  though  all  the  chorionic  por- 
tion of  the  placenta  has  been  separated,  a  raw  surface  is 
left,  differing  from  the  otherwise  smooth  lining,  which 
can  readily  be  recognized,  even  from  the  gross  appear- 
ances, as  the  placental  site. 

The  size  of  the  uterus  will  vary,  in  the  first  place,  ac- 
cording to  the  period  of  gestation  that  has  been  reached, 
and,  in  the  second  place,  according  to  the  time  elapsed 
between  the  cessation  of  gestation  or  abortion  and  death. 
The  consistency  of  the  uterus  will  vary  according  to  the 
period  of  gestation,  the  presence  or  absence  of  metritis, 
and  the  advancement  of  post-mortem  changes.  The  de- 
cidua will  vary  according  to  the  time  at  which  gestation 
was  interfered  with,  according  to  the  time  which  has 
elapsed  between  then  and  death,  and  also  according  to 
the  degree  of  inflammatory  reaction  that  may  have  taken 
place. 

The  ovary  that  has  supplied  the  ovule  which  has  been 
fructified  presents  a  change  in  its  Graafian  follicle  that 
is  quite  characteristic,  especially  in  the  earlier  periods  of 
gestation,  namely,  the  true  corpus  luteum.  At  the  end 
of  the  third  week,  this  presents  a  cyst  of  2  cm.  in  diameter, 
with  a  wall  3  mm.  in  thickness  and  of  a  characteristic 
yellow  color,  usually  distended  at  this  period.  Shortly 
thereafter  this  wall  shows  a  slight  convolution,  while  the 
•cavity  is  often  filled  with  a  clear,  slightly  viscid  fluid, 
sometimes  blood-tinged,  or  entirely  bloody.  From  this 
period  onward  the  change  consists  m  a  gradual  shrinkage 
of  the  entire  cyst  with  more  marked  convolution  of  its 
yellow  wall,  and  with  absorption  of  its  fluid  contents, 
coincident  with  a  growth  of  connective  tissue  which  oc- 
cupies the  place  of  the  fluid.  The  corpus  luteum  per- 
sists throughout  the  entire  period  of  gestation,  and  does 
not  diminish  markedly  in  size  until  the  end  of  four  or 
five  months.  Although  in  structure  the  corpus  luteum 
of  pregnancy  does  not  differ  from  the  normal  corpus 
luteum  of  menstruation,  yet  from  its  larger  size,  and  its 
persistence  in  size  up  to  the  fourth  or  fifth  month,  to- 
other with  the  thickness  of  its  yellow  border,  it  forms 
a  valuable  additional  sign  of  gestation,  especially  during 
the  period  when  criminal  abortion  is  more  commonly 
committed.  The  corpus  luteum  of  menstruation  under 
certain  diseased  conditions — ^as,  for  instance,  when  there 
are  fibroid  tumors  of  the  uterus,  or  cystic  oophoritis — 
may  reach  1  cm.  or  even  more  in  diameter.  It  is  then 
filled  with  clcJtted  blood,  has  a  yellow  margin,  is  some- 
times convoluted,  and  measures  1  or  2  mm.  in  thickness; 
yet  its  appearance,  when  one  has  become  familiar  with 
the  true  corpus  luteum  of  pregnancy,  is  quite  different. 
Moreover,  a  number  of  such  corpora  lutea  are  usually 
found.  The  absence  of  diseased  conditions  in  which  they 
occur  would  be  additional  evidence  in  doubtful  cases. 

To  recapitulate,  the  only  positive  evidences  that  a 
foetus  in  utero  has  existed  are  these:  The  presence  of 
chorionic  villi,  which  from  their  adhesion  to  the  placental 
site  may  be  readily  enough  found,  and  the  demonstration 
of  a  true  decidua  of  pregnancy,  both  of  which  structures 
must  have  their  true  character  verified  by  microscopical 
examination.  To  these  two,  perhaps,  should  be  added  a 
third,  viz.,  the  demonstration  of  a  true  corpus  luteum  in 
one  or  the  other  ovarj'.  All  the  other  signs  are  not  in 
themselves  positive,  but  taken  together  they  may  form 
suflScient  evidence  of  recent  gestation. 

Sig'M  of  Abortion  hating  been  Indnctd. — Induction  of 
abortion  may  under  certain  circumstances  and  after  con- 
sultation be  perfectly  justifiable.  When  there  is  no  law- 
ful reason  for  the  termination  of  gestation,  induction  of 
abortion  is  criminal.    What  signs  may  we  rely  upon,  in 


the  post-mortem  examination,  to  conclude  that  abortion 
has  been  criminally  induced?  In  the  first  place,  the  ex- 
amination of  the  fornix  of  the  vagina  and  cervical  canal, 
especially  at  and  just  below  the  internal  os,  for  punctures 
and  lacerations,  may  furnish  strong  evidence  of  such 
interference.  A  large  number  of  cases  of  criminal  abor- 
tion are  produced  by  mechanical  means,  employed  by 
persons  lacking  anatomical  knowledge  and  surgical  skill. 
A  stylet,  sound,  catheter,  or  syringe  is  introduced,  or  the 
cervix  is  clumsily  dilated  with  some  instrument,  all  these 
procedures  leaving  a  mark  by  reason  of  their  unskilful 
employment.  Examination  of  the  fundus,  the  anterior 
wall  or  the  posterior  wall  of  the  uterus  may  show  a  par- 
tial or  complete  puncture  or  laceration.  The  effect  of 
certain  corrosive  fluids  may  be  quite  noticeable  upon  the 
endometrium,  for  these  fluids — such  as  carbolic  acid  or 
bichloride  of  mercury  solutions — ^are  sometimes  used  as 
intrauterine  injections  for  the  production  of  abortion. 

The  effects  of  the  mccliauical  means  mentioned  above 
are,  to  cause  the  uterus  completely  to  empty  itself;  and, 
provided  the  woman  escape  infection  or  withstand  it, 
death  may  not  result.  In  many  cases,  however,  the  abor- 
tion remains  incomplete  and  hemorrhage  from  the  par- 
tially separated  placenta,  or  from  the  actual  lesions,  lacer- 
ations, or  perforations  produced,  may  prove  fatal.  Or 
infection  may  take  place,  and  death  may  result  from  a 
septic  endometritis,  metritis,  parametritis,  and  peritonitis. 

Besides  mechanical  means  for  the  induction  of  abortion, 
there  are  numerous  drugs  and  nostrums  which  are  taken 
internally  for  this  purpose.  The  danger  in  their  use  is 
twofold :  in  the  first  place  they  may  cause  direct  poison- 
ing, since  many  of  them  in  increased  doses  are  intense 
gastrointestinal  irritants ;  in  the  second  place,  the  effect 
is  usually  partial,  the  fcrtus  being  killed  but  not  expelled, 
or  its  membranes  and  the  placenta  are  either  incompletely 
expelled,  or  they  remain  in  the  uterus  and  subsequently 
lead  to  death  from  hemorrhage  or  from  septic  infection. 

Asphyxia. — Asphyia  may  be  due  to  mechanical  causes 
preventing  the  entrance  of  oxygen  into  the  lungs,  or 
interfering  with  the  movements  of  respiration ;  or  it  may 
be  due  to  the  presence  of  irrespirable  gases  or  to  causes 
acting  upon  the  respiratory  centre  in  the  medulla.  The 
following  list  includes  many  of  the  different  ways  in 
which  asphyxia  may  be  produced  in  a  mechanical  man- 
ner: Occlusion  of  the  mouth  and  nose,  larynx,  trachea, 
and  bronchi,  either  by  foreign  bodies  or  by  intrinsic 
tumors;  occlusion  of  these  same  channels  by  pressure  ex- 
erted from  the  outside — as  by  an  aneurism,  a  new  growth, 
or  an  enlarged  thyroid  gland,  or  by  an  accumulation  of 
fluid  or  air  in  the  pleural  sac ;  compression  of  the  chest 
wall,  direct  compression  of  the  trachea,  or  more  commonly 
the  compression  of  the  hyoid  bone,  base  of  the  tongue, 
and  epiglottis,  over  the  aditus  laryngis,  as  in  strangula- 
tion ;  aspiration  of  stomach  contents  in  vomiting ;  entrance 
of  pus  from  a  tuberculous  lymph  node  which  in  breaking 
down  has  perforated  the  trachea  or  bronchus;  submersion 
as  in  drowning,  or  conditions  in  which  the  mouth  and 
nose  alone  become  submerged  below  the  level  of  the 
fluid,  as  in  some  cases  of  death  of  the  new-bom,  or  of  in- 
toxicated or  unconscious  persons. 

For  information  in  regard  to  the  various  forms  of  poi- 
soning by  carbonic  acid  gas,  see  the  article  entitled  Car- 
bon, ITydrides  and  Oxides  of. 

Asphyxia  may  be  caused  by  inhalation  of  irrespirable 
gases  such  as  chlorine,  bromine,  iodine,  nitrous  acid,  sul- 
phurous acid,  and  sulphureted  hydrogen.  In  these  cases 
death  is  usually  caused  immediately  by  the  shutting  off 
of  oxygen.  There  have  been  cases  in  which  death  has 
occurred,  some  time  after  such  exposure,  from  broncho- 
pneumonia. In  regard  to  sulphureted  hydrogen,  it  has 
been  thought  that  it  forms  a  compound  with  haemoglobin. 
If  the  gas  is  passed  through  blood  the  latter  becomes 
dirty  greenish  in  color  and  shows  a  spectrum  somewhat 
like  that  of  oxyho^moglobin,  but  with  an  absorption  band 
in  the  red.  The  blood,  in  cases  of  death  by  asphyxia  from 
sulphureted  hydrogen,  does  not  show  this  spectrum. 
In  animals  killed  by  exposure  to  sulphureted  hydrogen 
much  less  gas  is  required  (one-tenth  to  one-half  per  cent.) 
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than  is  needed  to  cause  the  appearance  of  tlie  sulphur- 
eted  hydrogen  spectrum  in  thcar  blcM)d. 

Tlie  respiratory  centre  in  the  medulla  may  be  the  seat 
of  various  i)athological  alterations:  there  inay  be  some 
gross  injury,  or  a  hemorrhap:e  may  have  taken  phuie, 
either  of  traumatic  origin  or  the  n*sult  of  diseas<";  or  the 
medulla  may  be  compressed  by  a  new  growth,  or  it  may 
be  directly  affected  by  the  action  of  drugs  capable  of 
causing  a  pamlysis  of  res[)iration. 

When  respiration  has  Ixm'u  suddenly  interfered  with  by 
any  of  the  foregoing  causes,  eccliymotic  spots,  varying  in 
size  from  1  mm.  to  1  cm.  in  diameter,  are  usually  found 
in  the  visceral  and  parieUil  pleura,  the  mediastinal  pleura, 
the  visceral  pericardium,  sometimes  the  parietal  pericar- 
dium, the  end(K*ardium.  the  meninges,  and  more  rarely  the 
peritimeiim.  This  sign  is  a  valuable  one,  although  not  in 
itself  absolutely  diagnostic  ot  asphyxia.  In  cases  of  slow 
asphyxiation  no  ecchymoses  may  be  found. 

Again,  e(;chymos<'s  may  be  found  in  these  sites  in  con- 
ditions other  than  asphyxia,  nanjely,  in  septicaemia,  pur- 
puni  luemorrhagica.  nephritis,  hcFnorrhagic  j)leuritis.  peri- 
carditis and  iMM'itonitis,  in  many  infectious  diseases,  and 
in  i)oisoning  by  plios[)honis,  arsenic,  and  other  poisons. 
When,  however,  thes<;  conditions  can  be  excluded  tin; 
pHfsence  of  ecchymoses  indicates  asphyxia:  their  absence 
does  not  exclude  asphyxia,  if  other  conditions  are  [)resent 
upon  which  the  diagFiosis  can  be  based.  In  some  ca.ses 
of  sudden  occlusion  of  the  larynx  by  a  foreign  body,  as  a 
piece  of  m(;at,  or  by  a  laryngeal  tunjor.  death  occurs  verj' 
suddenly,  apparently  by  reliex  j)amlysis  of  respiration. 
The  same  condition  is  sometimes  met  with  in  infants 
with  very  large  thymus  glands,  yet  in  thes(»  cases,  in  spite 
of  the  sudden  cessation  of  respiration,  ecchymoses  may 
be  entirely  absent. 

When  death  is  due  to  occlusion  by  a  foreign  body,  by 
aspiration  of  vomit.  i»r  by  the  other  conditions  descrilx^d 
above,  these  will  be  apparent  at  the  autopsy  and  in  most 
cases  the  eccliymotic  sj^ots  "will  be  present  also.  The 
blood  is  usually  fluid,  very  dark,  from  reduced  haino- 
globin,  and  distends  the  right  auricle  and  ventricle.  j)ul- 
monary  art<?ry  and  vena  caiva.  The  lips  and  thc!  skin  of 
the  face  and  neck  may  be  cyanotic. 

In  deaths  from  smothering  or  overlying,  the  ecchymost^s 
are  almost  invariably  found.  The  lungs  and  the  bron- 
chial mucosa  are  usually  intens(?ly  congested ;  there  may 
be  vesicular  emphysema,  more  especially  of  the  anterior 
edges  and  external  margins  at  the  base  of  the  lung:  in 
some  places  an  actual  rupture  of  vesicles  takes  ])laee.  with 
suffusion  of  air  beneath  the  pleura,  probably  from  sj)as- 
modic  expiratory  etTorts.  The  brain  is  intensely  con 
gested,  tli(^  face  is  usually  markedly  eyanotie.  the  lips 
almost  black.  The  internal  oPLraiis  are  engorged  with 
dark  tluid  blood;  ijie  puhnoiiarv  artcrv.  riLrhr  auricle  an<l 
ventricle  are  disteiMlc(l  wjtli  dark  blood,  mostly  flui<l. 
rarely  and  then  ])(K)rly  clotted. 

When  death  is  due  to  stranirulation  by  garroting  or 
to  compression  hv  the  hands,  scnitch  marks  arc  usually 
found  over  the  n<'(  k  and  someiinies  upon  the  chin  and 
cheeks.  The  hyoid  bone  and  base  of  the  lonirue  with  the 
epiglottis  may  be  found  ])ressed  over  and  occluding  the 
aditus  larviiL^is.  Then*  Is  usually  contusion  of  muscles 
and  fascia  and  effusion  of  blood  into  the  loo^ie  areolar  tis- 
sue. There  mav  be  fracture  of  the  hyoid  bone,  of  the. 
thyroid  eartila«:('.  or  of  tracheal  rings. 

In  as])hyxiadue  to  stranirulation  bv  hanirinir.  the  mark 
of  th(»  cord  or  band  is  usually  found  about  the  neck  forni- 
inu:  a  sinirle  or  d(»uble  furrow  whose  depth  is  pale,  and 
whose  margins  are  deeply  conirested,  and  under  which 
in  th<*  connective  tissue  and  niu.scle  the  ellects  of  con- 
tusion. lac<'ration.  and  hemorrhage  an-  found.  Lacera- 
tion of  the  intima  of  the  arteries  at  the  sit«M)f  compression 
may  occur.  The  course  of  this  furrow  mav  vary,  and 
according  to  the  position  of  the  knot  or  loop  of  the  noose 
a  convergent^'  behind  one  or  the  other  ear.  under  the 
angle  of  the  jaw  on  either  side,  under  the  chin,  itr  under 
the  occiput  may  be  apparent.  The  trachea  may  be  coni- 
pres«?ed  an<l.someof  its  rinirs  broken,  the  thyroid  cartilage 
or  the  hyoid  bone  may  be  fractured,  or  most  commonly 


the  hyoid  bone  with  the  base  of  the  tongue  and  the  epi- 
glottis is  pressed  backward,  opcluding  the  opening  of  tlue 
larynx. 

'The  tongue  may  be  pressed  forward  and  clenched  be- 
tween the  teeth.  Cyanosis  of  tlie  head  and  neck  above 
the  furrow  may  be  present.  Fluidity  and  dark  color  of 
the  bl<x)d,  ecchymoses,  and  general  passive  hypenemia, 
especially  of  the  lungs  and  brain,  may  all  Ix'  present. 

It  is  possible  that  death  may  be  caused  by  compression 
of  the  vagi,  with  sudden  ])aralysisof  r(>spiration  and  heart 
action,  in  which  ca.se  cyanosis,  excessive  hyponcmia.  and 
ecchymoses  may  be  absent  or  poorly  marked. 

In  some  ciLses  of  hanging,  with  the  loop  or  knot  placed 
behind  the  ear,  and  with  sudden  tension  of  the  body 
weight  upon  the  noos**,  fracture  or  dislocation  of  the 
atlas  upon  the  axis,  with  crushing  of  the  medulla  by  the 
odontoid  i)rocess,  occurs,  and  dc^tli  is  instantaneous. '  The 
signs  mentioned  above  might  then  Ix;  absent. 

In  asphyxia  by  submersion,  as  in  drowning,  or  where 
mouth  and  nose  are  alone  submerged,  the  lungs  are  in- 
creased in  size  and  weight,  and  congested,  the  broncliiare 
tilled  with  a  frothy  fluid,  and  on  section  a  considerable 
amount  of  fluid  escapes.  The  condition  is  quite  different 
from  an  ordinary'  a'dema,  even  though  very  excessive.  It 
is  not  pos.sible  to  diagnose  submersion  with  certainty, 
from  chemh'al  examination  of  the  fluid  in  the  lung,  as  one 
might  at  first  think.  If  specific  substances  an»  contained 
in  the  fluid,  for  instance  such  as  portions  of  vegetable 
matter,  li(|Uor  amnii  and  its  contents,  such  a  diagnosis 
might  l>e  positively  made  by  microscopical  examination. 
In  tiddition  to  the  water  in  the  lungs,  which  is  very  prob- 
ably aspirated  in  the  last  moments  of  life,  there  is  usually 
in  the  stomach  a  considemble  amount  of  fluid  that  hak 
been  swallowed.  The  question  may  arise  as  to  whether 
or  ijot  in  a  given  oise  in  which  a  body  lias  been  removed 
from  the  water,  death  was  due  to  drowning.  If  the  above 
signs  are  present  the  cause  of  (h*atli  would  be  asphyxia 
by  submersion,  since  if  life  is  extinct  water  cnnnot  gain 
acce.Hs  to  the  lungs  or  stomach.  On  the  other  hand,  if 
these  signs  are  absent  it  might  not  be  safe  to  reason  that 
life  was  extinct  before  the  btxly  entert»d  the  water,  since 
it  is  conceivable  that  in  an  unconscious  condition  there 
might  be  no  struggle,  no  dyspnoea,  and  const»queutIy  no 
swallowing  or  aspiration  of  water. 

Infanticide. — The  follow  ing  points  should  Ikj  deter- 
mined : 

1.  The  viability  of  the  f<rtus;  that  is,  whether  it  can 
be  assumed  that  the  fietus  was  capable  of  sustaining  life. 

2.  Was  the  child  born  alive,  or  in  a  state  of  suspended 
animation? 

i\.  The  immediate  cause  of  death. 

The  accepted  period  of  utero-gestation,  upon  the  ter- 
mination of  which  the  fo'tus  is  viable  and  capable  of  sus- 
taining life  under  favonible  conditions,  is  reckoned  as 
thirty  weeks.  Some  cases  have  been  reporletl  iu  which 
the  infant  was  born  alive  at  tw^eiity  weeks,  and  some 
even  at  twenty-five  weeks  have  been  capable  of  sus- 
taining  life  for  a  longer  or  shorter  time.  At  thirty 
weeks  the  fo'tus  is  4(k*m.  in  length.  Its  weight  varii*s 
fnmi  l..")U()  to  2.(»0()gm.  The  skin  is  covcrmI  with  line 
,  hair,  the  finger  nails  reach  the  tips  of  the  tingtrs.  the 
pupillary  membrane  is  either  absent  or  only  a  vestijre  re- 
mains, the  testicles  have  descended  or  at  least  an*  inih' 
canal,  the  centre  of  os.sificati(m  in  the  os  caleis  is') mm. 
in  diameter,  that  in  the  astragalus  half  that  si/e.  Then* 
I   are  no<"entres  of  ossification  in  the  epiphyses  at  the  knee. 

The  presence  of  air  in  pubncmary  vesicles,  providcl 
(lec()in])osition  or  direct  mechanical  inflation  can  Ih' t'^' 
eluded,  is  plain  evidence  that  the  child  has  brea'he«l,  «' 
thouirh  it  is  not  neeessjirily  evidence  that  complete  bij^" 
alive  has  occurred.  Inspiratory  movements  an<laspiniji'^" 
of  air  may  even  occur  in  utero  during  obstelricjil  munij'"* 
lations  or  o]>(>rations,  and  it  is  conceivable  that  after birt" 
of  the  head  inspimtion  may  occur  and  through  iiclayji'^' 
phyxia  may  take  ]>lace.  Again,  it  is  well  known  M^ 
child  may  be  born  in  a  condition  of  apncea.  and  evenafU'^ 
it  has  r(;mained  for  hours  in  a  condition  almost  ns«'nv 
bling  death,  with  an  occasional  heart  beat,  it  may  tinallv 
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be  resuscitated  by  artificial  respiration.  In  such  cases, 
although  the  child  is  bom  alive,  it  may  never  have 
breathSd,  and  consequently  the  lungs  will  be  found  in 
a  condition  of  fetal  atelectasis.  In  some  of  these  cases 
the  presence  of  air  in  the  stomach  or  intestine,  provided 
decomposition  can  be  excluded,  may  be  the  only  sign  of 
this  condition.  In  other  cases  a(?ration  of  the  lungs  of 
the  foetus  may  be  interfered  with  by  the  presence  of  some 
pathological  condition  of  the  lungs,  namely  hepatization, 
due  to  desquamation  and  fatty  degeneration  of  respira- 
tory epithelium  (forming  whitish  areas),  by  the  presence 
of  an  interstitial  pneumonia,  or  by  compression  of  the 
lungs  by  the  abdominal  organs  (either  from  partial  ab- 
sence 01  the  diaphragm  or  from  a  large  cystic  kidney). 
Again,  by  the  aspiration  of  liquor  amnii  or  blood,  or  by 
the  membranes  being  unruptured,  or,  though  ruptured, 
by  a  portion  thereof  occluding  mouth  and  nose,  the  lungs 
may  fail  to  become  aerated  although  the  child  was  born 
alive. 

The  differential  diagnosis  between  atelectasis  and  a(»ra- 
tion  of  the  lung  from  inspiration  is  practically  and  readily 
made  even  from  a  gross  examination,  provided  decom- 
position is  not  excessive;  in  fact,  it  can  be  made  even 
though  decomposition  be  considerably  advanced.  The 
atelectatic  lung  is  smaller,  and  therefore  the  vault  of  the 
diaphragm  is  higher  (at  the  third  rib  or  intercostal  space). 
When  inspiration  has  occurred  the  lung  is  increased  in 
volume,  and  the  vault  of  the  dia])hragm  is  found  at  the 
level  of  the  sixth  rib.  Atelectatic  lung  is  denser  and 
darker  in  color,  Ms  edges  are  sharper,  it  does  not  crepi- 
tate, and  it  cuts  like  liver,  differing  from  hepatization 
due  to  inflammation  in  the  absence  of  a  granular  sur- 
face on  section,  and  in  the  absence  of  pleuritis.  The 
consistence  of  aCrated  lung  is  softer,  it  crepitates  on 
pressure,  is  light  re<l  in  color,  and  presents  on  the  sur- 
face and  on  section  a  characteristic  mottled  appearance 
due  to  the  occurrence  of  aerated  vesicles  between  areas 
of  blood-vessels.  Magnified  by  an  ordinary  hand  lens 
the  aeration  is  seen  to  be  distributed  throughout  all  the 
.  vesicles  in  the  area.  In  this  it  differs  from  the  appear- 
ance presented  by  vesicles  which  are  tilled  with  gas  due 
to  decomposition,  for  this  gas  is  never  distributed  in 
such  a  regular  manner.  Aerated  lung  may  become  dark 
from  congestion,  and  often  enough  post  mortem  the  pos 
terior  portions  are  found  congested  and  dark,  while  the 
anterior  or  upper  portions  are  quite  light.  Such  hypo- 
static congestion  is  not  at  all  a  marked  feature  in  ate- 
lectatic lungs  when  respiration  has  not  taken  place. 
Moreover,  in  the  aerated  lung,  on  scrapinjj  the  section 
frothy  blood  is  found ;  while  in  the  atelectatic  lung,  from 
which  air  is  absent,  blood  if  present  in  any  amount  is 
fluid. 

The  specific  gravity  of  the  lung  tissue  itself  being 
rather  low,  when  any  air  is  present  in  its  meshes  it 
readily  floats.  This  is  called  the  hydrostatic  test,  and  is 
quite  reliable  under  certain  limitations.  It  must  be  re- 
membered that  if  a  lung  or  portion  of  a  lung  floats,  it 
simply  means  that  it  contains  air  or  gas,  which  may  be 
the  air  of  inspiration  or  the  gas  of  decomposition. 
Therefore,  if  decomposition  can  be  excluded  and  the 
lung  floats,  it  is  a  positive  evidence  of  aeration.  Even 
though  decomposition  be  present,  it  may  still  be  possible 
to  determine  the  fact  that  the  lung  is  aerated ;  for  the  gas 
is  never  as  finely  distributed  throughout  the  air  vesicles 
as  is  the  air  in  an  aerated  lung,  but  occurs  in  larger  bub- 
bles throughout  the  tissue.  If  after  these*  are  pricked 
and  the  piece  of  lung  is  squeezed,  it  still  floats,  it  is  highly 
probable  that  the  lung  is  aerated,  since  it  is  difticult  en- 
tirely to  squeeze  out  all  the  air  from  aerated  lung  tissue. 
Another  point  in  regard  to  decomposition  depends  upon 
the  fact  that  this  process  develops  earlier  in  the  liver  and 
spleen  than  in  the  lung.  If  portions  of  spleen  or  liver 
float,  and  the  lung  does  not,  it  is  positive  evidence  of 
atelectasis. 

All  the  other  tests  are  not  as  reliable  as  the  examina- 
tion of  the  lung  and  the  demonstration,  under  the  re- 
strictions given  above,  that  air  is  or  is  not  present  in  the 
stomach  and  intestines.     In  uncommon  cases  a  child  may 
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breathe  for  a  number  of  hours,  or  even  days,  and  then 
die  with  atelectasis,  usually  partial  and  only  rarely  com- 
plete. 

It  ma\'  be  necessary  to  determine,  if  possible,  the  length 
of  time  that  the  child  lived.  The  appearance  of  the  um- 
bilical cord  with  attached  placenta,  or  of  only  a  portion 
of  the  cord,  in  a  moist  and  white  condition,  is  a  very 
reliable  sign  of  a  recently  bom  infant.  The  same  may 
be  said  of  the  presence,  in  abundance,  of  the  vernix  case- 
osa.  If,  however,  the  umbilical  cord  is  dry  and  mum- 
mified, this  does  not  necessarily  mean  that  the  child  has 
lived  a  number  of  days,  since  the  same  drying  may  occur 
post  mortem.  A  better  criterion  is  found  in  the  retrogres- 
sive changes  of  atrophy  in  the  umbilical  arteries,  and 
later  in  the  umbilical  vein.  The  appearance  of  the  um- 
bilicus, if  the  cord  has  come  away,  may  not  be  a  reliable 
criterion,  inasmuch  as  it  may  have  been  torn  out  in  the 
fresh  state,  or  may  have  dried  off,  or  have  been  torn  off 
post  mortem.  If,  however,  some  granulation  tissue  is 
present,  this  might  be  of  help  in  approximately  deter- 
mining the  age — for  the  conl  usually  separates  after  the 
lapse  of  from  four  to  seven  days.  The  so-called  fetal 
vessels,  besides  the  umbilical  arteries, — namely,  the  um- 
bilical vein,  the  ductus  arterio-venosus.  and  the  foramen 
ovale — may  remain  patent  for  a  week  or  two,  so  that  this 
does  not  help  us  in  absolutely  detennining  the  age  within 
the  first  week.  The  presence  of  food  in  the  stomach  is 
of  course  a  valuable  sign  that  the  child  has  lived.  The 
caput  succedaneum  is  a  reliable  sign  of  a  recently  bom 
child,  and  should  not  be  mistaken  for  an  ordinary  ha!n:a- 
toma. 

In  determining  the  immediate  cause  of  death  special 
care  is  necessary  to  avoid  mistaking  normal  fissures  and 
divisions  of  the  cranial  bones  for  fractures,  and  also  not 
to  misinterpret  the  peculiar  rachitic  growth  of  bone  both 
in  the  skull  and  in  the  long  bones  for  fractures.  In  cases 
of  passive  hy i>era*mia  with  patent  ductus  arterio-venosus, 
a  hsBmatoma  may  form  in  the  medulla  of  the  suprarenal 
gland  and  may  even  rupture  into  the  peritoneal  cavity, 
thus  simulating  a  traumatism.  In  cases  of  meleena  neo- 
natorum an  effusion  of  blood  may  occur  in  the  stomach 
or  in  the  intestine,  or  in  the  loose  areolar  tissue  about 
the  kidney  and  behind  the  peritoneum. 

Special  care  should  be  used  to  avoid  the  production  of 
artifacts  in  the  removal  of  the  tongue,  fauces,  soft  palate, 
pharj'nx,  larynx,  etc.,  together,  as  already  described,  and 
a  careful  search  should  be  made  for  evidences  of  injury 
or  lodgment  of  foreign  particles,  or  lacerations  which 
may  have  been  produced  by  the  finger  having  been  passed 
into  the  pharynx  to  cut  off  respiration.  What  has  been 
said  about  other  causes  of  death,  both  traumatism  and 
poisons,  applies  of  course  to  infants  as  well. 

Death  from  Electric  Shock. — The  medico-legal  im- 
portance of  death  from  lightning  stroke  is  slight.  Post- 
mortem appearances  may  be  negative  or  the  cadaver  may 
present  peculiar  arborescent  markings  of  the  skin,  prob- 
ably due  to  vasomotor  paralysis  and  subsequent  decom- 
position. Internally,  lacerations  of  various  organs  have 
been  described  and  even  fractures,  but  the  conditions  are 
not  constant. 

Death  from  citrrents  of  high  electro-m olive  force  {ffteen 
hundred  to  two  thousand  rolts). — The  skin  and  subcutane- 
ous tissues  may  be  burned  even  down  to  the  bone,  in 
parts  that  have  conje  in  contact  with  the  wire  or  other 
charged  object,  or,  as  has  sometimes  been  observed,  the 
cadaver  may  show  no  external  signs  whatever.  The 
post-mortem  conditions  are  not  sufticiently  characteristic, 
unless  such  bums  are  present,  to  base  a  diagnosis  of  death 
from  electric  current  upon  them.  They  are  practically 
the  signs  that  are  seen  in  other  conditions  proilucing 
asphyxia.  The  blood  is  fluid,  the  right  side  of  the  heart 
being  filled  and  dilated.  The  left  ventricle  may  be  con- 
tracted. There  may  be  eccliymoses  in  the  endocardium, 
in  the  pericardium,  in  the  pleura,  and  rarely  in  the  peri- 
toneum. There  may  be  minute  hemorrhages  in  the  floor 
of  the  fourth  ventricle.     The  bloo<l  is  dark  in  color. 

Death  from  Burns  and  Scalds. — Deaths  in  con- 
flagrations are,  more  commonly  tlian  is  generally  believed. 


673 


Ava* 
Azedaraeli. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


due  to  asphyxia  from  inhalation  of  8mokc.  or  to  actual 
bums  of  the  respiratory  passages  and  acute  oedema  of 
the  glottis  from  the  inhalation  of  hot  air  or  flame.  Post- 
mortem appearances  in  such  conditions  are  discussed 
under  Aspnyria.  When  death  occurs  from  actual  burns, 
— as  may  happen,  for  example,  as  a  result  of  a  confla- 
gration,— ^it  will  be  found  tliat  the  extent  of  cutaneous 
surface  burned  is  a  more  serious  factor  than  the  mere 
depth  of  the  bum.  Although  cases  have  recovered  in 
which  a  greater  area  has  been  involved,  if  one-third  of 
the  surface  of  the  cutis  is  burned  the  individual  usually 
dies.  The  cause  of  death  in  these  cases  may  be  shock, 
or  it  may  be  due,  judging  from  post-mortem  appear- 
ances, to  the  action  of  some  poisonous  substance  either 
absorbed  from  the  wound  surface  (namely,  some  pto- 
maYne  like  product),  or  from  the  invasion  of  bacteria, 
or  from  an  auto  intoxication  due  to  suspension  of  func- 
tion of  the  skin  involved.  The  heart  muscle  and  the 
epithelial  cells  of  the  liver  and  kidney  present  the  ap- 
pearances of  parencliymatous  degeneration,  or,  if  death 
occui*s  somewhat  later,  of  fatty  degeneration.  It  has 
been  repK>rted  that  round  ulcer  of  the  duoilenum  is  a  fre- 
quent accompaniment  of  extensive  bums.  It  is  supposed 
to  be  due  to  ecchymosis  of  the  mucous  membrane  and 
subsequent  erosion.  In  many  cases  of  fatal  bums,  how- 
ever, such  ulcers  arc  not  found. 

The  external  appearances  of  the  burns  vary  with  the 
degree.  A  burn  that  during  life  has  merely  pnxluced 
erythema  may,  by  reason  of  Uie  post-mortem  aistribution 
of  the  blood,  escape  attention  after  death.  If  the  bum  is 
intense  the  spot  may  remain,  and  forms  good  evidence  of 
the  burn  having  been  protlucod  during  life.  Even  though 
redness  may  have  vanished,  the  epidermis  may  show  some 
change.  In  burns  of  the  second  degree  vesicles  are  pro 
duced.  scrum  exuding  in  the  lower  layers  of  the  epider- 
mis, and  lifting  up  the  homy  layer.  These  vesicles  may  be 
small  or  large,  and  after  death  they  may  remain  unbroken, 
and  may  be  surrounded  by  an  area  of  hypera?mia,  or  tlie 
latter  appearance  may  be  absent.  If  the  vesicle  has  been 
broken,  and  if  this  has  recently  occurred,  the  denuded 
corium  underneath  is  moist  and  light  in  color,  and  the 
shrivelled  epidermis  may  still  be  partly  attached.  If, 
however,  the  part  has  lieen  exposed  to  air  for  a  longer 
time  the  denuded  corium  becomes  dry,  hard,  yellowish 
or  yellowish  brown,  or  dark  brown  in  color,  and  like 
leather  or  pare*hment  in  consistt'nce.  In  bums  of  the 
third  degree  involving  the  corium  down  to  the  subcutane- 
ous tissue,  if  recently  produced  by  scalding,  the  tissue 
maybe  white  or  grayish  white,  as  if  cooked,  from  coagu- 
lation necrosis,  or,  if  produced  by  a  burn,  may  present  the 
appearance  of  having  been  roasted.  The  vesicle  filled 
with  .serum  is  a  fairly  good  indication  of  a  burn  having 
occurred  during  life.  Althoui^h  some  have  claimed  to 
have  been  al)lc  to  ])n>duct'  such  vesicles  post  mortem,  in 
most  of  the  experiments  pcrfonncd  on  the  cadaver  such 
vesicles  contain  tras  but  not  scrum.  AVhcn  ])urns  of  the 
third  decree  have  occurred  during  life,  the  blood  in  the 
vessels  is  immediately  coairulated.  If  a  burn  is])roduced 
post  mortem,  unless  p()ssil)ly  in  a  dependent  portion  of 
the  cadaver,  the  coairulated  blood  will  ])e  found  only  in 
the  veins  and  capillaries,  and  not  in  \\\v.  arteries  as  well. 
Histological  examination  of  such  tis.sue  may.  under  these 
circumstances,  prove  of  value.  It  is  sjiid  that  the  net 
work  presented  post  morteni  by  leathery,  dried-out  burns. 
is  due  to  the  coagulation  of  bloo<l  in  the  vessels,  and  if 
the  burn  has  been  produced  durini;  life  such  a  network  is 
very  much  tiner  than  if  the  burn  is  produced  after  death. 

Where  complete  charring  of  tlK*  skin  has  been  pro 
duced  in  conflagrations  spontaneous  rupture  may  occur, 
its  usual  site  being  the  flexor  aspects  of  joints  and  the 
jHTineum.  Such  spontaneous  lacerations  have  been  mis- 
taken for  wounds.  They  present,  however,  no  reaction, 
no  hemorrhage,  and  through  the  adipose  tissue  from  one 
surface  of  the  laceration  to  the  other,  vessels  and  nerves 
may  pass.  AVith  tlie  charring  of  the  skin,  rupture  not 
havinii:  as  yet  occurred,  a  contracture  and  shrivelling  of 
the  tissue  beneath  may  take  place.  The  charred  skin 
j)r(»tects   the  underlying   parts   from    further  charring. 


On  this  account  complete  incineration  at  conflagmtions 
does  not  usually  occur.     Besides  a  bursting  of  the  scalp, 
fracture  of  the  bone  or  the  formation  of  holes  in  the  bone 
with  exfoliation  of  burned   booe  after  charring,  or  io 
addition  a  diastasis  of  the  sutures  or  an  actual  fracture 
of  the  skull,  produced  by  the  vapor  from  the  tissues 
within  the  cranium  being  subjected  to  a  high  degree 
of  heat,  may  occur.     Such  conditions  may  be  mistaken 
for  the  results  of  inflicted  violence.     If  injury  has  been 
sustained  during  life  hemorrhage  occurs,  or  the  tissues 
may  become  infiltrated  with  blood  as  already  discussed. 
If  evidence  of  such  reaction  is  found  the  injury  must 
have  occurred  during  life.     Another  valuable  criterion 
is  the  examination  tor  carbon  monoxide  hiemoglobin 
in  the  blood  that  has  not  been  exposed  externally.    Tbe 
demonstration  of  carbon  monoxicte  in  the  blood  m  inter- 
nal parts  that  could  not  have  come  in  contact  with  car- 
bon monoxide  after  death  clearly  proves  that  carbon 
monoxide  was  inhaled.     This  test  may  be  of  value  in  de- 
termining whether  life  was  extinct  or  not  when  the  indi- 
vidual was  exposed  to  the  smoke. 

The  question  may  arise  as  to  the  time  which  must 
have  elapsed  before  the  effects  found  in  charring  of  tbe 
body  could  have  been  produced.  It  has  been  found  that 
an  hour's  exposure  to  flame  will  cause  a  complete  char- 
ring of  the  soft  tissues,  and  a  further  hour's  exposure  to 
the  heat  of  glowing  embers  will  cause  calcining  of  the 
bones  of  a  newly  bom  child.  At  conflagrations  the  re 
suit  is  probably  produced  after  a  much  longer  exposure. 
The  exact  time  might  be  very  difficult  to  determine. 

The  identification  of  charred  bodies  or  portions  thereof 
may  present  great  difficulties.  The  marked  shrinkage  of 
the  tissues  (with  the  exception  of  bone),  due  to  prolonged 
exposure  to  heat,  should  be  remembered.  A  case  is  re- 
ported in  which  a  part  found  consisted  of  a  pelvis,  clearly 
that  of  a  male  adult,  which  was  embedded  in  a  mass 
about  the  size  of  a  man's  head.  In  it  were  also  found  the 
heart,  liver,  coils  of  intestine,  and  the  external  genitalia 
which  were  very  small.  The  organs  presented  an  appear- 
ance that  would  have  led  one  to  estimate  the  age  of  the 
subject  as  between  four  and  six  years.  The  bones,  al- 
though completely  charred,  may  still  sufficiently  sustain 
their  form  to  be  a  valuable  guide  in  determining  probable 
age,  or,  at  least,  height  of  the  subject,  and  the  pelvis  may 
aid  in  determining  the  sex  after  puberty. 

Death  from  Exposure  to  Cold. — Appearances  due 
to  frost  bite  may  or  may  not  be  present.  Light  rod  spots 
of  post-mortem  decomposition  are  supposed  to  be  char- 
acteristic by  some  and  are  denied  by  others.  The  lieart 
and  central  veins  have  been  described  as  abuomiallv  filled 
with  blood,  this  being  supposed  to  be  due  to  contracture 
of  the  peripheral  part  of  the  vascular  system.  Thcdiag- 
nosis  must  be  made  by  exclusion,  and  from  the  circum- 
stances of  the  ca.se. 

Death  fuom  Starvation. — Tlie  proof  of  this  may  be 
of  medico- legal  importance,  more  especially  in  ai.*5es  of 
children  who  have  been  subjected  to  cruel  and  inhuman 
treatment.  The  blood  is  markedly  aniemic  and  clottd. 
and  may  be  (luite  thick  in  cases  in  which  the  subject  has 
in  addition  been  deprived  of  water.  The  heart  may  bt* 
small,  soft,  and  flabby.  The  liver,  spleen,  and  kidnoys 
may  be  smaller  than  is  natural,  from  atrophy.  Stomach 
and  small  intestine  may  be  empty,  and  there  isamarkeil 
diminution  of  subcutaneous  fat  and  also  of  internal  fat. 
namely,  in  the  omentum,  mesentery,  perinephritic  tis*'"<^' 
and  subperieardiul  tissue.  Fat,  however,  is  never  entirely 
absent.  The  external  appearance  of  the  cadaver  presents 
tlie  chamcteristic  appearance  of  marked  emaciation. 

Om  U.  SchuUzt 

AVA.     See  Kara. 

AVENS.— Under  this  name  are  known  various  species 
of  the  genus  Orftm  L.  (Fam.  Uom4*€a').  of  which  there  ane 
some  tiiirty  or  forty,  distributed  through  both  temperate 
zones,  especially  the  northern.  By  Avens  is  geuerally  ".^' 
derstood  the  rhizome  and  root  of  O.  vriKiuum  L.  while 
that  of   G.  Hcale  L.  is  known  as  Purple  Avens,  in  w* 
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lusion  to  the  purple  flowers  of  the  plant.  O.  Virginianvm 
L.  and  some  others  are  known  as  White  Avens.  None 
of  Uiem  is  much  used  at  present,  but  they  were  formerly 
largely  employed,  both  in  domestic  and  in  professional 
practice,  as  astringents  and  tonics.  They  contain  volatile 
oils,  amaroids,  and  much  tannin.  The  oil  quickly  disap- 
pears from  them  in  and  after  drj^ing.  The  combination 
of  tannin  and  volatile  oil  (when  fr^  or  recently  dried) 
gives  them  a  much  better  control  of  sununer  diarrhoeas 
than  do  druffs  which  are  astringent  merel3r,  and  this  is 
their  proper  field  of  usefulness.  They  are  given  in  doses 
of  1  to  4  gm.  (  3  i  to  1).  M.  H,  Huaby. 

AVON  SULPHUR  SPRINGS.— Livingston  County, 
New  York. 

Pobt-Ofpice. — Avon.     Hotel. 

Access. — Branches  of  the  Erie  system  extend  in  four 
directions  from  Avon,  forming  direct  communication  with 
New  York,  867  miles  distant,  Rochester  18  miles,  and 
Buffalo,  66  miles.  The  village  has  a  surpassingly  beauti- 
ful location,  nestled  as  it  is  in  the  charming  ana  pictur- 
esque valley  of  the  Genesee.  The  springs  are  on  a  some- 
what lower  level,  about  tlu-ee-quarters  of  a  mile  from  the 
village.  The  surrounding  country  is  delightfully  inter- 
sper^d  with  fine  drives,  charming  lakes,  streams,  etc. 
The  use  of  the  Avon  Springs  for  m^icinal  purposes  dates 
from  1792.  Those  found  to  possess  the  greatest  efficacy 
are  known  as  the  "Upper"  and  the  "Lower"  spring. 
The  "Congress"  and  the  "Magnesia"  springs  are  also 
used  to  some  extent,  the  latter  being  the  favorite  for 
drinking.  The  following  analyses  show  the  chemical  in- 
gredients in  one  United  States  gallon  of  three  of  the 
springs: 


SoIMh. 

Upper  Spring, 

J.  Hadley, 

analvst. 

Lower  Spring, 
J.  R.  Chilton, 

analvst. 

Grains. 

Congress 
Hall  Spring, 
U.  M.  Baker, 

analyst. 

Grains. 

Galrlam  carbonate 

Sodiam  sulphate 

Caidnni  suli^ate 

8.00 
16.00 
84.00 
10.00 
18.40 

•  •  •  • 

•  •  •  • 

•  •  •  • 

29.8» 
13.73 
57.44 
49.61 

8.41 
Trace. 

•  •  •  • 

9.25 
21.02 
27.61 

Magnesium  sulphate 

Sodium  chloride 

19.07 
29.11 

Calcfum  chloride 

Sodinm  iodide 

Sodium  sulphide l 

Galdum  sulphide.  f 

99.55 

Total 

136.40 

158.52 

205.61 

Gases. 

Sulphureted  hydrogen. 

Ganionic  acid 

Oxygen 

Nitrogen 

Total 


Cubic  Inches. 


12.00 
5.60 


17.60 


Cubic  Inches. 


10.02 
3.92 
0.56 
5.42 


19.92 


Cubic  inches. 


27.63 

22.04 

0.97 

3.88 


54.52 


These  waters  are  of  the  saline-calcic,  sulpho-carbonated 
variety.  The  chemical  constituents  of  the  magnesia 
spring  are  believed  to  be  quite  similar  to  those  of  the 
lower  spring,  with,  however,  a  greater  proportion  of  sul- 
phate of  magnesia.  In  consequence  of  the  considerable 
proportion  of  this  ingredient  the  two  latter  springs  have 
valuable  laxative  and  purgative  properties.  They  thus 
become  useful  in  disorders  of  the  gastrointestinal  tract 
accompanied  by  torpor  of  the  liver  and  constipation. 
The  water  also  prwluces  an  increased  activity  of  the 
functions  of  the  skin,  and  free  diaphoresis  often  ensues. 
The  water  also  possesses  antacid  properties  and  has  been 
found  of  special  benefit  in  cases  of  dyspepsia  attended  by 
flatulence,  heart-bum,  and  gastric  catarrh.  Both  inter- 
nally and  in  the  form  of  baths,  these  waters  have  been 
found  beneficial  in  cases  of  obstinate  rheumatism,  dis- 
eases of  the  urinary  tract,  and  in  various  skin  disorders. 
Facilities  for  all  kinds  of  hot,  cold  and  electric  baths  are 
supplied.  James  K.  Crook. 

AXILLA.    See  8?ioulder. 


AXOCOPAN. — ^Municipality  of  Axocopan,  State  of 
Puebla,  Mexico. 

These  springs  are  located  in  a  romantic  region  sur- 
rounded by  b^utiful  and  picturesque  scenery,  about  6 
km.  east  of  the  city  of  Atlexco.  To  the  east  of  the  loca- 
tion of  the  springs  is  the  famous  hill  of  San  Miguel, 
noted  for  its  religious  associations.  The  view  to  the 
west  is  cut  off  by  a  succession  of  hills  of  volcanic  origin, 
while  on  the  north  loom  up  the  magnificent  volcanoes  of 
Popocatapetl  and  Ixtaccihuatl.  To  the  northeast  is  the 
volcano  of  Malintzin,  while  the  blue  dome  of  the  tropical 
sky  surmounts  the  whole.  Luxuriant  vegetation  em- 
bracing many  varieties  of  trees  and  flowers  surrounds  the 
location  of  the  springs.  The  waters  of  these  springs  re- 
semble those  of  Vichy  in  France.  They  are  naturally 
cold,  perfectly  transparent,  and  have  a  snappv  and  piquant 
sparkle  from  the  presence  of  carbonic  acid  gas  in  great 
abundance.  According  to  an  analysis  by  C^rrasco,  the 
waters  contain  the  bicarbonates  of  sodium,  calcium, 
magnesium,  potassium,  and  iron,  sulphate  of  sodium, 
chloride  of  sodium,  silicate  of  alumina,  silicic  acid,  and  a 
small  percentage  of  organic  matter.  These  waters  are 
said  to  be  exceedingly  agreeable  to  the  palate.  They 
stand  transportation  well  and  will  no  doubt  eventually 
find  their  way  into  the  markets.  The  location  of  the 
springs  offers  an  unusual  combination  of  attractions  for 
the  establishment  of  a  popular  health  resort.  Bathing 
in  the  open  air  may  here  be  indulged  in  throughout  the 
year.  The  waters  are  said  to  be  useful  in  diabetes, 
lithiasis,  gastric  disorders,  and  especially  in  diseases  of 
the  skin.  iV.  J.  Ponce  de  Lean. 

A  YAP  AN  A.    See  Thoroughwort. 

AVER'S     AMHERST     MINERAL     SPRINGS.  — Erie 

County,  New  York. 

Post- Office. — Williamsville.     Hotel. 

Access. — The  Buffalo  and  WiUiamsville  trolley  line  is 
a  mile  and  a  half  distant.  The  springs  are  four  miles, 
two  miles,  and  four  miles  respectively  from  the  follow- 
ing railroad  stations:  the  West  Shore,  the  Lehigh  Val- 
ley, and  the  New  York  Central  (branch).  The  springs 
(two  in  number)  are  owned  by  Mr.  A.  D.  Ayer,  and 
are  located  in  the  town  of  Amherst,  two  miles  north 
east  of  Williamsville  and  six  miles  from  Buffalo.  The 
principal  spring  (artesian)  was  bored  about  ten  years  ago. 
According  to  a  partial  qualitative  analysis  b\'  Herbert  M. 
Hill,  Ph.D.,  Professor  of  Chemistry  and  Toxicology  at 
the  University  of  Buffalo,  it  contains  the  following  in- 
gredients: Calcium  sulphate,  iron  bicarbonate,  calcium 
bicarbonate,  magnesium  sulphate,  sodium  chloride. 

It  is  not  possible  to  classify  the  water  from  this  analysis, 
but  it  would  appear  to  be  a  calcic  chalybeate,  with  suflft- 
cient  Epsom  salts  to  give  it  laxative  properties.  A  com- 
plete quantitative  analysis  is  desirable. 

The  water  is  highly  recommended  for  chronic  constipa- 
tion, sick  headache,  ciyspepsia  and  gastric  catarrh,  hemor- 
rhoids, and  other  conditions  due  to  a  disordered  state  of 
the  gastrointestinal  tract.  The  building  of  a  sanitarium 
at  the  springs  is  under  contemplation. 

J.  K.  Crook. 

AZEDARACH.— iViVf^f  of  China  {or  of  India).  China- 
Iterry  Tree.  The  bark  of  the  root  of  yielia  Azedarach  L. 
(fani.  Meliac^-fe).  This  is  a  fine,  medium-sized,  orna- 
mental tree  from  India,  but  long  cultivated  in  all  the 
warmer  parts  of  the  world.  It  has  delicate,  twice  pin- 
nated leaves,  fragrant  clusters  of  lilac-colored  flowers, 
and  yellow  globose  fruits  of  the  size  of  small  grapes. 
Azedarach  has  been  occasionally  used  for  one  or  another 
purpose  in  various  countries  where  it  grows,  and,  in 
deference  to  a  slight  reputation  in  the  Southern  States 
was  some  time  ago  admitted  to  the  Pharmacopoeia.  It  is 
now,  however,  excepting  as  an  extemporary  country 
medicine,  nearly  obsolete.  The  bark  of  the  root  is  thus 
described :  "  In  curved  pieces  or  quills,  varying  in  size 
and  thickness ;  outer  surface  red  brown,  with  irregular, 
blackish,  longitudinal  ridges;  inner  surface  whitish  or 
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brownish;  longitudinally  striate;  fracture  more  or  less 
fibrous;  upon  transverse  section  tangentially  striate,  with 
yellowish  bast  fibres;  almost  inodorous,  sweetish,  after- 
ward bitter  and  nauseous." 

It  contains  a  whitish -yellow  resin,  which  is  claimed  to 
be  the  active  principle. 

Azedarach  disturbs  the  digestive  tract,  causing,  in 
large  doses,  vomiting  and  diarrhoea.  It  is  a  fatal  nar- 
cotic poison  in  still  larger  ones,  but  its  qualities  are  not 
well  known.  It  is  usually  ^iven,  however,  for  intesti- 
nal worms,  in  decoction,  or  m  syrup  of  the  fresh  root. 
Dose,  4  to  8  gm.  (  3  i.  ad  3  ij). 

Birds  become  stupefied  by  eating  the  Ix^rries,  and  fatal 
cases  of  poisoning  by  the  seeds  have  occurred  in  India. 

Allied  PiiANTS. — Melia  Indica  Brandis.  Margosa, 
another  Indian  plant  of  the  genus,  has  a  bitter  bark  and 
wood.     It  is  used  as  a  tonic.  W.  P.  BoUes. 

AZORES. — The  Azores  or  Western  Islands  lie  about 
2,000  miles  from  Boston,  1,400  miles  from  the  Lizard 
Point,  in  England,  and  800  from  the  coast  of  Portugal, 
of  which  they  are  a  possession.  The  Islands  are  nine  in 
number  and  are  divided  into  three  distinct  groups,  about 
one  hundred  miles  apart:  Santa  Maria  and  San  Miguel 
forming  the  southeastern  portion,  Flores  and  Corvo  the 
northwestern,  and  the  remaining  five  the  central  divi- 
sion. The  total  area  of  the  islands  is  about  1.000  square 
miles,  and  the  population  is  estimated  at  300,000.  San 
Miguel  is  the  largest  island,  being  40  miles  long  and  10 
br(md.  Fayal  and  San  Miguel  are  the  two  islands  which 
are  generallj'  visited  and  with  which  there  is  the  best 
communication.  One  can  reach  them  by  steamers  from 
New  York  and  Portugal,  and  possibly  by  sailing  vessels 
from  Boston.  The  whole  system  of  islancls  is  of  volcanic 
origin,  and  their  outlines  in  consequence  are  rugged  and 
picturesque.  The  coast  line  is  precipitous,  and  the  cen- 
tral portion  of  each  island  rises  in  mountain  peaks,  which 
vary  m  height  from  1,889  feet  (San  Miguel)  to  7,618  feet 
(island  of  Pico).  There  are  no  natural  harbors,  and  ves- 
sels lie  in  the  open  roadstead  off  the  principal  ports.  A 
breakwater  has  been  under  construction  for  a  long  time 
at  San  Miguel,  but  it  is  not  yet  completed. 

The  vegetation  is  rich  and  luxuriant,  and  both  tropical 
and  subtropical  fruits — the  fig,  orange,  banana,  loquot, 
pineapple,  prickly  pear,  guava,  pomegranate,  and  lemon 
— grow  in  the  open  air.  Flowers  bloom  in  nearly  infinite 
variety,  and  the  gardens  of  San  Miguel  and  Fayal  con- 
tain an  almost  endless  diversity  of  tree,  flower,  and  fruit. 
There  are  no  fewer  than  forty  plants  peculiar  to  the 
islands.  Besides  these  there  are  about  four  hundred 
sju'cies  wliich  are  found  in  Europe,  and  three  hundred 
and  forty  wliieh  are  not  found  in  Europe,  but  are  common 
to  Madeira,  the  Cauarv  Islands,  and  the  Azores  (Roun- 
dell). 

The  climate  is  a  mild  and  moist  nuirine  one,  and  very 
equal)ie  at  all  seasonsof  the  year.  The  mean  annual  tem- 
perature is  iVy  F.  The  extremes  are  stated  to  be  86'  and 
45'  F.  The  range  between  winter  and  summer  is  from 
10°  to  15'.  The  ni^ht  temperature  is  generally  not  more 
than  four  degrees  cooler  than  the  day.^  The  summer  is 
enervating  at  70'  F.,  and  one  is  drenched  Avith  perspira- 
tion on  the  sliglitest  exertion.  The  mean  tern])erature  for 
winter  is  58',  for  si)ring  HT,  for  summer  (Js  \  and  for 
autumn  62'  F.  Tlie  three  coldest  months  arc  usually 
January,  February,  and  March.  In  winter  it  sometiuK^s 
feels  chilly  and  damp,  and  one  seldom  leaves  home  with- 
out an  umbrella.  The  humidity  is  so  great  ihat  wall- 
paper will  not  adhere,  and  the' veneering  of  furniture 
strips  oflP.  Tlie  mean  annual  relative  humidity  is  70  per 
cent,  and  for  winter  it  is  77  per  cent.  The  mean  annual 
rainfall  is  38.5  inches.  The.  wind  blows  with  great  force 
at  times  and  there  are  frefjuent  storms.  "The  prevailing 
direction  of  the  Avind  in  winter  is  from  the  soiitli,  .south- 
west, and  northwest,  and  in  summer  from  the  northeast, 
east,  and  north"  (Solly.  "Medical  (Mimatoloiry,"  ISDT). 

P<nita  Dclgada.  in  San  ^liguel.  is  the  larg(-st  city  of 
the  islands.  It  lias  a  population  of  25,000  inhabitants. 
There  is  a  good  theatre,  a  public  library,  numbers  of  tine 


gardens,  ancient  churches  and  government  buildings, 
public  markets,  etc.  There  are  comfortable  acconmio- 
dations  here  as  well  as  at  Horta,  the  principal  town  of 
Faval,  and  the  food  is  generally  good.  Twenty-seven 
miles  from  Ponta  Delgada  by  carriage  road,  through 
beautiful  and  wild  scenery,  is  the  Yalle  das  Furnas, 
where  are  hot  sulphur  springs  of  a  temperature  of  from 
56"*  to  212"  F.  All  contain  sulphur,  iron,  alum,  and 
silica  in  varying  proportions.  Besides  the  public  bath 
houses,  built  by  the  (jk)vemment  and  free  to  all,  there  are 
also  private  baths.  The  bath  tubs  are  cut  out  of  solid 
limestone  or  lava  rock,  and  have  taps  for  hot  and  cold 
water,  the  hot  coming  from  the  sulphur  spring,  and  the 
cold  from  the  water  impregnated  with  iron.  The  bath- 
ing season  begins  in  June  and  last^  for  six  months,  dur- 
ing which  time  a  large  number  of  p^ple  frequent  Las 
Furnas.  The  general  custom  is  to  hire  lodgings  and  to 
take  meals  at  the  hotels.  The  various  diseases  ror  which 
these  springs  are  beneficial  are  chronic  rheumatism, 
which  is  almost  invariably  benefited;  paralysis,  syphilis, 
skin  diseases  (especially  eczema),  dyspepsia,  and  mtenial 
troubles. 

Las  Furnas  itself  is  situated  in  the  valley  of  the  Funas, 
wMiich  is  the  bottom  of  a  vast  crater  of  an  extinct  volca- 
no. In  this  valley  are  the  various  boiling  springs,  with 
masses  of  white  vapor  hanging  over  them.  A  roaring 
noise  is  heard,  as  the  hot  gases  issue  from  the  earth. 
The  Caldeira  Grande  supplies  the  sulphur  water  to  the 
baths,  and  is  enclosed  by  a  wall  some  six  feet  in  height. 
The  water  in  this  tank -like  enclosure  boils  in  a  most  furi- 
ous manner  and  with  a  great  noise.  It  furnishes  nineteen 
gallons  per  minute  (Roundell).  The  ground  about  is  cov- 
ered with  patches  of  white  sulphur  and  alum,  streaked 
with  orange  and  red.  In  anotherpai^  of  the  valley  is  the 
Boca  do  Inferno,  or  "Mouth  of  Hell,*'  a  dark  pit  of  un- 
known depth  filled  with  boiling  mud,  constantly  thrown 
up  with  a  great  smoke  and  noise.  This  mud  is  collected 
b^  the  people  and  used  as  an  external  application  in  skin 
diseases.  All  the  geysers  or  springs  are  said  to  boil  most 
furiously  when  the  wind  is  east. 

So  far  as  the  climate  in  general  of  these  islands  is  cm- 
cemed  it  is  applicable  to  such  cases  as  require  a  mild, 
equable,  moist  climate.     It  is  therefore  suitable  for  pa- 
tients who  are  suffering  from  neurasthenia,  from  Bright '« 
disease,  from  nervous  aflTections,  from  hay  fever,  etc., 
and  for  those  who  are  convalescing  from  the  grippe  and 
from  other  acute  diseases.     "There  is  comparatively  lit- 
tle sickness  on  any  of  the  islands — very  rarely  any  regu- 
lar fevers  or  epidemics  of  any  kind  prevail "  (jiiDldn). 
The  water  supply  is  from  springs,  wells,  and  ci.stems,aDd 
is  generally  good. 

From  a  personal  visit  to  Fayal  and  Pico,  the  writer  can 
testify  to  the  charm  and  fascination  of  thesi*  strange  isl- 
ands with  their  ancient  and  primitive  customs,  beautiful 
pcenery,  and  delightful  and  ever-varied  walks,  drives,  and 
excursions.  One  can  hardly  conceive  of  a  more  entranc- 
ing place  for  the  lover  of  nature,  or  one  more  restful  and 
refreshing  for  the  weary  and  overworked.  The  only 
drawback  is  the  long  journey  there,  which  is  almost  pro- 
hil)itory  to  a  suflPerer  from  sea-sickness. 

For  a  very  interesting  and  extended  account  of  thes« 
islands  the  reader  is  referred  to  Mrs.  Charles  RoundcWs 
"  A  Visit  to  the  Azores,"  and  also  to  the  two  papers  ^T^ 
Cantield  and  Junkin  on  '*  The  Azores  as  a  Health  Reso"*^ 

EiUrord  0.  Oti*- 

AZULE  SPRINGS.— Santa  Clara  County,  Califo^^ 
Loeatiun,  12  miles  west  of  San  Jose.     These  spriniST^^^ 
not  in  use  as  a  resort,  but   the  waters  are  bottleiB-     ^^ 
shipped  in  larcre  quantities  to  all  parts  of  Califomia^^^^^  i^ 
even   more  distant   points.     An  anah'sis  by  a  eh**  ^^  ^ 
whose  name  we  have  been  unable  to  secure  resulti 
follows: 

One  Umted  States  Gallon  Coxtaixs: 

tUfi- 

SolMs.  Gr^^^^ 

Sodium  chloride 8{L  _J^]9 

S<Ktiuni  carl)onate 5^-    ^^ 

Potassium  chloride IC 
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Solids.  Grains. 

Potassium  carbonate    2.85 

Macrnesluin  carbonate 78.16 

Magnesium  chloride 17.42 

Calcium  carbonate 10.05 

Silica 3.20 

Orgfanlc  matter 0.18 

Total 361.68 

Free  carbonic  acid  gas,  153.77  cubic  inches ;  temperature,  59.6®  F. 

This  is  a  good  example  of  the  alkaline-saliiie-carbouated 
class  of  waters.  The  analysis  shows  considerable  resem- 
blance to  that  of  the  Nassau  Seltzer  Springs  in  Germany. 
The  water  possesses  antacid,  aperient,  diuretic,  and  tonic 
properties.  J.  K.  Crook. 

BACTERIA,  PATHOGENIC,  AND  OTHER  PATHO- 
GENIC MICRO-ORGANISMS. 

The  Schizomycetes  or  Bacterlv. 

These  are  the  smallest  and  at  the  same  time  the  most 
interesting  of  all  known  living  organisms.  While  most 
bacteria  are  harmless — some  of  them,  indeed,  being  of 
the  greatest  use  in  the  economy  of  nature,  by  producing 
the  decomposition  of  dead  animal  and  vegetable  njatter, 
without  which  life  on  the  earth  would  be  impossible — 
others  are  the  cause  of  various  infectious  disi'ases  in 
man  and  animals.  Bticteria  are  verv  widely  distributed 
in  nature,  and  are  present  in  the  air,  water,  soil,  and  also 
in  the  food  and  boclies  of  animals. 

Historical  Review  of  the  Development  of  Bac- 
teriology.— Although  most  of  the  important  discover- 
ies of  bacteria  in  their  relation  to  disease  are  of  c(uiipam- 
tively  recent  date,  from  the  earliest  days  of  intnlicine,  and 
long  before  tlu'se  micro-organisms  were  known  to  exist, 
minute  living  germs  were  thought  to  be  concerned  in  the 
production  of  many  dis<^*ases.  Before  entering. 'therefore, 
mto  a  detailed  considenition  of  pathogenic  bacteria,  it 
may  be  interesting  and  instructive  to  review  briefly  the 
more  important  ste])s  which  lead  up  to  the  development 
of  ])acteriology  as  a  science. 

The  first  authentic  observations  of  living  micro-organ- 
isms of  which  there  is  any  record  are  those  of  Athanasius 
Kircher,  a  Jesuit  priest,  m  1071.  Tlie  compound  micro- 
scope dates  from  1590,  but  this  observer  was  the  first  to 
fina  in  putrid  meat,  milk,  vinegar,  chee.se.  etc.,  minute 
living  organisms  or  "worms,"  invisible  to  the  naked  eye, 
which  he  concluded  must  be  the  cause  of  [>ut refaction. 
Kircher,  however,  did  not  descTibe  the  form  or  chanicter 
of  these  "little  worms,"  and  with  the  microscopes  in 
use  in  his  day  he  probably  did  not  see  bacteria,  as  we 
now  understand  them.  ^Nevertheless,  his  observations 
seemed  to  substantiate  the  view  that  infective  diseas(\s 
might  be  caused  by  substances  which,  introduced  into 
the  body,  give  rise  at  first  to  no  symptoms  but  increase 
till  they  bring  about  disease:  the  oi)inion  held  at  that 
time  by  many  physicians  being  that  if  putrefaction  is 
produced  by  living  organisms  outside  the  body,  when 
these  organisms  are  found  in  the  blood,  etc.,  they  must 
necessarily  cause  putrefaction  there  also. 

Not  long  after  this,  in  1675,  Anthony  van  Leeuwenhock, 
a  citizen  of  Delft,  Holland,  a  linen  draper  by  tmde,  who 
practised  the  art  of  grinding  and  polishing  lenses,  con- 
structed a  microscope  with  which  he  was  able  to  ob- 
serve in  rain  water,  in  putrid  infusions,  in  human  saliva, 
in  intestinal  evacuations  of  man  and  animals,  and  in 
the  scrapings  iK^tween  the  teeth,  numbers  of  living  "ani- 
malcula, "  as  he  called  them,  varying  in  form  and  size 
and  in  the  character  of  their  motion.  Of  these  he 
gave  descriptions  and  drawings  which  are  remarkable 
for  their  accuracy,  considering  the  imperfect  optical  in- 
struments at  his  command,  arid  there  is  little  doubt  that 
he  really  saw  some  of  the  larger  s|>ecies  of  bacteria, 
probably  spirilla.  LeeuweuhiM.'k  made  no  attempt  to 
assign  any  importance  to  these  organisms  regarding  any 
rOle  they  might  play  in  relation  to  disease,  his  work  be- 
ing conspicuous  for  its  purely  objective  and  unspecula- 
tive  nature.  But  his  contemporaries  and  those  who  im- 
mediately succeeded  him  seized  upon  the  idea  of  these 


animalcules  causing  a  great  number  of  diseases,  even  in 
cases  in  which  they  were  not  found,  reasoning  from  anal- 
ogy that  they  must  be  present,  until  there  arose  a  veritable 
craze  of  the  germ  theory  of  disease  or  cxnitagiuyn  anivia- 
tum.  Then  later  followtKi  a  reaction,  and  the  idea  for  a 
time  was  ridiculed  out  of  existence.  And  so  through- 
out the  history  of  medicine  this  theory  continued  to  be 
often  asserted  and  as  often  again  denied,  on  speculative 
grounds,  until  well  into  the  present  century,  when  the 
question  was  finally  settled  by  actual  observation  and 
experiment. 

Among  those  who  at  this  early  date  (the  end  of  the  six- 
teenth and  begiiming  of  the  seventeenth  century)  held  to 
the  doctrine  of  contagium  animatum  were  Lange  and 
Hauptmann,  who  shortly  after  Leeuwenhock  s  investiga- 
tions advanced  the  opinion  that  puerperal  fever,  measles, 
smallpox,  typhus,  pleurisy,  epilepsy,  gout,  and  many 
other  diseases  were  due  to  animal  contagion.  And  in  170*1 
Andry  and  Linne  assumed  the  same  origin  for  syphilis,  and 
Lancisi  (1718)  for  malaria.  Antonius  Plenciz,  a  physician 
of  Vienna,  who  published  his  deductions  in  1762,  main- 
tained that  not  only  were  all  infectious  diseases  due  to 
micro-organisms,  but  that  the  infective  material  could  ])e 
nothing  else  than  living  animals  or  plants.  On  these 
grounds  he  endeavored  to  explain  the  variations  in  the 
incubation  period  of  different  diseases.  He  insisted  also 
that  special  germs  were  concerned  in  the  production  of 
each  infectious  disc*ase.  Plenciz  l)elievcd,  moreover,  that 
these  micro-organisms  were  capable  of  multiplication  in 
the  body,  and  suggested  the  possibility  of  their  being  con- 
veyed from  place  to  place  through  the  air,  etc.  Besides 
these  deductions  he  also  made  original  investigations  into 
the  processes  of  putrefaction  and  fermentation,  and  having 
found  animalcules  in  all  decoFuposing  material,  he  became 
so  thoroughly  convinced  of  their  causative  relation  to 
these  prcxiesses  that  he  fonnulated  the  law  that  decom- 
position of  animal  and  vegetable  matter  takes  place  only 
by  means  of  and  through  the  increasi'  of  living  organisms. 

Still  all  this  was  entirely  a  matter  of  speculation  only, 
unproved  by  direct  experiment;  but  the  theory  advanced 
was  so  plausible  and  the  arguments  used  in  its  support 
were  so  logical  and  convincing,  that  in  spite  of  great  op- 
position and  ridicule  it  continued  to  gain  ground,  and  in 
many  instances  the  conclusions  reached  by  these  early 
[)hilosophers  have  since  been  shown  to  be  correct. 

Meanwhile  the  question  which  most  attracted  the  in- 
terest of  all  investigators  into  the  cause  of  infectious  dis- 
eases was:  What  is  the  source  of  the  micro-organisms 
which  are  supposed  to  produce  these  processes?  Are 
they  the  result  of  vegetative  changes  in  the  substances  in 
which  they  are  found — the  theory  of  generatio  (Eguiroca, 
or  spontaneous  generation :  or  are  they  reproduced  from 
similar  pre-existing  organisms — the  vitalistic  theory? 
This  (piestion  is  intimately  connected  with  the  investiga- 
tions into  the  origin  and  nature  of  fermentation  and  pu- 
trefaction, for  it  was  in  these  experiments  that  the  theory 
of  spontaneous  generation  was  overthrown  and  the  germ 
theory  esta])lished. 

Of  those  who  most  vigorously  advocated  the  idea  of 
generatio  (vquitxjca  was  Needham,  who,  in  1749.  attempted 
to  prove  experimentally  the  truth  of  his  opinions.  He 
placed  a  grain  of  barley  in  a  watch  glass  containing  water, 
covered  it  carefully,  and  allowed  it  to  germinate  On 
later  examination  he  found  living  micro-organisms  present 
which  he  maintained  were  the  effect,  not  the  cause,  of  the 
decomposition  and  due  to  vegetative  changes  in  the  grain 
itself.  Again,  lie  boiled  meat  infusions  and  kept  them  in 
tightly  corked  flasks;  in  these  also  living  organisms  de- 
veloped. As  all  life  must  have  been  destroyed  by  the 
boiling,  and  the  closed  flasks  shut  out  apparently  every- 
thing from  without,  Needham  concluded  that  the  organ- 
isms present  could  have  been  pnKluced  only  from  the 
dead  material  by  spontaneous  genemtion. 

This  conclusion  seemed  indeed  irrefutable  at  the  time, 
but  Bonnet,  in  1762,  suggested  that  pos.sibly  there  were 
certain  germs  which  were  able  to  resist  the  boiling  tem- 
perature, or  that  the  flasks  were  not  so  tightly  closeil  that 
no  germs  could  enter.     Then  in  1769  Lazarus  and  Spal- 


677 


Itarterla. 
Bacteria. 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


lanzani  showed  experimentally  the  falseness  of  Needham's 
results,  by  demonstrating  that  if  putrescible  infusions  of 
organic  matter  were  placed  in  hermetically  sealed  Hasks 
and  boiled  for  an  hour  the  infusions  remained  sterile; 
neither  were  living  organisms  found  in  the  liquids,  nor 
did  they 'decompose.  It  was  objected  to  these  experi- 
ments that  the  high  temperature  to  which  the  liquids 
were  subjected  so  altered  them  that  spontaneous  genera- 
tion could  not  occur.  Spallanzani  then  simply  cracked 
one  of  the  flasks  a  little  and  allowed  air  to  enter,  when 
organisms  and  decomposition  again  appeared  in  the  boiled 
solutions.  Again  it  was  objected  that  in  excluding  the 
oxygen  of  the  air  by  hermetically  sealing  the  flasks  the 
essential  condition  for  the  development  of  putrefaction, 
which  required  the  free  admission  of  this  gas,  was  inter- 
fered with.  This  objection  was  met  by  Schultze  in  1B86, 
who  showed  that  the  air  could  have  access  to  st<?rilized 
infusions  without  causin?  putrefaction,  if  it  were  first 
freed  from  germs  by  pa.ssmg  it  through  strong  sulphuric 
acid.  Schwann  effected  the  same  thing  in  liS?  by  pass- 
ing the  air  through  red-hot  tubes;  and  Helmholtz  in  1848 
repeated  and  confirmed  these  experiments  with  calcined 
air.  Again  the  point  was  raised  that  the  heating  of  the 
air  had  perhaps  brought  about  some  chemical  change 
which  prevented  the  production  of  putrefaction. 
Schroeder  and  von  Dusch  then  showed,  in  1854,  that  if 
the  air  was  filtered  through  cotton  wool,  by  simply  plac- 
ing stoppers  of  this  material  in  the  mouths  of  the  flasks 
before  boiling — a  device  which  has  since  proved  of  in- 
estimable value  in  bacteriological  work — the  contained 
liquid  was  incapable  of  producing  putrefaction.  Similar 
results  were  obtained  by  Hoffmann  in  1860,  and  by 
Chevreul  and  Pasteur  in  1861,  without  a  cotton  filter,  by 
drawing  out  the  neck  of  the  flask  and  bending  it  down- 
ward, the  mouth  Ixjing  left  open.  Here  the  force  of 
gravity  prevents  the  suspended  bacteria  in  the  air  from 
ascending,  and  there  is  no  current  to  cany'  them  upward 
into  the  liquid.  Tyndall  later  (1876)  showed  by  his  in- 
vestigations upon  the  floating  substances  in  the  air  that 
in  a  closed  chamber  in  which  the  air  is  not  disturbed  by 
currents,  all  suspended  particles  settle  to  the  bottom,  the 
superincumbent  air  being  optically  pure.  He  demon- 
strated beyond  all  doubt  that  the  presence  of  living 
organisms  in  decomposing  fluids  was  always  to  be  ex- 
plained either  by  the  pre -existence  of  similar'living  forms 
m  the  fluid  or  upon  the  walls  of  the  vessels  containing  it, 
or  by  the  liquid  being  exposed  to  air  which  was  con- 
taminated b}'  organisms. 

But  still  another  matter  required  explanation.  A  cer- 
tain percentage  of  the  experiments  with  infusions,  which 
had  been  boiled  for  a  considerable  time  and  carefully 
protected  from  subseciuent  contamination,  would  now 
and  then  fail  despite  every  j^reeaution.  Bonnet  in  1762 
had  suggested  theexpbmation  of  this,  on  the  as.suniption 
that  some  organisms  were  perhaps  cjipable  of  withstand- 
ing the  ])oiling  tempemture,  and  still  grow  when  the  in- 
fusion cooled.  Then  Pasteur  foun<l  that  he  could  steril- 
ize milk  only  at  a  tempemture  of  110'  C,  and  later  (1865) 
showed  that  the  organisms  which  resist  boiling  tempera- 
ture are  reproductive  bodies,  now  known  as  tfjk^res.  But 
it  was  not  until  1876  that  the  nature  of  spores  was  care- 
fully studied  and  explained  by  Cohn,  and  afterward  con- 
firmed by  Koch.  These  investigatoi-s  proved  that  cer- 
tain rod  shaped  bacteria  possess  the  power  of  passiFig 
into  a  resting  or  spore  stage  under  peculiar  conditions  of 
growth,  and  that  when  in  this  stage  they  are  much  less 
susceptible  to  the  injurious  action  of  higher  temperatures 
and  other  deleterious  influences  than  when  in  their  normal 
vegetative  condition. 

With  this  discovery  the  (question  of  spontaneous  gen- 
enition  was  tinally  settled  in  the  negative  and  tlie  germ 
theory  established.  If  living  micro-organisms,  sonic  of 
them  capable  of  producing  the  more  resistant  spores,  were 
present  in  the  air,  soil,  water,  etc.,  it  was  easy  enough  to 
understand  how  irregularities  occurred  in  previous  ex- 
periments; nor  could  there  longer  be  any  doubt  that  bac- 
teria were  the  cause,  not  the  elTect,  of  fermentation  and 
putrefaction,  and  po.ssibly  also  of  disease. 


But.  in  the  mean  time,  little  or  nothing  had  been  ac- 
complished in  the  systematic  classification  of  bacteria, 
although  their  forms  were  zealously  studied  microecopi- 
cally  as  matters  of  curiosity.  The  first  attempt  at  classi- 
fication was  made  by  Mtlller,  of  Copenhagen,  in  17S6, 
who  divided  micro-organisms  into  two  main  divisioDS — 
monns  and  tiMo.  But  be,  like  all  the  earlier  DatunUista, 
owing  to  lack  of  sufficiently  powerful  microecopes  and 
inadequate  knowledge  of  the  biology  of  bacteria,  fell 
into  grave  erwrs  of  classification.  Thus  various  motile 
organisms,  which  are  now  recognized  to  be  of  vegetable 
origin,  were  commonly  included  among  the  infusorians 
or  unicellular  animal  organisms.  Even  ^irenberg,  in 
1838,  and  Dujardin,  in  1841,  though  their  work  shows 
considerable  progress  in  this  direction,  failed  to  arrive  at 
a  satisfactory  classification  of  bacteria;  these  authors 
dividing  bacteria  into  four  orders— bfKteritim^  ribric, 
spiriUvm,  and  spirorJtaete — and  including  them  with  the 
infusorians.  Perty,  in  1852,  was  the  first  apparently  to 
draw  attention  to  the  vegetable  origin  of  bacteria:  and 
Robin,  in  1853,  then  suggested  their  relationship  to  the 
algae.  But  it  remained  for  Cohn  in  1854,  and  Naegeli  in 
1857,  to  bring  anything  like  system  into  the  confusion 
which  had  previously  existed  regarding  the  classification 
of  bacteria.  It  was  Naegeli  who  established  their  re- 
semblance to  the  fungi,  in  that  they  were  chlorophyll- 
free  plants,  and  gave  them  the  name  of  schizomjfeete$  or 
fission  fungi  to  indicate  their  mode  of  reproduction:  and 
Cohn  confirmed  and  emphasized  this  relation  of  bacterial 
species  to  the  vegetable  kingdom,  and  first  employed  the 
term  bticteria  for  the  entire  class  of  these  micro-organisms, 
studying  their  various  groups  more  carefully. 

At  the  same  time,  the  physiological  properties  of  bac- 
teria were  studied,  with  as  much,  if  not  more,  success 
than  their  morphology  and  classification.     Stimulated 
by  the  discovery  of  the  microbic  origin  of  the  processes 
of  fermentation  and  putrefaction, — the  specific  cause  of 
one  form  of  which,  alcoholic  fermentation,  was  found  by 
Latour  and  Schwann,  in  1837,  to  be  the  yeast  plant  («k*- 
chan»myc€»  cererisiay— the  study  of  the  causal  relation  of 
micro-organisms  to  disease  was  again  taken  up  with  re- 
newed vigor.     So  far  the  bacterial  source  of  infectious 
diseases  was  founded  only  on  hypothesis,  and  although 
belief  in  this  theory  was  much  strengthened  by  the  fore- 
going experiments,  it  had  not  yet  been  proved.    It  was 
not  long,,  however,  before  the  necessary'  proof  was  forth- 
coming at  least  foronedisea.se,  for  in  the  same  year  as 
Schwann's  dis(*overy  of  the  yeast  plant,  Bassi  discovered 
that  a  fatal  infectious  malady  of  silkworms  was  due  to 
a  parasitic  miero-organism;  and  later  a  similar  origin  was 
found  for  various  infectious  disea.ses  in  grains,  potatoes, 
etc.     Just  about  this  time,  too  (1840),  Ilenle  published 
his  "Pathological  Investigations,"  in  which  he  de.scribed 
the  relation  of  bacteria  to  disease  with  remarkable  clear- 
ness and  precision,   the  weight  of  the  opinion  of  this 
great  authority  contributing  much  to  arouse  interest  in 
tl)e  doctrine  of  infection.     Although  Ilenle  failed  to  find 
organisms  in  the  tissues  in  various  infectious  diseases, 
this  did  not  lead  him  to  change  his  opinion,  for  lie  con 
tended  rightly  that  there  were  no  means  at  that  time  of 
distinguishing  between  tissue  cells  and  bacteria.    ^'*>^ 
did  Ik;  consider  the  presence  of  micro-organisms  alone 
sutVicient  proof  of  their  etiological  relatiim,  but  postuiate^^ 
the  eomlitions  later  confirmed  to  the   letter  by  Kocl^- 
which  must  be  fultilled  to  demonstrate  that  a  diseas*-*  ^* 
due  to  a  specific  micro-organism.     These  conditions  w<^^' 
constant  presence  in  the  disease,  isolati(m,  and  evide*^^"^ 
of  the  infectious  nature  of  the  isolated  germ  by  iuoei-^*-^, 
tion.     Similar  conclusions  were  also  reached  by  Mitels  ^ 
independently,  reasoning  by  deduction.  *  ^taV 

Very  soon  after  this  it  was  shown  experimentally  t  ^ 
micro-organisms  were  the  cause  of  various  .skin  iWseCr'^i^^ 
in  man.  as  favus  and  ringworm.  About  this  time  a 
Pollender  (184J))  observed  certain  rod  shaped  bacteri 
the  blood  of  animalsdying  from  anthmx  or  splenic fe 
and  he  was  followed  by  Davaine  (1850);  but  tbt»se 
servers  attached  nosjieeial  significance  to  their  discov^ 
until  Pasteur  made  public  his  researches  in  regard^^ 


678 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


Itacterla. 


fermentation  and  the  rdle  played  by  bacteria  in  the 
economy  of  nature.  Then  Davaine  resumed  his  studies, 
and  in  1868  established  by  inoculation  experiments  the 
bacterial  ori^n  of  anthrax, — which  was  later  confirmed 
by  Pasteur,  Koch,  and  others. 

Schwann  had  already  shown  the  connection  between 
certain  organisms  and  alcoholic  fermentation,  but  Pasteur, 
in  1857,  deserves  the  credit  of  tiually  establishing  tlic  fact 
that  the  various  Icinds  of  fermentation. — lactic  acid, 
butyric  acid,  acetic  acid  fermentation,  etc.— are  all  caused 
by  micro-organisms,  which  not  only  dilTer  in  physiological 
action,  but  are  characterized  by  morphological  and  bio- 
logical peculiarities.  In  this  connection  Pasteur  also 
made  the  discovery  of  certain  bacteria  which  were  in- 
capable of  growth  in  free  oxyi^en,  assigning  to'^hem  the 
name  of  anaeni^}fn  to  distinguish  them  from  the  aerobes, 
or  those  requiring  the  pn.»sence  of  free  oxygen.  Others, 
again,  he  found  were  capable  of  growth,  either  with  or 
iintliout  free  oxygen,  and  these  he  called  fandtatire 
anahvbes.  Pasteur's  investigations  demonstrated  the 
fact  that  since  bacteria  are  the  cause  of  fermentation 
and  putrefaction,  they  are  necessary  for  the  life  of  plants 
and  animals,  for  without  their  agency  the  higher  plants, 
incapable  of  feedine  upon  the  complex  suostances  of 
dttul  animals  and  plants,  would  die  if  these  substances 
did  not  undergo  decomposition  into  their  elements 
through  the  instrumentality  of  bacteria;  and  thus  the 
earth  would  be  uninliabitabte. 

The  next  important  discoveries  related  to  the  cause  of 
infection  in  wounds.  Lemairc,  following  up  the  experi- 
ments of  Pasteur,  had  observed  tliat  when  carbolic  acid 
was  added  to  putrescible  substances  fermentation  was 
prevented,  and  he  came  to  the  conclusion  that  the  car- 
Dolic  acid  destroyed  the  germs  which  produced  fermen- 
tation. Tlie  i)roccsses  of  fermentation  and  suppumtion 
he  believed  to  be  analogous.  If  the  addition  of  carbolic 
add  solution  inhibited  fermentation,  why  should  it  not 
beapplicable  to  the  prevention  of  suppuration  in  wounds? 

Upon  these  suggestions  Lister  now  (1868-70)  instituted 
his  famous  antiseptic  tn'atment  of  wounds,  which  has  led 
to  such  brilliant  results  in  mcMlem  operative  surgery. 
The  publication  of  Lister's  work  exerted  a  powerful  in- 
fluence upon  the  general  n?cogintion  of  the  genu  theory 
of  infectious  discuses,  and  had  much  to  do  in  lessening 
the  number  of  its  opponents.  Then  Rindlleiscli.  in  1866, 
and  Waldcycr  and  von  Rt^cklinghauscn,  in  1871.  drew, 
attention  to  the  constant  occurrence  of  micro  organisms 
in  pyitmic  pnKessc^s  resulting  from  wound  infection. — 
observations  which  have  since  been  amply  corn)l)orated 
by  others  for  all  suppurative  processes  under  wliatever 
condition  produced. 

From  this  time  on  followed,  in  comparatively  rapid 
succession,  the  discoveries  of  a  numlHT  of  micTo  organisms 
as  the  cause  of  various  in  fcctious  diseusi's.  In  1 878.  OIkt- 
mcicr  announced  having  found  in  the  bkxxl  of  patients 
suffering  from  relapsing  fever  a  minute  si)inil.  motile  or- 
ganism— the  spirorfuii'te  Ohi-rmeieri — which  is  now  recog- 
nized as  the  specific  infective  agent  in  this  disease.  In 
1878,  Koch  publishe<i  his  important  work  on  traumatic 
discAScs.  In  1879,  Hansen  reported  the  discovery  of 
bacilli  in  the  cells  of  leprous  tulK'rcles.  which,  from  sub- 
sequent investigations,  are  lu'licved  to  be  the  cause  of 
leprosy.  Neis.Her,  in  tlu?  same  year  (1H70).  discovcn.'d  the 
"gonococcus"  in  gonorrlKcal  pus.  In  IHSO,  Eberth  and 
Koch,  independently,  observed  the  typhoid  bju.'Ulus. 
which  GaflPky,  in  1884,  proved  to  be  the  causi*  of  typhoid 
fever.  In  the  same  y(*ar  Pust<'nr  publisluMl  his  discovery 
of  the  bacillus  of  fow  i  cholera  and  his  investigations  upon 
protective  inoculation  against  this  <lis<*ase  and  anthrax. 
Sternberg  and  Pasteur,  also  in  the  sjune  year,  independ- 
ently observed  a  pathogenic  mien)  organism  in  human 
saliva,  which  was  subse([uently  ( 1JH85)  proved  by  Fraenkt*! 
and  others  to  l>e  the  organisms  most  commonly  as.sociated 
with  acute  lobar  pneumonia  and  now  reeognizcMl  as  tlie 
usual  cause  of  that  dist*ase — the  diplontri'us  pnenmom'tf. 
In  1881,  Koch  made  his  fundamental  researches  ui)on 
pathogenic  bacteria,  which  form  the  basis  of  our  nuHlern 
bacteriology.     H<^  intr^xluced  solid  culture  media  and  the 


**  plate  method  "  for  obtaining  pure  cultures,  and  showed 
how  different  organisms  could  be  isolated,  cultivated 
artificially,  and  by  inoculation  of  pure  cultures  into  sus- 
ceptible animals  made,  in  many  cases,  to  reproduce  the 
specific  disease  of  which  they  were  the  cause — thus 
carrying  out  Hcnle's  suggestions.  It  was  also  in  the 
course  of  this  work  that  the  Abbe  system  of  substage 
condensing  apparatus  on  the  microscope,  and  theEhrlich- 
Weigert  method  of  staining  l)acteria  for  microscopical 
preparations  were  first  generally  used.  In  1882.  Koch 
published  the  discovery  of  tlie  tubercle  bacillus.  The 
same  year  Pasteur  made  his  investigations  upon  hog 
er}'sipelas;  in  this  year  also  his  communioiticm  upon 
rabies  appeared.  In  1882  also  Loeffler  and  ScliQtz  dis- 
covered the  bacillus  of  glanders.  In  1884  Koch  dis- 
covered the  spirillum  of  Asiatic  cholera  or  "comma 
bacillus.  ^  This  year,  too,  Klebs  and  Ijoeffler  discovered 
the  diphtheria  bacillus.  Rosenbach  also,  by  the  applica^ 
tion  of  Koch's  methods,  fixed  definitely  the  characters 
of  the  various  pus  producing  organisms.  And  the  same 
year  Nicolaier  discovered  the  tetanus  bacillus  which  Carl 
and  Rattone  afterward  showed  to  be  the  true  cause  of 
the  disease,  and  Kitasato  obtained  in  pure  culture.  In 
1892,  Pfeiffer  discovereil  the  bacillus  of  influenza;  and 
finally,  in  1894,  Kitasato  discovered  the  bacillus  of  bu* 
bonic  plague. 

This  closes  our  brief  historical  sketch  of  the  develop- 
ment of  bacteriology,  including  all  the  more  important 
facts  which  are  of  8i>ecial  interest  to  physicians.  But  no 
review  of  the  progress  which  has  been  made  in  this 
branch  of  science  would  be  complete  without  reference 
to  the  recent  discoveries  of  antitoxins  in  the  treatment  of 
diphtheria  and  tetanus,  the  protective  moculations  against 
rabies,  cholera,  the  plague,  etc.,  and  the  peculiar  reac- 
tions of  the  blood  sc^runi  of  persons  ill  with  infectious 
diseases.  These  discoveries,  in  which  the  names  of  Pas- 
teur, Koch,  Behring,  Kitasat-o,  Roux,  Pfeiffer,  Gruber, 
and  Widal  are  the  most  pnmiinent,  not  only  mark  an 
epoch  in  the  history  of  Iwicteriology  in  relation  to  medi- 
cine, but  they  have  served  to  establisli  beyond  all  doubt 
the  microbic  origin  of  many  diseases,  the  cause  of  which 
was  until  then  in  dispute.  Attention  has,  moreover.  Iwen 
directed  of  late  to  the  smaller  group  of  animal  parasites, 
the  protozoa — to  which  class  l)elong  the  Plasmodium 
malariie  and  the  am(eba  coli,  the  cause  of  malaria  and 
epidemic  dysentery,  respectively — which  may  prove  to 
1)0  the  source  of  infection  in  many  affections' the  origin 
of  which  is  still  unknown,  as  the  exanthemata.  And 
(juite  recently  interest  has  l)een  awakem.'d  in  the  possible 
pathogcni(^  properties  of  certain  of  the  fungi,  among 
which  it  is  suggested  may  be  found  the  cause  of  other 
unexplainable  diseases,  as  cancer  and  rabies.  Several 
Imcteria  also  not  mentioned  in  this  list  have  created  con- 
siderable discussion  of  late,  as  the  **  bacillus  icteroides " 
in  yellow  fever,  and  a  small  bacillus  found  in  whooping- 
cough;  but  these  organisms  have  not  yet  been  positiveh' 
shown  to  be  the  specific  cause  of  the  diseases  with  which 
they  are  found  associated,  and  hence  have  l)een  omitted. 

(^RNKUAL  ClIAKACTERISTK^  OF  BaCTEKIA.  —  CluMti^/l- 

tion  and  Definition. — Under  the  general  term  **  micro- 
organism "  may  be  included  all  the  minute  lower  forms' 
of  life  which  are  of  biological  or  hygienic  interest,  and 
which  are  the  cause  of  fermentation,  putrefaction,  and 
disea.se.  They  are  botli  of  the  vegetable  and  the  animal 
kingdom;  among  the  latter  of  these  are  the  jtrotoztnt.  and 
among  the  former  the  fnngi  and  hactcrin.  Bacteria  are 
classed  among  plants  from  the  fact  that  they  are  able  to 
derive  their  nourishment  bol  h  from  organic  and  inorganic 
materials.  They  are  of  the  class  of  cnfpdxfainoftH  piaHtit, 
that  is,  plants  which,  having  no  seeds  or  flowers,  are  re- 
produced by  means  of  spores,  such  as  the  fungi,  lichens, 
and  algie.  "Of  thes<'  they  are  most  nearly  allied  to  the 
alga*,  but  differ  from  them  in  that  they  are  without  rfilo- 
fvpfti/ll,  the  gn*en  coloring  matter  by  means  of  which  the 
higher  plants,  under  the  intTuence  of  sunlight,  deccmipose 
carl>on  dioxide,  ammonia,  and  sulphuretteu  hydrogen  into 
their  elementary  constituents.  In  many  r(»spects  bacteria 
resemble  the  mycetes  or  fungi,  which  are  also  without 
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chlorophyll;  but  they  differ  from  these  again  in  their 
mode  of  reproduction,  being  reproduced  by  division  or 
simple  fission.  Hence  bacteria  have  been  called  schizo- 
mycet€9  or  fission  fungi.  A  few  varieties  of  unicellular 
organisms  have  also  been  found  resembling  bacteria  in 
all  points,  except  that  they  possess  chloiophyll  or  some 

gigment  substance  similar  to  it.  Other  organisms,  again, 
ave  been  observed  which,  though  they  are  without 
chlorophyll,  are  able  to  build  up  organic  compounds 
synthetically  and  even  in  the  absence  of  light.  Some 
bacteria,  moreover,  especially  the  motile  forms,  are  closely 
allied  to  certain  micro-organisms  belonging  to  the  ani- 
mal kingdom.  It  is  therefore  difficult  to  classify  or  de- 
fine l)acteria  scientifically,  under  our  existing  knowledge 
of  them.  Excluding  the  micro-organisms,  however, 
which  contain  chlorophyll,  bacteria  may  be  defined  ac- 
curately enough  for  all  practical  purposes  as  ejrtremely 
minute  living  vegetable  organisms,  without  chlorophyll, 
which  are  reproduced  by  division .  consisting  of  single 
gphericnl,  rod-shaped,  or  corkucreir-liA'e  cells  or  aggi'egation 
of  such  cells,  betireen  whose  protoplusm  and  yiticleus  it  has 
not  been  possible  to  differentiate  with  certainty. 

Bacteria,  then,  belong  to  the  family  of  mycetesorfungi, 
of  which  there  are  four  groups: 

1.  Uyptiomycetes,  or  mould  fungi. 

2.  BUtstomycetes,  or  yeast  fungi. 
8.  St  reptoth  rices. 

4.  Scliizoinycetes  or  bacteria. 

But  besides  this  classification  of  bacteria  it  becomes 
necessary  to  divide  them  into  saprophytes  or  refuse-eaters, 
and  parasites.  Saprophytic  micro  organisms  are  such  us 
commonly  exist  independently  of  a  living  host,  obtaining 
their  supply  of  nutriment  from  soluble  food  stuffs  in 
dead  organic  matter.  Parasitic  micro-organisms,  on  the 
contrary',  live  on  or  in  some  other  living  organism,  from 
which  they  derive  their  nourishment  for  the  whole  or  a 
part  of  their  existence.  Those  micro-organisms  which 
depend  entirely  ujion  a  living  host  for  their  existence  are 
known  as  strict  or  obligatoi*y  parasites;  those  which  can 
lead  a  saprophytic  existence,  but  also  thrive  within  the 
body  of  a  living  animal,  are  called  facultative  parasites. 
The  saprophytes  strictly  so  called,  which  represent  the 
larger  number  of  micro-organisms,  are  not  only  harmless 
but  perform  the  useful  function  of  the  destruction  of 
dead  organic  matter  through  fermentation  and  putrefac- 
tion. The  parasites,  on  tlie  other  hand,  though  sonr.e  of 
them  may  multiply  in  the  secretions  or  on  the  surface  of 
the  body  without  injurv  to  the  animal  upon  which  they 
exist,  are  usually  harmful  invaders,  giving  rise,  through 
tlie  lesions  brought  about  in  the  body  by  their  growth 
and  products,  to  various  acute  and  chronic  infectious 
diseases. 

Numerous  attempts  have  been  made  by  various  au- 
thors to  classify  bacteria  systematically,  but  usually  with 
the  proviso  that  the  system  was  only  a  temporary  one. 
As  a  rule,  the  genera  are  based  upon  morphological  char- 
acters and  the  species  upon  biochemical,  physiological, 
or  pathogenic  properties.  "While  the  form,  size,  and 
method  of  division  are  the  most  permanent  characteristics 
of  micro-organisms,  and  so  are  naturally  utilized  for 
classifications,  nevertheless  on  this  basis  of  arrangement 
there  are  decided  difticulties.  Thus  wliile  the  form  and 
size  of  bacteria  are  fairly  constant  under  the  same  condi- 
tions, they  are  in  many  quite  different  under  diverse  con- 
ditions. Another  serious  drawback  is  that  these  morpho- 
logical characteristics  give  no  indication  whatever  of  the 
relation  of  bacteria  to  disease,  etc. — the  very  character- 
istics for  which  as  physicians  we  study  them.  Other 
properties  of  bacteria  which  are  fairly  constant  under 
uniform  conditions  are  those  of  spore  formation,  motility, 
reaction  to  staining  agents,  relation  to  temperature,  to 
oxygen  or  other  food  materials,  and  fiimlly  their  relation 
to  disease,  fermentation,  and  pigmentation  (pathogenic, 
zymogenic,  and  chromogenic  bacteria). 

Taking  any  one  of  tiiese  properties  of  bacteria  as  a 
basis,  we  nin  classify  them ;  but  even  here  there  will  be 
groups  which  under  certain  conditions  would  be  placed 
Ml  one  class  and  under  other  conditions  in  another.     Thus 


the  power  to  produce  spores  may  be  totally  lost  or  held 
in  abeyance  for  a  time.  The  relation  to  oxygen  may  be 
gradually  altered,  so  that  an  anaerobic  species  grows  in 
the  presence  of  oxygen.  Parasitic  bacteria  may  be  so 
cultivated  as  to  become  saprophytic  varieties,  and  those 
which  have  no  power  to  grow  in  the  living  body  given 
pathogenic  properties.  The  possibility  of  making  anv 
thoroughly  satisfactory  classification  is  rendered  still 
more  difficult  by  the  fact  that  many  necessarily  imper- 
fect attempts  have  already  be(>n  made,  so  that  there  is  a 
great  deal  of  confusion,  which  is  steadily  increased  as 
new  varieties  are  found  or  old  ones  re-investicated  and 
(;lassified  differently  in  the  various  systems.  We  shall, 
therefore,  simply  use  the  commonly  accepted  nomencla- 
ture, without  any  attempt  at  classification,  except  to 
consider  together  as  far  as  practicable  certain  groups  of 
Imcteria  whose  members  are  closely  allied  to  one  another 
in  some  one  or  more  important  features. 

MorpMogy. — There  are  three  basic  forms  of  the  indi- 
vidual bacterial  cells:  the  sphere,  the  rod,  and  the  seg- 
ment of  a  spiral.  Although  under  different  conditions 
the  form  of  any  one  species  may  vary  considerably,  yet 
these  three  main  divisions  under  similar  conditions  are 
permanent;  and  so  far  as  we  know,  it  is  never  possible 
by  any  means  to  bring  about  changes  in  the  organisms 
that  will  result  in  the  conversion  of  the  morphologj'  of 
the  members  of  one  group  into  that  of  another, — ^tlwit  is, 
cocci  always,  under  suitable  conditions,  produce  cocci, 
bacilli  pro<luce  bacilli,  and  spirilla  produce  spirilla. 

The  form  of  the  bacterial  cells  at  their  stage  of  com- 
plete develoi)ment  must  be  distinguished  from  that  which 
they  possess  ju.st  after  or  befoi-e  they  have  divided.    As 
the  spherical  cell  develops  preparatory  to  its  division 
into  two  cell.s,  it  becomes  elongated  and  appears  as  a 
short  oval  rod  at  the  moment  of  its  division ;  on  the  con- 
trary, the  transverse  diameter  of  each  of  its  two  halves 
is  greater  than  their  long  diameter.     A  short  roil  becomes 
in  the  same  way,  at  the  moment  of  its  division,  two  celK 
the  long  diameter  of  each  of  which  may  be  even  a  trifle 
less  than  its  short  diameter,  and  thus  they  appear  on 
superficial  examination  as  sphcR^s. 

As  bacteria  multiply  the  cells  produced  from  the  parent 
cell  have  a  greater  oV  less  tendency  to  remain  attached. 
In  some  varieties  this  tendency  is  extremely  marked,  in 
others  it  is  slight.     This  unicm  may  appear  simply  as  an 
aggregation  of  separate  bacteria  or  so  close  tliat  tlie  group 
1> resents  the  appearance  of  a  single  cell.     According  to  the 
method  of  the  cell  division  and  the  tenacity  with  which 
the  cells  hold   together  we  get  different  groupings  of 
bacteria,  which  aid  us  in  their  identification  and  differen- 
tiation.    Tlius  whether  the  bacterial  cell  divides  in  one. 
two,  or  three  planes,  we  get  fonns  built  in  one,  two,  or 
three  dimensions.     If  we  group   bacteria  according  to 
the  characteristic  fonns  of  the  cells,  and  then  subdivide 
according  to  the  manner  of  their  division  in  reproduction 
and  the  tenacity  with  which  the  newly  developed  cell* 
cling  to  one  another,  we  shall  have  the  following  varieties: 

1.  Okcus  or   Micrococcus. — Spherical  or  subsphericai 
forms. 

{a)  Single  coccus,  grouped  irregularly. 

(/>)  I>iplococcus,  foiTuing  pairs.  "  ^^ 

(r)  Streptococcus,  forming  chains,  often  showing  pw*"^'^ 
cocci. 

(^0  Tetracoccus,  forming  fours  by  division  through  t 
planes  of  space. 

{€)  Sarcina,    forming    packets    of   eight  by  divis 
through  three  planes  of  space. 

(/)  Staphylococcus,  forming  irregularly  shaped,  gra 
like  bunches  by  division  apparently  in  any  axis. 

2.  Bacillus. — Oblong  or  cylindrical  forrns,  having  c 
dimension  greater  than  any  other,  more  or  less  slraigC 
and  never  forming  spirals,  dividing  only  in  one  plane 
j)endicular  to  its  long  axis. 

(a)  Single  bacillus. 

{b)  Diplofxtcillus  and  streptobacillus,  forming  twos 
longer  chains,  the  bacilli  attached  end  to  end. 

{c)  Filnments  or  thread-like  growths,  in  which  divisi 
into  bacilli  of  the  normal  length  are  not  apparent, 
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occur  irregularly  and  transversely  to  the  long  axis  of  the 
growth. 

8.  Spirillum. — Cylindrical  and  curved  fomis,  constitut- 
ing complete  spirals  or  portions  of  spirals.  Spirilla,  like 
bacilli,  clivide  only  in  one  direction.  A  single  cell,  a  pair, 
or  the  union  of  two  or  more,  elements  may  thus  present 
the  appeamnceof  asliort  segment  of  a  spiral  or  a  comma- 
shaped  form,  an  S  shaped  form,  or  a  complete  spiral  or 
corkscrew -like  form. 

Tlie  term  bucterium  has  also  been  used  by  some  authors 
ioT  bacilli  or  rod -shaped  organisms;  while  to  «pm7to  the 
terms  vibrio  and  npirochaete  have  sometimes  been  api)lied. 
But  as  there  is  no  uniformity  among  bacteriologists  as 
to  the  exact  meaning  of  these  terms,  we  shall  employ  only 
the  terms  bacillus  and  ifpirilluyn  to  denote  these  different 
groups. 

Structure  of  Bactenal  Cells. — A  bacterial  cell  consists 
of  protoplasm  enveloped  in  a  cell  membrane;  the  cells  as 
a  rule  being  homogeneous  and  without  visible  nucleus. 
The  cell  is  generally  colorless,  thou^di  in  some  8i)ecies  it 
contains  chlorophyll  or  other  similar  coloring  matter. 
The  protoplasm  may  at  times  also  contain  minute 
granules  of  sulphur  and  occasionally  refractive  oily  par- 
ticles or  colorless  spaces  in  stained  sjxicimens,  which  have 
been  mistaken  for  spores,  but  are  supposed  toJjc  due  to 
the  shrinkage  of  the  protoplasm  with  partial  dissr)lution 
of  the  cell  wall  caused  by  abstraction  of  water,  known 
asplfi^molpsis.  In  many  species  of  bacteria,  as  in  the  diph- 
theria bacillus,  there  is  observed  in  the  interior  of  the  cells, 
on  suitable  staining,  a  peculiar  granular  api)eamnce,  to 
which  has  been  given  the  names  nuturhrarnntic  bodies 
or  ffpora(jenous  (jrnnules.  The  cell  membrane  is  some- 
times colored,  and  sometimes  surrounded  by  a  gelatinous 
envelope  or  capsule,  whieh  (tan  be  occasionally  brought 
out  by  staining.  The  demonstration  of  this  capsule  may 
be  of  assistance  in  differentiating  iK'tween  certain  bacteria, 
as,  for  example,  some  fonns  of  the  streptococcus  and 
pneumococcus.  A  peculiarity  of  the  capsule  bacteria  is 
that,  except  very  rarely,  they  exhibit  this  envelope  only 
when  grown  in  the  animal  b<Kly  or  in  special  culture 
media,  such  as  liquid  blood  serum,  bronchial  nuicus,  etc. 
The  outer  surface  of  bacteria  when  occurring  in  the  form 
of  8phei*es  and  short  rods  is  almost  always  smooth  and 
devoid  of  appendages;  but  the  larger  rods  and  spirals  are 
usually  provided  with  fine  hair-like  cilia  or  flagella,  which 
are  their  organs  of  motility.  These  flagella,  either  singly 
or  in  numbers,  are  sometimes  distributed  over  the  entire 
body  of  the  cell,  or  they  may  form  a  tuft  at  one  end  of 
the  rod,  or  only  one  polar  flagellum  is  found.  The  polar 
flagella  appear  in  the  cells  .shortly  l>efore  division.  They 
are  believed  to  be  formed  of  i)rotoplasmic  material,  which 
penetrates  the  cell  membrane,  and  probably  to  have  the 

Eroperty  of  protrusion  and  retraction;  but  their  nature 
I  imperfectly  iniderstood.  So  far  as  we  know,  the 
flagella  are  the  only  means  of  locomotion  of  bacteria. 
They  are  not  readily  stained,  special  mordants  being  re- 
quired for  this  purpose.  Bacteria  may  lose  their  power 
of  producing  flagella  for  several  generations,  whether 
permanently  or  not  is  not  known. 

Vegetative  Reproduction. — The  process  of  vegetative 
reproduction  of  bacteria,  which  is  to  be  distinguished 
from  spore  formation,  takes  place  by  division,  and  may 
ffo  on,  under  favorable  conditions,  indetinitely.  When 
development  is  in  progress  a  single  cell  will  be  .seen  to 
elongate  in  one  direction.  Over  the  centre  of  the  long 
axis  thus  formed  there  appears  a  slight  indentation  in  the 
outer  envelope  of  the  cell;  this  indentation  increases 
until  there  exist  two  distinct  cell.s.  As  a  rule,  the  cells 
separate  soon  after  division,  but  occa.sionally  they  remain 
together  for  a  time,  forming  pairs  and  chains,  or  under 
certain  conditions  of  nutrition  long  threads  or  tilament.s. 
which  break  up  into  fragments,  however,  when  placed 
under  other  conditions.  Although  elongation  in  one 
direction  and  transverse  division  is  the  rule  for  most 
bacteria,  there  are  certain  groups  (as  the  sarcina,  for  ex- 
ample) which  divide  more  or  less  regularly  in  three  di- 
rections. Division  in  two  directions  results,  as  already 
mentioned,  in  the  formation  of  tetrads;   while  division 


irregularly  in  all  directions  produces  grape-like  clusters. 
Bacilli  and  spirilla,  as  far  as  we  know,  never  divide  longi- 
tudinally. 

Spore  Famtation. — This  is  the  process  by  which  bacteria 
are  enabled  to  enter  a  stage  in  which  they  resist  deleteri- 
ous influences  to  a  much  higher  degree  than  is  possible 
for  them  in  the  growing  or  vegetative  condition.  It  is 
not  a  process  of  nmltiplication  of  bacteria,  but  only  one 
of  reproduction  for  the  preservation  of  the  species  under 
conditions  unfavorable  to  their  growth,  and  occurs  when 
the  organism  has  nearly  exhausted  its  supply  of  nutri- 
tion or  poisoned  it  with  products  of  its  growth,  etc.  The 
fungi,  on  the  other  hand,  form  spores  under  the  most 
favorable  conditions,  even  requiring  an  abundant  supply 
of  nutrition  for  their  production,  the  life  history  of  the 
fungi,  indeed,  being  incomplete  without  the  formation 
spores.  But  in  bacteria  the  process  is  comparatively 
rare,  and  all  the  conditions  which  lend  to  bring  it  about 
are  not  yet  known. 

Two  kinds  of  spores  have  been  described  in  bacteria: 

1.  Endi^si^^tres,  which  are  strongly  refractile  and  glisten- 
ing in  appearance,  oval  or  round  in  shape,  and  developed 
within  the  interior  of  the  cell.  They  are  characterized 
by  the  power  of  resisting  to  a  considerable  extent  the  in- 
jurious influences  of  heat,  tlesiccalion,  and  chemical  dis- 
infectants, which  would  kill  vegetative  cells.  2.  Arthro- 
spores  or  jointed  spores,  develoi)ed,  not  within  the  cell, 
but  asasproutlike  projection  from  one  of  its  extremities. 
These  jointed  bodies  are  believed  by  Hueppe  to  have  also 
more  or  less  greater  power  of  resistance  to  desiccation, 
etc.,  than  the  ordinary  cells,  though  less  than  endospores; 
but  they  have  been  but  little  studied,  and  their  existence 
in  bacteria  is  still  an  open  (juestion.  In  describing  the 
biological  characters,  therefore,  of  the  various  species, 
whenever  their  property  <»f  spore  formation  is  mentioned 
it  will  be  understood  that  endogenous  si)ores  are  meant. 

The  production  of  endospores  in  the  different  bacterial 
species,  though  not  identical,  is  very  similar.  Spores 
represent  a  state  of  suspended  activity,  and  motile  organ- 
isms always  come  to  a  state  of  rest  or  inmiobility  pre- 
vious to  spore  formation.  The  following  de.«KTiption  of 
the  method  of  spore  formation  in  the  anthrax  bacillus 
may  serve  as  an  illustration  of  the  process:  Under  suit- 
able conditions  of  temperature,  moisture,  etc.,  the  cell  is 
elongated  and  at  first  the  pn)toplasin  is  clear  and  homo- 
geneous, but  after  a  time  it  becomes  turbid  and  finely 
granular.  These  fine  granides  are  then  rei)laced  by  a 
smaller  number  of  coarser  granules,  which  are  finally 
amalgamated  into  a  spherical  or  ovoid  refractile  body. 
This  is  the  spore.  As  soon  as  the  proccs.^  is  completed 
there  ai)pears  between  two  sjwres  a  delicate  partition 
wall.  For  a  time  the  spore*s  are  retained  in  a  linear 
position  by  the  cell  membrane  of  the  rod,  but  this  later 
is  dissolved  or  disintegrated  and  the  spores  are  set  free. 

The  following  types  have  been  observed:  {a)  Spores 
lying  in  the  interior  of  a  short,  undist ended  cell ;  (b)  spores 
lying  in  the  interior  of  a  short,  undistended  cell,  forming 
one  of  the  elements  of  a  long  filament ;  {c)  the  spores  lying 
at  the  extremity  of  an  undistended  cell  much  enlarged  at 
that  end — the  so-called  "  head  spores  " ;  and  {d)  the  spores 
lyinff  in  the  interior  of  a  much  enlarged  cell  in  its  central 
portion,  giving  it  a  spindle  shape. 

The  f/ei'mination  of  sjwres  ttikes  place  as  follows:  By 
the  absorption  of  water  the  spores  become  swollen  and 
paler  in  color,  losing  their  shining,  refractile  appearance. 
Later  a  little  protuberance  is  seen  to  project  from  one 
side  or  at  the  extremity  of  the  spore;  this  rapidly  grows 
out  to  form  a  new  rml*  which  consists  of  soft  protoplasm 
enclosed  in  a  membrane  formed  of  the  inner  layer  of  the 
cellular  envelope,  or  eudnHp^fruni.  The  outer  envelope,  or 
exospifrum,  is  tlien  cast  <iff.  and  may  often  be  seen  in  the 
vicinity  of  the  newly  formed  rod.  In  .some  species  the 
vegetative  cell  emerges  from  one  end  of  the  oval  spore, 
and  in  other  species  the  exosporum  is  ruptured  and  the 
bacillus  emerges  from  the  side. 

Inro/tffion  For)ns.  —  h\o]d  culturesof  Imcteria  in  which 
deleterious  substances  have  been  produced  or  the  supply 
of  nutriment  has  been  exhausted,  there  are  frequently 
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found  irregular  or  distorted  forms,  which  are  thouglit 
to  be  due  to  abDormal  development  of  the  bacterial  cells 
under  unfavorable  conditions.  These  are  generally 
spoken  of  as  inmlution  or  degenerated  forms,  though 
sometimes  the  terms  pleomorphism  and  polymorphism  are 
applied  to  them.  Placed  under  suitable  conditions  these 
irregular  or  deformed  cells  again  produce  normally 
shaped  organisms. 

Chemical  Composition. — Qualitatively  considered  bac- 
terial cells  consist  of  carbcm,  hydrogen,  oxygen,  and 
nitrogen,  for  the  most  part  in  the  form  of  water,  salts, 
fats,  and  albuminous  substances.  There  are  also  present, 
in  smaller  quantities,  extractive  substances  soluble  in  al- 
cohol. Glucose  lias  not  been  found  in  any  bacteria,  but 
many  species  contain  starchy  substances  which  give  a 
reaction  with  iodine.  Cellulose  has  also  been  detected  in 
certain  species,  as  the  l)acillus  subtilis,  some  of  the  colon 
group,  and  the  tul)ercle  bacillus.  The  neuclein  bases, 
xanthin,  guanin,  and  adenin,  moreover,  have  been  found 
in  considerable  amounts.  There  is  also  a  group  of  bac- 
teria, the  Begffiatoa,  which  contain  sulphur,  and  another 
group,  the  Cladothrix,  has  the  power  of  separating 
ferric  oxide  from  water  containing  iron,  as  in  iron  and 
sulphur  springs.  But  very  little  is  known  about  the 
chemical  composition  of  bacteria  quantitativelv,  only 
few  species  having  been  completely  analyzed;  but  the 
percentage  composition  would  appeiar  to  depend  largely 
upon  the  character  and  constituents  of  the  culture  media 
in  which  they  are  grown. 

Conditions  of  Grotrth. — Although  there  are  some  patho- 
genic bacteria  which  grow  only  in  the  bodies  of  living 
animals  and  plants,  and  are  tlierefore  apparently  strict 
parasites,  yet  the  majority  of  pathogenic  micro  organisms 
can  be  cultivated  more  or  less  readily  in  artificial  culture 
media,  and  are  thus  facultative  parasites.  The  sapro- 
phytic bacteria,  as  a  rule,  are  easily  cultivated  artificially, 
though  some  of  these,  as  certain  organisms  met  with  in 
the  saliva  and  in  water,  are  very  difl[icult  or  impossible  to 
cultivate. 

The  essential  condition  for  the  cultivation  of  all  bac- 
teria is  water ;  salts  are  also  indispensable,  and  organic 
matter  for  the  supply  of  carbon  and  nitrogen.  Most  of 
the  important  bacteria  and  all  the  pathogenic  species 
thrive  best  in  media  containing  albumin  and  of  a  neutral 
or  slightly  alkaline  reaction.  The  demands  of  bacteria, 
however,  with  regard  to  nutrition  are  various.  Some 
water  bact^^ria.  for  instance,  require  so  little  organic  food 
that  they  will  grow  in  wat^T  that  has  been  twice  dis- 
tilled, and  in  which  no  nutritive  matt-rial  can  be  chemi- 
cally demonstrated.  But  the  patliou^cnic  bacteria  ai*e 
seldom  so  easily  satisfied,  thoii«rh  tlwrc  arc  several  species 
which  will  develop  in  comparativtly  simple  culture 
media  and  without  albumin. 

Considering  more  in  detail  the  source  of  the  important 
chemical  ingredient.s  of  bacteria,  we  find  that  their  nitro 
gen  is  most  readily  oblnined  from  ditfusible  albuminous 
material   and   less  easily   from  ammonium  compounds. 
Their  cariK)n  tliev  derive  from  carhohvdmtes.  albumin, 
peptone,  sugars,  irlycerin,   fats,  and  other  oriranic  sub 
stances.     Some  bactt'ria   grow   best   in  s|)ecial   culture 
media,   such  as  bouillon,    irelatin,    airar.    blood   serum, 
potato,   milk.  etc.     The  majority  of  i)a(teria  absolutelv 
reijuire  the  presence  of  free  oxyi^eu  for  tlwir  irrow  tli,  al- 
though a  considemble  number  fail  to  develop  at  all  un 
less  oxygen  be  excluded.     Between  tlie.se  two  groups  r)f 
aOrobic  an<lana(^robic  bacteria,  we  have  those  wliicli  irrow    \ 
either  with  or  without  oxy^^en.     Some  of  the  strictly 
anar'ro])ic  species  re<piire  for  their  full  development  the 
pn*^«MHe  of  fermentible  substances,  such  as  sni::ars.  from 
which  they  obtain  theiroxvLTcn.     In  so  far  as  theamount 
of  »)\yiren  present  acts  unfavond)ly  upon  bacteria,  there 
will  he  more  or   less  restriction  in  certain   of  their  life 
processes,  such  as  pii^ment  and  toxin  production.  s|)ore   | 
formation,  etc.     Some  aOrobic  ])act<'ria,  however,  can  he 
accustnmed  to  irrow   without  oxvixen.   while  certain  of 
the  anai^roJMs  can  be  ^^nidually  made  to  develop  in   its 
presence      Amonir  other  food  stulfs  recjuired  by  bacteria 
are  sulphur  and  i)hosi)horus;  calcium  or  magnesium  and 


sodium  or  potassium  are  also  usually  needed.     Very  few 
species  require  iron. 

With  regard  to  the  more  complex  culture  media, 
whether  naturally  existing,  such  as  blood  serum,  ascitic 
fluid,  etc.,  or  artificially  made,  as  bouillon,  givcerin,  and 
agar,  beyond  the  necessary  amount  of  soluble  nutritioo 
present,  the  points  of  greatest  importance  are  the  relative 
proportion  of  each  form  of  food  and  its  total  coDcentra- 
tion.  Very  wide  differences,  however,  may  exist  in  the 
composition  of  the  culture  media  with  but  slight  effect 
upon  the  development  of  bacteria,  the  growth  usually 
ceasing  on  account  of  the  accumulatiou  of  deleterious 
substances  in  the  media  rather  than  from  exhaustion  of 
the  food  supply. 

The  reaction  of  culture  media  is  of  great  importance. 
Most  bacteria  grow  best  in  neutral  or  slightly  alkaline 
media,  very  few  requiring  an  acid  medium,  and  none  of 
the  parasitic  species.  An  amount  of  acid  or  alkali  in- 
sufiicient  to  prevent  the  development  of  bacteria  may 
yet  suffice  to  rob  them  of  some  of  their  most  important 
functions,  as  the  production  of  toxins. 

The  influence  of  one  species  of  bacteria  upon  the 
growth  of  another,  either  when  cultivated  together  or 
following  one  another,  is  very  noticeable.  The  develop- 
ment of  one  species  of  bacteria  in  a  medium  causes  that 
substance  usually  to  become  less  suitable  for  the  growth 
of  other  bacteria.  This  is  due  partly  to  the  impoverish- 
ment of  the  medium,  but  also  to  the  production  of  chem- 
ical substances  or  enzymes  which  are  antagonistic  not 
only  to  the  growth  of  the  bacteria  producing  them,  but 
to  many  other  species;  very  rareljr  are  the  clianges  pro- 
duced by  one  species  of  bacteria  m  the  media  favorable 
to  some  other  species. 

A  suitable  temjwrature  is  also  essential  for  the  growth 
of  bacteria.     The  most  favorable  or  optimum  temperatuTe 
varies  for  different  species,  but  for  any  bacteria  a  range 
of  about  2.5"  C.  above  or  below  the  optimum  covers  the 
limits  of  their  most  vij^orous  growth.     Few  bacteria  grow 
well  under  10'  C.  or  over  40^  C. ;  2"  C.  is  about  the  low- 
est temperature  at  which  any  bacterial  species  has  been 
known  to  grow,  and  70"*  C.  is  the  highest.     In  many 
cases  the  temperature  of  the  natural  medium  in  which 
the  bacteria  have  been  deposited  is  the  controlling  factor 
in  deciding  the  temperature  at  which  they  will  or  will 
not  grow  under  artificial  conditions.     Thus  nearly  all 
parasitic  bacteria  require  a  temperature  near  that  of  the 
body  (36'^-38"  C.)  for  their  development,   wln'le  nuiny 
sjiprophytic  bacteria  am  grow  only  at  much  lower  tcni- 
IK'rature.      Bacteria  when  exposed   to   lower  ti'iniuni- 
ture  than  sutbces  for  their  growth,  while  having  tluir 
activity  inhibited,  are  not  otherwise  injured;   but  ex- 
posure to  a  higher  tempeniture  than  that  which  permits 
growth  destroys  the  life  of  bacteria. 

Vital  Piieno.vexa  of  Bacteria. — Motilift/.—M&ny 
bacteria  when  examined  in  the  hanging  drop  are  seen  to 
exhibit  active  movements      This  motility 'is  produced 
bv  the  fine  hair  like /i?//*//^/ attached  to  all  motile si>ecies. 
T^he  ]novemeut.s  are  various — creeping.  roUiry.  uudula- 
tory.  etc..  ut  one  time  being  slow  and  sluggish  ami  Ht 
another  so  mpid  that  no  detaile<l  observation  is  ]>os8iliU' 
The  spontaneous  movements  of  l>acteria  are  to  Ik*  (li> 
tinguished    from   the  so  called    Broirninn   or  moleeuVnT 
movements,  which   is  a  dancing,  trembling,  stationary 
motion  poss<*ss<»d  by  all  ^nely  divided  organic  pjirticl*^- 
Not  all  species  of  bacteria,  however,  which  have  flajrc*^*^ 
exhibit  spontaneous  motility  invariably;  in  certain  c*^^. 
ture  media  and  at  too  low  or  too  high  temperatures,  f^    ^^ 
when   there   is  an   insufiieient   or  excessive  supply 
oxygen,  nu^tility  may  be  absent      The  property  of  i 
tiliiy.   therefore,   evidently  depends  upon  other  fact 
than    fiagclla.     Some    chemical    substances    appauii 
exert  a  peculiar  attraction  for  liacteria.  known  un  f/ofi 
c/innoft/j-tM.  while  othei"s  re])el  them,  ner/iftirt'  rhemotuT 
not  all  varieties,  however,  are  affected  alike,  for  the  s;i 
substances  may  exert  on  .some  bacteria  an  attniction 
on  others  a  repulsion.     Oxygen,   for  example,  attra 
arrobie  and  repels  anaerobic  species,  and  for  each  di 
ent  species  there  is  a  definite  amount  of  oxygen  wh 
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most  strongly  attracts  or  repels.  Possibly  these  chemo- 
taxic  properties,  which  are  as  yet  but  little  understood, 
may,  under  certain  conditions,  have  something  to  do  with 
the  motility  of  bacteria,  independently  of  their  organs  of 
locomotion,  the  tlagella. 

Production  of  Light. — Some  bacteria  have  the  property 
of  emitting  light:  these  are  quite  widely  distributed  in 
nature,  particularly  in  sea  water,  salt  fish,  etc.  The 
emission  of  light  or  phosphorescence  is  a  property  of  the 
living  protoplasm  of  bacteria,  and  is  not  usually  due  to 
the  oxidation  of  any  photogenic  substance  produced  by 
them.  Anything  which  is  injunous  to  the  life  of  the 
organism  affects  this  property,  as  too  cold  or  too  high  a 
temperature,  chloroform,  etc.  But  while  the  organism 
is  unable  to  emit  light  except  during  life,  it  can  live,  as 
in  an  atmosphere  of  COa,  without  exerting  this  property. 
The  power  of  phosphorescence  is  soon  lost,  unU»ss  the 
organism  is  constantly  transplanted  to  fresh  media,  the' 
presence  of  oxygen,  carbon,  and  nitrogen  being  usually 
required  to  preserve  the  property. 

Thermic  Effects. — Most  bacteria  possess  the  power  of 
producing  heat,  although  this  does  not  onlinarily  attract 
attention  because  of  the  slight  amount  of  heat  produced 
in  cultures.  Careful  tests,  however,  have  shown  tliat 
heat  is  produced.  The  increase  of  temperature  in  organic 
substances  when  stored  in  a  moist  condition,  as  tobacco, 
hay,  manure,  etc.,  is  partly,  at  least,  due  to  the  action  of 
bacteria.  The  high  temperature  thus  exhibited  may  be 
caused,  as  Rabinowitsch  suggests,  to  the  so-called  ther- 
mophilic bacteria. 

Chemical  Effects. — The  processes  which  substances  un- 
dergo in  being  decomposed  depend,  tii-st,  on  the  chemical 
composition  of  the  substances  involved  and  the  conditions 
under  which  they  exist,  and,  secondly,  on  the  action  of 
bacteria  present.  Bacteria  are  able  to  construct  their  body 
substance  out  of  various  kinds  of  nutritive  materials  and 
also  to  produce  fermentative  products  and  poisons,  and 
they  can  do  these  things  either  analytically  or  syntheti- 
cally with  almost  equal  facility.  In  the  chemical  build- 
ing up  of  their  cell  substance  we  may  distinguish  several 
groups  of  phenomena :  polymerization,  a  sort  of  doubling 
up  of  a  simple  compound;  synthesis,  a  union  of  different 
kinds  of  simple  substances  into  one  or  more  complex 
compounds;  formation  of  anhydrides,  by  which  new 
sul)stances arise  from  a  compound  through  lo.ssof  water; 
and  reduction  or  loss  of  oxygen,  which  is  brought  about 
especially  by  the  entrance  of  hydrogen  into  the  molecule. 
The  breaking  down  of  organic  bodies  of  complicated 
molecular  structure  into  simpler  combinations  takes 
place,  on  the  other  hand,  through  the  loosc^-ni ng  of  the 
bands  of  polymerization,  by  hydration  or  entrance  of 
water  into  the  molecule,  or  bv  oxidation. 

The  chemical  effect s  of  bacteria  are  greatly  influenced 
by  the  presence  or  absence  of  free  oxygen.  The  access 
of  pure  atmospheric  oxygen  makes  the  life  proces.s  of 
most  l>acteria  more  easy,  but  it  is  not  indispt'usjible  when 
available  substances  are  present  which  can  be  broken  up 
with  sufficient  ease.  Life  proces.ses  carried  on  without 
oxygen  do  not  effect  any  profound  molecular  changes 
in  the  organic  material  which  is  decomposed ;  but  in  order 
that  the  living  organism  may  obtain  the  re(|uisiteamount 
of  energy  from  this  mode  of  life,  a  proportionately  lari^^e 
quantity  of  material  must  be  decomposed.  Therein  lies 
the  power  of  a  small  amount  of  ferment  to  produce  nnieh 
alcohol  or  lactic  acid,  and  of  parasites  which  have  in- 
vaded the  living  body  to  generate  intensely  poisonous 
substances  out  of  the  l»ody  protcids.  In  the  presence  of 
oxygen  the  decomposition  products  foruK'd  by  the  action 
of  anaerobic  bacteria  are  further  decomposed  and  oxidized 
by  the  aProbes,  Ix'ing  thus  rendered  inert,  as  a  rule,  and 
conse(piently  harmless.  Some  bacteria  have  adapte<l 
them.selves  to  the  use  of  oxygen  compounds,  fiom  which 
they  are  able  to  obtain  their  oxygen:  and  oiiiers — the 
obligatory  or  strict  anaOroln's — are  a})le  to  live  only  in 
the  pre«»nce  of  oxygen.     The  facts  of  anaOrobiosis  are  of 

P'cat  importance  to   technical   biology  and    pathology. 
nder  strictly  anaerobic  conditions,  secondarv  oxidation 
of  the  products  of  decomposition  being  inipos.sible,  the 


latter  accumulate  without  the  formation  of  by-products. 
Thus  parasitic  bacteria  are  often  found  to  produce  far 
more  poison  in  the  absence  than  in  the  presence  of  air. 

Fermentation  ;  the  Production  of  Organized  and  Unor 
ganized  Ferments. — The  chemical  effects  of  bacteria  are 
largely  dependent  upon  the  composition  of  the  culture 
Inedia.  Thus  many  species  which  in  albuminous  media 
produce  no  visible  changes,  when  sugar  is  added  give  rise 
to  fermentation  with  the  formation  of  gas.  The  term 
fermentation  is  differently  applied  by  different  authors. 
Some  call  every  kind  of  decomposition  due  to  bacteria  a 
fermentation;  others  limit  the  term  to  the  process  when 
accompanied  by  the  visible  production  of  gas;  while 
others  again  take  fermentation  to  mean  only  the  decom- 
position of  carbohydrates,  with  or  without*  gas  produc- 
tion. Fennentation  may  be  properly  defined  as  a  chemical 
decomposition  of  an  organic  compound,  induced  by  living 
organisms  or  substances  contained  within  them  (organized 
ferments),  or  by  chemical  substances  thrown  off  from  the 
bacteria  (unorganized  ferments).  In  the  first  the  action 
is  due  to  the  growth  of  the  organisms  producing  the  fer- 
ments, as  in  the  formation  of  acetic  acid  from  alcohol  by 
the  action  of  the  vinegar  plant,  and  in  the  second  the 
enzyme  causes  a  stnictural  change  without  losing  its 
identity,  as  in  digestion.  These  ferments  or  enzymes, 
even  when  present  in  the  most  minute  quantities,'  have 
the  power  of  splitting  up  or  decomposing  complex  or- 
ganic compounds  into  simpler,  more  easily  soluble  or 
diffusible  molecules.  Ferments,  like  albuminoids,  are 
not  dialyzable.  They  withstand  dry  heat,  but  are  de- 
stroyed m  watery  solution  by  a  temperature  of  over  70" 
r.  They  are  injun^l  by  acids,  especially  mineral  acids, 
but  are  resistant  to  alkalies.  All  fermentation  ha^  for 
its  object  the  acquisition  by  the  organism  of  a  store  of 
energy.  This  storing  up  of  energy  is  acquired  in  either 
of  the  ways  alx)ve  mentioned.  The  conunonest  example 
of  fermentation  by  decompo.sition  is  that  of  sugar  into 
alcohol  and  carbonic  acid.  Exactly  opposite  to  this,  and 
far  less  commcm,  is  fennentation  by  oxidation,  as  in  the 
pn)duction  of  acetic  acid  from  alcohol.  Proteolytic  or 
peptonizing  ferments,  which  are  similar  to  pepsin  and 
trypsin,  in  that  they  decompose  insoluble  albunn'noids 
into  .soluble  or  digestible  substances,  are  very  widely  dis- 
tributed. The  liijuefaction  of  gelatin,  produced  by  inany 
species  of  bacteria,  is  due  to  the  presence  of  these  pep- 
tonizing ferments.  Diastatic  fennents,  which  convert 
starch  into  sugar,  like  ptvalin.  are  also  produced  by  bac 
teria.  Other  bacterial  ferments  are  the  invertive  fer- 
ments, or  those*  which  convert  cane  sugar  into  grape 
sugar;  and  the  rennet  fennents  having  the  power  of  co- 
agulating milk. 

The  process  of  fermentation  also  gives  rise  to  products 
that  are  destructive  to  the  ferments;  hence  fermentation 
ceases  when  the  nutriment  is  exhausted.  Different  kinds 
of  ferinentati(m  are  called  by  different  names  according 
to  the  products  they  yield.  Thus,  acetic  acid  fermenta- 
tion, alcoholic  or  vinous  fermentation,  lactic  acid  fer- 
mentation, butyric  acid  fermentation,  etc  ,  are  produced 
by  iliffercnt  species  of  Imcteria. 

*  Piftrtfactioii. — By  putrefaction  in  the  common  accepta- 
tion of  the  term  is  understood  the  decomposition  of  ani- 
mal or  vegetable  matter,  accom[)anied  by  the  generation 
of  fetid  odors.  Scientifically  considered  it  is  a  kind  of 
fennentation  or  the  decomposition  of  complex  organic 
compounds,  albuminous  substances  and  the  like,  into 
simpler  combinations,  produced  by  micro  organisms 
called  putrefactive  ferments.  Typical  putrefaction  oc- 
curs only  when  oxygen  is  absent  or  scanty.  As  putre- 
factive prcMlucts  w<'  have  pe|)tone,  anunonia,  and  the 
amines — leucin.  ty rosin,  and  other  amido-substances; 
oxyfatty  acids,  indol.  skatol.  phenol;  and  finally  sul- 
phuretted hydrogen,  mercaptan.  carbon  dioxide,  hjdro- 
gen,  and  possibly  marsh  gas. 

Pigment  Prmhirtitm. — Various  bacteria  form  character- 
istic pigments  as  products  of  their  growth.  Some  of 
these  have  been  isolated  and  have  been  found  to  pos.ses8 
many  of  the  properties  of  the  aniline  dyes.  They  have 
no  known  importance  in  connection  with  disease,  but  are 
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of  interest  and  value  in  identifying  certain  species  of 
bacteria.  The  principal  pigments  produced  by  chromo- 
genic  bacteria  which  have  been  chemically  studied  are: 
red,  yellow,  violet,  blue,  and  green  pigments.  All  con- 
ditions wliich  are  unfavorable  to  the  growth  of  the  bac- 
teria decrease  their  power  of  pigment  production,  as  cul- 
tivation in  unsuitable  media  or  too  low  or  too  high  a 
temperature,  etc. 

Alkaline  Pi^kluHs  and  the  De/vmpoRitian  of  Urea. — 
Aerobic  bacteria  sometimes  produce  alkaline  products 
from  albuminous  substances  in  culture  media  free  from 
sugar.  Most  species  produce  acids  in  the  presence  of 
sugar,  neutml  or  slightly  alkaline  cultures  thus  often 
becoming  acid  at  lirst,  owing  to  the  small  quantity  of 
sugar  contained  in  the  meat  used  for  making  nutrient 
media :  and  later  when  the  sugar  is  exhausted  they  be- 
come alkaline  again.  The  substances  producing  the  al- 
kalinity of  cultures  are  chiefly  ammonia,  the  amines,  and 
the  ammonium  salts.  The  conversion  of  urea  into  car- 
bonate of  ammonia  is  due  to  the  action  of  bacteria.  Sev- 
eral organisms  also  have  been  isolated  which  separate 
ammonia  from  urea. 

Fiomainn  and  Torins. — Brieger  has  recognized  a  num- 
ber of  complex  alkaloids,  closely  resembling  those  found 
in  ordinary  plants,  which  are  the  products  of  bacterial 
growth ;  and  these  alkaloids  he  has  named  pfo/nalnsifrom 
■:rrC)ua,  a  cadaver),  because  obtained  from  putrefying  or 
dead  boflies.  Nencke,  and  later  Brieger,  Vaughan,  and 
others,  have  succeeded  in  preparing  organic  bases  of 
definite  chemical  compositicm  out  of  putrefying  fluids, 
— meat,  tish,  old  cheese,  milk,  etc.,  as  well  as  from  pure 
cultures  of  bacteria.  Some  of  the.se  were  found  to  exert 
a  poisonous  effect,  and  for  a  long  time  were  l(K)ked  upon 
as  the  specific  bacterial  poison,  while  othera  were  harm- 
less. The  poisons  are  particularly  interesting,  as  ihey 
may  be  present  in  the  putrefying  cadaver,  and  hence 
must  be  taken  into  consideration  in  medico-legal  <iues- 
tions.  They  may  also  be  fonned  in  the  living  body, 
and  if  not  rendered  innocuous  by  oxidation  may  come  to 
act  therein  as  self-poisons  or  kucomalns.  Recent  inves- 
tigations have  shown  that  these  are  not  the  substances  to 
which  are  due  the  specific  toxic  effects  of  bacteria,  which 
are  designated  toxins  and  have  quite  different  character- 
istics. 

The  best -known  ptomaTns  are :  Collidin  from  putrefying 
meat  or  gelatin,  cadaven'n  from  decomposing  dead  boclies ; 
uenrin  and  mtisearin.  The  first  two  of  these  contain  no 
oxygen,  and  are  non -poisonous,  while  the  last  two  pto- 
maYns  contain  oxygen  and  have  a  poisonous  action  the  op- 
l)osite  of  atropine.  Ti/rofoxiron,  a  ptonmYn  decomposing 
milk,  and  found  by  Vaughan  in  poisonous  chce.se,  is  ap- 
parently derived  from  butyric  acid.  Piforyanin,  which 
produces  the  color  of  blue  and  green  pus,  isa  ptomaTn  pig- 
ment. Similar  bodies  mavalso  be  found  in  the  intestinal 
contents  as  products  of  bacterial  decomposition.  Some  of 
them  are  poisonous  and  can  be  absorbed  into  the  body, 
where  they  play  the  part  of  self-poisons  or  leucomaYns; 
and  it  has  been  thouirht  that  the  symptoms  designated 
as  coma  and  tetany  may  be  ascri})e(i  to  the  al)sori)tion  of 
substances  of  this  natun».  Tlie  name  ptomaYn  was  for- 
merly, and  is  still  by  some  authors,  applied  to  all  bacterial 
poisons,  as  in  cases  of  .so-called  food  jxnsoninccdue  to  de- 
composing meat,  sausage,  cheese,  or  milk,  hut  instead 
of  i)tomaYns,  which  are  now  commonly  understood  to  in- 
clude only  the  crystalline  products  of  bacterial  growths, 
these  effects  may  be  caused  by  the  poisonous  proteids  or 
toxins,  which  are  alwavs  formed  in  the  bcirinnin*;  of 
putrefactive  proces.ses.  Some  of  the  ptoniaYns  obtained 
l)y  chemists  are  not  due  to  putrefactive  eliauges  at  all. 
but  to  the  chemical  methods  employed  in  separating  them. 

T(>.viui<  or  toj'dlhiiininH  maybe  divided  into  two  «j:rou])s: 
(1)  liiii'trritil  protiith  (Buchner),  which  are  poisonous 
substances  of  albuminoid  nature  developed  by  bacteria, 
not  affected  by  heat  and  capable  of  producing  fever  and 
inflammation,  and  which  are  obtained  bv  boiling  for  sev- 
enil  hours  potato  cultures  of  the  organisms  and  treating 
with  a  one  half-percent,  solution  of  pota.«isium  hydnile. 
From  the  clear  filtrate  thus  obtained  the  proteids  are  i)re- 


cipitated  b}"  dilute  acid,  and  the  precipitate  washed  and 
dried.  The  best-known  bacterial  proteid  is  Koch's  oM 
tuberculin  ;  mallein  is  a  similar  substance.  (2)  Tiaeal- 
bvmins  (Brieger  and  Fraenkel),  which  are  araorpbous 
poisons  having  an  intense  and  often  specific  action — that 
is,  an  action  identical  with  that  product  by  infection  with 
the  living  organism — ^and  obtainable  through  precipita- 
tion from  bouillon  cultures  by  agents  separating  albumin, 
as  alcohol  or  ammonium  sulphate.  For  this  reason  these 
substances  were  called  *^  toxalbumins,"  and  were  regarded 
as  analogous  to  the  toxalbumins  of  vegetable  origin,  like 
ricin  from  the  castor-oil  bean  and  abrin  from  the  iequirity 
bean.  But  the  majority  of  investigators  consider  them 
to  l>e  unstable  albuminous  substances  derived  from  the 
bacterial  cells;  and  some  have  assumed  that  they  were 
similar  to  the  snake  venoms  or  enzymes,  inasmuch  as  like 
these  latter  bodies  they  are  very  sensitive  to  the  action  of 
heat,  light,  and  chemical  agents.  For  some  time,  how- 
(jver,  there  has  been  considerable  doubt  as  to  whether  the 
so-called  toxalbumins  were  only  obtainable  by  precipita- 
tion from  albumin,  and  whether  they  had  anything  to  do 
with  albumin  at  all.  Rewntly  Brieger  and  Cohn  have 
succeeded  in  obtaining  what  fhey  consider  to  be  an  al- 
most pure  toxin  from  the  crude  poison  of  the  tetanus 
bacillus,  by  means  of  precipitation  with  lead  acetate 
and  ammonia,  which  does  not  respond  to  any  of  the  ordi- 
nary tests  for  albumin  and  is  apparently  not  an  albumi- 
nous substance.  In  the  same  way  the  cholera  and  diph- 
theria toxins  have  been  obtained  and  are  now  recognized 
as  being  non-albuminous.  It  is  thus  beci>ming  cu8tomar>' 
to  call  all  proteid  bacterial  products  toxins,  irrespective 
of  their  composition,  and  to  ignore  the  existence  of  the 
above-described  crystallizable  poisons  of  simple  constitu- 
tion. 

With  regard  to  the  other  properties  of  these  toxins, 
taking  tetanus  toxin  as  an  example,  it  may  be  said  that 
in  aqueous  solution  it  is  not  coagulated  by  heat,  but  is 
deprived  in  time  of  its  poisonous  qualities.     The  addi- 
tion, and  continued  passage  through  it,  of  CO,  or  H-S 
distinctly  reduces  its  toxicity.     When  exposed  to  light 
and  air.  either  in  a  dry  state  or  in  solution,  the  toxin  de- 
teriorates rather  rapidly.     It  withstands  a  temperature 
of  70"  C.  for  some  time 'without  being  wholly  destroyed; 
higher  temperatures  quickly  decompose  it.  *  When 'pro- 
tected from  exposure  to  light  and  air  it  is  slowly  con- 
verted into  an  inactive  substance ;  it  is  best  pn-served 
under  absolute  alcohol,  pure  ether,  and  the  like.    The 
toxicity  of  the  purest  tetanus  toxin  now  obtainable  is 
almost   incredible  and    is  perhaps  the   most   powerful 
poison  known;  0.()0(K)5  mgm.  of  it  kills  a  mouse  of  15 
gm.  weight;  hence  a  man  of  150  pounds  weight,  if  lie 
Avere  ccjually   susceptible,    would   be   killed  with  0.23 
mgm.     In  order  to  appreciate  the  activity  of  this  toxin. 
we  have  only  to  consider  that  it  requiresa  dose  of  from 
30  to  100  mgm.  of  strychnine  to  kill  a  man  under  ordinary 
circumstances. 

i>ul pint  retted  Hydrogen. — This  is  a  very  common  bac- 
terial product.  It  may  be  f  ormc»d :  (1)  From  albuminous 
substances;  (2)  from  powdered  sulphur;  (3)  from  thio- 
sul])hatcs  and  sulphites.  The  presence  of  sucrar  in  the 
culture  media  does  not  effect  the  production  or  HjS,  b^t 
saltpetre  reduces  it,  with  the  formation  of  nitrites. 

Induction  I^'oreitfws. — All  bacteria  possess  the  propcrVV 
of  converting  sulphur  into  HS  in  the  presence  of  nasc*^^ 
hydrogen.     The  following  reduction  processes  broi*- ^"\ 
about  by  bacteria  also  depend  in  part  upon  the  actif>^^.^ 
nascent  hydrogen:    The  reduction  of  blue  litmus  t"^^^* 
nients.  methylene  blue  and  indigo  to  colorless  substan 
the  reduction  of  nitrates  to  nitrites  and  ammonia, 
even  to  free  nitrogen.     The  .so-called  "cholera-rt*(l 
tion  "  depends  upon  the  reduction  of  nitrates  to  nit 
by  the  eholeni  spirillum  together  with  the  productio 
indol.     AVhen  chemically  pure  nitric  or  sulphuric  ac 
added  to  nutrient  peptone  cidtures  of  the  cholera  s| 
luni  a  rose-red  or  violet  color  is  produced.     The  niin  ^^^^, 
acid  splits  up  the  nitrites  present,  setting  free  mXx^:^^^^ k\. 
aeid  wliich,  with  the  indol,  gives  the  red  reaction.  "  •„ 

though  called  "cholera  red,"  this  nitroso-indol  reacti^'^^ 
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not  confined  to  the  cholera  spirillum,  but  may  be  applied 
to  many  other  bacteria.  Out  of  sixty  species  examined 
by  Lehmaun,  twenty-three  gave  the  indol  reaction;  but 
the  test  is  of  practical  value  in  differentiating  the  cholera 
spirillum  from  several  other  similar  species  for  which  it 
may  be  mistaken. 

Deniirification. — This  process  is  brought  about  by  a 
number  of  bacteria  which  separate  nitrogen  from  the 
nitrates  and  nitrite.s.  The  practical  significance  of  these 
organisms,  the  denitrifying  bacteria,  is  that  by  their  ac- 
tion large  quantities  of  nitrates  in  the  soil  and  in  manure, 
which  are  necessary  for  plant  fooil,  may  thus  become 
lost  through  conversion  into  free  nitrogen. 

Astdmilation  of  Nitrogen. — Although  so  far  as  we  know 
none  of  the  higher  plants  have  the  power  of  assimilating 
nitrogen  from  the  atmosiihere,  this  property  is  possessed 
by  at  least  one  species  of  bacteria,  the  Ixmllus  radicicola 
01  Beyerinck.  This  organism  is  found  in  the  root  nodules 
of  various  leguminous  plants  (peas,  clover,  lupine,  etc.), 
and  can  be  isolated  from  these.  Different  varieties  of 
this  bacillus  exist  in  dilTerent  kinds  of  legumes,  each 
legume  apparently  having  a  special  variety  adapted  to 
its  needs.  There  are  also  certain  neutral  varieties,  how- 
ever, existing  free  in  the  soil.  By  the  aid  of  these  root 
bacteria,  leguminous  plants  are  enabled  to  assimilate 
nitrogen  from  the  atmosphere,  thus  enriching  sandy  soils 
which  are  naturally  poor  in  nitrogen,  so  tliat  they  yield 
good  harvests. 

Fornuitioti  of  Acids  from  Carbohydrates, — Many  bac- 
teria form  free  acids  in  culture  media  containing  airbo- 
hyd rates  (sugar).  Acid  formation  occurs  sometimes  with 
and  sometimes  without  the  production  of  gas.  Excessive 
formation  of  acid  may  cause  the  death  of  the  bacteria 
from  the  increased  acidity  of  the  media  in  which  they 
are  cultivated.  All  anaerobic  and  facultative  anaerobic 
species  form  acids  from  sugar;  the  strictly  aerobic  species 
do  not,  or  they  do  it  so  slowly  that  the  acid  is  hidden  by 
the  almost  simultaneous  production  of  alkali  (Theobold 
Smith).  If  after  the  sugar  is  used  up  not  enough  acid 
has  been  formed  to  kill  the  bacteria,  the  medium  becomes 
again  neutralized  and  finally  alkaline.  Among  the  acids 
produced  the  most  important  is  lactic  acid,  also  traces 
of  formic,  acetic,  proprionic,  and  butyric  acids,  and  not 
infrequently  ethyl  alcohol  and  aldehyde. 

Oajt  Formation. — Tlie  only  gas  pro<luced  by  bacteria 
in  vi.sible  quantity  in  culture  media  free  from  sugar  is 
nitrogen.  In  the  presence  of  sugar,  so  long  as  lactic  or 
acetic  acid  is  produced,  there  may  be  no  gas  production; 
but  frequently  gas  may  be  abundantly  formed,  espe- 
cially by  anaerobic  bacteria  or  in  the  absence  of  air. 
About  one-third  of  the  acid-producing  species  al.^  de- 
velop gas,  consisting  chiefly  of  carbon  dioxide  and  hy- 
drogen. Bacteria  which  decompose  cellulose  also  pro- 
duce marsh  gas. 

Acid  Ih'oduction  from  Alcohol. — It  has  long  been  known 
that  the  conversion  of  ethyl  alcohol  into  acetic  acid  is  due 
to  the  action  of  bacteria.  The  conversion  of  the  higher 
alcohols — glycerin,  mannit,  etc. — into  acids  is  al.'^o  caused 
by  bacterial  action,  as  is  also  the  conversion  of  the  fatty 
acids  and  their  salts  into  other  acid.*^.  as  for  instance  the 
salts  of  lactic,  malic,  tartaric,  and  citric  acids  into  butyric, 
proprionic,  valerianic,  acetic  acids,  etc. 

Effects  of  Outside  Infm  ences  upon  Bacteria. — 
Electricity. — Very  little  is  known  about  the  influence  of 
electricity  on  bacteria;  but  the  o])servations  heretofore 
made  on  this  subject  would  seem  to  indicate  that  there 
is  no  direct  action  of  the  galvanic  current  on  micro-organ- 
isms, though  the  effect  of  heat  and  electrolysis  may  pro- 
duce changes  in  the  culture  which  finally  sterilize  it. 

Slight  agitation  of  cultures  of  bacteria  seems  to  act 
favorably  on  their  develo])nient,  but  protract e<l  and  vio- 
lent shakins:  destroys  the  vitalitv  of  i)acteria  bv  causing 
a  molecular  disintegmtion  of  their  cells. 

Pressure  exerts  comparatively  little  influence  on  bac- 
teria. A  culture  of  the  bacillus  pyocvaneus  subjected 
to  a  pressure  of  fifty  atmospheres  under  (!0.j  still  grew 
at  the  end  of  four  hours,  but  the  power  of  pigment  pro- 
duction was  lost.     After  six  hours'  exposure  to  this  press- 


ure a  few  colonies  still  developed,  but  after  twenty-four 
hours  no  growth  occurred. 

Light. — A  large  numlK»r,  perhaps  the  majority,  of  bac- 
teria are  inhibited  in  growth  by  the  action  of  diffuse  day- 
light, still  more  by  that  of  direct  sunlight.  Dieudonne 
found  that  the  bacillus  i)rodigiosus  exposed  to  the  action 
of  direct  sunlight  during  the  months  of  March,  July,  and 
August  were  killed  in  an  hour  and  a  half;  during  the 
month  of  November,  in  two  and  a  half  hours.  Diffuse 
daylight  in  3Iarch  and  July  inhibited  development  after 
three  and  a  half  hours' exposure;  in  Novemlwr  after  four 
and  a  half  hours,  and  vitality  was  completel}-  destroyed 
in  from  five  to  six  hours.  Exposure  to  the  action  of  the 
electric  arc  light  inhibited  development  in  five  hours  and 
destroyed  vitality  in  eight  hours;  incandescent  light  in- 
hibited growtli  in  from  seven  to  eight  hours  and  killed 
in  eleven  hours.  Similar  results  have  been  obtainwl 
with  other  bacteria,  as  the  bacillus  coli  communis, 
bacillus  typhosus,  and  bacillus  anthnicis.  The  tubercle 
bacillus  was  found  by  Koch  to  be  killed  by  the  action  of 
direct  sunlight  in  from  five  minutes  to  several  liours,  de- 
pending upon  the  thickness  of  the  layer  exposed  ami  the 
season  of  the  year.  Diffuse  daylight  had  the  same  effect 
in  from  five  to  seven  days.  It  has  been  shown  that  it  is 
only  the  ultra  violet,  violet,  and  blue  rays  of  the  solar 
spectrum  which  possess  bactericidal  action;  the  green 
rays  very  much  less,  and  the  red  and  yellow  rays  not  at 
all.  The  action  of  light  is  apparently  aided  in  most  cases 
by  the  admis.sion  of  air;  but  anaerobic  bacteria,  like  the 
tetanus  bacillus,  and  facultative  anaerobic  species,  as  the 
cokm  bacillus,  are  able  to  withstand  the  action  of  sun- 
light quite  as  well  in  the  absence  as  in  the  presence  of 
oxygen.  The  mechanism  of  the  action  of  light  has  been 
partially  explained,  at  least,  by  the  demonstration  of  the 
formation  or  hydrogen  peroxide  in  cultures  exposed  to 
light  for  a  short  time. 

Influence  of  One  i>i)ecie^of  Bacteria  ujitm  Another. — If 
we  examine  water,  milk,  or  the  contents  of  the  intestinal 
canal  of  either  sick  or  healthy  persons,  we  invariably 
find  several  species  of  bacteria  occurring  together.  This 
association  may  at  first  seem  to  be  purely  accidental; 
but  on  further  investigation  it  will  be  found  that  there 
are  among  bacteria  synergists  and  antagonists,  or  at  least 
certain  species  which  apparently  assist  or  oppose  one  an- 
other mutually  or  one-sidedly.  This  action  is  sometimes 
spoken  of  as  ttytnbvms  and  enantobiosis  (Nencke).  Thus 
it  has  been  found  that  many  species  of  bacteria  will  not 
grow  at  all  or  only  scantily  in  cultures  when  in  close 
proximity  to  other  species,  the  action  being  mutual  or 
one-sided.  The  practical  application  of  this  fact  is,  in 
making  plates  for  the  isolation  of  pure  cultures  or  for 
the  counting  of  colonies,  to  have  the  plates  as  thin  as 
possible,  ^cteria  may  also  oppose  one  another  an- 
tagonistically in  the  animal  l)ody.  Emmerich  hasshown 
that  animals  infected  with  anthrax  may  often  be  cured 
by  a  secondary  infection  with  the  streptococcus.  The 
symbiotic  or  co-operative  action  of  bacteria  is  of 
still  greater  importance.  Some  bacteria  thrive  better  in 
a.s.sociation  with  other  species  than  alone.  Certain  an- 
aerobic species,  for  instance,  as  the  teUinus  bacillu.s, 
grow  even  in  the  presence  of  air,  if  associated  with 
aerobic  species.  Again,  certain  chemical  effects  of  bac- 
teria, as  den itrifi coition  of  nitrates,  can  be  j>rodueed  only 
when  two  species  are  associated  together.  In  like  man- 
ner it  has  been  observed  that  some  soil  bacteria,  though 
non-pathogenic  in  pure  culture,  when  inoculated  into 
animals  in  combination  with  other  species  may  produce 
disease.  Finally,  slightly  pathogenic  species  gain  in 
virulence  when  cultivated  with  common  Siiproj)hytic 
bacteria,  as  the  attenuated  tetanus  bacillus  with  the 
pro  tens  vulgjiris. 

Litck  of  F<H}d  and.  Desiccation. — Most  bacteria,  and 
especially  the  pathogenic  sjiecies.  which  reijuire  much 
organic  nutriment  for  their  development,  when  i)laced 
in  distilled  water  soon  die:  and  even  in  sterilized  water 
they  live  from  eight  to  teFi  days  only  and  rarely  multiply. 
Desiccation  affects  bacteria  in  various  ways.  In  dry 
culture  media  development   soon  ceases,   although  in 
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media  dried  gradually  at  the  same  temperature  Iwcteria 
may  retain  their  vitality  often  for  several  months  and  in 
the  absence  of  spores.  Also  under  natural  conditions, 
when  these  are  favorable,  many  non -spore -bearing  bac- 
teria live  a  long  time  when  exposed  to  desiccation. 
Spore-bearing  species,  however,  are  much  more  resistant 
to  desiccation  as  also  to  other  injurious  outside  influences 
such  as  heat,  light,  chemicals,  etc. 

Beharior  Untard  Oxygen  (uid  OtJier  Ganes. — As  already 
noted  it  is  customary  to  divide  bacteria  into  three  classes 
acconling  to  their  behavior  toward  oxygen :  aerobic,  an- 
aerobic, and  facultative  aen>bic  and  anaerobic  species. 

Aer(ifnc  InicteHa  grow  only  in  the  presence  of  oxygen ; 
the  slightest  restriction  of  air  inhibits  their  development, 
spore  formation  especially  requiring  the  free  admission 
of  air. 

Anaerobic  Ixtcteria  grow  and  form  spores  only  in  the 
total  exclusion  of  oxygen.  Among  this  class  of  organ- 
isms are  many  soil  bacteria,  such  as  the  bacillus  of  malig- 
nant cedema,  the  tetanus  bacillus,  and  the  bacillus  of 
symptomatic  anthrax.  Exposed  to  the  action  of  oxygen, 
the  vegetative  forms  of  tliese  bacteria  are  readily  de- 
stroyed :  their  spores,  liowever,  are  very  n^sistant.  An- 
aerobic bacteria  being  deprived  of  the  oxygen  of  the  air, 
are  dependent  for  their  nutriment  upon  decomposable 
substances  such  as  glucose.  Hence  for  their  cultivation 
they  reciuire,  as  a  rule,  media  containing  from  one  to  two 
per  cent,  of  glucos**  or  some  other  ecpiivalent. 

Fncultatire  Ai'n>f/ic  and  Ann^^rohir  liacteria. — The 
greater  number  of  aerobic  bacteria,  including  most  of 
the  pathogenic  species,  arc  capable  of  withstanding, 
without  l>eing  seriously  affected,  a  considerable  restric- 
tion of  oxygen,  and  many  grow  equally  well  in  the  par- 
tial exclusion  of  this  gas.  Life  in  the  animal  bo<ly.  for 
instance,  necessitates  an  existence  with  a  diminished 
supply  of  oxygen.  Pigment  pnKluciion  usually  ceases 
with  the  exclusicm  of  oxygen,  but  toxins  are  more 
abundantly  formed.  The  presence  of  living  or  dead 
aerobic  species  may  facilitate  the  aerobic  growth  of  an- 
aerobic speci(»s.  Aloreover,  certain  species  which  in  their 
isolation  at  first  show  more  or  less  anaerobic  develop- 
ment, have  lK*en  observed  after  a  time  to  become  aerobes, 
growing  only  on  the  surfaces  of  media.  Tlie  simple  fact, 
therefore,  of  an  organism  showing  aerobic  or  anaerobic 
gn)wth  is  not  sufficient  to  make  of  it  a  distinct  species. 

Although  all  facultative  as  well  as  obligatory  anaerobes 
grow  luxuriantly  in  nitrogen  or  hydrogen  gas.  the  same 
IS  not  true  of  carbon  dioxide  gas.  Many  species  do  not 
grow  at  all  but  are  inhibited  or  killed  by  COa.  while 
others  exhibit  only  a  s<^'anty  growth,  and  very  few  are 
not  affected.  Sulphuretted  hydrogen  in  large  quantity 
is  a  strong  bacterial  poison,  and  in  small  amount  even  it 
destroys  some  species. 

Effert  of  Teinittri(tur< . — Every  ])act4'rial  species  makes 
certiiin  demands  on  temperature  fur  its  growth.  Vege- 
tative lif(!  is  possible  within  the  limits  of  0  and  70  (\  ; 
but  there  are  some  sjx-cies  of  ])a(teria  which  grow  at  the 
lower  and  others  at  the  upper  limits  of  this  range.  The 
maximum  and  minimum  temperatures  for  each  species  lie 
about  30'  V.  apart.  Bacteria  have  thus  been  classified, 
according  to  the  tempenitureat  wliioli  thev  deveioj),  into: 
(1)  PHyrhrojthilir.  harterhi.  Minimiim  growth  at  0  C. 
optinmm  at  15  to  20"  (\.  maximum  at  about  80  (\  To 
tliis  class  belong  the  water  l>a<'t<ria  having  the  power 
of  emitting  light.  (2)  J//>rr>/>/////V  l„n'tfr{it.  Minimum 
growth  at  10''  to  15°  C,  optimum  at  -'H  C..  maxinunn 
at  about  45'' C.  These  include  all  the  ])athogenic  species, 
the  conditions  for  their  growth  in  the  aninial  body  le- 
quiring  acclimatization  to  the  body  temperature.  (3) 
TheriiutpfiiUr  hrirteria.  Minimum  growth  at  40  to  40"" 
C,  optimum  at  50"  to  55'  (■.,  maximum  at  60  to  70  ('. 
This  class  includes  many  soil  bacteria  and  almost  exclu 
sivclv  spore-tK*aring  species.  They  are  found  widely 
distributed  in  f{e(;es. 

By  carefully  elevating  or  reducing  the  temperature  it 
is  p()ssil)le  to  extend  the  limits  within  which  different 
species  of  bacteria  will  grow.  Thus  the  anthrax  bacillus 
has  been  made  gradually  to  accommodate  itself  to  a  tem- 


perature of  42'  ('..  and  pigeons,  which  are  comparatively 
inunune  to  anthrax  infection,  on  account  of  their  high 
body  temperature,  when  inoculated  with  this  modified 
organism  succumb  to  the  disease.  In  the  same  way  the 
anthrax  bacillus  has  been  acclimated  to  a  temperature  of 
12^^  C,  so  that  it  killed  frogs  kept  at  this  temperature 
(Dieudonne).  A  very  virulent  diphtheria  bacillus  has 
been  so  cultivated  that  it  grew  at  43'  C.  and  produced 
strong  toxin  (Park). 

Bacterial  growth,  though  retarded  by  temperatures 
just  below  the  minimum  of  the  species,  is  not  otherwise 
injured.  Cultures  of  bacteria  which  readily  die  (as  the 
streptococcus)  are  often  preserved  in  laboratories  by 
keeping  them  in  the  refrigerator  at  4"  to  6**  C.  Tempera- 
tures even  far  below  0^  C.  are  only  slowly  injurious  to 
bacteria,  different  species  being  affected  with  varying 
rapidity.  Ordinarily,  low  temperatures,  though  arresting 
the  growth,  do  not  destroy  the  vitality  of  bacteria.  Micro- 
organisms have  been  exposed  for  hours  in  a  freezing  mix- 
ture at  18"  C.  and  have  been  kept  in  an  open  tube  in  liquid 
ail  at  175"  C.  for  two  hours,  and  yet  have  been  found  to 
grow  when  placed  again  under  favorable  conditions. 

Temperatures  from  5""  to  10°  C.  over  the  optimum, 
however,  tiffect  bacteria  injuriously  in  several  ways. 
The  effects  produced  are  the  production  of  varieties'of 
diminished  activity  of  growth,  weakening  of  virulence, 
and  decrease  of  the  property  of  causing  fermentation, 
and  finally  gradual  loss  of  power  of  spore  formation. 
One  or  other  of  these  effects  may  predominate  under 
varying  conditions. 

If  the  maximum  temperature  is  excee<led  the  organism 
soon  dies;  the  thermal  death  point  for  psychrophilic 
species  being  about  37"  C,  for  mesophilic  about  45"  to 
55*"  C,  and  for  thermophilic  about  75"  C.  There  are 
no  non -spore-bearing  bacteria  which,  when  moist,  are 
able  to  withstand  a  temperature  of  lOO"*  C.  even  for  a 
few  minutes.  According  to  Sternberg,  ten  minutes*  ex- 
posure to  moist  heat  will  kill  the  cholera  spirillum  at  52* 
C'.,  the  streptococcus  at  54"  C.  the  typhoid  bacillus  at 
56^  C.  the  diphtheria  bacillus  and  gonococcus  at  60**  C, 
and  the  staphylococcus  at  62'  C,  the  last  mentioned  be- 
ing the  most  resistant  of  pathogenic  organisms  without 
spores.  When  bacteria  in  a  desiccated  condition  are 
expos<Hl  to  the  action  of  heated  air  the  temperature  re- 
quired for  their  destruction  is  much  above  that  needed 
when  they  are  moist  or  exposed  to  the  action  of  hot 
water  or  steam.  A  large  number  of  bacteria  are  able  to 
resist  drv  heat  at  a  temperature  of  over  100**  C.  for  an 
hour.  A  temperature  of  120"  to  130*"  C.  maintained  for 
an  hour  and  a  half  is  required  to  destroy  all  bacteria,  in 
the  absence  of  spores,  if  hot  air  is  used. 

Spores  are  far  more  resistant  to  all  injurious  influences 
than  vegetative  forms,  and  can  wittistand  also  a  greater 
degree  of  both  moist  and  dry  heat.  Many  spores  are 
able  to  resist  a  temperature  of  130^  C.  dry  heat,  the 
spores  of  the  anthrax  and  the  hay  bacilli  requiring,  for 
instance,  an  exposure  of  three  houre  to  a  temperature  of 
140  ('.  to  insure  their  destruction.  Moist  heat  at  a  tem- 
perature of  KM)'  ('..  either  boiling  water  or  streaming 
steam,  destroys  the  spores  of  all  known  pathogenic  bac- 
teria within  ten  minutes;  the  spores  of  some  non-patho- 
genic species  resist  this  temperature,  however,  for  houra. 
While  steam  underpressure  is  more  effective  than  stream- 
ing steam  in  practical  disinfection.it  is  scarcely  necessary 
to  give  it  the  preference,  inasmuch  as  all  known  patho- 
genic bacteria  and  their  spores  are  quickly  destro^'cd  by 
the  temperature  of  boiling  water.  "  Superheated  "  steam 
has  about  the  siime  germicidal  power  as  hot,  dry  air  at 
the  sjime  temperature,  and  is  less  effective,  of  course, 
than  moist  steam. 

7]t/iidalizafion  ;  Fi'ttrtioiud  Sterilization. — Certain  nutri- 
ent media,  such  as  blood  serum  and  the  transudates  of 
the  body  (ascitic  and  hydrocele  fluids,  etc.),  and  some 
fluid  food  stuffs,  re(juire  at  times  to  be  sterilized  and  vet 
cannot  be  subjected  to  temperatures  high  enough  to  till 
spores  without  suffering  injury.  The  property  of  spores, 
when  placed  under  suitable  conditiims.  to  germinate  into 
vegetative  forms,  is  here  taken  advantage  of  by  heating 
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the  fluidB  to  55*  or  78"  C.  for  one  hour  on  six  consecu- 
tive days.  By  this  means,  upon  each  exposure,  all  the 
bacteria,  which  have  grown  in  the  interval,  are  killed  in 
the  vegetative  form.  Experience  has  shown  that,  with 
few  exceptions,  this  method  of  fractional  sterilization 
will  completely  sterilize  all  fluids  thus  treated. 

Pasteurization. — It  is  often  undesirable,  however,  to 
expose  milk  and  other  'food  stuffs  to  such  a  high  tem- 
perature, because  of  the  deleterious  effects  produced,  and 
yet  a  partial  sterilization  is  required.  According  to  the 
method  of  Pasteur,  however,  milk,  etc.,  may  be  heated 
foi^irty  minutes  to  70°  C,  which  will  kill  all  vegetative 
bacteria  present,  allowing  only  the  spores  to  remam  alive. 
But  even  this  partial  sterilization  greatly  retards  the  proc- 
ess of  fermentation  or  putrefaction. 

Effect  of  Chemical  Agents. — Many  chemical  substances 
when  brought  in  contact  with  bacteria  unite  with  their 
cell  substance,  forming  new  compounds  and  usually  de- 
stroying the  life  of  the  organisms.  Bacteria  are  much 
more  easily  killed  by  chemicals  when  in  the  vegetative 
than  in  the  spore  stage,  and  their  life  functions  are  in- 
hibited by  substances  less  injurious  than  those  required 
to  destroy  their  vitality.  But  both  in  the  vegetative 
and  spore  forms  they  differ  considerably  in  their  resist- 
ance to  chemical  agents.  The  reason  for  this  is  but  im- 
perfectly understood,  but  it  probably  depends  upon  the 
composition  of  their  cell  substance,  and  is  due  to  a  true 
chemical  combination  taking  place.  Chemicals  are  more 
destructive  to  bacteria  at  a  high  than  at  a  low  tempera- 
ture, and  they  act  more  quickly  when  the  bacteria  are 
suspended  loosely  in  fluids  than  when  in  masses.  In 
estimating  the  extent  of  the  action  of  chemical  agents 
upon  bacteria  we  usually  distinguish  the  following  de- 
grees: 

1.  Attenuation. — The  growth  is  not  permanently  in- 
terfered with,  but  the  pathogenic  and  zymogenic  r unc- 
tions of  the  organism  arc  diminished. 

2.  Asepsis  or  Inhibition. — The  organisms  are  not  able 
to  multiply,  but  they  are  not  destroyed. 

8.  Antisepsis,  or  Incomplete  Sterilization.  — The  vegeta- 
tive development  of  the  organism  is  destroyed,  but  not 
the  spores. 

4.  Disinfection,  or  Complete  Sterilization. — Vegetative 
forms  and  spores  are  destroyed. 

Many  substances  which  are  strong  disinfectants  be- 
come altered  under  the  conditions  m  which  they  are 
used,  so  that  they  lose  a  part,  if  not  all,  of  their  germicidal 
properties.  Thus  quicklime  and  milk  of  lime  arc  disin- 
fecting agents  only  so  long  as  sufficient  calcium  hy- 
droxide is  present.  If  this  is  changed  by  the  carbon 
dioxide  of  the  air  into  carbonate  of  lime  it  becomes  inert. 
Bichloride  of  mercury  and  other  chemicals  form  com- 
pounds with  many  organic  and  inorganic  substances, 
which,  though  still  germicidal,  are  much  less  so  than  the 
original  substances. 

Disinfectants. — Among  the  more  commonly  used  dis- 
infectants may  be  mentioned : 

1.  Mineral  Disinfectants. — Bichloride  of  mercnT*y.  This 
substance  in  'the  proportion  of  1  to  1,000,000  in  nutrient 
gelatin  or  bouillon,  prevents  the  development  of  parasitic 
bacteria.  In  the  proportion  of  1  to  500,000  in  water  it 
will  kill  many  species  in  a  few  minutes,  but  in  bouillon 
twenty-four  nours  may  be  needed.  With  organic  sub- 
stances its  power  is  less(*ned,  so  that  1  part  in  1,000  may 
he  required.  Spores  are  killed  in  1  to  1.000  watery  solu- 
tion within  one  hour.  Corrosive  sublimate  is  therefore 
less  effective  as  a  germicide  in  alkaline  solutions  contain- 
ing much  albumin  than  in  aqueous  solutions.  In  such 
fluids,  besides  loss  in  other  ways,  albuminate  of  mercury 
is  formed,  which  is  at  first  insoluble,  so  that  a  part  of 
the  mercuric  salt  is  really  inert.  In  alkaline  solutions, 
such  as  blood,  blood  serum,  pus.  tissue  fluids,  etc.,  the 
soluble  compounds  of  mercury  are  converted  into  oxides 
or  hydroxides.  The  soluble  compounds  can  therefore 
remain  in  solution  only  when  there  are  present  sufficient 
quantities  of  certain  bodies  (the  alkaline  chlorides  and 
iodides,  sodium  and  ammonium  chlorides)  which  render 
solutions  possible.    The  addition  of  a  suitable  quantity 


of  common  salt  to  the  corrosive  sublimate  thus  prevents 
the  precipitation  of  the  mercury.  Compounds  of  mer- 
cury which,  like  the  cyanides,  are  not  precipitated  with 
alkalies,  because  they  form  double  salts,  require  no  ad- 
dition of  salt.  For  ordinary  use,  solutions  of  1  to  500 
and  1  to  1,000  of  bichloride  of  mercury  will  suffice  to  kill 
the  vegetative  forms  of  bacteria  within  fifteen  minutes; 
when  much  organic  matter  is  present  the  stronger  solu- 
tion should  be  used. 

Biniodide  of  mercury  is  very  similar  in  its  effects  to  the 
bichloride,  and  is  even  more  powerful. 

Nitrate  of  silver  in  solution  has  about  one-fourth  the 
germicidal  value  of  bichloride  of  mercury,  but  nearly 
the  same  antiseptic  value. 

Sulphate  of  copper  has  about  five  per  cent,  the  value 
of  mercuric  chloride. 

Sulphate  of  iron  is  a  very  feeble  disinfectant. 

Caustic  soda  in  a  thirty -per-cent.  solution  kills  anthrax 
spores  in  about  ten  minutes;  in  four-per-cent.  solution  in 
about  forty -five  minutes. 

Sodium  carbonate  even  in  concentrated  solution  kills 
spores  with  difficulty,  but  at  85**  C.  it  kills  spores  in  from 
eight  to  ten  minutes;  a  five-per-cent.  solution  kills  the 
vegetative  forms  of  bacteria  in  a  short  time  Ordinary 
soap  suds  have  a  slight  bactericidal  as  well  as  marked 
cleansing  effect.  The  bicarbonate  of  soda  has  almost  no 
destructive  action  on  bacteria. 

Calcium  hydroxide  is  a  powerful  disinfectant ;  the  car- 
bonate has  little  or  no  germicidal  action.  A  one-per- 
cent, solution  of  calcium  hydroxide  in  water  kills  bac- 
teria in  vegetative  form  within  a  few  hours;  a  three-per- 
cent, solution  kills  typhoid  bacilli  in  one  hour;  a  twenty- 
per-cent.  solution  added  to  equal  parts  of  feeces  and 
thoroughly  mixed  completely  sterilizes  them  in  one  hour. 

Mineral  acids,  bulk  for  bulk,  are  more  germicidal  tJian 
vegetable  acids.  But  any  acid  which  equals  40  c.c.  of 
normal  hydrochloric  acid  will  prevent  the  growth  of  all 
species  of  bacteria  and  will  kill  many.  Twice  this 
amount  destroys  most  bacteria  in  a  short  time.  A  1  to 
500  solution  of  sulphuric  acid  kills  typhoid  bacilli  within 
an  hour.  Hydrochloric,  citric,  tartaric,  malic,  formic, 
and  salicylic  acids  are  similar  to  acetic  acid  in  germicidal 
properties.  Boric  acid  destroys  the  less  resistant  bac- 
teria in  two-per-cent.  solution  and  inhibits  the  growth 
of  others. 

II.  Organic  Disinfectants.  —  Alcohol  in  ten-per-cent. 
solution  inhibits  the  growth  of  bacteria;  absolute  alcohol 
kills  bacteria  in  the  vegetative  form  in  from  several  to 
twenty -four  hours. 

Chiorofonn,  even  when  chemically  pure,  does  not  de- 
stroy spores,  but  a  one-per-cent.  solution  will  kill  bac- 
teria in  vegetative  form. 

Iodoform  has  but  little  destructive  action  on  bacteria, 
and  upon  most  species  has  no  appreciable  effect  at  all. 
When  mixed  with  pus  from  wounds,  etc.,  iodoform  is 
reduced  to  soluble  iodine  compounds,  which  partly  act 
destructively  upon  the  bacteria  and  partly  unite  with 
the  poisons  produced  by  them. 

Carbolic  acid  in  aqueous  solutions  1  to  1,000  inhibits 
the  growth  of  bacteria;  in  the  proportion  of  1  to  400  it 
kills  the  less  resistant  organisms,  and  in  1  to  100  solution 
destroys  all  vegetative  forms.  A  five-per-cent.  solution 
kills  the  less  resistant  spores  in  a  few  hours  and  the  more 
resistant  in  from  one  day  to  four  weeks ;  a  slight  increase 
of  temperature  aids  the  destructive  action.  A  three-per- 
cent, solution  kills  streptococci,  staphylococci,  anthrax 
bacilli,  etc.,  within  one  minute.  Carbolic  acid  loses 
much  of  its  value  when  in  solution  with  alcohol  or  ether, 
but  the  addition  of  0.5-ppr-cent.  hydrochloric  acid  aids 
its  activity.  Carbolic  acid  is  so  permanent  and  compara- 
tively so  little  influenced  by  the  presence  of  albumin, 
that  it  is  one  of  the  best  agents  for  general  use  in  prac- 
tical disinfection. 

Cresol  is  the  chief  ingredient  of  so-called  **  crude  car- 
bolic acid."  It  is  almost  insoluble  in  water  and  has 
therefore  little  germicidal  value.  Mixed  with  equal 
parts  of  sulphuric  acid  to  render  it  soluble  it  is  a  power- 
ful disinfectant,  but  it  is  then  strongly  corrosive. 
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Creoiin  is  an  alkaline  emulsion  of  the  cresols  and  other 

{)roducts  contained  in  crude  carbolic  acid  with  soap,  and 
s  as  powerfully  disinfectant  as  pure  carbolic  acid ;  it  is 
used  in  flve-per-cent.  emulsions. 

LysfA  is  similar  to  creoiin  and  has  about  the  same 
germicidal  value. 

Tricreml  is  a  refined  mixture  of  the  three  cresols  (meta-, 
para-,  and  orthocresol) ;  it  is  soluble  in  water  to  the  ex- 
tent of  2.5  per  cent.,  and  is  about  three  times  as  strong 
as  carbolic  acid. 

The  anilitie  dye^y  many  of  them,  possess  marked  germi- 
cidal properties,  diethyl  violet  and  malachite  green  de- 
stroy the  typhoid  bacillus  in  bouillon  cultures  in  1  to  200 
solution  in  two  hours,  and  the  pyogenic  cocci  in  less 
time.  Even  in  1  to  100,000  solution  they  are  said  to  in- 
hibit bacterial  growth. 

The  essential  oils  are  also  strongly  disinfectant.  Oil 
of  cinnamon,  cloves,  thyme,  saudalwood.  etc.,  destroy 
most  bacteria  in  from  one  to  twelve  hours.  Thymol 
and  eucalyptol  have  alwut  one- fourth  the  strength  of 
carbolic  acid.  Oil  of  peppermint  in  1  to  100  solution  in- 
hibits bacterial  growth.  Oil  of  turpentine  in  1  to  200 
solution  does  the  same.  CHm|)hor  lias  very  little  anti- 
septic action.     (See  also  article  on  Disinfectants.) 

III.  Gasetnis  Disiufectants. — FonwtUlehyde  is  a  gaseous 
compound  of  stronglv  disinfectant  properties  and  pos- 
sessed of  an  extremely  irritating  odor.  At  a  tempera- 
ture of  68^  F.  the  gas  is  polymerized,  that  is  to  say,  a 
second  body  is  formed  composed  of  a  union  of  two  mole- 
cules of  CH9O.  This  is  known  as  "paraformaldehyde," 
and  is  a  white  soapy  substance,  soluble  in  boiling  water 
and  alcohol :  it  exists  in  the  solution  of  commerce  ordi- 
narily called  "formalin,"  which  is  a  clear  watery  liquid 
containing  from  88  to  40  per  cent,  of  the  gas  and  10  to 
20  percent,  of  methyl  alcohol,  its  chief  Impurity.  When 
this  is  concentrated,  about  40  per  cent,  paraformaldehyde 
results.  Dried  over  sulphuric  acid  a  third  body — "  tri- 
oxymethylene  " — is  produced,  consisting  of  three  mole- 
cules of  CHtO,  and  is  a  white  substance  almost  insoluble 
in  water  or  alcohol,  and  giving  off  a  strong  odor  of 
formaldehyde.  The  solid  polymers  of  formaldehyde 
when  heated  are  again  reduced  to  the  gaseous  condition ; 
ignited  they  finally  take  fire  and  bum  with  a  blue  flame, 
leaving  but  little  ash. 

Formaldehyde  has  an  active  affinity  for  many  organic 
substances  and  forms  with  some  of  them  definite  chem- 
ical coin])inations.  It  combines  readily  with  anunonia 
to  produce  a  compound  called  amnioniacal  aldehyde 
which  possesses  neither  odor  nor  the  antiseptir  properties 
of  formaldehyde.  This  action  has  been  made  use  of  in 
neutralizing  the  odor  of  fonnaldehyde  when  it  is  desired 
to  dispel  it  nipidly  after  disinfection  of  habitations. 
Formaldehyde  also  forms  combinations  with  certain 
aniline  colors,  viz..  fuchsin  and  .safronin,  iiKxlifying  their 
shades.  The  most  delicate  fabrics  of  silk,  wool,  cotton,  fur, 
leather,  etc.,  however,  are  iinallected  in  texture  or  color 
by  formaldehyde.  Iron  and  steel  are  attacked  after  long 
exposure  to  the  gas  or  its  solution:  but  copper,  bmss, 
nickel,  zinc,  silver,  and  irold  work  are  not  at  all  acted 
upon.  Formaldehyde  unites  with  nitro<jr('nous  products 
of  decay,  fermentation,  and  putrefaction,  formini,^  true 
chemical  compounds,  which  are  odorless  and  sterile.  It 
is  thus  a  conipU'te  deodorizer.  Fonnaldehyde  has  a 
peculiar  action  upon  albumin,  which  it  transforms  into 
an  insoluble  and  indecomposable  sid)siance.  It  is  to 
this  property  of  crmibining  chemically  with  albuminous 
substances  forming  the  protoplasm  of  bacteria  that 
forinalih'hyde  owes  its  germicidal  ])owers.  It  is  also  an 
excellent  preservative  of  organic  products  for  the  same 
reascm;  and  use  has  been  made  of  it  to  i)reserve  meat, 
milk,  and  other  food  products.  But  according  to  Trillat 
and  others  it  renders  these  substances  indigestible  and 
unfit  for  food.  It  has  been  successfully  employed,  how- 
ever, as  a  preservative  of  botanical,  pathological,  and  his- 
tological specimens. 

The  vapors  of  formaldehyde  are  extremely  irritating  to 
the  mucous  membrane  of  the  eyes,  nose,*  and  moiith. 
causing  profuse  lachrymation,  coryza,  and  secretion  of 


saliva.  Aronson  has  stated  that  rabbits  and  guinea-pigs^ 
allowed  to  remain  for  twelve  to  twenty-four  hours  in 
rooms  which  were  being  disinfected  with  fonnaldehyde 
gas.  were  unaffected  by  the  fumes.  But  other  experi- 
menters have  found  that  animals,  such  as  dogs,  cats, 
etc.,  accidentally  exposed  for  some  time  to  the  action  of 
the  gas,  suffered  severely,  and  some  have  died  from  its 
effects.  It  would  seem,  therefore,  that  although  formal- 
dehyde is  comparatively  non-toxic  to  the  higher  forms 
of  animal  life,  nevertheless  a  certain  degree  of  caution 
should  be  observed  in  its  use.  Roaches,  flies,  bedbues, 
and  other  insects  are,  as  a  rule,  not  killed  by  fonnalde- 
h^'de  gas  in  the  process  of  disinfecting  a  room. 

The  results  of  numerous  experiments  in  practical  dis- 
infection with  this  agent  have  shown  that  two  and  one- 
half  per  cent,  by  volume  of  the  aqueous  solution  of 
formaldehyde,  or  one  per  cent,  by  volume  of  the  gas,  are 
sufficient  to  destroy  the  vegetative  forms  of  pathogenic 
bacteria  in  a  few  minutes,  when  freely  exposed  to  its  in- 
fluence and  in  a  moist  condition.     The  germicidal  power 
of  the  gas  depends  not  only  upon  its  concentration,  but 
also  upon  the  temi)eraturcand  the  condition  of  the  object 
to  be  sterilized.     As  with  other  gases,  it  has  been  found 
that  the  action  is  much  more  rapid  and  complete  at 
higher  temperatures  (85"  to  45**  C),  and  when  the  test 
objects  are  moist  and  freely  exposed,  than  at  lower  tem- 
peratures and  when  the  objects  are  dry  and  in  mass;  the 
gas  possesses  w^hen  dry  little  or  no  penetrative  power. 
Still  it  has  been  repeatedly  demonstrated  that  it  is  pos- 
sible to  disinfect  the  surface  of  rooms,  and  articles  con- 
tained in  them,  under  the  conditions  of  temperature  and 
moisture  ordinarily  found,  by  an  exposure  of  a  few  houn 
to  a  saturated  atmosphere  01  the  gas. 

Sulphur  dioxide  gas  has  been  extensively  used  for  the 
disinfection  of  hospitals,  ships,  apartments,  etc.  Its  ac- 
tion depends  upon  the  formation  of  sulphurous  acid  in 
the  presence  of  moisture.  In  its  pure  state  SO*  does 
not  destroy  spores,  and  even  on  vegetative  forms  its 
germicidal  effect  is  uncertain.  An  exposure,  howeTer, 
for  eight  hours  to  an  atmosphere  containing  at  least  four 
volumes  per  cent,  of  this  gas  in  the  presence  of  moisture 
will  destroy  most,  if  not  all,  the  common  non-sporebear- 
ing  pathogenic  bacteria.  It  is  not  so  prompt  or  power- 
ful in  its  action  as  formaldehyde  gas,  which  in  many  re- 
spects is  a  preferable  disinfectant,  especially  in  cases 
where  the  sulphurous  acid  formed  from  the  sulphur 
dioxide  may  have  an  injiuious  effect  upon  the  articles 
to  be  disinfected. 

Peroxide  of  hydrogen  is  an  energetic  disinfectant,  and 
in  two-percent,  solution  (about  forty  percent,  of  the  or- 
dinary commercial  article)  will  kill  the  spores  of  anthrax 
in  from  two  to  three  hours.  A  twenty-per-cent.  solution 
of  good  commercial  peroxide  of  hydrogen  will  quickly 
destroy  the  pyogenic  cocci  and  other  non-spore-bearing 
bacteria.  On  account  of  its  rapidity  of  action  and  non- 
poisonous  chanicter  it  is  a  useful  and  safe  disinfectant, 
but  it  combines  with  organic  matter  and  becomes  inert, 
being  apt  to  detcriomte  if  not  properly  kept. 

Chhtrine  is  a  powerful  gaseous  germicide,  owing  its 
activity  to  its  alliuity  for  hydrogen  and  consequent  re- 
lease  of  nascent  oxygen,  when  it  comes  in  contact  wijo 
micro-organisms  in  a  moist  condition.     Like  fonnaw^' 
liyde  gas  and  sulphur  dioxide  it  is  much  more  a<^^^^*^  J]^ 
presence  of  moisture  than  in  a  dry  condition.     I^^'^v^ 
anthrax  s])()res  ex  posed  for  an  hour  in  an  atmosp^"*-^. 
containing  44.7  per  cent,   of  <lry  chlorine  wen*  not       .. 
stroved;  whereas  when  the  spores  were  pn*viousIyra*^^'^^^ 
ened  and  exjK>sed  in  a  moist  atmosphere  for  the  ^^^^^^^ 
time,  four  per  cent,  was  elTective,  and  when  the  time        j^^^ 
extended  to  three  hours,  one  per  cent,  destroyed  ^   \S^x^, 
vitality.     The  anthrax  bacillus,  in  the  absence  of  sp<.^    ^.>iii- 
was  killed  by  an  exposure  in  a  moist  atmosphere  com 
ing  1  part   to  2. 500  for  twenty-four  hours.     In  wa 
solution  0.2  per  cent,  kills  sj)ores  within  tlve  mini 
and  the  vegetative  forms  almost  immediately. 

Chloride  of  Vnnr  owes  its  ctticacv  to  the  chlorii 
contains  in  the  form  of  hypochlorites.  A  solution  of 
half  to  one  percent,  of  fresh  chloride  of  lime  in  water 
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kill  most  bacteria  in  from  one  to  five  minutes;  a  flve- 
per-cent.  solution  usually  destroys  spores  in  an  hour. 

Bromine  and  iodine  are  of  about  the  same  germicidal 
value  as  chlorine,  in  the  moist  condition ;  but,  like  chlo- 
rine, the^  are  not  applicable  for  general  use  in  house 
disinfection  on  account  of  their  poisonous  and  destructive 
properties.  They  are  useful  for  the  disinfection  of 
sewers,  and  other  similar  places.  Trichloride  of  iodine 
in  0.5-per-cent.  solution  destroys  the  vegetative  forms  of 
bacteria  in  about  five  minutes. 

(Ths  relation  of  baH^ria  to  disease — infection,  suscept- 
ibility, resistance,  immunitv,  recovery,  etc. — will  be 
considered  elsewhere;  as  will  also  the  subject  of  bacteria- 
logical  technique,) 

Speciax.  Bactebia. 

Under  this  heading  will  be  described  the  chief  charac- 
teristics of  the  more  important  bacterial  species  patho- 
genic for  man  and  other  animals.  There  are  many  bacteria 
which  have  been  found  in  certain  diseases,  but  their  causal 
relation  to  the  disease  has  not  yet  been  proven,  and  they 
have  also  been  found  in  other  affections.  These  we  can- 
not treat  of  here.  Nor  will  space  allow  us  to  consider 
the  non-pathogenic  species,  or  those  which  do  not  affect 
man,  but  are  pathogenic  for  the  lower  animals  only. 

Thk  Tubercle  Bacillus  {Koch's  Bacillus  Tubercu- 
losis).— ^The  infectious  nature  of  tuberculosis  was  first 
demonstrated  by  Yillemin  in  1865,  when  by  inoculation 
with  tuberculous  material  he  communicated  the  disease 
to  healthy  susceptible  animals.  In  1882  Koch  discovered 
the  bacillus  tuberculosis,  which  is  now  known  to  be  the 
specific  cause  of  the  disease. 

Microscopical  Appearances. — The  tubercle  bacillus  oc- 
curs in  sputum  and  in  cultures  as  slender  rods  from  1.5 
to  4  ^  lon^  and  about  0.4  /^  broad,  often  slightly  curved. 
The  bacilli  usually  occur  singly,  but  in  cultures  some- 
times form  chains  of  four  to  six  elements ;  occasionally 
peculiar,  club-like  forms  and  branches  have  been  met 
with,  from  which  they  have  been  supposed  to  be  al- 
ii^ to  the  actinomyces  group  of  fungi  or  streptothrices 
(see  Plate  X..  Fig.  1). 

Motility.  — Non  -motile. 

Spore  Formation. — The  clear  spaces  or  vacuoles  which 
are  present  in  stained  preparations,  and  which  have  been 
described  by  some  authorities  as  spores,  are  probably  due 
to  degenerative  processes,  as  they  do  not  show  the  form 
of  spores  nor  is  anything  known  as  to  their  power  of 
resistance  or  germination. 

Staining  faction. — The  tubercle  bacilli  stain  with 
difficulty,  but  once  stained  they  retain  the  dye  with 
great  tenacity.  At  present  the  methods  most  commonly 
employed  for  staining  tubercle  bacilli,  though  there  are 
many  modifications  of  these,  are  the  Ziehl-Neelsen  with 
carbol  fuchsin,  and  the  Koch-Ehrlich  with  aniline  water 
and  gentian  violet.  For  special  methods  of  preparing 
and  staining  cover-glass  specimens  and  sections,  see 
Micro- Organisms :  Technology. 

The  peculiar  staining  reaction  found  in  the  case  of  the 
bacillus  tuberculosis  is  not  confined  to  that  organism 
alone,  as  other  similar  organisms,  when  treated  in  like 
manner,  react  in  the  same  way.  Thus  it  has  to  be  differ- 
entiated from  th(i  smegma  bacillus,  located  in  the  smegma, 
often  seen  beneath  the  prepuce  and  upon  the  vulva,  both 
normally  and  in  disease ;  Lvstgarten's  baciUus  of  syphilis, 
found  principally  in  the  primary  lesions  associated  with 
that  disease;  the  bacillus  of  leprosy  ;  and  acid-resisting  or 
grass  bacteria  found  in  butter.  Hueppe  differentiates  the 
first  three  organisms  and  the  tubercle  bacillus  as  follows: 

1.  Treat  the  preparation,  stained  with  carlwl  fuchsin, 
with  sulphuric  acid,  and  the  syphilis  bacillus,  if  present, 
is  at  once  decolorized. 

2.  If  not  immediately  decolorized,  treat  with  alcohol, 
and  if  it  is  the  smegma  bacillus  it  will  lose  color. 

8.  If  it  is  still  not  decolorized,  it  is  either  the  leprosy 
or  the  tubercle  bacillus.  According  to  Baumgarten,  the 
leprosy  bacillus  is  stained  by  an  exposure  of  six  or  seven 
minutes  to  a  cold  saturated,  watery  solution  of  fuchsin, 
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and  retains  the  stain  when  subsequently  treated  with 
acid  alcohol  (nitric  acid  1  part  to  alcohol  10  parts). 
When  treated  for  the  same  length  of  time,  the  bacillus 
tuberculosis  does  not  ordinarily  become  stained. 

Biological  Characters. — Aerobic;  does  not  grow  in  the 
absence  of  oxygen.  Growth  takes  place  l^tween  29* 
and  42**  C. ;  optimum  temperature  at  87°  C.  Under  all 
circumstances  the  growth  is  slow.  On  the  ordinary  agar 
and  gelatin  culture  media  development  is  very  scanty; 
for  the  cultivation  of  tubercle  bacilli  practically  the  only 
media  employed  are  coagulated  blood  serum  and  four  to 
six  per  cent,  glycerin  agar  and  glycerin  bouillon. 

It  is  very  difficult  to  obtain  a  pure  culture  of  tubercle 
bacilli,  because  they  grow  so  slowly  and  require  for  their 
development  an  incubator  temperature,  and  because 
owing  to  the  slow  growth,  the  other  bacteria  present  in 
tuberculous  material,  as  sputum,  grow  more  rapidly  and 
take  possession  of  the  culture  medium  before  the  tubercle 
bacillus  has  had  time  to  form  colonies.  It  is  therefore 
best,  unless  human  tissues  can  be  obtained  free  from 
other  infection,  first  to  inoculate  some  guinea- pigs  (which 
are  very  susceptible)  both  subcutaneously  and  intra- 
peritoneally, with  the  sputum,  and  then  to  obtain  cultures 
from  the  animal  as  soon  as  the  tuberculous  infection  has 
fully  developed.  The  animals  thus  inoculated  usually' 
die  at  the  end  of  three  to  four  weeks  or  more.  It  is 
better,  however,  to  kill  a  guinea-pig  which  by  its  en- 
larged glands  shows  evidence  of  tuberculosis,  and  to  re- 
move, with  the  greatest  antiseptic  precautions,  one  or 
more  nodules  from  the  lungs,  spleen,  or  lymphatic  glands, 
and  inoculate  with  this  the  solid  culture  medium  (blood 
serum)  by  rubbing  it  directly  over  the  surface ;  or  a  part 
of  it  may  first  be  crushed  between  two  sterilized  glass 
slides  and  then  transferred  to  the  serum  and  gently 
rubbed  over  its  surface. 

Orotcth  on  Coagulated  Blood  Sti'um. — On  this  medium, 
which  is  generally  employed  to  obtain  the  first  culture, 
the  growtb  becomes  visible  after  ten  to  fourteen  days  at 
87*'  C.,  and  at  the  end  of  three  to  four  weeks  a  distinct, 
characteristic  development  has  occurred.  Small,  gray- 
ish-white, dry,  crumbly  scales  first  appear  on  the  sur- 
face ;  then  as  development  progresses  there  is  formed  an 
irregular,  membranous-looking  layer.  On  removing  a 
small  portion  of  this  and  placing  it  on  a  cover  glass 
without  rubbing,  staining,  and  examining  under  the 
microscope,  the  bacilli  will  be  seen  to  present  a  charac- 
teristic appearance  and  to  be  arranged  in  parallel  rows 
of  variously  curved  figures. 

Growth  on  Glycerin  Agar. — Owing  to  the  greater  facil- 
ity of  preparing  and  sterilizing  glycerin  agar,  and  the 
more  rapid  and  abundant  development  of  the  bacilli, 
which  have  become  accustomed  to  growth  outside  the 
body,  this  medium  is  now  usually  employed  in  prefer- 
ence to  blood  serum  for  preserving  cultures.  At  the  end 
of  fourteen  to  twenty -one  days  the  development  is  more 
luxuriant  than  upon  blood  serum  after  several  weeks. 
When  numerous  bacilli  have  been  distributed  over  the 
surface  of  the  metiium,  a  rather  uniform,  thick,  white 
layer,  which  later  becomes  yellowish  in  color,  is  de- 
veloped; when  the  bacilli  are  few  in  number,  separate 
colonies  are  developed  with  more  or  less  irregular  outlines. 

Growth  on  Glycerin  Bouillon. — On  bouillon  containing 
about  five  per  cent,  of  glycerin  the  tubercle  liacillus  also 
grows  readily  if  a  fresh  thin  film  of  growth  from  the 
glycerin  agar  is  fioated  on  the  surface.  This  medium  is 
used  for  the  production  of  "tuberculin."  The  small 
piece  of  pellicle  removed  from  the  previous  culture  con- 
tinues to  enlarge  while  it  floats  on  the  surface  of  the 
liquid,  and  in  the  course  of  from  three  to  six  weeks  covers 
it  completely  as  a  single  film,  which  on  agitation  breaks 
up  and  settles  to  the  bottom  of  the  flask,  where  it  ceases 
to  develop  further.  The  liquid  remains  clear,  contain- 
ing in  solution  the  products  formed  by  the  growth  of  the 
bacillus. 

Vitality. — Tubercle  bacilli  in  pure  cultures  are  very 
susceptible  to  the  action  of  direct  sunlight,  being  de- 
stroyed in  from  a  few  minutes  to  some  hours,  according 
to  the  thickness  of  the  growth.    Exposed  to  diffuse  day- 
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light  they  an'  killed  in  a  week.  Tlumgh  they  do  not 
form  Ri)ori*s,  as  far  as  known,  the  liaeilli  have  a  some- 
what greater  resisting  power  to  heat  and  desi(;cation  than 
niany  other  ])athogenir  Iwcrteria,  fretpiently  retaining 
their  virulence  in  a  dried  condition  at  the  ordinary  teni- 
p<*ratures  for  months.  Portions  of  the  lung  from  a 
tuberculous  cow,  dried  and  pulverizwl,  pHnluced  tulx-r- 
culosis  in  guinea-pigs  at  the  end  of  one  hundred  and  two 
days.  Dried  tuberculous  sputum  may  retain  its  virulence 
for  two  or  thn-e  months  or  more.  An  instance  is  rejxjrted 
by  Ducor  of  a  healthy  family  having  In^come  infected 
with  tulKjrculosis  from  living  in  a  n.>om  which  liad  lw*en 
occupied  by  a  consumptive  patient  two  years  before, 
and  on  examining  the  sputum -stained  wallpaper  not 
only  were  tulh'rcle  l>acilli  found  in  it,  but  when  inocu- 
lated into  guinea-pigs  they  dicMl  of  tin?  dise^ise.  Expos- 
ure to  100'  C.  dry  htjat  does  not  kill  the  Imcilli  in  twelve 
hours;  but  moist  h<»at  at  W)*"  C  destroys  them  in  lifteen 
minutes.  Cold  has  little  or  no  effect  upon  them.  The 
resisting  power  of  this  iNicillus  against  ch<-mical  disin- 
fectants is  considi'mble,  especially  in  sputum,  wlK-n- 
the  organisms  are  protected  by  mucus  from  penetration 
by  the  germicidal  agent.  They  aix'  not  always  destroyt'd 
by  the  gastric  juice  in  the  stomach,  as  has  lM*en  shown 
by  successful  experinumts  in  feeding  to  sus<'eptibl<*  ani- 
mals. Th<;y  are  killed  in  sputum  in  about  six  hours  by 
an  equal  amount  of  a  thn*e-iH»r-c<'nt.  solution  of  carl)olic 
acid,  and  in  alwrnt  one  hour  by  a  livtvper-eent.  solution. 
Bichloride  of  nuTcury  is  unsuitable  for  the  disinfection 
of  sputum  unless  us<'d  in  very  strong  solution  (1  to  500). 
Picklin«r  and  smokiuir  an*  sjiid  not  to  destroy  the  viru- 
len<?«^  of  tulMTculous  meat. 

Oerurr^Ntr. — Tlir  tulHTcle  bacillus  is  a  strict  parasite, 
— that  is  to  s»iy,  it  does  not  grow  under  natund  condi- 
tions outside  of  the  luHlies  of  man  and  aninmls.  It  has 
fre<|uriitly  been  found,  however,  in  the  dust  of  hospitals, 
il\v<»Hings.  railways.  stni*t  cars,  etc.,  in  i)laces  where 
r<»nsunii»tiv<'S  have  expe<-tonited.  V<'rv  ran.-ly  has  it 
been  found  in  tin?  air.  The  milk  of  tufu'rculous  cows. 
<vt'n  when  the  udder  is  not  alTected,  very  often  cont-ains 
tubercle  Iwicilli;  they  are  also  found  in  butler. 

Post-mortem  examinations  of  many  individuals  who 
have  died  from  some  other  cau8(»  than  tuberculosis  have  re- 
vraled  the  presence  of  healed  tuln^rculous  f<xM.  It  has  be<*n 
estimated  that  sixty-six  per  cent,  of  all  mankind  have 
some  evidence  of  tulierculosis,  old  tulnTtrulous  lesions, 
of  primary  or  K4?con(hiry  origin.  Tubercle  l)acilli  are  said 
t(»  have  lK*en  found  also  in  the  secretions  of  t?ie  no.se  and 
throat  of  healthy  pers<ms,  nurses  and  dm"t<»rs,  who  liave 
been  in  con.stant  ass(K'iation  with  tuberculous  ])atients. 

The  tubercle  bacillus  is  the  essi-ntial  cause  of  all  fonns 
of  tuberculosis:  the  various  aiTecti(ms  of  the  lungs  and 
other  organs,  lupus,  scrofula,  and  inflammation  of  the 
bones  and  joints.  The  following  dist^ases  have  als<^  been 
traced  to  tulxTculous  inflection:  so-called  ** inoculation 
lupus,"  tulxTculosis  verrucosa  cutis,  and  scmfulodenna; 
choroidal  tulMTculosis.  idiopathic  ph'urisy.  etcr.  Indeed, 
all  organs  and  jKirtious  of  the  IxKly  may  iM'come  aflfected 
with  this  dis(.*ase. 

Many  CJisesof  tuberculosis  are  produced  by  the  tulM?rcle 
biicillus  ahme,  but  very  fre^im-ntly  stre])to<'oe<'i  and  other 
pyogenic  cocci  play  an  important  jiart  in  the  ])nKlue- 
tiou  of  fever  and  the  destruction  of  tissue,  as  in  phthisi.s, 
by  suppurative  processes. 

Tuberculosis  is  v<*ry  c(mmion  among  (rattle,  chielly  in 
cows  and  nirely  in  calv<'s.  Aceonling  to  Klepp.  from 
alttittoir  inspections  in  Gennany.  up  to  thirty -tiv(;  per 
cent,  of  cattle,  eighty  per  cent,  of  cows.  an<l  thn-e  per 
cent,  of  caIvcs.  are  conunonly  found  tulM-rculous.  The 
disease  is  also  quite  fn*(|uent  in  young  pigs;  less  so  in 
sheep,  goats,  lu>rses.  dogs,  and  cats.  Rabbits  and  guinea- 
pigs  are  also  not  uncommonly  spontaneously  alTected  with 
tuberculosis,  when  kept  in  cages  together  with  inf«'Ct«'d 
animals.  Monkeys  in  confinement  almost  invariably  die 
fmm  tulierculosis.  Wild  animals  are  comparatively  free 
fn)m  the  dis«*as<' ;  and  so  an*  binls,  except  canaries  and 
parrots. 

I^UhogentsU. — As  seen  from  the  al>ove  many  animals 


iK'sides  man  an*  naturally  susceptible  to  tuberculosis. 
Among  test  animals  guinea-pigs  are  the  most  susceptible, 
and  on  this  account  they  an*  commonly  used  for  the  ile- 
tectionof  tubercle  liaeilli  in  suspected  material  by  inocu- 
lation. When  in(K*ulatc*<l  with  the  minuttfst  quantity  of 
living  tulM>rcle  bacilli  they  usually  succumb  to  the  "dis- 
ea.se.  Infection  is  most  rapidly  produced  by  iutraixiri 
toneal  injwtion,  death  following  a  large  dose  in  from  ten 
to  twenty  days.  On  autopsy  the  omentum  is  found  to 
be  constricted  in  sausage-like  masses  and  coDvert<*d  into 
hard  knots  containing  many  Ijacilli.  There  is  often  no  fluid 
in  the  i>eritoneal  cavity,  but  generally  in  lK)th  pk^ural  sacs. 
The  spleen  is  cnlargiHl,  and  the  various  organs  contain 
tulMTcle  iHicilli.  After  .smaller  dos<'S  d(rath  may  Ik'  pn>- 
long<'d  from  four  to  <'ight  weeks,  when  the  peritoneum 
and  interior  organs  are  found  to  Ik*  filk*d  with  tulN-n-les. 
On  sulK'Utjineous  injection  into  thealnlominal  wall  there 
is  thickening  of  the  tis.sues  alK)ut  the  point  of  inocula- 
tion, which  bn*aking  down  in  a  week  leave  a  sluggish 
ulcer  coven*d  with  cheesy  matter.  The  neighboring 
lymph  glands  an*  swollen,  and  after  two  or  three  W(*eks 
th(*y  may  attain  the  .size  of  ha/elnuts.  8(M)n  an  irn*gular 
fever  is  set  up,  and  the  animal  IxH'cnnes  ema<-iated,  usu- 
ally dying  within  four  to  eight  week.s.  If  the  injected 
material  (rcmtain  only  a  few  baeilli.  the  wound  at  the 
point  of  in(K'ulation  may  heal  and  death  Ik*  ]K>.stiNmed 
for  a  long  time.  The  lymphatics  luulergo che<»sy  d<"gen- 
<'nition.  the  spleen  is  much  enlarge«l.  and  thn>ughout  its 
substan(!(*.  whieh  is  dark  rcil  in  color,  are  masses  of 
iHHlules.  The  liver  is  also  enonnously  swollen,  stn-aked 
brown  and  yellow%  and  the  lungs  an*  fllle<l  with  gniyish 
tuben-les;  but  the  kidneys,  as  a  rule,  contain  no  tuber- 
eles.  Tubercle  bacilli  are  always  found  in  the  discasetl 
tissues,  but  the  nu>n*  chnmic  the  pn>c<'ss  the  fewer  an; 
the  IwK'illi  i)resent. 

Rabbits  an*  also  quite  sus<'eplible  to  t ulH*rculosis  by 
in<M'uIation.  but  much  less  so  than  guinea-pigs.  In  thcRt 
animids  dentil  almost  always  follows  injection  of  tubi*r- 
culous  material  into  the  anterior  clianil)er  of  the  eve: 
producing  hwal  lesions,  softening  of  the  neighlKtnng 
lymph  giamls,  lesions  of  the  lungs,  general  miliar^' 
tulx'n'ulosis,  and  death  in  sevend  we<?ks  or  months. 
Subcutaneous  inoculati<ms  are  verv  much  less  elTwtive; 
but  intrnvemms  and  intraperitoneal  imx'ulations  usually 
cause  geneml  tubercuh»sis  and  death  in  a  few  weeks. 
Field  mice  and  cats  are  also  n»adily  infecte<l  by  artificial 
inoculation ;  rats,  white  mice,  and  dogs  only  when  very 
large  doses  are  given.  Canaries  and  pari"ots  are  sus- 
ceptible; fowls  and  pigeons  only  .slightly  so;  and  otlier 
birds  and  cold-bhsMbHl  animals  an;  apiHireutly  immune. 

Besides  the  artificial  m(Kl(*s of  infection  aln*ady  alluded 
to,  tulM>n'ulosis  may  be  pnKluced  in  animals  susceptible 
to  thedis4*ase  by /*r'/iw/7ihem  with  tuberculous  material. 
This  has  Ixfcn  repeate<lly  done  with  milk,  sputum,  etc., 
ccmtaining  tuben*le  baeilli.  Here  evidence  of  infection 
is  usually  shown  in  the  in(*s4»nteric  glands  befon*  the  in- 
testinal walls  are  affected;  ind(*ed,  there  may  1m?  no  local 
l(*sions  in  the  intestines  at  all.  Under  such  conditions, 
infeeticm  is  probably  cau.s<*d  by  absorption  (»f  the  poisons 
through  serous  r)r  mucous  nunnbmnes. 

The  experimental  pnxhurtion  of  tubercuh>siK  by  i«- 
h4ihUon  of  bacilli  has  Ix^en  demonstratt*d  by  Koch  in 
guinea-pigs,  nibbits.  mice.  etc.  In  thc*se  cast*s  the  liaeilli 
wen*  usually  administered  in  the  fonn  t»f  fine  spray;  the 
inhalation  of  dry  tul>ercuh>us  dust  has  seldom  proved  ex- 
perimentally successful. 

The  tuberele  bacillus  acts  upon  the  tissues  by  means 
of  the  poisons  whi<'h  it  prcxluces  as  the  n^sul't  of  its 
growth.  S<M)n  after  entrance  into  the  tissues  (»f  either 
living  or  dead  iMicilli.  the  cells  surrounding  them  begin 
to  show  signs  of  irritation.  The  <"onnective-tissue  ct*lls 
beeomc  sw<>llen  and  un(h'rgo  mitotic  division,  the  n'sujt- 
ant  cells  being  distinguished  by  their  large  size  and  pale 
nuclei.  A  small  fo<"Us  of  proliferated  epithelioid  cells  is 
thus  formed  about  the  bacilli,  and  according  to  the  in- 
tensity of  th(>  inflammation  these  cells  are  surrounded 
by  a  larger  or  smaller  numlxT  of  the  lymphoid  cells. 
When  living  bacilli  are  pn>sent  and  multiply,  the  lesions 
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progress,  the  central  cells  degenerate  and  die,  and  a 
cheesy  mass  results,  which  later  may  lead  to  the  forma- 
tion of  cavities.  Dead  bacilli,  on  the  other  hand,  give 
off  sufficient  poison  to  cause  less  marked  changes  only, 
and  never  produce  cavities.  Of  the  gross  pathological 
lesions  produced  in  man  by  the  tubercle  bacilli  the  most 
characteristic  are  small  nodules,  the  so-called  miliary 
tubercles.  These  when  young,  and  before  they  have 
undergone  degeneration,  are  gray  and  translur^flt  in 
color,  somewhat  smaller  than  a  millet  seed  in  size,  and 
hard  in  consistence.  But  miliary  tubercles  are  not  the 
sole  tuberculous  products.  The  tubercle  bacilli  may 
cause  the  diffuse  growth  of  tissue  identical  in  structure 
with  that  of  miliary  tubercles — that  is,  composed  of  a 
basement  substance  containing  epithelioid,  giant,  and 
lymphoid  cells.  This  diffuse  tubercle  tissue  also  under- 
goes cheesy  degeneration. 

When  caseation  is  rapidly  spreading,  as  in  acute 
tuberculosis,  the  bacilli  are  usually  abundant,  being 
scattered  in  irregular  groups  through  the  tissues.  Occa- 
sionally they  are  found  in  the  leucocytes,  and  in  the 
giant  and  epithelioid  cells.  The  more  chronic  the  lesions 
the  fewer  they  are  in  number. 

Modss  of  Infection. — The  chief  modes  of  infection  by 
the  tubercle  bacillus  are  thn)ugh  the  respiratory  tract  or 
the  intestines,  more  rarely  through  wounds  of  the  skin. 
and  still  more  rarely  through  the  sexual  organs.  Pul- 
monary tuberculosis,  as  a  primary  infection,  and  not  oc- 
curring in  young  children,  may  be  considered  to  be  caused 
chiefly  by  the  direct  transmission  of  tubercle  bacilli 
through  kissing,  soiled  hands,  handkerchiefs,  etc.,  or  by 
the  inhalation  of  tuberculous  dust.  Intestinal  and  mesen- 
teric tuberculosis,  which  is  rare  among  adults  and  com- 
mon with  children,  is  probably  due  not  only  to  swallow- 
ing the  bacilli  received  in  the  above-mentioned  ways,  but 
also  to  the  ingestion  of  tuberculous  milk.  Lupus  is 
probably  always  produced  by  the  inoculation  of  tubercle 
bacilli  on  the  skin  or  mucous  membranes,  the  original 
seat  of  the  disease  being  often  on  a  wounded  surface. 
Localized  skin  tulierculosis  is  sometimes  produced  by 
accidental  inoculation  at  autopsies.  The  transmission 
of  infection  through  the  sexual  organs  of  the  male  or 
female,  though  possible,  is  extremely  rare.  There 
seems  to  be  some  evidence  of  the  communication  of  tu- 
berculous infection  from  the  mother  to  the  fojtus  in  ani- 
mals ;  and  two  ca.ses  are  recorded  of  probable  placental 
tuberculosis  in  the  human  fatus.  But  we  have  no  reason 
to  suppose  that  infection  of  the  ovum  of  healthy  mothers 
from  the  paternal  side  ever  does  occur,  even  when  the 
father  has  tuberculosis  of  the  scrotum  or  seminal  vesicles. 
The  mere  fact  that  statistics  show  a  greater  frequency  of 
tuberculous  diseases  in  children  during  the  first  than  in 
the  following  years  of  life  does  not  strengthen  the  hy- 
pothesis of  infection  in  utei'o;  for  nursing  babies  would 
naturally  be  more  exposed  to  infection  through  the 
mother's  milk  and  through  personal  contact  than  others ; 
and,  besides,  the  more  tender  the  life  of  the  infant  the 
more  susceptible  it  would  be  ordinarily  to  indirect  infec- 
tion from  a  tuberculous  mother. 

By  far  the  commonest  mode  of  infection,  therefore,  is 
undoubtedly  by  means  of  tuberculous  sputum,  which, 
being  coughed  up  by  consumptives  and  carelessly  ex- 
pectorated, dries  and  distributes  numerous  virulent  bacilli 
in  the  dust.  As  long  as  the  sputum  remains  moist  there 
is  no  danger  of  dust  infection,  but  only  of  direct  contact. 
A  great  number  of  the  expectorated  and  dried  bacilli 
very  probably  die,  especially  when  exposed  to  the  action 
of  airect  sunlight ;  but  when  we  consider  the  enormous 
masses  which  are  expectorated.*  it  is  evident  that  a  suffi- 
cient quantity  remains  alive  to  produce  infection  in  the 
immediate  vicinity  of  consumptives  unless  precautions 
are  taken  to  prevent  it.  There  is  comparatively  little 
danger  of  infection  in  the  streets  or  at  a  distance  from 
consumptive  patients,  because  even  if  present  in  the  dust, 
the  tubercle  bacilli  have  become  so  diluted  tliat  thev  are 

*  Nutall  bu  estlmaUHl  that  from  one  and  one-half  to  three  billion 
▼Irulent  tubentle  bacilli  may  be  expectorated  by  a  single  tuberculous 
IndiYldiial  in  twenty-four  bours. 


not  much  to  be  feared.  It  may,  therefore,  be  said  that 
the  probability  of  infection  from  tuberculosis  in  general 
is  not  so  great  after  all,  but  at  the  same  time  it  is  all  the 
more  to  be  dreaded  and  guarded  against  in  the  immediate 
neighborhood  of  consumptives.  Those  who  are  most 
liable  to  infection  from  this  source  are  the  families, 
nurses,  fellow -workmen,  fellow-prisoners,  etc.,  of  per- 
sons suffering  from  the  disease.  In  this  connection,  also, 
attention  may  be  draw^n  to  the  fact  that  rooms  wiiich 
have  been  recently  occupied  by  consumptives  are  not  in- 
frequently the  means  of  producing  infection  (as  has  been 
clinically  and  experimentally  proved)  from  the  deposi- 
tion of  tuberculous  dust  on  furniture,  walls,  floore,  etc. 
Fltigge  has  lately  pointed  out  that  in  coughing,  sneez- 
ing, and  even  in  speaking,  very  fine  particles  of  secretion, 
containing  tubercle  bacilli,  may  be  thrown  out  and  car- 
ried by  air  currents  many  feet  from  the  patient  and  re- 
main suspended  in  the  air  for  a  considerable  time.  For 
this  reason  consumptives  should  be  careful  to  hold  their 
hands  or  a  handkerchief  before  their  mouths,  or  at  least 
avoid  as  much  as  possible  contaminating  other  persons 
with  whom  they  come  in  contact. 

Phthisical  sputum,  however,  cannot  be  held  responsible 
for  the  occummce  of  all  human  tuberculosis.  Milk  also 
serves  as  a  frequent  conveyer  of  infection,  whether  it  be 
the  milk  of  nursing  mothers  suffering  from  consumption 
or  the  milk  of  tuberculous  cows.  The  transmission  of 
tubercle  bacilli  in  the  milk  of  tuberculous  cows  has  been 
abundantly  proved  bv  feeding  and  inoculation  experi- 
ments on  animals,  t'orraerlj'  it  was  thought  that  in 
order  to  produce  infection  by  milk  there  must  be  local 
tuberculous  infection  of  the  udder;  but  it  is  now  known 
that  tubercle  bacilli  may  be  found  in  milk  when  an  in- 
ternal organ  is  infected,  and  when  no  diseu.se  of  the 
udder,  so  far  as  careful  inspection  goes,  seems  to  exist. 
The  milk  of  all  cows,  therefore,  which  have  any  tuber- 
culous infection  whatever,  must  be  considered  as  possibly 
containing  tubercle  bacilli.  With  regard  to  the  flesh  of 
tuberculous  cattle,  the  same  conditions  hold  good  as  in 
the  infection  by  milk,  only  the  danger  is  considerably 
less  from  the  fact  that  meat  is  usually  cooked,  and  also 
because  the  muscular  tissues  are  seldom  attacked.  In 
view  of  the  great  mortality  from  tuberculous  diseases 
among  mankind,  the  legislative  control  and  inspection  of 
cattle  and  milk  would  seem  to  be  an  absolute  necessity. 
As  a  practical  and  simple  method  of  preventing  infection, 
especially  among  children,  the  sterilization  (by  heat)  of 
the  milk  used  as  food  nuist  commend  itself  to  all.  At 
the  same  time,  it  should  be  stated,  however,  that  there  is 
very  little  actual  proof  that  hinnan  tuberculosis  has  come 
from  milk  or  food  infected  with  bovine  tuberculosis,  nor 
do  we  know  positively  whether  the  bacilli  of  bovine 
tuberculosis  are  equally  as  virulent  for  man  as  for  ani- 
mals. But  from  the  fact  that  human  tuberculosis  pro- 
duces bovine  tuberculosis,  there  is  strong  presumptive 
evidence  of  the  reverse  also  being  true. 

IndiHdual  Susceptibility. — Another  most  important 
factor  in  the  production  of  tuberculosis,  as  of  all  infec- 
tious diseases,  is  individual  susceptibility.  That  this 
susceptibility  or  "predisposition,"  improperly  so  called, 
may  be  either  inherited  or  acquired  is  now  an  accepted 
fact  in  medicine.  There  is  no  doubt  that  great  differences 
exist  in  different  persons  in  their  susceptibility  to  tuber- 
culosis, as  there  are  also  differences  in  the  intensity  of 
the  tuberculous  process  in  the  lung.  The  fact  that  indi- 
viduals contracting  tuberculosis  from  the  same  source 
are  attacked  with  different  severity,  and  that  there  is,  as 
a  rule,  no  great  variation  in  degrees  of  virulence  in  the 
tubercle  bacilli  of  different  origin,  shows  that  this  de- 
pends upon  something  else  than  a  variation  in  virulence 
of  the  infection.  The  results  of  post-mortem  examina- 
tions also  demonstrate  that  many  cases  of  pulmonary 
tuberculosis  evidently  occur  without  showing  any  visible 
signs  of  disease,  and  heal  spontaneously.  The  possibility 
of  favorably  influencing,  in  an  existing  tuberculosis,  the 
course  of  the  disease  by  treatment  proves,  too,  that  under 
natural  conditions  there  is  a  varying  susceptibility. 
Clinical  experience  teaches  likewise,  that  the  children 
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born  of  tuberoulous  parents,  and  persons  living  in  poor 
hygienic  conditions  and  depressing  surroundings,  as  in 
prisons,  asylums,  and  convents,  and  those  suffering  from 
exhausting  diseases,  more  especially  bronchial  affections, 
diabetes,  typhoid  fever,  etc.,  are  more  susceptible  to 
tuberculosis  than  others  not  so  situated  or  affected. 
Animal  experiments,  moreover,  have  shown  that  not 
only  are  there  differences  of  susceptibility  in  various 
species,  but  also  an  individual  susceptibility  in  the  same 
species.  The  doctrine  of  individual  susceptibility,  there- 
fore, is  apparently  founded  on  fact,  although  the  reasons 
fo*"  it  are  only  partially  understood. 

Immunization;  Koch's  Tuberculin. — As  in  other  in- 
fectious diseases,  many  attempts  have  been  made  to  pro- 
duce an  artificial  immunity  again.st  tuberculosis,  but  so 
far  the  results  have  been  unsatisfactory.  Among  the 
numerous  agents  that  liave  been  tried  to  protect  animals 
against  the  action  of  the  tubercle  bacillus,  the  most  im- 
portant is  Koch's  tuberculin.  Tuberculin  contains  all 
the  products  of  the  growth  of  the  tubercle  bacillus  in 
nutrient  bouillon  and  certain  substances  extracted  from 
the  bodies  of  the  l)acilli  themselves;  also  the  albuminoid 
and  other  materials  originally  containeil  in  the  bouillon 
which  are  unaffected  by  the  growth  of  the  bacilli.  There 
are  two  preparations  known  respectively  as  the  "old" 
and  the  "  new  "  tuberculin  or  "  tuberculin  T.  R.  " 

Old  tuberculin  is  prepared  as  follows:  The  tubercle 
bacillus  is  cultivated  in  peptone-glycerin-bouillon.  At 
the  end  of  from  three  to  six  weeks,  according  to  the 
rapidity  with  which  the  culture  grows,  an  abundant  de- 
velopment takes  place  with  the  formation  of  a  thick,  dry, 
white  crumpled  layer,  which  finally  covers  the  entire 
surface  of  the  bouillon.  (It  was  originally  inoculated  on 
the  surface.)  After  development  ceases,  this  layer  breaks 
up  and  sinks  to  the  bottom  of  the  flask.  Fully  developed 
cultures,  having  been  tested  for  purity  by  microscopical 
examination,  are  evaporated  bv  boiling  to  one- tenth  of 
their  original  bulk.  The  liquid  is  then  filteri*d,  and  the 
crude  tuberculin  thus  obtained  contains  forty  to  fifty  per 
cent,  of  glycerin  (the  broth  medium  contained  four  to 
five  per  cent.),  ana  keeps  well,  retaining  its  activitj-  in- 
definitely. This  substance  when  injected  into  tubercu- 
lous individuals  affects  the  tuberculous  process  in  a  pe- 
culiar way.  Very  small  doses  prod uce  a  modemte  increase 
of  inflammation  with  slight  elevation  of  temperature  in 
tuberculous  persons,  while  healthy  individuals  have 
neither  fever  nor  marked  local  symptoms.  The  following 
is  the  method  of  treatment  employed.  After  each  injec- 
tion, which  should  be  large  enough  to  cause  a  slight  but 
not  a  gn*at  rise  of  temperature,  a  noticeable  change  in 
the  tui>erculous  process  results.  The  amount  of  tuber- 
culin in  lection  is  ronstantly  increased,  so  as  to  continue 
the  nKxlePfitc  reactions.  After  scvenil  months  all  reac- 
tions cease,  tlie  patients  having  become  tempomrily  im- 
mune to  the  toxin,  but  not  to  the  growth  of  the  bacillus. 
Further  injections  are  now  useless,  until  this  immunity 
has  passed.  Inasmueh  as  the  bacilli  themselves  have  not 
been  directly  alTected  hv  the  treatment,  when  this  is  inter- 
rupted  the  tuberciilous  process  is  apt  to  progress  (Koch). 

Although  Koch  aiul  some  of  his  followers  have  ap- 
parently, from  their  reports,  obtained  siitisfactory  results 
in  the  treatment  and  innnimization  of  man  and  animals 
with  old  tuberculin,  the  majority  of  invest iirators.  after 
a  short  period  of  entlnisiasm,  have  abandoned  its  use  as 
very  rarely  beneficial,  if  not  often  injurious.  Koch  has, 
therefore,  attempted  to  improve  his  nietlirnl  and  has 
recommended  a  new  prepamtion  under  the  name  of 
^  Tubernilin  T  R.,"  or  new  fubcrrulin.  The  sii])stances 
pnMluced  in  the  body  by  the  old  tuberculin  neutralized 
the  tuberculous  toxins,  jicermling  to  Koch,  but  were  not 
bactericidal.  This  he  considered  due  to  the  nature  of 
the  envelojx;  of  the  tubercle  bacillus,  which  rendered  it 
diflieult  to  obtain  the  substance  of  the  bacilli  in  soluble 
form  without  so  altering  it  by  heat  or  chemicals  that  it 
was  useless  for  immunizing  purposes,  Inuuunity,  he 
thought,  was  not  produced  in  man  for  similar  reasons, 
the  bacilli  never  giving  out  suflieient  toxin,  ])erhaps.  to 
bring  about  the  production  of  curative  subsUmces.     He 


therefore  decided  to  grind  up  the  drieii  bacilli  and  soak 
them  in  water,  and  thus  obtain,  if  possible,  without  the 
aid  of  heat,  a  soluble  extract  of  the  cell  substance  of  the 
bacilli,  which  he  hoped  would  be  immunizing.  Buchner, 
by  crushing  under  a  great  pressure  tubercle  bacilli  mixed 
with  sand  and  thus  squeezing  out  their  protoplasm,  has 
obtained  a  similar  substance,  which  he  calls  "  tuberculo- 
plasmin."  The  new  tuberculin  is  thus  a  wat<?iT  extract 
of  the  soluble  portions  of  the  unaltered  tubercle  bacilli. 
Owing  to  the  method  of  preparation,  it  is  evident  that 
contamination  is  difficult  to  avoid,  freedom  from  intact 
bacilli  is  uncertain,  and  the  strength  of  the  solution  is 
variable.  Twenty  per  cent,  of  glycerin  is  abided  to  pre- 
serve the  preparation.  Aft^r  three  years*  trial  the  results 
obtained  with  the  new  tuberculin  have  not  proved  better 
than  those  with  the  older  preparation.  The  only  form 
of  tuberculosis  which  seems  to  be  decidedly  benefited  by 
either  the  old  or  the  new  tuberculin  is  lupus.  Relapses, 
however,  are  common. 

The  chief  u.se  to  which  tuberculin  has  been  put  is  as 
an  aid  to  the  diagnosis  of  obscure  cases  of  tuberculosis  in 
cattle  and  man,  and  for  this  purpose  it  has  proved  to  be 
of  inestimable  value.  Cows  are  generally  injected  sub- 
cutaneously  with  0  3  to  0.5  c.c.  (dduted  with  water  to  30 
or  50  c.c.)  of  tuberculin  and  watched  to  see  whether 
there  is  a  rise  of  temperature  of  l.S**  to  8^  C.  in  twelve 
to  fifteen  hours.  Occasionally  the  reaction  does  not  occur 
when  the  animals  are  in  an  advanced  stage  of  the  disease, 
but  in  such  cases  the  test  is  not  needed.  The  reaction 
never  takes  place,  or  one  ver}^  much  less  marked  occurs, 
in  healthy  animals,  though  small  centres  of  infection  are 
often  diflieult  to  locate  mter  on  autopsy.  Ltitent  tuber- 
culosis is  rarely  if  ever  stimulated  to  n^newed  activity. 
It  is  important  to  note  that  an  animal  freciuently  requires 
an  interval  of  a  month  to  give  a  second  positive  reaction, 
if  it  has  reacted  typically  on  the  first  trial.  In  man  it  is, 
of  course,  much  more  difficult  to  form  any  opinion  as  to 
the  reliability  of  the  tuberculin  lest,  from  the  fact  tliat  it 
cannot  be  controlled  by  post-mortem  examinations:  at 
any  mte  this  test  in  man  is  at  present  not  used  extensively 
for  diagnostic  purposes. 

Maragliano  and  others  claim  to  have  obtained  with  an 
antituberculous  senmi,  prepared  chiefly  from  horses,  en- 
couraging results;  and  Behring  hopes  soon  to  be  able  to 
make  an  antitoxic  serum  which  will  be  curative  and  pro- 
tective. But  whether  scrum  therapy  is  destined  to  solve 
the  problem  of  the  treatment  of  tuberculosis  remains  for 
the  future  to  decide.  Judging,  however,  from  the  pro- 
gres.sive  nature  of  the  disease,  there  is  not  much  ground 
to  hope  for  the  abundant  development  of  curative  sub- 
stances in  the  blood  of  animals. 

Meanwhile  all  energies  should  be  directed  to  the  pre- 
venti(m  of  tuberculosis,  not  only  by  the  enforcement  of 
proper  sanitary  regulations  as  reganls  the  care  of  sputum, 
milk,  meat,  disinfection,  etc.,  but  also  by  continued  ex- 
perimental work  and  by  the  establishment  of  consump- 
tive hospitals:  and  by  efforts  to  improve  the  charac- 
ter of  the  f(M)(l,  dwellings,  and  condition  of  the  people 
in  general  we  should  endeavor  to  build  up  the  individual 
resistance  to  the  disease.  It  may  be  years  yet  Ix'forc  the 
public  are  sufficiently  educated  to  co-operate  in  adopting 
tile  neces.sjiry  hygienic  measures  to  stamp  out  tubercu- 
losis entirely ;  but  from  the  results  which  have  already 
been  obtained  in  reducing  the  mortality  from  this  greatest 
scourge  of  the  human  race,  we  have  reason  to  hope  tliat 
in  time  it  may  be  com])letely  eradicated. 

TuK  Lkphosy  B  wiiAAf^  { UnriiluA  lA'pro!). — This  organ- 
ism, discovered  by  Hansen  in  1879.  is  foun<l  chiefly  in 
the  interior  of  the  peculiar  round  and  oval  cells  nn*t  with 
in  leprous  tiiberch's.  The  bacilli  have  also  been  observe<i 
in  the  lymphatic  glands,  liver,  spleen,  and  testicles,  and  in 
the  thickened  portions  of  nerves  involved  in  the  ana'S- 
tlHtic  forms  of  the  disease.  According  to  some  authori 
ties  they  occur  likewise  in  the  blood.  The  bacilli  lie  in 
the  leprous  cells  in  great  nund>ei*s.  and  also  in  the  lymph 
si)aces  outside  of  these  cells.  They  are  not  found  in  the 
epi<k'rmal  layers  of  the  skin,  but,  according  to  Babes, 
they  may  penetrate  the  hair  follicles. 
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Microscopical  Appearances. — The  bacillus  leprae  resem- 
bles the  tubercle  bacillus  iu  fomi,  but  is  somewhat  shorter 
and  not  so  frequently  curved.  The  rods  have  pointed 
ends ;  and  in  stained  preparations,  unstained  spaces,  similar 
to  those  observed  in  the  tubercle  bacillus,  arc  seen.  (See 
Plate  X.,  Y\g.  2.) 

Motility.  — Non  -motile. 

Staining  Reactions. — The  leprosy  bacillus  cannot  be 
positively  differentiated  from  the  tubercle  bacillus  by 
staining  reactions.  It  stains  readily  with  the  aniline  colors 
and  also  by  Gram's  method.  Although  differing  from  the 
tubercle  bacillus  in  the  ease  with  which  it  takes  up  the  or- 
dinary aniline  dyes,  it  behaves  like  the  former  in  the  man- 
ner in  which  it  retains  its  color  when  subsequently  treated 
with  strong  solutions  of  the  mineral  acidsaud  alcohol.  In- 
asmuch as  leprosy  and  tuberculosis  not  infrequently  occur 
together  in  the  same  person  (according  to  Hansen  and 
Lwft  tuberculosis  being  the  cause  of  death  iu  forty  per 
cent,  of  the  cases  of  lepro.sy),  in  making  a  differential 
diagnosis,  all  the  various  points  must  be  considered,  his- 
tological and  pathological,  and  animal  inoculations  made, 
in  addition  to  microscopical  examination. 

Biological  Characters. — Attempts  to  cultivate  the 
bacillus  lepne  have  frequently  been  made,  but  so  far  with 
only  questionable  results,  as  none  of  the  cultures  obtained 
has  produced  a  similar  disease  when  inoculated  into 
animals.  The  etiological  relation  of  this  bacillus  to 
leprosy  is  based,    therefore,   chiefly   upon  its  constimt 

Sresence  in  the  leprous  tissues.  It  has  been  shown  by 
pronk,  however,  that  the  blood  serum  of  many  lepers 
even  in  weak  dilution  gives  the  agglutinating  reaction 
with  cultures  of  the  bacillus  lepra', — ^a  fact  which  goes 
to  prove  that  the  organism  cultivated  is  the  true  cause 
of  the  disease  with  which  it  is  associated. 

PathogeneMs. — Some  investigators  claim  to  have  had 
positive  results  in  inoculation  experiments  on  animals 
with  portions  of  leprous  tubercles,  excised  for  the  pur- 
pose; but  none  has  succeeded  in  producing  the  typical 
lesions  of  the  disease  as  seen  in  man.  Aming  inoculated 
a  condemned  criminal  in  the  Sandwich  Islands  with  fresh 
leprous  tubercles,  his  death  occurring  from  leprosy  five 
years  later;  but  there  is  no  conclusive  evidence  of  the 
transmissibility  of  the  disease  in  this  way,  as  the  man, 
according  to  Swift,  liad  other  opportunities  for  becoming 
'  infected. 

It  is  generally  assumed  that  infection  takes  place 
through  the  mucous  membranes  and  through  slight  skin 
wounds.  There  is  said  to  be  no  infection  by  way  of 
the  digestive  trac^t.  With  regard  to  the  (luestion  of 
direct  mheritance  from  the  mother  to  the  unborn  babe, 
there  is  considerable  difference  of  opinion.  Some  cases 
of  intra-uterine  infection  have  been  reported,  but  they 
are  at  least  very  rare.  Leprosy  bacilli  are  frtciueutly 
present  in  the  spermatic  fluid  and  in  the  milk,  but  they 
have  never  been  found  in  the  ovaries.  Most  connnouly 
they  are  met  with  in  purulent  nasiil  .secretions  (one  hun- 
dred and  twenty -eight  out  of  one  hundred  and  fifty  three 
cases  examined  by  Sticker),  and  iu  the  mucous  mt.Mul)nmes 
of  the  mouth,  throat,  etc. :  but  they  have  also  been  found 
in  various  other  organs  of  the  body,  in  the  nerves,  and  in 
the  blood.  The  widespread  opinion,  which  was  held  be- 
fore the  discoverj'of  the  leprosy  bacillus,  that  the  disease 
was  a.s.sociated  in  some  way  with  the  eating  of  certain 
kinds  of  food,  as  salt  fish,  has  now  been  genenilly  aban- 
doned. The  negative  results  obtained  from  inoculation 
experiments,  together  with  the  fact  that  infection  is  not 
readily  transmitted  to  persons  exposed  to  the  disease, 
have  iH'en  explained  by  the  assinu])tion  that  the  bacilli 
contained  in  the  leprous  tissue  are  mostly  dead  and  non- 
virulent;  but  it  is  much  more  probable  that  a  special 
susceptibility  to  the  disease,  inlierited  or  acquired,  is 
requisite  for  its  production. 

The  great  similarity  in  manj^  respects  of  leprosy  to 
tul)erculosis  has  recently  been  .still  more  emphasized  by 
the  observations  of  Babes  and  Kalindero.  who  state  that 
leprosy  reacts,  both  locally  and  generally,  to  an  injection 
of  tuberculin  in  the  same  manner  as  tul)erculo8is. 

The  Smegma  Bacillus  {Bacillus  Smegmatis). — Found 


by  Tavel  and  Matterstock  in  the  smegma  praeputii,  be- 
tween the  scrotum  and  thigh  and  between  tlie  labiee;  also 
in  the  cerumen  and  occasionally  on  the  skin.  The  bacilli 
lie  in  clusters  either  in  or  between  the  epithelial  cells,  the 
rods  being  very  similar,  in  size  and  form,  to  those  of  the 
tubercle  bacilli.  They  stain  with  difficulty,  and  resist 
decolorization  with  acid  when  stained  by  the  methods  for 
staining  the  tubercle  bacillus,  but  are  decolorized  when 
treated  for  one  minute  with  absolute  alcohol.  This 
bacillus  is  most  likely  to  be  mistaken  for  the  tubercle 
bacillus  in  the  examination  of  urine. 

Lustgakten's  Bacilli's  of  Syphilis. — This  organism, 
which  very  closely  resembles  the  tubercle  bacillus  and 
the  smegma  bacillus,  was  found  by  Lustgarten  (1884)  in 
the  secretions  of  syphilitic  ulcers  and  believed  by  him  to 
be  the  specific  cause  of  syphilis.  Doutrelepont  about 
the  same  time  also  observed  a  similar  organism  and  came 
to  a  like  conclusion. 

Lustgarten 's  bacillus,  though  morphologically  similar 
to  the  bacilli  above  mentioned,  differs  from  them  in 
staining  reactions.  It  stains  with  equal  ditticulty  as  the 
tubercle  bacillus,  but  is  much  less  resistant  to  the  action 
of  acids;  it  is  also  more  resistant,  as  a  rule,  to  the  de- 
colorizing action  of  alcohol  than  is  the  smegma  bacillus. 

Numerous  attempts  have  been  made  to  cultivate  this 
bacillus  artificially  but  without  success.  The  inoculation 
of  animals  with  syphilitic  tissues  and  secretions  has  also 
given  only  negative  results,  though  in  man,  as  is  well 
known,  infection  by  inoculation  frequently  takes  place, 
the  tertiary  lesions  only  iK'ing  non -infectious. 

Lu.stgarten's  bacillus  has  been  found  in  various  syphi- 
litic tissues,  in  b<*ginning  8clen)sis,  in  the  papules,  in  con- 
dylomata and  gummata,  and  not  only  in  the  vicinity  of  the 
genitals,  but  also  in  the  mouth,  throat,  heart,  and  brain. 
No  sativsfactory  experimental  evidence  has  been  given, 
however,  of  its  caustitive  relation  to  syphilis,  and  though 
the  failure  to  find  other  micro-organisms,  and  the  occur- 
rence of  these  characteristic  bacilli  in  various  parts  of  the 
IkkIv,  would  seem  to  point  to  their  etiological  impor- 
tance, on  the  other  hand,  the  long  immunity  in  this  dis- 
ease (so  different  from  that  in  any  known  bacterial  affec- 
tion) casts  doubt  not  only  upon  the  status  of  Lustgarten 's 
bacillus,  but  also  upon  the  bacterial  nature  of  the  micro- 
organisms producing  it. 

Baumgarten,  who  has  searched  in  vain  for  Lustgarten 's 
bacillus  in  uncomplicated  visceral  syphilomata,  suggests 
that  the  bacilli  found  in  such  lesions  were,  perhaps,  tu- 
bercle bacilli,  and  represented  a  mixed  infection.  Other 
micro-organisms  have  also  been  described  and  claimed 
to  be  the  cause  of  syphilis,  but  none  of  these  discoveries 
has  iK'en  corroborated. 

Recently  (1899)  Van  Niessen  has  isolated  from  the  blood 
and  condyhmiata  of  syphilitica  an  organism  which  pre- 
Si'nts  some  of  the  characteristics  of  the  diphtheria  bacillus. 
This  Imcillus  shows  distinct  club-like  and  branching 
forms  and  stains  with  the  ordinary  aniline  dyes,  and  by 
Gram's  metlKnl,  but  not  with  carbol  fuchsin.  It  grows 
slowly  on  all  culture  media,  developing  whitish  to  yellow- 
ish colonies ;  and  is  stud  to  be  pathogenic  for  monkeys  and 
pigs.  Van  Niessen  lays  particular  stress  upon  the  agglu- 
tinating reaction  of  his  bacillus  with  the  serum  of  syphi- 
litic patients. 

From  this  it  appears  that  none  of  the  organisms  so  far 
discovered  has  been  conclusively  proven  to  be  the  true 
cause  of  syphilis;  and  the  i)osition  of  Lustgarten's  and 
Van  Niessen 's  bacilli  are  at  present  too  doubtful  to  make 
their  detection  of  any  diagnostic  value. 

TuK  Infli  KNZA  hAciLLi's  {Barillus  Influenz(p). — Dis- 
covered by  Pfeiffer  aud  isolate<I  in  pure  cultures  (1891-92) 
from  the  purulent  bronchial  .si'cretions  of  patients  suffer- 
ing from  epidemic  influenza.  Pfeiffer's  discovery  has 
been  fvdly  confinned  by  others,  the  results  of  whose  re- 
searches give  us  reason  to  believe  that  this  bacillus  is  the 
chief  etiological  factor  in  the  production  of  influenza  or 
"la  grippe." 

Mirroxropiral  Appearances. — Extremely  small,  moder- 
ately thick  bacilli,  about  two  or  three  times  as  long  as 
broad,  with  rounded  ends,  occurring  singly  or  in  pairs. 
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but  tlircads  or  chains  of  three  or  four  elcmonts  are  oc- 
casionally met  witli  in  cultures:  often  found  in  the  in- 
terior of  cells.     (See  Plate  X..  Fig.  8.) 

^foh'l^'(l/. — Non-motile. 

Sj)(>re  FortntttioN. — Does  not  form  spores. 

Stitining  Ueaetions. — The  iutluenza  bacrillus stains  with 
ditflcult y  with  the  ordinary  aniline  colors :  best  witli 
dilute  Ziehl's  solution  of  nirbol  fuchsin  or  Loelfler's 
methylene  blue  solution,  with  heat.  When  faintly 
st^iined  the  two  ends  of  the  bacilli  are  somewhat  more 
deeply  stained  than  the  michile  portion.  ItdcH's  not  usu- 
ally stain  with  Gram's  soluti<m,  though  some  investiga- 
tors report  such  staining  n*action. 

lUohtfiiral  Chararhn^. — Strictly  aProbic:  no  growth 
occurs  below  26"'  ('..  or  al)ov<'  43'  C.  or  in  the  entire 
absence  of  oxygen ;  optimum  temperature,  ST"*  C.  Grows 
on  th<'  surface  of  stolid  nutrient  media  containing  haemo- 
globin or  pus  cells,  as  hlotHJ  itfjtir  or  Ithnnl  nt^rmn.  At  the 
end  of  eighteen  to  twrnty-four  hours  on  such  culture 
m<-dia  in  tlie  incubator  very  small,  drop-like  colonies  are 
develoi>ed.  wliich  under  a  low  magniticatif>n  appear  as 
shining,  tnmsparent,  homogeneous  masses:  older  cultures 
are  sometimes  colored  yellowLsh  brown  in  tlie  centre.  A 
characteristic  feature  of  th(»  growth  of  the  intluenza 
bacillus  is  that  the  colonies  tend  to  remain  sepanite,  al- 
though when  thickly  sown  in  a  film  of  moi.st  blood  upon 
nutrient  agar  they  may  occasionally  becjmie  continent. 
Spread  out  in  a  thin  layer  upon  the  surface  of  1)1(mh1 
bouillon  the  growth  develops  as  delicate  white  flakes. 
According  to  GrasslnTger  a  mixture  of  nutrient  agar  and 
detibrinated  blood,  which  has  been  kept  for  one  hour  at 
50''  to  60"  C, makes  an  especially  good  soil  for  their 
growth. 

Vitality. — The  influenza  bacillus  is  very  sensitive  to 
desiccation:  a  pure  culture  diluted  with  water  and  dried 
is  destroyed  with  certainty  within  twenty-four  hours. 
In  dried  sputum  vitality  is  retained  for  from  twelve  to 
twenty  four  hours,  acconling  to  the  degree  of  drying. 
It  does  not  grow,  but  8o<in  dies  in  water.  The  thermal 
death  point  is  60**  C.  with  five  minutes'  exposure.  In 
bouillon  cultures  at  20**  C.  the  bacilli  remain  alive  for 
from  a  few  days  to  two  or  three  weeks. 

Pathogenesis. — ^The  bacillus  of  influenza,  so  far  as  is 
known,  produces  the  disease  by  artificial  infection  only 
in  monkeys  and  mbbits.  Froiii  numerous  experiments 
made  in  guinea-pigs,  rats,  mice,  and  pigeons  these  ani- 
mals seem  to  be  immune  to  influenza.  When  a  small 
quantity  of  a  twenty-four-hour-old  culture  on  blood - 
agar  is  injected  intnivenously  into  mbbits.  Pfein"er  found 
that  a  chamcteristic  pathog<'nic  effect  was  produced. 
Within  one  and  one-half  to  two  hours  after  the  infection, 
the  animals  became  very  feeble,  and  sutT<red  from  dysp- 
na«a,  the  tempemture  rising  to  41'  V.  or  more.  At  the 
end  of  five  or  six  days  they  were  able  to  sit  up  and  move 
about  again,  and  later  tli<y  recovered.  Larger  d(»ses 
caused  death.  When  cultures  were  rublxMl  inlo  the 
nastil  mucous  nHjmbranes  of  monkeys,  these  animals 
showed  a  febrile  condition,  lasting  for  a  t'<*\v  days,  but 
in  no  instiince  has  PfeitTer  observed  a  muliij»lieation  of 
thebacilli  intrcnluced.  the  results  being  due  to  toxic  prod- 
ucts. Recently  Cantani  has  shown  that  it  is  possible 
to  produce  an  infection  of  influenza  in  rabbits  when  in- 
oculated with  small  doses  (.25  to  .5  c.c.)  of  living  bacilli, 
provided  the  point  of  least  resistance  is  chosen,  viz..  the 
brain,  the  toxic  prcnhicts  of  the  inlluenza  bacillus  acting 
most  powerfully  upon  the  central  nervous  system.  The 
cell  bodies  of  the  bacilli  seem  to  possess  considendde 
p\  oirenic  ac'tion. 

It  is  ]>ossihle  that  an  inDnnnitif  against  the  influenza 
poison  la^iting  for  a  short  period  may  be  established  after 
an  at  tack.  At  least  in  three  <xperiments  made  by  PfeiflVr 
on  monkeys.  tli<-sc  animals,  after  ^'covering  from  an  in- 
oculation, seemed  t()  be  less  susceptible  to  a  sec<aid  in- 
jection. 

Tlie  influenza  bacillus  has  not  been  found  outside  of 
the  body.  In  paticnis>ntr«ring  from  influenza  the  bacilli 
arerhii'ily  in«t  with  in  the  n.isal  and  bronchial  secretions, 
mon^  especially  in  the  characteristic  light  yellowish  to 


green  pundent  sputum.  The  older  the  proct»ss  thefewt-r 
bacilli  will  Ix?  found,  and  the  more  frequently  will  they 
l)e  seen  lying  within  the  pus  cells.  At  this  time  they 
stain  less  readily  and  present  more  irregular  and  swollen 
fonn<i.  Very  often,  perhaps  almost  invariably,  the j>n.ic- 
ess  invades  portions  of  the  lung  tissue.  In  severe  ca.<«es 
a  kind  of  lobular  pneumonia  results,  and  is  accomftanied 
by  symptoms  almost  identical  with  bniucho-i)neumouia. 
In  fatal  ciLSes  the  bacilli  have  bi»en  found  to  have  pi'nr- 
tnited  not  only  into  the  peribronchial  tissue,  biit  even  to 
tin?  surface  of'  the  pleuni.  The  pleurisy  which  follows 
influenza,  however,  is  usually  a  .se(H)ndary  infection, 
due  to  the  stn'pt(x*()ccus  or  pneumococcus. '  Orilinarily 
the  disease*  rims  an  acute  or  suliucute  course,  and  not 
infrec^uently  it  is  as.scx*iate<l  with  a  mixed  infwtion  of 
the  pneumoccoccus  or  streptococcus.  But  sometimes 
a  chronic  condition  may  be  pnxiuc(\i  depending  upon 
the  influenza  bacillus;  the  Iwcilli  remaining  latent  for  a 
while  and  then  becoming  active  again,  with  a  resulting 
exacerbation  of  the  disease*.  Plithisical  patients  are  par- 
ticularly susceptible  to  attacks  of  influenza.  It  would 
appear,  therefore,  that  given  proper  climatic  conditions, 
we  have  at  all  times  the  seeds  of  influenza  present  in 
sufficient  numlx'rs  to  start  an  epidemic. 

The  discovery  of  this  bacillus  enabU*s  us  to  explain 
many  things  jm^viously  unaccountable  in  the  cause  of 
epi<lemic  influenza.     We  now  know  from  the  fact  that 
th<»  bacillus  cannot  exist  for  any  considerable  length  of 
time  in  water  or  in  dust,  that  the  disease  is  not  transmis- 
sible to  gn-at  distances  through  these  means.     Wealw 
know  that  the  infective  matt»riid  is  contained  chiefly  in 
the  nitarrhai   secretions.     The  occurrence  of  sporadic 
ca,s(»s,  or  the  sudden  eruption  of  an  epidemic  in  a  locality 
from  which  the  disease  has  been  long  absent,  and  where 
there  has  lK*en  no  new  importation  of  infection,  may  pos- 
sibly \vi  explaincsl  by  the  supposition,  as  already  not<?d, 
that  the  influenza  bacilli  remain  latent  in  the  air  passam 
of  certain  individuals  for  months  at  a  time,  and  then  be- 
come active  under  conditions  favorable  for  their  growth, 
when  the  infection  may  be  communicated  to  others  in 
closi*  contact  with  them.     The  bacteriological  diagnasL< 
of  influenza  is  of  considerable  importance  for  the  identi- 
fication of    clinically  doubtful  cases,  which  from  the 
symptoms  may  l»e  niistaken  for  other  diseases,  such  as 
bronchitis,  pneuuK^nia,  or  tuberculosis. 

In  acute  uncomplicated  cases  the  probable  diagnosi* 
can  be  fre<iuently  made  by  nncroscopical  examination  of 
stained  preparations  of  the  sputum,  there  being  prest-nt 
enormous  numbers  of  the  small  bacilli.     In  chmnic  cas** 
or  those  of  mixed  infection  the  culture  method  must  iwu- 
ally  be  employifd  if  we  wish  to  arrive  at  positive  nsult.s. 
The  bacillus  of  influenza  is  so  well  characterizKi  by  iN 
morphological,  staining,  and  cultuml  pt'culiaritics  tlmtii 
may  be  distinguished  from  all  other  Iwicteria  by  an  ex|HTT 
bacterioh)gisi  with  suflicient  certainty  for  diagnostic  pur 
poses.     The  only  bacillus  which  at  all  clos(»ly  resenibK'S  i' 
is  the  ]nirftd'f-iiiji>/(  tizu  luiriUHS  found  by  Pfeiffer  iuthnr 
cases  of  broncho-pneumonia;   and  this  is  distingiiish<*<i 
from  the  genuine  influenza  bacillus  by  its  lirger  size 
and  tendency  to  grow  out.  in  cultures  on  blood  agar, 
into  long  threads. 

TuK    DiriiTiiKUiA    B.vciLixs    {BaciUus    Diphthfriir- 
Khhs-J/Hjhr  llh'ilJuii). — This  bacillus  was  first  obsiTVW 
by  Klebs  (1SS8)  in  diphtheritic  false  mendmuie.    It  ^'3* 
isolated  in   pure  cultures  and  its  pathog<'nic  property* 
demonstrated   by   Loeftler  in  1SS4.     In   bSST-^W  furtli^"^ 
studies  by  Loeflier,  Houx.  and  Yci*sin  added  to  the  p^*^^ 
of  the  dependence  of  diphtheria  upon  this  Kicilhis.     ^^\ 
results  of  these  investigations  have  since  l)een  confine, 
by  a  great  number  of  combined  clininil  an<l  Iwct^*^!*"^ 
logical  observations  both  in  animals  and  man.    All  ^^ 
conditions  have  been  fulrille<l  for  diphtheria  whict*  ?  .^ 
necessjiry  to  the  most  vigon)Us  pnM)f  of  the  causa*'^^ 
relation  of  a  given  micro-organism  to  an  in  feet  ions  disfj*"^ 
\iz.,  the  coustiint  presence  of  the  organism  in  the  I*^^^ 
of  the  disease,  the  isolation  of  it  in  pure  culture,  ^^^^ 
failure  to  produce  the  disease  by  any  other  bacteria,  •'^^l 
the  additional  demonstration  of  the  immnnizing  valQ^ 


694 


REFERENCE  HANDBOOK  OF  THE  >tEDICAL  SCIENCES. 


Bacteria* 
Bacteria* 


the  specific  antitoxic  substances  developed  in  animals 
subjected  to  injections  of  diphtheria  toxin.  In  view  of 
tliese  facts  we  are  justified  in  concluding  that  all  cases  of 
true  or  primary  diphtheria  are  due  to  the  Klebs-Loeflfler 
bacillus. 

Jditrogc&jyieal  Appearances. — Somewhat  slender  rods  of 
variable  size.  1  to  6  //  long  and  0.5  to  1  /i  broad,  either 
straight  or  slightly  curved,  with  rounded  ends,  occurring 
singly  or  in  pairs.  Irregular  forms  arc  very  common, 
and  indeed  are  characteristic  of  this  bacillus.  In  the 
same  culture  and  in  unfavorable  media  great  differences 
in  form  and  dimensions  occur;  one  or  both  ends  may 
appear  swollen,  or  the  central  portion  may  be  thicker 
than  the  extremities,  or  the  rod  may  consist  of  irregular 
spherical  or  ovoid  segments.  The  rods  sometimes  Tie  in 
clusters  alongside  of  one  another  in  a  characteristic  man- 
ner, like  a  bundle  of  fagots.  Threads  with  swollen  ends 
and  branching  forms  sometimes  occur,  but  these  are  com- 
paratively rare.     (See  Plate  X.,  Fig.  4.) 

Motility.  — Non-motile. 

Spore  Formation. — Absent,  but  cultures  retain  their 
vitality  for  months. 

Staining  lieaHions. — Stain  readily  with  the  ordinary 
aniline  dyes  and  retain  fairly  well  their  color  after  stain- 
ing by  Gram's  method.  When  Loeffler's  alkaline  solution 
of  methylene  blue  is  applied  cold  for  five  minutes  or 
warm  for  one  minute,  the  bacilli  from  blood-serum  cul- 
tures especially,  and  from  other  media  less  constantly, 
stain  in  an  irregular  and  extremely  characteristic  way. 
Carbol  fuchsin  and  gentian  violet  stain  the  bacilli  too 
Intensely,  obscuring  the  structure  of  the  orgiinisms. 

Neisser  has  recently  described  a  double  stain  which 
brings  out  the  metachromatic  bodies  of  the  diphtheria 
baciHus,  and  which  he  claims  may  be  used  jus  a  method 
of  differential  diagnosis  between  the  virulent  and  non- 
virulent  diphtheria  bacilli  without  the  delay  of  inoculat- 
ing animals.  The  cover-slip  smear  of  diphtheria  bacilli  is 
placed  for  two  or  three  seconds  in  a  solution  composed 
of  alcohol  (96  per  cent.)  20  parts,  methylene  blue  1  part, 
acetic  acid  (glacial)  50  parts,  and  distilled  water  950  parts. 
and  then,  after  washing,  in  a  second  solution  (for  from 
three  to  five  seconds)  composed  of  Bismarck  brown  1  part, 
and  boiling  distilled  water  500  parts.  By  this  method  the 
bacilli  are  usually  stained  brown  and  at  one  or  both  ends 
a  blue  granule  is  seen;  while  the  non-virulent  bacilli  or- 
dinarily are  not  so  stained.  But  sometimes  the  pseudo- 
diphtheria  bacilli  show  the  same  dark  bodies,  and  occa- 
sionally the  virulent  bacilli  fail  to  take  the  Neisser  stain. 
Neither  this  nor  any  other  stain,  therefore,  can  be  depended 
upon  to  give  positive  information  as  to  the  virulence  of 
the  bacilli,  the  only  certain  way  of  obtaining  a  differential 
diagnosds  between  the  pseudo-  and  true  diphtheria  bacilli 
being  by  animal  inoculations  with  control  injections  of 
antitoxin.     (See  Plate  X,  Fig.  5.) 

Biological  Characters. — Aerobic  and  facultative  an- 
aerobic; grows  best  in  the  presence  of  oxygen,  but  also 
less  readily  without  it.  Development  is  go<xi  and  abun- 
dant only  at  87^  C,  the  extremes  being  20'  and  41"  C.  It 
ffiows  on  all  the  ordinary  culture  media,  glycerin  agar 
being  a  favorable  medium,  though  blood  serum  and 
ascitic  fluid  are  still  better.  Loeffler's  blood -serum  mix- 
ture (see  Micro- Organisms  :  Technology)  is  much  used  and 
is  the  best  culture  medium  for  diagnostic  purposes  in  ex- 
amining cultures  from  the  throats  of  persons  suspected 
of  having  diphtheria.  The  growth  in  gelatin  at  22'  to 
84*  C.  is  not  characteristic,  and  is  so  scanty  that  it  is  sel- 
dom employed  for  the  cultivation  of  the  diphtheria  ba- 
cfllas.     The  gelatin  is  not  liquefied. 

Growth  on  Blood  &rtim. — On  Loeffler's  blood-serum 
Ikiixture  at  the  end  of  eight  to  twelve  hours  small  colonies 
develop  which  appear  as  pearl  gray,  or  more  rarely  yellow - 
lab  gray,  slightly  elevated  points.  The  bonlersare  usu- 
ally uneven.  After  forty-eight  hours  the  colonies  when 
ated  may  so  increase  in  size  that  they  are  one-eighth 
indi  in  diameter;  these  lying  close  together  become 

nfluent  and  fuse  into  one  mass,  if  the  serum  be  moist. 

nfn^flM  fifSt  twelve  hours  the  colonies  of  the  diph- 
"■fillli  are  about  equal  in  size  to  those  of  other 


pathogenic  bacteria  which  are  often  present  in  the  throat ; 
but  after  this  time  the  diphtheria  colonies  become  larger 
than  those  of  the  streptococci  and  smaller  than  those  of 
the  staphylococci.     The  blood  serum  is  not  liquefied. 

Growth  on  Agar. — On  one-percent,  slightly  alkaline, 
nutrient  or  glycerin  agar  the  growth  of  the  diphtheria  ba- 
cillus is  less  certain  and  luxuriant  tlian  upon  blood  serum, 
but  the  appearance  of  the  colonies  when  examined  under  a 
low-power  lens  is  often  more  characteristic:  the  growth, 
however,  is  variable,  and  when  obtained  fresh  from 
pseudo-membranes  the  colonies  develop  slowly  or  fail  to 
develop  at  all.  On  agar  plates  the  deep  colonies  are  usu- 
ally round  or  oval  and  as  a  rule  present  no  extensions, 
but  the  surface  colonies  commonly  from  one  and  some- 
times from  both  sides  spread  out  an  apron-like  extension 
which  exceeds  in  area  the  rest  of  the  colony.  These  sur- 
face colonies  are  more  or  less  coarsely  granular  in  structure 
and  usually  have  a  dark  centre.  Some  are  almost  trans- 
lucent, others  are  thick  and  luxuriant  with  irregular 
borders  shading  off  into  a  delicate  lace-like  fringe,  though 
sometimes  the  margins  are  more  even  and  the  colonies 
are  nearly  circular.  With  a  high -power  lens  the  edges 
show  sprouting  bacilli,  the  colonies  being  gray  or  grayish 
white  by  reflected  light  and  pure  gray  with  olive  tint  by 
transmitted  light.  A  mixture  composed  of  two  parts  of 
a  one  and  one-half  per  cent,  nutrient  agar  and  one  part 
of  sterile  ascitic  fluid  makes  a  medium  upon  which  the 
bacillus  grows  much  more  luxuriantly  but  not  so  char- 
acteristically. Nutrient  plain  or  glycerin  agar,  with  or 
without  the  addition  of  ascitic  fluid,  is  the  medium  em- 
ployed for  the  isolation  of  the  diphtheria  bacillus  by 
plate  methods  from  the  original  serum  tube.  The  agar 
should  be  freshly  melted  and  poured  into  the  Petri  dish 
for  this  purpose,  and  after  it  has  hardened  streak  cultures 
from  the  colonies  on  blood  serum  are  made  upon  this, 
the  plates  being  left  in  the  incubator  at  87**  C.  for  twelve 
hours. 

Growth  on  Gelatin. — The  growth  on  gelatin  is  much 
slower  and  more  scanty  than  that  on  blood  serum  or  agar, 
on  account  of  the  lower  temperature  at  which  it  is  used. 
Gelatin  is  not  liquefied. 

Growth  in  Rtuillon. — In  slightly  alkaline  or  neutral 
bouillon  the  diphtheria  bacillus  grows  in  fine  grains, 
which  are  deposited  along  the  sides  and  on  the  bottom  of 
the  tube,  leaving  the  broth  nearly  clear.  Sometimes  the 
bouillon  may  appear  diffusely  clouded  to  the  naked  eye, 
but  when  examined  microscopically  in  the  hanging  drop 
the  clumpv  arrangement  is  readily  observed.  Frequent- 
ly a  whitish  film  forms  over  part  of  the  surface,  but  in 
shaking  this  breaks  up  and  slowly  sinks  to  the  bottom. 
This  film  is  more  apt  to  develop  in  cultures  which  have 
been  long  cultivated  in  bouillon.  The  reaction  of  the 
bouillon  IS  subject  to  changes — the  diphtheria  bacillus  in 
its  growth  causes  a  fermentation  of  the  meat  sugars  with 
the  protluction  of  acid;  hence  the  bouillon  b«;omes  at 
first  acid  and  subsequently  alkaline,  when  the  fermentable 
sugars  have  been  decomposed,  this  latter  change  being 
favored  by  the  admission  of  air. 

Growth  in  Milk. — The  di})htheria  bacillus  grows  readily 
in  milk,  beginning  to  develop  at  a  comparatively  low 
temperature  (20"  C.).  Thus  milk  having  become  inocu- 
lated with  the  bacillus  from  a  case  of  diphtheria  may 
under  certain  circumstances  l)e  the  means  of  conveying 
infection  to  previously  healthy  persons.  The  growth 
takes  place  better  in  raw  than  in  boiled  milk.  The  milk 
is  not  coagulated,  remaining  unchanged  in  appearance, 
but  the  cultures  may  retain  their  vitality  for  a  long  time. 

On  potato  which  is  rendered  alkaline  a  delicate  coating 
develops. 

Vitality. — Virulent  diphtheria  bacilli  may  persist  in 
the  throats  of  convalescents  from  diphthena,  after  the 
disappearance  of  the  false  membrane,  for  weeks  and 
months  even.  In  304  of  605  consecutive  cases  of  diph- 
theria examined  by  Park  and  Beel)e  the  bacilli  were  found 
to  be  no  longer  present  within  three  days  after  the  dis- 
appearance of  the  false  membrane;  in  170  cases  they  per- 
sisted for  seven  days,  in  64  cases  for  twelve  days,  in  86 
cases  for  fifteen  days,  in  12  cases  for  three  weeks,  in  4 
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cases  for  four  weeks,  in  2  cases  for  nine  weeks,  and 
recently  a  case  has  been  noted  in  which  the  virulent 
bacilli  were  present  for  six  months.  The  practical  im- 
portance of  this  fact  is  the  evident  necessity  for  the  isola- 
tion of  convalescents  from  diphtheria,  whether  showing 
clinical  symptoms  or  not,  until  all  the  Klebs-Loeffler  ba- 
cilli have  disappeared  from  the  throat. 

In  cultures  kept  in  a  cool,  dark  place,  the  bacilli  retain 
their  vitality  for  from  six  months  to  a  year  or  more.  In 
the  incubator  they  are  generally  killed  by  desiccation  in 
from  one  to  three  months ;  but  even  here,  when  the  air  is 
excluded,  they  remain  alive  in  bouillon  for  a  long  time. 
They  also  retain  their  vitality  for  a  considerable  time  in 
water  and  articles  of  food,  etc. 

The  diphtheria  l)acillus  possesses  a  considerable  re- 
sistance to  desiccation.  Pure  cultures  in  saturated  silk 
threads  at  room  temperature  remain  alive  under  favorable 
conditions  for  montlis.  In  dried  diphtheritic  exudate, 
even  when  pulverized,  they  retain  their  virulence  for  a 
long  time.  They  are  soon  killed  by  moist  heat  at  60"  C. 
Cold  has  comparatively  little  influence  upon  them,  and 
even  when  dried  they  retain  their  virulence  in  winter  for 
several  months.  Suspended  in  water  and  exposed  to  the 
action  of  direct  sunlight  the  bacilli  die  in  a  few  hours, 
but  in  agar  and  bouillon  cultures  they  remain  alive  for 
six  hours. 

Chemical  Effects. — Tlie  diphtheria  bacilli  produce  gas 
and  acids  from  carbohydrates,  as  from  glucose  present 
in  ordinary  nutrient  bouillon.  They  also  produce  sul- 
phuretted hydrogen  and  indol.  In  old  cultures  some 
nitrites  are  present,  which  with  the  indol  give  thenitroso- 
indol  reaction  on  the  addition  of  pure  sulphuric  acid. 
Pigment  production  is  rare,  though  occasionally  yellow 
to  reddish  species  have  been  met  with.  Old  bouillon 
cultures  of  the  diphtheria  bacillus  filtered  through  porce- 
lain produce  the  same  symptoms  as  inoculations  with 
the  bacilli  themselves.  Particularly  active  toxins  are 
obtained,  according  to  von  Dungem,  by  the  addition  of 
ascitic  fluid  to  the  bouillon.  Sugar  is  to  be  avoided. 
Bouillon  cultures  as  long  as  they  are  acid  contain  no 
toxins.  A  two-percent,  peptone  nutrient  bouillon,  liav- 
ing  an  alkalinity  equal  to  about  8  c.c.  of  normal  soila 
solution  per  litre  above  the  neutral  point  to  litmus,  is  a 
suitable  medium  for  the  development  of  toxin.  Free 
access  of  air  favors  its  production.  The  greatest  ac- 
cumulation of  toxin  in  bouillon  is  after  a  growth  of  from 
five  to  ten  days  in  the  incubator  at  85*'  to  87°  C. 

These  poisons  of  diphtheria  have  been  partially  isolated. 
They  are  precipitated  in  part  by  alcohol,  calcium  phos- 
phate, calcium  chloride,  and  magnesium  sulphate.  The 
toxin  has  not  yet  been  successfully  anah'zed,  so  that  its 
chemical  nature  is  unknown.  It  has  many  of  the  prop- 
erties of  proteid  substiinces,  but  it  is  formed  not  only  in 
albuminous  culture  me<lia  but  also  in  those  free  from  al 
bumin.  It  is  not  a  stable  body,  being  totally  destro^'cd  by 
boiling  for  five  minutes,  ami  losing  ninety-live  per  cent,  of 
its  strength  when  exposed  to  a  tenipeniture  of  75"  C.  for 
some  time.  Temperatures  under  60'  C.  alter  it  only  very 
gradually.  It  is  slowly  decomposed  when  exposed  to 
light  ana  air,  but  kept  in  a  cold,  dark  place  it  may  be 
pres(»rved  almost  indefinitely.  According  to  Kossd 
diphtheria  toxin  is  formed  in  the  cell  bodies  of  the  bacilli 
and  thence  secreted.  Ehrlich,  who  has  recently  investi- 
gated the  subject  of  toxins,  subdivides  tlieni,  according 
to  their  degrees  of  toxicity,  into  protoxoids.  syntoxoids, 
and  epitoxoids. 

Pathogem'ftis. — The  diphtheria  bacillus  is  pathogenic 
for  guinea-pigs,  rabbits,  chickens,  pigeons,  small  l)ir(ls, 
and  cats;  also  in  a  lesser  degree  for  dogs,  goats,  cattle. 
and  horses,  but  scarcely  at  all  for  rats  and  niiee.  True 
diphtheria,  however,  as  observed  in  man,  is  extremely  nire 
among  these  animals,  the  so-called  diphtheritic  inllam- 
mations  in  them  being  due,  as  a  nile,  to  other  bacteria 
than  the  Klebs-Loettler  bacillus. 

The  virulence  of  pure  cultures  of  the  diphtheria  bacillus 
from  difTerent  s(njrces.  as  measured  by  their  toxin  })ro- 
duetion.  varies  enormously.  In  general,  st^vere  ca.ses  of 
diphtheria  yield   strongly   virulent  cultures,   and  mild 


cases  slightly  virulent  ones ;  but  there  are  exceptions  to 
this  rule.  One  of  tlie  most  virulent  cultures  so  far  known 
—culture  No.  8,  which  is  used  not  only  by  the  New  York 
Health  Department  Laboratory,  but  by  many  other 
laboratories  in  the  United  States  and  Europe,  for  the 
production  of  toxin — was  obtained  from  an  extremely 
mild  case  of  diphtheria.  Experimental  and  accidental 
attenuation  of  the  diphtheria  bacilli  has  often  been  ob- 
served. Roux  and  Yersin  maintain  that  there  is  a  uni- 
form and  gradual  decrease  in  virulence  of  tlie  bacilli 
found  in  the  throats  of  convalescents  from  diphtheria, 
but  this  lias  not  been  confirmed  by  others,  highly  virulent 
bacilli  having  been  repeatedly  found  in  the  throats  of 
those  recovering  from  the  disease  long  after  the  disap- 
pearance of  all  clinical  symptoms.  The  same  marked 
variation  occurs  in  the  amount  of  toxin  produced  by  dif- 
ferent bacilli  in  their  growth  in  media  outside  of  the 
body.  There  are  also  l^cilli  which  produce  no  specific 
toxin  whatever  and  yet  appear  to  have  all  the  other 
characteristics  of  virulent  bacilli.  Moreover,  some  diph- 
theria bacilli  retain  their  virulence,  when  grown  in 
artificial  media,  much  longer  than  others.  Tlie  passage 
of  the  bacilli  through  the  bodies  of  susceptible  animals 
does  not  increase  their  vindence  to  any  appreciable  ex- 
tent, this  being  probably  due  to  the  fact  that  they  mul- 
tiply but  little  in  the  tissues. 

The  best  guide  for  the  virulence  of  a  diphtheria  iMcillus 
is  the  toxicity  of  the  filtrate  of  a  culture  of  definite  age, 
as  shown  by  inoculation  into  guinea-pigs;  for  this  pur- 
pose an  alkaline  broth  culture  of  forty -eight  hours* 
growth  is  used.  Tlie  amount  injected  should  not  be 
more  than  one-fifth  per  cent,  of  the  body  weight  of  the 
animal  inoculated,  unless  controls  with  antitoxin  are 
made.  In  the  large  majority  of  cases,  when  the  bacilli 
are  virulent,  this  amount  causes  death  within  seventy- 
two  hours.  For  an  absolute  test  of  specific  virulence 
antitoxin  must  be  used.  A  guinea-pig  is  injected  sub- 
cutaneously  with  antitoxin,  and  then  this  and  a  control 
animal  are  injected  with  double  the  fatal  dose  of  a  broth 
culture  of  the  bacilli  to  be  tested.  If  the  animal  which 
received  the  antitoxin  lives,  while  the  control  animal  dies, 
it  was  surely  a  virulent  diphtheria  bacillus  which  killed 
by  means  of  the  toxin  produced. 

About  twenty -four  hours  after  the  subcutaneous  in- 
oculation of  a  virulent  culture  of  the  diphtheria  bacillus 
the  animal  becomes  languid,  has  no  appetite,  its  hair  is 
rumpled,   its  nose  cold  and  blue,  and  its  respiration 
rough;   the  point  of  injection  is  infiltrateil.  sometimes 
also  the  surrounding  tissues.     Certain  symptoms,  how- 
ever, exclusive  of  loss  of  weight,  may  be  wanting.     On 
autopsy  there  will  be  found  at  tlie  seat  of  inoculation  a 
grayish  deposit  surrounded  by  an  area  of  congestion ;  the 
subcutaneous  tis.sues  for  some  distance  around  are  o?de- 
matous;  the  adjacent  lymphatics  are  swollen,  and  the 
serous  cavities,  especially  the  pleuml  and  the  pericanlial, 
frequently  contain  an  excess  of  fluid,  usually  cl«ir.  but 
at  times  turbid;  the  lungs  are  genemlly  congested.     In 
the  organs  are  found  numerous  smaller  or  larger  nias.ses 
of  necrotic  cells,  which  are  permeated  with  leucocvtc^ 
The  heart  and  voluntary  muscular  fibres  usually  show 
degeuenilive  changes.     Occasionally  there  is  fa'ttv  de- 
generaticm  of  the  liver  and  kidneys.     From  the  art^a  sur- 
rounding the  point  of  inoculation  virulent  bacilli  luav  Iw 
()btaine(i,  but  in  the  organs  they  are  only  occasioiiallv 
found,  unless  an  enormous  number  of  bacilli  have  Iveen 
injected.     Paralyses,  commencing  genemlly  in   the  jx:)s- 
lerior  extremities  and  gradually  extending  to  other  por- 
tions of  the  body  and  causing  death  by  canliac  paralysis 
or  paralysis  of  the  respiratory  organ.s.  is  also  pnxiu\*ed 
in  many  cases  in  which  the  inoculated  animals  do  not 
succumb  to  a  too  ra]ud  intoxication.     In  rart»  in.«itanci»s 
the  muscles  of  the  neck  or  of  the  larj'ux  arc  first  para- 
lyzed and  thus  characteristic  symptoms  are  proiluct»d. 

Rabbits  are  much  less  susceptible  to  subcutaneous  in- 
oculation than  guinea-pigs;  white  mice  and  rats  are  al- 
most immune.  On  the  other  hand,  cats,  dogs.  cows,  and 
horses  are  susceptible,  as  are  also  young  pigeons  and 
chickens,  and  small  birds. 
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Fw.  l.^RnHllufl  Tn\ifirruUAw  in  npritnm.      X  l.ViO.     Photomlcroznph  from  Sternberg's  * 
tfrio\ot^y  "  by  f^-rmimi^tn 

pKi  2  — fWrilliwof  lA-prtf^y.  S^r^tion  of  .Skin  >Vjduk.     X  1,000.     PbotODUcrognph  from  Bowhxil's 
*•  l5«/^'Tlolojfy  "  by  p''rTni.iHk>o. 

Km.  JJ— Bft/illiM  of  Inl1ii#'n/A  in  Brrm/.bial  Mucun.     X  l.'iOO.     PhotrimiirrogrAph  from  Sternberg's 
**  li«ct^ri/»lo(fy  "  by  \tt'Tm\mifiiTi. 

Fro.  4.  —  Ite^rillijA  f»f  r>iphtheria  rKlfb^-I^jefflfrr).     Bkxxl-Jienim  culture  stained  with  Loeffler's  sola- 
tir»n  of  m«:tbytffne  bin**.     X  l.Vi*».     PhotomicnurTHph  from  Sternberg's  "Bacteriology"  by 
miwiion. 


Ffo.  5  — Bo^rillijsof  IHphtlieria.     Stained  with  NeiMer'^sr^lution.  showing  bodies  of  bacilli  in 

faint  brown;  |K»intfi.  flark  blue.     X  l.W>.     Photomicrrigraph  from  Fork's  - Bacteriologj' "  by 
pf'rmifwion. 

Fio.  6.— Psei]doJ>iphtberiH  Bar;i)]uA.  Small  Type.    X  1.<KlO.     Photomicrograph  frr»m  Park's  ''Bac- 
t4'riology  **  by  jK'rmijwion. 

Fio  7.— Bacillus  of  Typhoid  F*'vrrr.  from  Agar  Culture,     x  l,Of)0.     Photomicnigraph  fn>m  Stem- 
iMTg's  "  Bmrtcriolot^y  *"  by  p*TiiiiH.Mion 

Fio.  H.— Biu'illiis  rif  Tyjilioid  V*\*'r  with  Flagella.     Agar  culture.     X  1,000.     Photomicrograph 
from  iViwlillI'H  "  iW'tiTJoloj^y  "  by  pfmiinHion. 
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Diphtheritic  false  membrane,  analogous  to  human 
diphtheria,  may  be  produced  in  animals  by  rubbing  in 
diphtheria  bacilli  on  the  slightly  abraded  surface  of 
mucous  membranes  of  the  trachea  ahd  conjunctiva  of 
rabbits,  of  the  throats  of  monkeys,  and  of  the  pharynx 
and  larynx  of  pigeons  and  chickens.  The  process  re- 
mains local.  According  to  Loefflcr,  the  best  results  are 
obtained  by  inoculation  of  the  vaginal  mucous  mem- 
branes of  guinea-pigs. 

In  man  no  experimental  inoculations  have  been  made, 
but  in  two  involuntary  laboratory  experiments  made  in 
the  New  York  City  Health  Department  severe  diphtheria 
was  contracted  by  inadvertently  sucking  up  virulent 
bouillon  cultures  of  the  diphtheria  bacillus  into  the 
mouth. 

Outside  of  the  body  diphtheria  bacilli  have  been  found 
upon  articles  used  by  diphtheria  patients,  as  upon  linen, 
brushes,  toys,  walls  and  floors  of  rooms,  etc.,  and  in  the 
hair  of  nurses.  The  air  (exclusive  of  momentary  con- 
tamination through  the  coughing  of  patients)  never  con- 
tains the  bacilli.  They  have  also  been  found  at  times 
in  the  throat  and  nasal  cavities  as  well  as  in  the  conjunc- 
tiva of  healthy  individuals,  especially  of  those  coming 
in  contact  with  diphtheria  patients.  Out  of  three  hun- 
dred and  thirty  healthy  persons  who  had  not  been  in  con- 
tact, so  far  as  known,  with  cases  of  diphtheria,  Park  and 
Beebe  found  virulent  bacilli  in  eight  only,  two  of  whom 
later  developed  the  disease.  It  is  evident,  therefore,  that 
infection  from  diphtheria,  as  in  other  infectious  diseases, 
requires  not  only  the  presence  of  virulent  bacilli  in  the 
throat,  but  also  an  individual  susceptibility  at  the  time  to 
the  disease.  Among  the  predisposing  factors  which 
may  contribute  to  the  production  of  diphtheria  are  the 
breathing  of  foul  air  and  living  in  over-crowded  and  ill- 
ventilated  rooms,  poor  food,  and  certain  other  affections, 
more  especially  catarrhal  inflanmiations  of  the  mucous 
membranes,  but  all  depressing  conditions  in  general 
favor  the  development  of  the  disease. 

The  chief  locations  of  the  bacilli  in  diphtheria  are  on 
the  surface  of  the  pseudo-membranous  inflammations  of 
the  fauces,  larynx,  and  nasal  cavities,  but  also  occasion- 
ally in  membranous  affections  of  the  skin,  vagina,  rectum, 
conjunctiva,  nose,  and  ear  (membranous  rhinitis  and 
otitis  media).  Occasionally  they  have  been  found  in  the 
blood  and  interior  organs  (spleen  and  kidneys). 

Almost  always  the  streptococcus  pyogenes  is  asso- 
ciated with  the  diphtheria  bacillus,  with  which  it  acts 
pathologically  as  a  synergist.  Regarding  the  importance 
of  mixed  infection  in  diphtheria,  Bemheim  has  stated 
that  the  streptococcus  products  of  decomposition  favor 
the  growth  of  the  diphtheria  bacilli  and  increase  their 
virulence  for  production  of  toxin.  Nevertheless,  the 
diphtheria  bacillus  alone  undoubtedly  may  produce  all 
the  clinical  symptoms  of  sepsis. 

Noil'  Viniient  I>iphtheria  Bacilli. — ^There  are  sometimes 
found  in  inflamed  throats  as  well  as  in  healthy  throats, 
cither  alone  or  associated  with  virulent  diphtheria  bacilli, 
micro-organisms  which  though  morphologically  and 
biologically  identical  with  the  Klebs-Ijoeffler  bacillus, 
appear  to  be  non-virulent — that  is,  in  artificial  culture 
media  and  with  the  usual  animal  tests  they  prc)duce 
no  appreciable  diphtheria  toxin.  Between  the  bacilli 
which  produce  a  great  deal  of  toxin  and  those  which 
seem  to  produce  none  at  all  we  find  all  grades  of  viru- 
lence. These  are  probably  attenuated  varieties  of  the 
diphtheria  bacillus  which  have  lost  their  power  of  pro- 
ducing toxin  (Koux  and  Yersin).  Bacilli  are  also  found 
which  resemble  the  Klebs-Loeflier  bacilli  very  closely 
except  in  toxin  production,  but  differ  also  in  some  other 
respects.  From  varieties  of  this  kind  having  been  found 
in  a  number  of  cases  of  so-called  xerosis  conjunctiva  these 
bacilli  are  often  designated  as  xerosis  bacilli.  They  are 
usually  much  larger  than  diphtheria  bacilli  and  have 
club-like  extremities.  They  may  be  almost  non-patho- 
genic for  guinea-pigs,  or  they  may  kill.  Animals  are 
not  protected  bv  diphtheria  antitoxin  from  the  action  of 
these  bacilli.  Whether  they  are  derived  from  the  original 
diphtheria  stock  is  not  known. 


PseiidO'Diphtheria  BaciUi. — Besides  the  typical  bacilli 
which  produce  diphtheria  toxin  and  those  which  do  not, 
but  which,  so  far  as  we  can  determine,  are  otherwise 
identical  with  the  Loeffler  bacillus,  there  are  other  bacilli 
found  in  positions  similar  to  those  in  which  diphtheria 
bacilli  occur,  and  yet,  though  resembling  these  organisms 
in  many  particulars,  differ  from  them  m  certain  impor- 
tant characteristics.  The  vanety  most  prevalent  is  rather 
short,  plump,  and  more  uniform  in  size  and  shape  than 
the  true  Loeffler  bacillus,  and  the  great  majority  of  them 
in  culture  show  no  polar  granules  when  stained  by  the 
Neisser  method,  staining  evenly  throughout  with  Loef- 
fler's  alkaline  methylene  blue  solution.  Their  colony 
growth  on  blood  serum  is  very  similar  to  that  of  the 
diphtheria  bacilli,  but  they  do  not  produce  acid  by  the 
fermentation  of  glucose,  and  they  never  produce  diph- 
theria toxin.  These  are  properly  called  pseudo-diphtheria 
bacilli.  When  found  in  cultures  from  cases  of  suspected 
diphtheria  they  may  lead  to  an  incoiTect  diagnosis;  and 
here  the  Neisser  method  of  staining  is  of  value,  though 
the  only  absolute  test  of  virulence  is  by  inoculation  of 
susceptible  animals.     (See  Plate  X.,  Fig.  6.) 

Pseudo '  Membranous  Inflammations  due  to  Bacteria 
other  th/in.t1ie  Diphtheria  Bacilli. — The  diphtheria  bacil- 
lus, though  the  most  usual,  is  not  the  only  micro-organ- 
ism that  is  capable  of  producing  pseudo-membranous 
inflammations.  The  streptococcus,  staphylococcus,  and 
pneumococcus  are  the  forms  most  often  found  in  angina 
simulating  diphtheria,  but  there  are  also  others  which, 
under  suitable  conditions,  take  an  active  part  in  produc- 
ing this  kind  of  inflammation.  But  the  bacteria  which 
occur  in  this  so-called  false  dipht/ieria  are  all  morpho- 
logically and  culturally  distinct  from  the  Loeffler  bacilli. 

Susceptibility  and  Immunity. — It  is  now  commonly 
recognized  that  an  individual  susceptibility,  both  general 
and  local,  to  diphtheria  is  necessary  to  contract  5ie  dis- 
ease. Age  has  long  been  known  to  be  an  important 
factor  in  the  production  of  diphtheria,  children  within 
the  first  six  months  of  life  being  but  little  susceptible, 
most  so  between  the  third  and  tenth  years,  while  adults 
are  comparatively  immune.  An  apparent  inherited  sus- 
ceptibility to  the  disease  has  also  been  observed.  Two 
attacks  of  diphtheria  have  rarely  been  known  to  occur 
in  the  same  individual  within  a  short  time.  But  to  what 
this  natural  susceptibility  or  immunity  is  due  is  as  yet 
only  partially  understood.  As  the  result  of  animal  ex- 
penments,  however,  it  has  recently  been  shown  that  an 
artificial  immunity  against  diphtheria  can  be  produced, 
at  least  for  a  considerable  period,  by  the  development,  in 
the  body,  of  substances  antidotal  to  the  diphtheria  toxin. 

Animals  may  be  immunized  against  the  diphtheria 
bacillus  in  various  ways:  By  treatment  first  with  slightly 
virulent  and  then  with  highly  virulent  cultures  of  the 
bacillus;  by  injection  of  small  quantities  of  attenuated 
cultures  or  of  toxin,  and  then  with  gradually  increasing 
doses;  by  injection  of  the  blood  serum  of  animals  im- 
munized in  one  of  the  above  ways  against  diphtheria. 
In  the  earlier  experiments  on  immunization  against  diph- 
theria the  names  of  Fraenkel,  Wernicke,  Aronson,  Roux, 
and  others  are  conspicuous ;  but  to  Behring  and  Kitasato 
belongs  the  credit  of  the  fundamental  discovery  that  the 
blood  serum  of  an  animal  immunized  for  certain  infec- 
tious diseases  may  be  employed  for  protective  inoculations, 
and  that  in  larger  quantity  it  may  even  exercise  a  cura- 
tive influence  after  infection  has  occurred.  This  is  one 
of  the  greatest  discoveries  in  scientific  medicine  of  recent 
years,  and  the  practical  results  obtained  in  the  treatment 
of  diphtheria,  at  least,  have  justified  all  the  expectations 
that  were  entertained  regarding  it.  The  mortality  of  this 
fatal  malady  among  children  has  been  reduced  fifty  per 
cent,  or  more  in  places  where  diphtheria  was  prevalent 
and  where  the  treatment  was  continuously  and  uniformly 
employed.  As  to  immunity,  it  stands  to  reason  that  a  dis- 
ease which  can  attack  the  same  person  more  than  once 
within  a  comparatively  short  time  does  not  belong  to  the 
class  of  affections  producing  a  permanent  immunity  after 
recovery.  It  is,  however,  well  known  that  a  certain  tem- 
porary immunity  is  thus  conferred,  and  the  blood  serum 
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of  persons  during  convalescence  from  diphtheria  has 
been  found  to  possess  immunizing  pn»p<»rties.  The  pro- 
tection afforded  by  artiticial  imnuiuization,  therefon*. 
dot*8  not  last  usually  more  than  three  or  four  weeks,  but 
this  is  usually  sufficient  to  tide  over  the  peri(Kl  of  ex- 
posure to  infeetif>n.  and  if  necessary  repeated  inununixin^ 
injections  of  tlie  antitoxic  st»runi  may  be  ii:iveu.  Re- 
garding tlie  curative  injections,  the  earlier  the  n'lnedy  is 
administered  the  more  certain  an<l  mpid  is  the  effect  pro- 
duced— this  effect  being,  indeed,  one  of  imnuuiity  or 
protc»ction  agtunst  further  infection  or  absorption  by  the 
system  of  the  diphtheria  toxin,  mther  than  of  neutraliza- 
tion of  the  |M)isons  aln*ady  absorbed. 

PrejMt ration  of  l>iphtheria  Antifoxin. — The  principal 
steps  in  the  pn*paration  of  dii)htheria  antitoxic  s<'ruiu 
are  the  prcxluction  (»f  toxin,  the  inmuiui/ation  c>f  the 
horses,  and  the  testing  of  the  antitoxin  obtaine<l  from 
them.     The  following  is  the  metlKxl  in  brief  now  em- 

Slo3'ed  in  the  lalM)ratories  of  the  Health  Department  of 
icw  York  City :  The  strongest  diphtheria  toxin  pos.sible 
is  obtained  by  taking  a  very  virulent  bacillus  aii<l  grow- 
ing it  under  the  conditions  already  des^Tilwd.  The  cul- 
ture, after  a  wei'k's  growth,  is  n'moved.  and  having  In-en 
teste<l  for  purity  is  rendertnl  sterile  by  the  addition  of 
ten  |)er  cent,  of  a  tive  per  cent,  solution  of  carl>olic  acid. 
This  sterile  culture  is  then  filtered  thn>ugh  ordinary 
sterile  filt<T  |m|)er  and  storwl  in  full  bottles  in  a  c<»ld 
place  imtil  nwdKl.  Its  strength  is  tested  by  giving  a 
series  of  guinea-pigs  carefully  measured  amounts  injected 
sulK'utane<»usly.  Ia'ha  thanO.Ol  c.c,  administered  hypo- 
dcrmatically,  should  kill  a  250  gm.  guinea-pig.  The 
hors<'S  u.sed  for  immunization  .sliould  l>e  young  amd  ab- 
solutely healthy.  A  numlM-rof  such  animals  are  severally 
injected  with  an  amotmt  of  toxin  sufficient  to  kill  5,0<M) 
guinea-pigs  of  250  gm.  weight  (about  20  c.c.  of  strong 
toxin),  the  point  of  injection  iK'ing  usually  under  the 
skin  of  th*;  neck  or  lH?hind  the  shouhler.  After  an  inter- 
val of  from  three  to  five  days,  so  soon  as  the  febrile  reac- 
tion has  subsided,  a  second  subcutani*ous  injection  of  a 
slightly  larger  dose  is  given.  With  the  first  three  injec- 
tions oif  toxin  10,000  unit*  of  antitoxin  are  administere<l. 
If  antitoxin  is  not  mixed  with  the  toxin  only  one-tenth 
of  tlie  doses  above  mentioneil  is  to  be  given.  At  the  end 
of  about  two  months,  incn^asing  doses  of  pure  toxin  hav- 
ing been  injecte<l  ever^'  five  to  eight  days,  from  ten  to 
twenty  tinu^s  the  original  amount  is  adminlstereil.  In 
about  three  months  the  antitoxic  st»nim  drawn  from  the 
horses  should  contain  at  least  3(H)  antitoxin  units,  when 
tested,  and  the  l)est  of  them  fnmi  HOO  to  1,(X)0  units,  in 
each  cubic  centimetre.  V<*ry  few  horses  ever  yield  over 
1,0<K)  units,  and  none  so  far  has  given  as  much  as  2.0(N) 
units  per  cubic  centunetre.  If  every  nine  months  an  in- 
terval of  three  months'  fre<*dom  from  inoculations  is 
given,  the  best  horses  continue  to  furnish  high-gnule 
senim  during  their  jK^riiMls  of  trtnitment  for  from  two  to 
four  years. 

In  order  to  obtain  the  serum  the  bhKKl  is  withdrawn 
from  the  jugular  vein  by  means  of  a  sliarp-pointed 
cannula,  which  is  plunged  through  the  vein  wall,  a  slit 
having  been  made  in  the  skin.  It  is  run  into  large  flasks 
through  a  sterile  rublK'r  tube,  and  then  allowedto  clot, 
the  fiasks  having  Imh'u  j>reviously  j)laced  in  a  slanting 
position.  From  the.m?  the  siTum  is  drawn  off  after  f<mr 
days  by  means  of  sterile  glass  and  rubber  tubing,  and  is 
sl<>red  in  large  bottles,  small  vials  Iw-ing  tilled  as  neede<l 
for  US4'.  Every  pos.sible  precaution  should,  of  course-,  be 
taken  in  the  prepamtion  of  the  serum  toavoid  contamina- 
tion. An  antisei)tic  may  be  added  to  the  s<Tum  as  a 
l)n*s<'rvative,  but  it  is  not  r)rdinarily  neces,sjirv.  Kept 
from  access  of  air  and  light  and  in  a  cold  place,  it  is 
fairly  stable.  dct<Tioniting  not  more  than  forty  per  cent., 
and  oftrn  much  less,  within  a  year.  When  store<l  in 
vials  and  kept  as  above,  diphtheria  antitoxin  contains 
within  ten  percent,  of  its  original  strength  for  at  l<*ast 
two  months. 

Diphtheria  antitoxin  has  the  power  of  neutralizing 
diphtheria  toxin,  so  that  wIh-u  a  certain  amount  is  in- 
jw^ted  into  an  animal  befort'  or  together  with  the  toxin  it 


overcomes  its  poisonous  action.  Tliis  power  is  utilized 
in  testing  antitoxin.  Guinea-pigs  of  about  250  gm. 
weight  are  subcutaneously  injecUHl  with  one  hundred  or 
with  ten  fatal  doses  of  toxin  which  have  In^n  previousl}' 
mixe<l  with  an  amount  of  antitoxin  believeil  to  Ik»  suffi- 
cient to  protect  from  the  toxin.  If  the  guinea-pig  lives 
four  days,  but  dies  mnm  after,  the  amount  of  antitoxin 
added  to  the  toxin  was  just  1  or  0.1  unit,  according  as 
one  hundred  or  ten  fatal  doses  were  employed.  If  the 
animal  dies  earlier,  less  than  1  unit  was  a<ldi'(l.  An  anti- 
toxin unit  has  thus  iK'cn  defined  as  "  ten  times  the  amount 
of  antitoxic  s<'rum  required  to  protect  a  guinea-pig 
weighing  250  gm.  from  death,  when  ten  times  tlie  fatal 
dose  of  toxin  is  mixed  with  the  serum  and  the  mixture 
injected  subcutjiueously  into  the  animal."* 

T?ie  Uve  of  Diphthtn'a  Antitoxin  in  Treatmfnt  and  Tm- 
uutnization. — For  the  injection  a  hypotlemiic  .•^j-ringe  is 
employed,  holding  10  to  12  c.c,  which  must  be  pri'vi- 
ously  thoroughly  sterilized  with  alcohol  and  a  five-per- 
cent, solution  of  "carbolic  acid.  The  inje<-tion  is  inaile  at 
some  point  on  the  anterior  surface  of  the  body,  as  the 
abdomen  or  thorax  or  outer  surfiwe  of  the  thigh,  where 
there  is  an  abundance  of  subcutaneous  cellular  tissue. 
Before  injecticm  the  skin  should  be  carefullv  washed 
with  alcohol  or  some  disinfecting  solution.  The  senim 
is  rapi<lly  ab.s{)il;ed,  and  it  is  better  not  to  employ  mas- 
sage over  the  point  of  iniection.  For  treatment  oY  mild 
cases  of  diphtheria  the  dose  is  1.5(K)  antitoxin  unit.s.  for 
mod(rrate  cas(»s  2, (MM)  units,  ami  for  wvere  ca.ses  S.WH) 
units.  When  no  improvement  follows  in  twelve  hours 
the  dos<*  should  be  repeated ;  sometimes  H, 000  units  or  mon* 
mav  be  reciuin'd  in  a  single  ca.se.  For  immunization  of 
children  or  adults  who  have  been  exposed  to  diphtheria 
the  dose  is  from  300  to  500  units,  according  to  age,  to  be 
repeated  if  neces.sary  at  the  end  of  two  or  three  weeks. 
In  all  cases  it  is  better  to  use  a  small  quantity  of  a  high- 
grade  serum  than  a  large  quantity  of  a  low-grade  prepa- 
ration, as  there  is  in  the  former  instance  less  danger  of 
rashes  and  other  deleterious  effects.  The  only  untowanl 
n»sults  to  be  feannl  in  any  case  in  which  proper  aseptic  pre- 
cautions are  taken  in  the  injection,  are  occasional  rashes 
with  perliaps  some  slight  rise  of  temperature.  In  sus- 
picious cases  of  any  severity,  particularly  in  croup,  it  la 
better  to  administer  the  reniKiy  at  once,  making  a  cul- 
ture at  the  same  time  for  l)act(>riological  diagnosis,  than 
to  delay  treatment  until  a  positive  diagnosis  has  been  made 
by  Imcteriological  examination. 
*TiiE  Bacilm's  of  Tetanus  {BttnUus  Teinni). — Nico- 
laier  in  18H4  pnKluced  tetanus  in  mi(^  and  rabbits  by 
subcutaneous  iiux'ulation  of  particles  of  garden  earth, 
and  showed  that  the  disease  was  transmissible  by  inocu- 
lati(m  from  these  animals  to  others.  Carl  and  Rattone 
soon  after  this  demonstrated  the  infectious  nature  of 
tetanus  as  it  ot^curs  in  man.  Finally,  in  1889,  Kitasato 
obtained  the  bacillus  of  tetanus  in  pure  cultun*  and  de- 
scribed its  biological  chanicters. 

}ficr<nirajMt'al  Api)cnranrfH. — Slender  rods  with  rounded 
ends,  0.3  to  0.5  fi  in  diameter  by  2  to  4  //  in  length, 
usually  occurring  singly,  but  often  growing  into  long 
threads,  especially  in  old  cultun»s. 

i^p*>re  Format  ion. — Forms  rounded  spores  thicker  than 
the  cells,  occupying  one  extremity  of  the  rods  and  giv- 
ing them  the  appeamnce  of  minute  drumsticks.  (See 
Plate  XII..  Fig.  3.) 

Motitity — Motile,  although  not  actively  so  in  hanging- 
<lrop  eultuR'S  with  exclusicm  of  air;  numerous  flagella 
are  attached  to  the  bcHlies  of  the  luicilli.  In  the  sfmre 
stage  they  are  non-motile. 

Staini/'if/  Renctittnii. — Stains  with  the  onli nary  aniline 
dyes,  and  is  not  de<'olorized  by  Gram's  solution.  The 
spores  may  be  demonstnited  by  double  staining  with 
Ziehl's  method. 

Ih'olofjinil  Chn meters. — When  freshly  isolattnl  from  the 
animal  body,  this  organism  is  strictly  anaOrobic;  but  by 
lr>ng  cultivation  at  hiirh  temperatures  it  often  beconu^* 
less  ST'iisitive  to  the  presence  of  oxygen,  this  cultivation 
iM'ing  facilitated  by  Hs.sociation  with  certain  saprophytic 
bacteria.     Carbone  and  Pessero  have  obtained  from  a 
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case  of  rheumatic  tetanus  in  which  there  was  no  sign  of 
injury  in  the  bronchial  mucous  membranes  virulent  tet- 
anus bacilli,  which  grew  more  luxuriantly  under  aerobic 
than  anaerobic  conditions;  in  pure  cultures,  however, 
they  proved  to  be  non-virulent.  The  bacillus  tetani  does 
not  grow  at  temperatures  below  14''  C,  though  slowly 
from  20°  to  24"  C. ;  best  at  37"  C,  when  it  rapidly  forms 
spores.  It  develops  in  the  ordinary  nutrient  gelatin  and 
agar  media  of  a  slightly  alkaline  reaction.  The  addi- 
tion of  1.5  per  cent,  glucose  to  the  media  causes  the  de- 
velopment to  be  more  rapid  and  abundant.  Accord- 
ing to  von  Hibler,  the  less  pathogenic  the  organism  the 
more  luxuriantly  it  grows  on  artiiQcial  culture  media, 
and  the  more  energetically  it  liquefies  gelatin.  In  the 
animal  body  its  growth  is*  comparatively  scanty,  and  it 
is  usually  associated  with  other  bacteria,  pure  cultures 
being  difficult  to  obtain.  Kitasato's  method,  which  is 
not  always  successful,  however,  consists  in  inoculating 
an  agar  tube  with  the  tetanus  material  (pus  from 
wounds),  keeping  this  for  twenty-four  hours  or  more 
in  the  incubator  at  37°  C,  and,  after  the  spores  liave 
formed,  heating  it  for  about  an  hour  at  80^  C.  to  destroy 
the  associated  bacteria.  The  spores  of  bacillus  tetani 
are  able  to  survive  this  exposure,  and  anaerobic  cul- 
tures are  then  made  in  the  usual  way,  and  the  tetanus 
colonies  isolated. 

Oroirth  oil  Gelatin. — On  gelatin  plates  the  colonies 
develop  slowly,  the  middle  portion  l)eing  generally  of  a 
yellowish-brown  color,  with  numerous  threads  radiating 
from  the  centre;  the  gelatin  is  liquefied.  In  old  cultures 
the  entire  mass  is  m^e  up  of  fine  threads,  the  colonies 
presenting  an  appearance  not  unlike  that  of  the  common 
mould.  In  gelatin  stab  cultures  the  growth  exhibits  the 
appearance  of  a  cloudy,  linear  mass  with  outgrowths 
raoiating  into  the  medium  from  ail  sides.  Liquefaction 
takes  place  slowly,  generally  with  the  production  of  gas 
having  an  unpleasant  empyVeumatic  odor. 

Oroipth  on  Agar. — The  colonies  on  agar  are  quite  char- 
acteristic. To  the  naked  eye  they  present  the  appear- 
ance of  light,  fleecy  clouds;  under  a  low-power  micro- 
scope they  resemble  a  tangled  mass  of  threads.  The 
extreme  fineness  of  these  threads  enables  the  colonies  of 
the  tetanus  bacillus  to  be  distinguished  from  those  of 
other  anaerobic  bacteria.  In  stab  cultures  on  agar  the 
growth  resembles  that  of  a  miniature  fir-tree. 

Alkaline  bouillon  is  moderately  clouded  by  the  growth 
of  the  tetanus  Imcillus.  It  grows  also  in  a^td  culture 
media,  but  itself  produces  no  acid,  ^filk  is  not  coagu- 
lated. 

Vitality. — The  spores  of  tetanus  are  veiy  resistant  to 
outside  influences,  retaining  their  vitality  for  months  or 
years  in  a  desiccated  condition  and  not  being  destroyed 
m  two  and  a  half  months  when  present  in  putrefying 
material.  Thev  withstand  exposure  to  80°  C.  for  an 
hour,  but  are  killed  by  a  temperature  of  100°  C.  in  five 
minutes.  They  resist  the  action  of  five-percent,  car- 
bolic-acid solution  for  ten  hours,  but  succumb  when 
acted  upon  for  fifteen  hours.  The  addition  of  0.5  i)er 
cent,  hvdrochloric  acid  to  the  carbolic  solution  enables 
it  to  kill  the  spores  in  two  hours.  In  a  solution  contain- 
ing 1  to  1,000  bichloride  of  mercury,  five  per  cent,  car- 
bolic acid  and  0.5  per  cent,  hydrochloric  acid,  the  spoi-es 
are  destroyed  in  ten  minutes. 

Cheiniral  Effects. — The  tetanus  bacillus  produces  gas 
in  media  containing  sugar  but  no  acid.  It  forms  sul- 
phuretted hydrogen  abundantly  and  a  little  indol.  It 
pnxluces  powerful  toxins,  which  can  be  separated  from 
the  cultures  by  filtration.  One  one-hundredth  of  a  milli- 
gram of  an  eight-day  filtered  bouillon  culture  is  suffi- 
cient, as  a  rule,  to  kill  a  mouse.  From  this  filtrate,  how- 
ever, the  active  toxin  has  been  obtained  in  a  much  more 
concentrated  form.  The  purified  and  dried  tetanus  toxin 
preparefl  by  Brioger  and  Cohn  was  surely  fatal  to  a  15- 
gm.  mouse  in  a  dose  of  0.00000005  gni.  Reckoning  ac- 
cording to  the  body  weight  of  75  kgm.  or  150  pounds,  it 
would  require  but  0.00023  gm.,  or  0.23  mgm.,  of  this 
toxin  to  kill  a  man.  Comparing  this  with  other  known 
poisons,  the  appalling  strength  of  the  tetanus  toxin  can 


be  readily  appreciated.  For  instance.  Calmett^  has  found 
that  dried  cobra  venom  requires  0.25  mgm.  to  kill  a  rab- 
bit of  4  kgm.  weight,  and  it  would  thus  require,  at  the 
same  rate,  4.875  mgm.  to  kill  a  man  of  1,50  pounds;  the 
fatal  dose  of  atropine  for  an  adult  is  180  mgm.,  of 
strychnine  from  30  to  100  mgm..  and  of  anhydrous  prus- 
sic  acid  54  mgm.  The  true  composition  of  the  tetanus 
toxin  is  unknown ;  it  has  been  shown,  however,  that  it 
is  neither  an  alkaloid  nor  an  albuminous  body.  The 
quantity  of  toxin  produced  varies,  even  when  derived 
from  one  and  the  same  culture,  according  to  its  age, 
composition,  reaction,  etc.  It  is  extremely  sensitive  to 
the  action  of  light,  most  chemical  agents,  and  heat.  It 
retains  its  strength  best  in  the  dry  state. 

Pathogcnems. — Man  and  almost  all  domestic  animals  are 
subject  to  tetanus.  Among  animals  those  most  suscep- 
tible are  horses,  goats,  guinea-pigs,  and  mice,  less  so  rab- 
bits and  sheep ;  dogs,  rats,  pigeons,  and  chickens  are  al- 
most immune.  It  is  worthy  of  note  that  an  amount  of 
tetanus  toxin  sufficient  to  kill  a  hen  would  suffice  to  kill 
five  hundred  horses.  A  mere  trace — only  as  much  as 
remains  clinging  to  a  straight  platinum  needle — of  an  old 
culture  is  often  enough  to  cause  the  death  of  mice  and 
guinea-pigs. 

On  subcutaneous  inoculation  of  virulent  tetanus  mate- 
rial mice  and  other  susceptible  animals  show  symptoms 
of  typical  tetanus  in  from  one  to  three  days.  The  parts 
first  to  be  affected  are  in  about  one-third  of  the  cases  in 
man,  and  usually  in  animals,  the  muscles  lying  in  the 
vicinity  of  the  inoculation — for  instance,  the  hind  foot  of 
a  mouse  inoculated  on  that  leg,  then  the  tail,  the  other 
foot,  the  back  and  chest  muscles  on  both  sides,  the  fore 
legs,  until  finally  there  is  a  general  tetanus  of  the  entire 
body.  In  mild  cases  of  infection,  or  when  a  dose  too 
small  to  be  fatal  has  been  received,  the  tetanic  spasm 
may  be  one-sided  or  remain  confined  to  the  muscles  ad- 
jacent to  the  point  of  inoculation,  and  result  in  recovery. 
There  may  be  no  general  increase  of  reflex  excitability. 
In  man  and  horses  the  local  symptoms  may  be  absent, 
but  instead  tonic  spasms  of  special  muscles:  in  man,  of 
the  muscles  of  the  jaw,  and  in  horses  of  the  muscles  of 
the  jaw,  neck,  and  tail.  At  the  point  of  inoculation  in 
test  animals  there  may  be  on  autopsy  a  hemorrhagic 
spot,  but  no  changes  here  or  in  the  interior  organs  other 
than  this.  A  few  bacilli  may  be  detected  locally  with 
great  difficulty,  often  none  at  all;  apparently  showing 
that  the  lesions  produced  are  due,  not  to  the  multiplica- 
tion of  the  bacilli  in  the  living  body,  but  to  the  absorp- 
tion of  the  poison  formed  by  them  at  the  point  of  inocu- 
lation. It  has  been  found  that  cultures  freed  from  spores, 
and  such  as  have  been  subjected  to  heat  at  80°  C. ,  after 
sporulation  and  the  toxins  destroyed,  can  be  injected  into 
animals  without  producing  tetanus.  But  if  a  culture  of 
non- pathogenic  organisms  be  injected  simultaneously 
with  the  spores,  or  if  there  be  an  effusion  of  blood  at  the 
point  of  injection  or  a  previous  bruising  of  the  tissues, 
the  animal  will  surely  die  of  tetanus.  It  would  seem, 
therefore,  from  these  experiments,  that  a  mixed  infec- 
tion is  necessary  to  the  development  of  tetanus  when  the 
infection  is  produced  by  spores.  This  fact  is  of  the 
greatest  importance  in  natural  tetanus,  for  here  the  infec- 
tion may  be  considered  as  being  probably  always  pro- 
duced by  the  bacilli  in  their  spore  stage,  and  the  condi- 
tions favoring  a  mixed  infection  are  generally  present. 

Tetanus  bacilli  and  their  spores  have  been  found  widely 
distributed  in  garden  earth,  hay  dust,  floors  of  dwellings 
and  hospitals,  on  splinters  of  wood,  old  nails,  in  the 
air,  etc.  They  have  apparently  been  observed  more  fre- 
quently in  certain  localities  than  in  others,  as  in  some 
parts  of  Long  Island  and  New  Jersey,  but  they  are  prob- 
ably equally  distributed  everywhere.  This  bacillus  is  the 
chief  etiological  factor  in  the  production,  not  only  of  tris- 
mus and  traumatic  tetanus,  but  also  of  all  the  various 
fonns  of  tetanu.s — puerperal  tetanus,  tetanus  neonatorum, 
and  idiopathic  and  rheumatic  tetanus. 

Tetany 8  Antitoxin. — Behring  and  Kitasato  were  the 
first  to  show  the  possibility  of  immunizing  animals  against 
tetanus.     Here  the  question  of  immunity  against  mfec- 
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tion  does  not  consist  in  producing  an  increased  power  of 
resistance  against  the  development  of  tlie  infecting  agent, 
but,  similar  to  diphtheria,  in  bringing  about  an  immunitj' 
to  the  effects  of  the  tetanus  toxin.  The  methods  origi- 
nally proposed  by  Behring  and  by  Roux  for  prwlucing  a 
serum  for  tlie  treatment  of  the  disease  consisted  chiefly 
in  weakening  the  tetanus  toxin  by  means  of  chemical 
disinfectants  (iodine  trichloride,  Gmm's  solution,  etc.), 
80  that  when  in(K'ulated  into  the  test  animals  they  pro- 
duced comparatively  little  reaction.  At  the  present  time 
pure  unaltered  toxin  is  injected  either  alone  in  small  doses 
or  along  with  antitoxin.  After  the  first  dose  of  toxin  the 
animals  acquire  a  certain  tolerance  whicli  enables  them 
to  stand  a  d(^se  of  a  less  attenuated  toxin  or  of  a  greater 
amount  of  unchanged  toxin.  Then  by  gradually  increas- 
ing the  doses  or  the  strength  of  the  toxin  administered, 
the  animals  are  finally  able  to  bear  injections  of  large 
quantities  of  the  strongest  toxin. 

These  inmiunizing  experiments  in  tetanus  have  borne 
practical  fruit,  for  it  was  through  them  that  the  principle 
of  serum  therapeutics  first  became  known.  It  was  thus 
shown  that  animals  could  be  protected  from  tetanus  in- 
fection by  the  previous  or  simultaneous  injection  of 
tetanus  antitoxin,  provided  tliat  such  antitoxin  w-as  ob- 
tained from  a  thoroughly  imnuinized  animal ;  and  from 
this  it  was  assumed  that  the  same  result  could  be  produced 
in  natural  tetanus  in  man.  But  unfortunately,  the  con- 
ditions in  the  natural  disease  are  very  much  less  favor- 
able, ina.smuch  as  treatment  is  usually  commenced,  not 
shortly  after  the  infection  lias  taken  place,  but  oft<jn  only 
on  the  appearance  of  tetanic  symptoms,  when  the  poison 
has  already  diffused  itself  through  the  body. 

The  tetanus  antitoxin  is  prepared  in  the  same  manner 
as  the  diphtheria  antitoxin — by  inoculating  the  tetanus 
toxin  in  increasing  doses  into  horses.  The  toxin  is  pro- 
duced in  bouillon  cultures  grown  anaOrobicallv.  After 
ten  or  fifteen  days  the  culture  fluid  is  filtei-eii  through 
porcelain,  and  the  germ-free  filtrate  is  used  for  the  in- 
oculations. The  horses  receive  0.5  c.c.  as  the  initial  dose 
of  a  toxin  of  which  1  c.c.  kills  250,000  gm.  of  guinea- 
pig,  and  along  with  this  a  sufticient  amount  of  antitoxin 
to  neutralize  it.  In  five  days  this  dose  is  doubled,  and 
then  every  five  to  seven  days,  as  rapidly  as  the  horses  can 
stand  it,  until  they  support  70(MM)0  c.c.  or  more  at  a 
single  dose.  After  some  months  of  tliis  treatment  the 
blood  of  the  horse  contains  the  antitoxin  in  sufficient 
amount  for  therapeutic  use.  When  the  temperatures  of 
the  liorses  are  normal  and  tbey  have  recovered  from  the 
dose  of  toxin  last  given,  they  are  ble(i  into  sterile  flasks 
and  the  serum  collected. 

Tetanus  antitoxin  is  tested  exactly  as  is  diphtheria  anti- 
toxin, except  that  the  standard  unit  is  different.  The  test 
toxin  use<l  in  the  Gennan  method  is  one  of  which  1  gm. 
destroys  150,000,0(X)  gm.  of  mouse.  This  is  dissolved  in 
83i^  c.c.  of  ten-per-cent.  s<Mlinni  chloride  solution.  Ten 
times  the  amount  of  antitoxic  serum  which  neutralizes  1 
c.c.  of  this  dilution  of  the  test  toxin  contains  1  unit  of 
tettmus  antitoxin.  In  tin*  French  method  the  amount  (»f 
antitoxin  which  is  re(iuired  lo  protect  a  mouse  from  a 
dost?  of  toxin  suflicicnt  to  kill  in  four  days  is  determined, 
and  the  strength  of  the  antitoxin  is  stated  by  finding  the 
amount  of  Fcrum  recjuin'd  to  ))rot«'ct  1  gm.  of  animal. 
If  <).(K)1  v.i'.  ])rotected  a  10  gm.  mouse,  tin*  strength  of 
that  serum  would  hr  1  to  10,000.  Guinea-pigs  are  some- 
times used  instead  of  mice. 

The  (ItKse  of  tetanus  antitoxin  for  imnuuiization  is  10 
c.c.  of  a  sennn  of  a  strength  of  1  to  l.(M)0,0OO.(M)0  unless  the 
danger  seem  great,  when  the  injection  may  be  repeated 
after  seven  or  eight  days.  For  treatment  it  is  well  to 
begin  with  50  c.c.  and  then,  according  to  the  severity  of 
the  ca.se.  give  fnmi  20  to  50  c.c.  each  (lay  until  the  synij)- 
toms  abate.  The  curative  treatment  in  man  has  not  been 
followed  by  very  satisfactory  results,  owing  to  the  fact 
alreadv  stated  that  the  di.sease  is  trenerallv  too  far  ad- 
vanced  before  treatment  is  commenced.  From  statistics 
collected  by  Ijambert  and  others,  however,  of  cases  of 
tetanus  treated  with  antitoxin,  the  remedy  would  wem 
to  have  been  of  undoubted  practical  use — so  much  so,  at 


least,  tliat  in  all  cases  in  which  totanus  is  suspected  or  in 
which  dirt  has  been  ground  into  serious  contusions,  in 
gunshot  wounds,  etc.,  preventive  inoculatiims  of  the 
serum  sliould  be  given.  In  certain  parts  of  France  where 
tetanus  is  very  prevalent  among  horses,  Nocard  dis- 
tributed tetanus  antitoxin  to  sixty-three  veterinary  sur- 
geons, who  treated  with  it,  for  the  prevention  of  the 
disease.  2,727  of  these  animals.  Only  one  of  this  num- 
ber became  affected,  and  this  horse  was  not  inoculated 
until  five  days  after  being  pricked  in  shoeing.  Al- 
though the  delay  was  too  great  to  prevent  the  appearance 
of  tetanus,  yet  Uie  disea.se  was  of  a  very  mild  nature. 
During  the  st\me  period  259  ca.se8  in  animals  that  were 
not  so  treated  were  observed.  These  striking  results 
would  certainly  sc»em  to  indicate  that  the  remedy  deserves 
a  much  more  extensive  consideration  in  the  treatment  of 
patients  with  immunizing  doses  of  serum  than  has  here- 
tofore been  given  it — at  least  in  neighl>orhooti8  where 
tetanus  is  not  uncommon  (fortunately  it  is  a  rare  disease 
in  man),  and  when  the  dirty  condition  of  their  wounds 
leads  one  to  suspect  the  possibility  of  tetanus  infection. 
The  recently  proposed  method  of  injecting  from  8  to  15 
c.c.  of  tetanus  antitoxin  into  the  lateral  ventricles  has  not 
so  far  shown  itself  to  be  superior  to  the  intravenous  or 
subcutaneous  methods,  and  is  not  in  general  to  l)e  rec- 
ommended. No  bad  results  have  followed  the  injection 
of  the  antitoxin  when  the  serum  was  sterile  and  the  oper- 
ation was  perfonned  aseptically. 

TiFE  Bacilli  s  of  TYriiom  FE^^i:K  {RwUIhm  Typhi 
Abdomimilis). — This  organism  was  first  observed  by 
Eberth,  and  independently  by  KcK-h,  in  1880,  in  the  in- 
ternal organs  of  typhoid  cadavem.  It  was  obtained  in 
pure  eultun?  by  Gaffky  in  1884;  and  has  also  been  found 
during  life  in  the  bl(M)d,  urine,  and  faeces  of  typhoid  pa- 
tients. Its  etiological  relationship  to  typhoid  fever  has 
been  somewhat  difficult  of  demonstration  from  the  fact 
that,  although  pathogenic  for  many  animals  when 
artificially  inoculated,  it  has  not  Ix'cn  easy  to  produce 
infection  or  give  rise  to  lesions  corresptmding  to  those 
occurring  in  man.  Still  tlie  results  which  liave  been  ob- 
tained under  certain  conditions,  together  with  the  8p>eciflc 
reactions  of  the  blood  serum  of  typhoid  patients,  and  the 
constant  presence  of  the  bacillus  in  the  spleen,  blood,  and 
excretions  of  the  sick  during  life,  have  finally  established, 
on  a  scientific  basis,  that  this  organism  is  the  chief  cause 
of  typhoid  fever. 

Microscopical  Ap}>€arances. — As  met  with  in  the  organs 
of  man  and  animals  the  typhoid  bacilli  are  short,  plump 
t:h\s  with  rounded  ends.  They  vary  in  size,  being  from 
'1  to  3  //  long  and  0.5  to  0.8  //  broad,  usually  occurring 
singly,  but  sometimes  growing  into  long  threads,  espe- 
cially in  certain  culture  media,  as  in  potato.  They  are  gen- 
erally longer  and  somewhat  more  slender  than  the  bacillus 
coli  under  similar  condition.s.     (See  Plate  X.,  Fig.   7.) 

Mottlity. — Actively  motile,  especially  the  short  bacilli, 
each  rod  possessing  from  eight  to  fourteen  flagella  at- 
tached to  the  sides  and  extremities  of  the  cells.  The 
longer  threads  have  a  sinuous  and  more  sluggish  mo- 
tion.    (See  Plate  X.,  Fig.  8.) 

«S;v/;r  Formation. — Does  not  fonn  spores.  In  stained 
prepamtions,  particularly  when  grown  on  potato,  refrac- 
tive gmnules  may  be  st^en  at  the  ends  of  the  hkIs,  which 
stain  more  inten.sely,  and  in  the  body  of  the  cells  **  vacu- 
oles" which  remain  unstained.  These  so-called  Gaffky 's 
spores,  however,  are  not  tnie  spores,  as  the  bacilli  con- 
taining them  show  even  less  Resisting  power  than  the 
homogeneous  bacilli  found  in  other  cultures,  but  are 
probably  involution  forms. 

Stain f /If/  Ueactions. — The  typhoid  bacilli  stain  with  the 
onlinary  aniline  colors,  but  a  little  less  readily  than  do 
most  other  organisms,  though  this  is  not  constant.  They 
are  decolorized  by  Gram's  solution. 

Biolnfjicid  Chnractern. — The  bacillus  typhosus  grows 
most  luxuriantly  in  the  presence  of  oxygen,  but  oxygen 
is  not  essential  to  its  development  (facultative  anaCn^bic), 
it  grows  fairly  well  also  in  an  atmosphere  of  COa.  Its 
growth  on  the  ordinary  culture  media  is  similar  to  that 
of  the  bacillus  coli  communis,  but  somewhat  slower  and 
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not  quite  so  abundant;  in  contradistinction  to  most 
other  pathogenic  micro-organisms,  it  grows  well  on 
slightly  acid  media.  Below  10°  C.  it  does  not  develop, 
its  optimum  temperature  being  at  87*  C. ;  over  40"  and 
below  80°  C.  its  growth  is  retarded. 

Chrowth  in  Gelatin. — In  gelatin  plates  the  deep  colonies 
are  not  characteristic;  thej  are  small,  punctiform,  and 
sharply  circumscribed,  of  a  yellowish- brown  color  and 
finely  granular  in  structure.  The  superficial  colonies, 
however,  particularly  when  young,  are  quite  character- 
istic; they  form  a  bluish-white,  transparent,  iridescent 
coating  on  the  medium,  with  irregular  outline,  denser 
in  the  centre  than  at  the  periphery,  and  exhibiting  un- 
der a  low  power  a  brownirfi  color  and  wrinkled  appear- 
ance.    The  gelatin  is  not  liquefied. 

In  gelatin  stab  cultures  the  growth  is  mostly  confined  to 
the  surface;  it  is  thin,  thready,  often  slightly  granular,  ex- 
tending along  the  track  of  the  needle  and  gradually 
reaching  out  to  the  sides  of  the  tube ;  white  to  yellowish 
brown  in  color,  irridescent  and  transparent.  There  is  no 
liquefaction. 

Growth  in  Agar  and  Blood  Serum. — ^Not  distinctive. 

Growth  in  Bouillon. — ^This  medium  is  uniformly 
clouded,  but  the  clouding  is  not  so  dense  as  by  the  colon 
bacillus.  After  eighteen  to  twentv-four  hours*  growth 
a  sediment  is  frequently  devclopea,  and  a  film  forms  on 
the  surface,  with  a  slightly  acid  reaction. 

Growth  in  Potato. — The  growth  in  this  medium  is  gen- 
erally considered  to  be  very  characteiistic,  but  it  varies 
considerably.  The  typical  growth  is  a  slightly  moist, 
almost  invisible,  but  luxuriant  layer,  usually  covering  the 
surface  of  the  potato,  and  when  scraped  with  the  needle 
is  tough  and  tenacious.  Sometimes,  however,  the  de- 
velopment is  restricted,  not  very  luxuriant,  and  of  the 
same  color  as  the  medium.  Again,  it  may  be  quite 
heavy,  of  a  yellowish-brown  color  with  a  greenish  halo, 
and  similar  to  that  of  the  colon  bacillus.  These  varia- 
tions in  growth  are  thought  to  be  due  to  the  reaction 
(alkalinity)  of  the  potato. 

Milk  is  not  coagulated,  but  some  acid  is  produced  by 
the  typhoid  bacillus.  The  bacillus  coli  communis,  on  the 
contrary,  causes  coagulation  of  milk  in  twenty-four  to 
forty-eight  hours  at  87''  C. 

Vitality. — The  typhoid  bacilli  withstand  desiccation 
for  months;  according  to  Uffelmann  in  dried  earth, 
clothes,  etc.,  for  two  months  or  more.  In  dust,  however, 
they  do  not  seem  to  live  so  long.  They  resist  cold  re- 
markably well;  freezing  and  thawing  repeatedly  under 
favorable  conditions  finally  kills  them.  They  are  de- 
stroyed by  heating  to  60"  C.  in  ten  minutes  and  at  higher 
temperatures  still  more  rapidly.  In  faces  the  bacilli  re- 
tain their  vitality  for  weeks  or  months,  depending  upon 
the  number  of  putrefactive  organisms  present.  In  oys- 
ters they  have  remained  alive  for  a  month.  In  water 
which  has  been  sterilized  they  live  for  many  days;  in 
ordinary  water  they  are  destroyed,  by  the  concurrence 
of  other  bacteria,  m  about  fourteen  days;  in  running 
water  this  destruction  takes  place  more  rapidly.  It  thus 
appears  that,  under  favorable  circumstances,  protected 
from  light  and  other  deleterious  influences,  the  typhoid 
bacHli  may  retain  their  vitality  outside  of  the  body  for  a 
considerable  length  of  time.  But  they  may  live  also  in 
the  human  body  for  a  long  time ;  Sahli  has  found  them 
in  the  pleural  exudate  fifty  days  from  the  beginning  of 
the  disease,  and  Hcintze  observed  them  in  a  case  of 
typhoid  fever  in  periostitic  pus  ten  months  after  con- 
valescence. 

Chemical  Effects. — ^The  typhoid  bacillus  produces  no 
pigment  or  odorous  substances.  It  reduces  litmus  solu- 
tions: converts  nitrates  into  nitrites,  the  latter  being 
gradually  decomposed;  forms  lactic  acid  from  grape 
sugar,  but  does  not  produce  gas  from  carbohydrates; 
produces  HaS  abundantly,  but  does  not  produce  indol. 
The  cultures  are  rich  in  toxins  which,  when  freed  from 
germs  by  filtration,  are  active  disease  producers. 

Path/HjenesiH. — Although  the  typhoid  bacillus  is  patho- 
genic for  mice,  guinea-pigs,  rabbits,  goats,  etc.,  which 
when  inoculated  with  virulent  cultures  die;  showing 


symptoms  of  spasm,  falling  temperature,  and  diarrhoea, 
no  experiments  so  far  have  produced  in  animals  the 
typical  lesions  of  typhoid  fever  in  man.  Certain  experi- 
ments have  indicated  that  the  presence  of  other  bacteria 
in  the  body,  and  of  exposure  to  the  action  of  poisonous 
gases  in  lowering  the  natural  resistance  of  the  individual, 
may  render  him  more  susceptible  to  t)'phoid  infection. 
But  whatever  conclusions  may  be  drawn  from  these  re- 
sults with  regard  to  the  typhoid  process  in  animals,  in 
the  human  subject  typhoid  fever  is  now  generally  recog- 
nized as  a  true  infection,  caused  by  the  invasion  and 
growth  of  typhoid  bacilli  in  the  body.  This  disease  be- 
longs to  the  class  of  infections  known  as  metastatic — that 
is  to  say,  diseases  in  which  the  specific  infective  organisms 
do  not  abound  in  the  circulation,  as  in  septicaemia,  nor 
remain  localized  in  one  situation,  but  are  distributed 
through  the  body  in  groups,  the  characteristic  lesions  of 
typhoid  fever  being  in  the  lymphatic  structures  of  the 
intestines,  viz.,  the  solitary  follicles  and  patches  of  Peyer, 
the  mesenteric  glands,  and  the  spleen ;  the  liver  and  kid- 
neys are  less  commonly  affected. 

Outside  of  the  bony  the  typhoid  bacilli  have  been 
found  so  far  only  in  comparatively  few  instances  in 
water  and  soil,  which  have  become  contaminated  with 
typhoid  dejections;  also  recently  in  milk.  They  have 
never  been  found  in  healthy  persons,  except  when  con- 
valescent from  typhoid  fever.  In  typhoid  patients  they 
have  frequently  been  detected  in  the  spleen  and  other 
organs  (kidneys,  liver,  gall  duct,  etc.).  the  blood,  urine, 
and  ftpces.  They  are  most  easily  isolated  from  the  spleen 
and  lymphatic  glands ;  they  are  often  difilcult  to  isolate 
from  Uie  excretions.  The  typhoid  bacillus  may  give  rise 
to  the  most  varied  complications  along  with  the  clinical 
symptoms  of  typical  typhoid  fever;  it  has  been  demon- 
strated to  be  the  cause  of  suppurative  inflammations  of 
the  spinal  cord,  of  the  brain  and  its  membranes,  of  the 
lungs  and  kidneys,  and  of  different  suppurative  proc- 
esses, erysipelas,  abscess,  etc.,  in  typhoid  patients.  The 
pyogenic  functions  of  the  typhoid  bacillus  are  indeed  no 
longer  disputed.  But  at  the  same  time  in  many  cases  of 
mixed  infection  in  typhoid  fever,  the  other  pus  cocci 
(streptococcus,  staphylococcus,  pneumococcus,  etc.)  are 
no  doubt  concerned  in  the  production  of  the  complica- 
tions of  the  disease. 

With  regard  to  the  niode  of  infection  by  the  typhoid 
bacillus,  there  is  no  doubt  that  it  is  principally  by  way  of 
the  mouth  and  stomach  to  the  intestines  through  drink- 
ing water,  etc.  In  a  case  reported  by  Mayer  in  which 
death  occurred  on  the  second  day  of  the  disease,  there 
were  found  on  autopsy  lesions  of  the  lungs,  spleen, 
kidneys,  and  intestines  and  great  enlargements  of  the 
solitary  follicles  and  patches  of  Peyer,  but  nowhere 
a  trace  of  necrosis  or  loss  of  substoncc  nor  enlarge- 
ments of  the  mesenteric  glands.  Microscopically  an  ex- 
traordinary deposit  of  characteristic  typhoid  bacilli  was 
observed  in  the  submucosa  and  interstitial  spaces  of 
the  muscular  tissue.  In  other  cases,  however,  no  intes- 
tinal lesions  have  been  present,  only  a  localization  of 
bacilli  and  changes  in  the  mesenteric  glands  and  spleen 
revealing  the  nature  of  the  infection.  Here  absorption 
probably  took  place  more  rapidly  than  usual,  the  bacilli 
not  multiplying  to  any  extent  in  the  intestines.  But  not 
only  do  those  cases  which  have  been  examined  bacterio- 
logically  and  pathologically,  but  also  the  epidemiological 
history  of  typhoid  fever,  prove  beyond  question  that  the 
chief  mode  of  invasion  of  the  specific  bacillus  is  by  way 
of  the  mouth.  The  infective  material  being  dischargea 
in  the  faeces  and  urine  of  typhoid-fever  patients — in  the 
latter  of  which  especially  tlie  bacilli  often  persist  for 
weeks  or  months — contaminate  the  w^ater  supply,  articles 
of  food,  hands  of  nurses  and  attendants,  etc.,  and  thus 
spread  infection  from  place  to  place.  On  this  account 
the  disinfection  of  the  dejections  of  typhoid  patients  and 
convalescents  cannot  be  too  carefullj'  looked  after. 

Iimmimzation. — Specific  immunization  against  experi- 
mental typhoid  infection  has  been  produced  in  animals 
by  the  usual  method  of  injecting  at  first  small  Quantities 
of  the  living  or  dead  typhoid  culture  and  graaually  in- 
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creasing  the  dose.  The  blood  serum  of  animals  thus  im- 
munized has  bi*en  found  to  acquire  protective  and  cura- 
tive bactericidal  and  possibly  feeble  antitoxic  properties 
against  the  typhoid  bacillus.  These  characters  have 
also  been  observed  in  the  blood  serum  of  i>ersons  who 
have  recovered  from  typhoid  fever;  and  recently  the 
attempt  has  been  made  to  employ  the  typhoid  serum  of 
immunized  animals  or  dead  cultures  for  the  cure  and 
prevention  of  typhoid  fever  in  man,  but  no  marked  re- 
sults have  been  obtained. 

SjH'afc  lieactiontt. — The  followin|j  specific  reactions 
have  been  utilized  for  the  differential  diagnosis  of  the 
typhoid  bacillus  from  other  similar  organisms,  and  as  an 
aid  to  the  clinical  diagnosis  of  obscure  cases  of  typhoid 
fever: 

1.  The  typhoid  bacillus  does  not  produce  indol. 

2.  It  does  not  produce  fermentation  or  gas  from  media 
containing  grape  sugar,  milk,  or  cane  sugar. 

8.  On  lactose  litmus  agar  it  grows  usually  as  pale  blue 
colonies,  but  occasionally  causes  slight  redness  of  the 
surrounding  medium. 

4.  WidaVs  Serum  Reaction. — This  reaction  is  based 
upon  the  fact,  first  observed  by  PfeilTer,  Gruber,  and 
Durham,  but  since  practically  applied  on  a  more  extended 
scale  by  Widal,  that  living  and  actively  motile  typhoid 
bacilli  if  placed  in  thedihited  blood  or  serum  of  a  patient 
suffering  from  typhoid  fever,  within  a  very  short  time 
lose  their  motility  and  become  aggregated  into  clumps. 
Either  dried  blood  or  serum  may  be  usc»d  for  the  demon- 
stnition  of  the  reaction.  The  blood  is  obtained  by  prick- 
ing with  a  needle  the  skin  (previously  disinfected)  cover- 
ing the  tip  of  the  finger  or  ear,  and  allowing  two  drops  to 
fall  on  a  glass  slide,  one  near  either  end,  where  they  dry. 
Fluid  blood  serum  may  be  obtained  in  two  ways:  First, 
the  tip  of  the  finger  or  ear  is  pricked  and  the  blood  as  it 
issues  is  allowed  to  fill  by  gravity  a  capillary  tube  hav- 
ing a  central  bulb,  the  ends  of  the  tube  being  then  sealed 
by  heat  and  the  serum  allowed  to  separate  from  the  clot. 
Second,  a  small  piece  of  cantharides  plaster  is  applied  to 
the  skin  at  some  spot  on  the  chest  or  abdomen,  and  from 
the  bli.ster  thus  formed  in  six  to  eighteen  hours,  the 
serum  is  collected  in  a  capillary  tube,  the  ends  of  which 
are  then  sealed.  The  latter  methwl  is  the  best,  for  the 
serum  obtained  is  clear,  free  from  blood  cells  and  fibrin, 
which  somewhat  obscure  the  field  on  examination  in  the 
hanging  drop,  and  is  admirably  suited  to  the  test.  Dried 
blood,  however,  obtained  as  above  described  answers  all 
pnurtical  purposes  of  diagnosis. 

The  method  of  performing  the  serum  test  is  as  follows: 
A  dilution  of  the  blood  or  serum  is  tii^st  made  in  the  pro- 
portion of  one  to  ten.  In  the  case  of  dried  blood,  it  is 
dissolved  in  a  little  water  and  then  mixed  with  the 
typhoid  culture  (eighteen  to  twenty-four  hours  old),  the 
degree  of  dilution  being  guessed  by  the  color.  By  pre 
viously  making  test  solutions  of  dried  blood  in  water  of 
known  i)r()portious  and  noting  the  color  the  dilution  may 
be  ajiproxiniately  gauged.  If  serum  is  used  which  is  pref- 
erable, not  only  because  there  is  less  fibrinous  deposit  but 
also  because  it  is  possible  to  make  the  dilution  more  ac- 
curately, one  part  of  serum  is  added  to  nine  parts  of  the 
broth  culture.  This  should  contain  living  and  actively 
ni(»tile  isolated  bacilli.  If  there  is  no  reaction  when  the 
mixture  is  observed  in  the  hanging  drop — that  is  to  say, 
if  within  five  minutes  no  marked  change  is  noted  in  the 
motility  of  the  bacilli  and  no  considerable  clumping 
occurs — the  result  may  be  regarded  as  negative,  and  no 
further  test  of  the  specimen  is  necessjiry.  If  complete 
clumping  and  immobilization  of  the  bacilli  occur  within 
five  minutes,  this  is  a  marked  immediate  typlioid  reaction, 
and  though  this  test  is  ordinarily  sufiicicnt  for  a  positive 
diagnosis,  the  reaction  may  be  confirmed  with  higher 
dilutions  up  to  one  to  twenty,  or  more,  if  desired.  If, 
however,  upon  examination  of  the  mixture  there  is  no 
marked  reactiim,  but  the  bacilli  onlv  show  in  the  first 
few  minutes  an  inhiV)ition  in  their  motility  and  a  ten- 
dency to  clump,  not  complete  within  tive  minutes,  it  ])e- 
comes  neeess;iry  to  test  this  with  dilutions  up  to  one  to 
twenty,  in  order  to  measure  the  strength  of  the  reaction. 


If  in  tlie  one-to-twenty  dilution  a  complete,  distinct  re- 
action takes  place  within  thirty  minutes,  the  result  may 
also  be  considered  positive,  that  is,  that  the  blood  or 
serum  has  come  from  a  case  of  typhoid  infection, 
while  if  a  less  marked  reaction  occurs  it  should  be  re- 
garded as  only  probably  typhoid,  and  another  specimen 
should  be  requested.  The  time  allowed  by  many  observ- 
ers for  the  development  of  the  reaction  with  the  higher  di- 
lutions  is  from  one  to  two  hours,  but  thirty  minutes,  in  our 
opinion,  is  a  safer  and  sufficient  time  limit.  Positive  re- 
sults obtained  in  this  way  may  be  accepted  as  conclusive 
evidence  of  the  recent  or  previous  existence  of  typhoid  in- 
fection in  the  patient.  A  fonner  attack  of  typlioid  fever 
within  a  period  of  several  months  or  one  of  more  years 
exceptionally  vitiates  the  value  of  the  reaction.  On  the 
other  liand,  the  absence  of  reaction  in  any  one  examina- 
tion does  not  exclude  typhoid ;  so  that,  if  the  case  re- 
mains clinically  doubtful,  repeated  examinations  should 
be  made.  The  Widal  reaction,  though  not  infallible, 
when  performed  with  due  regard  to  the  avoidance  of 
every  possible  source  of  error,  is  as  reliable  as  any  other 
bacteriological  test  at  present  in  use,  and  is  of  inestimable 
value  as  an  aid  to  the  clinical  diagnosis  of  irregular  or 
mild  cases  of  typhoid  infection.  It  is  simple  and  easy  of 
performance  by  any  one  versed  in  bacteriological  tech- 
nique. The  serum  reaction  is  never  present  in  other  dis- 
eases or  in  healthy  persons,  if  correctly  made  and  in  the 
proper  dilution,  as  is  so  often  the  case  with  Ehrlich's 
diazo  reaction.  It  is  better  adapted  for  general  employ- 
ment than  are  any  of  the  cultural  methods  now  in  use  for 
isolating  the  bacillus  from  the  fa?ces  or  urine.  It  is  cer- 
tainly safer  than  spleen  puncture,  and  it  is  not  so  diflS- 
cult  as,  though  far  more  reliable  than,  the  leucocyte 
count.  The  reaction  does  not  appear,  as  a  rule,  during 
the  first  few  days  of  the  disease,  but  it  is  usually  niaoi- 
fest  before  the  rose-colored  eniption  appears,  though 
occasionally  it  is  very  late  in  appearance  (tliat  is,  not  till 
the  fourth  or  fifth  week  and  sometimes  only  during  a  re- 
lapse), and  in  rare  cases  may  be  entirely  absent  Al- 
though a  negative  result,  therefore,  has  but  little  signifi- 
cance, a  positive  reaction  when  present — previous  typhoid 
being  excluded — is  almost  as  strong  evidence  of  the  ex- 
istence of  the  specific  infection  as  the  actual  demonstra- 
tion of  the  typhoid  bacilli. 

The  Colon  Bacillus  {BaHllus  Coli  Gwimvim).—Thh 
organism  was  first  described  by  Emmerich  (1885),  who 
obtained  it  from  the  blood,  organs,  and  intestinal  dis- 
charges of  cholera  patients  at  Kaples  under  the  name 
Baciflfnt  JS'cajM/UtaniiA.  It  has  since  been  found  to  be  a 
normal  inhabitant  of  the  intestinal  canal  of  man  and 
many  animals.  A  number  of  similar  bacterial  species 
are  now  often  spoken  of  as  the  colon  group  of  organisms. 

Microttcopi'ral  Appeanuicea. — The  size  and  shape  of  the 
colon  bacillus  vary  considerably  according  to  the  culture 
media  (age,  composition,  etc.)  from  which  it  is  derived. 
The  typical  form  is  that  of  short  rods  with  rounded  ends 
(0.4  to  0. 7  fi  in  diameter  and  1  to  3  ^  in  length) ;  but  sonnc* 
times  the  rods  are  so  short  as  to  be  almost  spherical.  »|^^. 
again  oval  or  thread-like  forms  may  occur.     The  ba<^*^"^ 
are  found  singly,  joined  together  in  j>airs,  rarely  »^^ 
ciated  in  short  chains.     In  unfavorable  culture  medl^^^ 
stained  preparations  polar  granules  and  vacuoles  arc*     T^\ 
quently   present,  supposed  to  be  due  to  degenera^"^*^ 
changes  in  the  protoplasm.     (See  Plate  XI.,  Fig.  1.)      ..^ 

Motilitff. — The  rods  pos.sess  numerous  long  fla^*^ 
but  usually  very  sluggish  movements. 

S^yfre  Fhnnation. — Absent.  ^ 

Sinining  Reactions. — Stains  readily  with  the  ordi*^^p 
aniline  colors;  is  quickly  decolorizetl  by  Gram's  solim'^  •     j^ 

Biidogiral  C  hornet  era. — This  organism  grows  be^^     |^ 
the  presence  of  oxygen,  but  also,  though  less  luxuria.^   -  ^^' 
without  oxygen  and  in  an  atmosphere  of  C'Oj  (fa^*^  _yj. 
tive  anaOrobie).     It  develops  rapidly  on  almost  all  ^^„, 
ture  media  (best  in  media  containing  sugar)  even  at  ^"^^^^-^ 
tenipenilure:    optimum   temperature   37'    C.     It  ^^"^^^^  ^^^ 
fairly  well  in  slightly  acid  media,  but  it.s(^lf  produce^^  V^ 
much  acid  that  it  is  sometimes  destroyed  in  this  way.     ^^^ 
is  almost  impossible  to  distinguish  culturally  the  baci' 
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coli  from  the  bacillus  typhi,  except  that  the  growth  of 
the  former  is  somewhat  more  abundant  under  similar 
conditions. 

Growth  in  Oelatin. — In  gelatin  plates  colonies  are  de- 
veloped in  from  twenty -four  to  forty -eight  hours,  which 
resemble  greatly  the  colonies  of  the  typhoid  bacillus,  ex- 
cept that  they  are  larger  for  the  same  period  of  growth. 
The  deep  colonies  are  round,  oval  or  **  whetstone  "  shaped, 
finely  granular,  almost  homogeneous  in  structure,  and  of 
a  pale  yellowish  to  brownish  color,  at  first;  later  they 
become  denser,  darker,  and  more  coarsely  granular.  The 
surface  colonies  appear  as  small,  dry,  irregular,  flat, 
iridescent  points  with  w^avy  bent  borders.  In  stab  cul- 
tures the  growth  usually  takes  the  form  of  a  nail  with 
flattened  head,  the  surface  extension  soon  reaching  out 
to  the  sides  of  the  tube.     The  gelatin  is  not  liquefied. 

On  agar  and  blood  serum  an  abundant,  soft,  grayish- 
white  layer  is  quickly  developed  in  the  incubator,  but 
the  growth  is  not  characteristic. 

In  b&uillon  the  colon  bacillus  produces  diffuse  clouding 
with  sedimentation ;  a  pellicle  is  sometimes  formed  on  the 
surface ;  a  decided  fecal  odor  is  often  noticed  in  old  cul- 
tures. 

Milk  is  usually  coagulated  with  the  production  of  gas 
and  acid. 

On  potato  the  growth  is  rapid  and  abundant,  appearing 
after  twenty-four  to  thirty -six  hours  in  the  incubator  as 
a  yellowish-brown  to  dark  cream-colored  deposit  on  the 
surface.  The  growth  may,  however,  be  scanty  or  absent 
at  times. 

Chemical  I^ects. — This  bacillus  ft^rms  pigment  only 
on  potato.  Ill-smelling  substances  are  developed  on 
agar,  gelatin,  occasionally  in  old  bouillon  cultures,  but 
particularly  on  potato  media.  The  bacillus  coli  grows 
rapidly  in  media  containing  carbohydrates  (grape  and 
milk  sugar,  etc.),  causing  active  fermentation  with  libera- 
tion of  gas  (COa  and  H).  Cultivated  in  solid  media,  to 
which  glucose  has  been  added,  the  gas  production  is 
recognized  by  the  appearance  of  numerous  bubbles ;  in 
fluid  culture  media  it  may  be  demonstrated  in  the  fer- 
mentation tube.  Grown  on  lact<:>se-litmu8  agar,  the  colo- 
nies are  pink  and  the  surrounding  medium  is  clianged 
from  blue  to  red,  showing  the  production  of  acid.  The 
colon  bacillus  produces  in  bouillon  and  peptone  solutions 
HaS  and  indol.  It  converts  nitrates  into  nitrites.  Urea 
is  decomposed  by  many  species  of  this  group. 

Vitality.— ^\m\\AT  to  that  of  the  typhoid  bacillus,  but 
is  more  resistant  to  the  action  of  acids,  formalin,  and  other 
chemical  disinfectants.  Thermal  death  point  60°  C.  in 
ten  minutes*  exposure. 

Pathogenesis. — The  colon  bacillus  is  pathogenic  for 
mice,  guinea-pigs,  and  rabbits  in  varying  degrees  accord- 
ing to  the  strength  of  the  virus  and  mode  of  inoculation ; 
the  results  of  animal  inoculations,  however,  as  with  the 
typhoid  bacillus,  cannot  always  be  predicted  with  cer- 
tainty. The  more  rapidly  death  ensues  the  greater  is  the 
number  of  bacilli  found  in  the  body ;  they  are  always  more 
abundant  in  the  abdominal  cavity  than  in  the  blood, — in 
other  words,  the  result  is  due  to  the  toxic  rather  than  to 
the  Infective  properties  of  the  culture  used.  The  lesions 
produced  are  those  of  enteritis;  the  duodenum  and 
jciunum  are  found  to  contain  fluid,  the  spleen  is  some- 
what enlarged,  and  there  is  marked  hyperaemia  and 
ecchymosis  of  the  small  intestines,  together  with  swell- 
ing of  Peyer's  patches. 

Immunization  against  colon  infection  is  easily  pro- 
duced in  the  usual  way  by  the  inoculation  of  gradually 
increasing  doses  of  cultures  of  living  or  dead  bacilli. 

The  bacillus  coli  communis  is  a  common  inhabitant  of 
the  intestines  of  man  and  animals,  being  found  in  the 
faeces,  milk,  bile,  etc.  Of  thirty -two  cadavera  of  healthy 
individuals  examined  twenty-four  to  thirty-six  hours 
after  death  it  was  found  in  sixteen,  especially  in  the  liver 
and  kidneys.  It  is  also  frequently  met  with  in  river 
water  and  food,  so  that  it  is  one  of  the  most  widespread 
saprophytic  bacteria.  Formerly  it  was  thought  that  the 
presence  of  the  bacillus  coli  in  water  was  sufticient  proof 
of  its  contamination  by  fseces,  and  thus  of  its  possible 


contamination  also  by  typhoid  bacilli.  But  recent  in- 
vestigations have  shown  that  there  are  no  grounds  for 
this  assumption,  as  the  colon  bacillus  may  reach  the  water 
from  many  different  sources.  At  the  same  time,  in  a 
general  way,  drinking  water  found  to  contain  colon 
bacilli  may  be  regarded  as  unfit  for  human  consump- 
tion. 

This  organism  is  associated  with  man^  diseases  espe- 
cially of  the  abdominal  organs,  though  it  is  not  positively 
known  what  etiological  relation,  if  any,  it  bears  to  these 
affections.  It  has  been  found  in  peritonitis,  appendicitis, 
cystitis  (partly  alone,  particularly  when  the  urine  is  acid, 
and  partly  together  with  the  proteus  vulgaris  and  other 
bacteria),  uretliritis,  pyelonephritis,  etc.  The  colon  bacil- 
lus has  been  assumed  to  be  the  cause  of  diolera  nostras 
and  cholera  infantum,  but  the  investigations  of  Booker, 
Baginsky,  Escherich,  and  FlUgge  would  seem  to  indicate 
that  these  diseases  are  of  a  much  more  complicated  origin, 
being  due  probably  to  certain  ferments  and  toxins  in  the 
intestines  produced,  not  by  any  specific  micro-organisms, 
but  by  the  onlinary  putrefactive  bacteria,  among  which 
the  B.  coli  and  B.  proteus  vulgaris  are  the  most  com- 
monly present.  The  cause  of  infections  of  the  gall  ducts 
and  multiple  abscesses  of  the  liver  is  also  explained  in 
this  way.  Puerperal  fever  is  not  infrequently  due,  in 
part  at  least,  to  infection  of  the  vagina  or  uterus  by  the 
colon  bacillus.  Other  diseases  to  which  this  organism 
seems  to  stand  occasionally  in  relation  are  endocarditis, 
meningitis,  tropical  abscess  of  the  liver,  bronchopneu- 
monia, fetid  bronchitis,  amygdalitis,  etc.  In  these  dis- 
eases the  bacillus  coli  communis  has  been  found  some- 
times alone,  but  usually  associated  with  other  pathogenic 
bacteria  in  such  numbers  that  it  must  be  considered  a 
factor  in  the  etiology  of  the  affections,  and  in  some  cases 
there  is  reason  for  belief  that  it  may  be  the  primary  cause. 
Though  further  study  is  required  to  show  the  specific 
pathogenic  properties  of  this  micro-organism,  it  is  evi- 
dent that  under  certain  conditions  it  may  become  patho- 
genic to  man. 

Differential  diagnosis  between  the  B.  coli  and  B. 
typhi  abdominalis:  The  following  characteristics  and 
tests  constitute  the  chief  means  oi  differentiating  these 
two  similar  micro-organisms,  though  none  of  them  alone 
can  be  depended  on : 

1.  The  motility  of  the  colon  bacillus  is,  as  a  rule,  not 
very  pronounced,  sometimes  absent ;  that  of  the  typhoid 
bacillus  is  usually  very  active. 

2.  On  gelatin  plates  the  colon  bacillus  develops  more 
rapidly  and  luxuriantly  than  the  typhoid  bacillus,  and 
on  potato  it  grows  more  abundantly,  being  almost  always 
visible. 

8.  The  colon  bacillus  coagulates  milk  with  acid  reac- 
tion within  twenty-four  to  forty -eight  hours;  the  typhoid 
bacillus  does  not  coagulate  milk. 

4.  The  colon  bacillus  causes  fermentation  with  pro- 
duction of  gas  in  media  containing  sugar;  the  typhoid 
bacillus  does  not. 

5.  In  nutrient  agar  or  gelatin  containing  lactose  and 
litmus  tincture  and  of  a  slightly  alkaline  reaction,  the 
color  of  the  colonies  of  colon  bacillus  is  pink  and  the  sur- 
rounding medium  red;  while  the  colonies  of  typhoid 
bacillus  are  blue  and  there  is  little  or  no  reddening  of  the 
medium. 

6.  The  colon  bacillus  produces  indol  in  cultures  of 
bouillon  or  peptone;  the  typhoid  bacillus  does  not. 

7.  When  a  twenty-four-hour-old  bouillon  culture  of 
the  colon  bacillus  is  mixed  with  the  blood  or  serum  of  a 
patient  suffering  from  genuine  typhoid  fever,  in  a  dilu- 
tion of  one  to  ten  or  more,  after  the  first  week  of  the  dis- 
ease, the  Widal  reaction  is  negative;  cultures  of  the 
typhoid  bacillus  treated  in  the  same  manner  and  ex- 
amined in  the  hanging  drop  give  the  characteristic  ag- 
glutination and  clumping  of  the  bacilli. 

8.  Finally,  we  have  the  special  media,  devised  respec- 
tively by  Hiss,  Capaldi,  and  Eisner,  for  isolating  the  colon 
and  typhoid  bacilli,  in  which  we  may  observe  their  differ- 
ences of  growth  in  plate  and  tube  cultures.  These  will 
be  referred  to  more  in  detail  elsewhere. 
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Friedlander's  Bacillus  of  Pneumonl\  {Pneumo- 
bacillus). — ^This  organism  was  discovered  by  Friedlftnder 
(1888)  and  declared  to  be  the  cause  of  lil)rinous  pneu- 
monia. Subsequently  it  was  shown  that  it  is  seldom 
found  in  pneumonia  patients,  being  often  present  in  the 
mucous  membranes  of  the  mouth  and  afr  passages  of 
healthy  persons  and  in  the  air. 

Microscopical  Appearances. — Short  rods  (0.6  to  8  //  long 
by  0.5  to  0.8  fi  broad)  with  rounded  ends,  often  resem- 
bling micrococci,  especially  in  recent  cultures;  commonljr 
in  pairs  or  chains  of  four.  A  capsule  is  present  in  speci- 
mens from  sputum  and  inoculated  animals;  rarely  seen  in 
cultures. 

Motility.  — Absent. 

Spore  Formation. — Does  not  form  spores. 

Staining  Eea^Uians. — Stains  readily  with  the  ordinary 
aniline  dyes,  but  not  by  Gram's  method. 

Biological  Characters. — Grows  luxuriantly  both  in  the 
presence  and  absence  of  oxygen  (facultative  anaerobic) 
and  on  all  the  usual  culture  media,  at  the  room  tempera- 
ture and  in  the  incubator. 

In  gelatin  plates  small,  round,  elevated  white  colonies 
develop,  slightly  granular  in  structure  and  of  a  brownish 
color.  In  gelatin  stab  cultures  a  typical  nail-shaped 
growth  occurs;  the  gelatin  is  not  liquefied.  On  agar 
and  blood  serum  large  grayish-white,  moist  colonies  de- 
velop. The  growth  on  pttato  is  abundant, — a  thick,  yel- 
lowish-white, glistening  coating  containing  gas  bubbles. 
Bouillon  is  clouded.  Milk  is  not  coagulated.  Media 
containing  glucose  are  decomposed,  un^evgom^  fermenta- 
tion with  the  production  of  acid.  Indol  and  HsS  are 
sparingly  produced. 

Pathogenesis. — This  bacillus  is  pathogenic  for  mice  and 
guinea-pigs,  less  so  for  dogs,  ana  rabbits  are  apparently 
immune  (thus  distinguished  from  Fraenkel's  diplococeus 
pneumonia).  Susceptible  animals  are  inoculated  directly 
mto  the  pleural  and  abdominal  cavities.  They  can  also 
be  affected  by  inhalation  of  dried  pulverized  cultures.  In 
some  cases  pneumonic  lesions  are  produced. 

Active  immunity  against  Friedlftnder's  bacillus  is 
readily  produced,  and  although  the  organism  is  non- 
motile  the  agglutinating  serum  reaction  is  said  to  be 
present. 

This  bacillus  has  been  found  outside  the  body  in  the 
dust  of  flooi-s,  in  the  air,  etc.  It  has  been  met  also  in 
the  saliva  of  healthy  persons.  It  is  the  cause  of  only  a 
small  proportion  of  the  cases  of  lobar  pneumonia ;  in  one 
hundred  and  twenty-nine  cases  examined  by  Wcichsel- 
baum  the  pneuniobacillus  was  found  in  nine.  According 
to  Netter  and  Weirhselbauni  the  cases  due  primarily  to 
this  organism  are  distinguished  by  their  peculiarly  malig- 
nant type  and  by  the  viscidity  of  the  exudate  produced. 
It  is  also  probabl}'  concerned,  primarily  or  secondarily, 
under  certain  circumstances,  in  the  production  of  pleu- 
risy, absorss  of  the  hin^s.  pericarditis,  endocarditis,  otitis 
media,  and  meningitis,  in  all  of  which  diseases  it  has  been 
found  at  times.  It  has  been  met  with  in  all  the  organs 
of  the  body  and  also  in  the  Mood. 

The  Prs  Puoducixg  Okganisms. 

Many  bacteria  are  cai>able  of  producing,  under  certain 
conditions,  iriflannnatory  and  suppurative  processes,  ab- 
scess, cellulitis,  septicemia,  etc.  The  niicro-or^uiisnis 
most  commonly  found  associated  with  sup|)uration  are 
stai>hylococci,  streptococci.  ]Mieuniococci,  and  letmcocci. 
The  following  species  are  also  occasionally  met  with:  the 
colon  bacillus  and  allied  meinhers  of  that  ^T(M1]),  the 
typhoid  bacillus,  the  influenza  bacillus,  and  the  bacillus 
pyocyaneus.  In  so-called  ''cold  abscesses  "  the  tubercle 
bacillus  is  usually  the  only  oruranisin  i)resent.  Besi<les 
these  bacteria,  other  s])ecies  may  sometimes  cause  cir- 
cumscrii)ed  suppurative  ])rocesses. 

Stai'iiyi.ococci's  Pv()(jknks  Ai'iu:i's. — This  is  one  of 
the  commonest  pathoijenic  bacteria,  ])ein^  j)resent  almost 
everywhere.  It  is  the  most  freciuent  cause  of  acute  cir- 
cumscribed suppurative  intlammations.  Thouirh  first 
observed  by  Ogston  (1881)  in  the  pus  of  acute  abscesses, 


it  was  not  obtained  by  him  in  pure  culture  but  was  iso- 
lated and  accurately  described  by  Rosenbach  in  1884. 

Microscopical  Appearances. — Small,  spherical  cells,  hav- 
ing a  diameter  of  about  0.8  yci,  occurring  singly  or  in 
pairs,  but  usually  arranged  in  irregular  masses  simulat- 
ing clusters  of  grapes;  hence  the  name,  f rom  (rro^A^, 
"  grape. "    (See  Plate  XI. ,  Fig.  8. ) 

Motility.  — Non -motile. 

Staining  Reactions. — Stains  easily  in  aqueous  solutions 
of  the  basic  aniline  dyes ;  is  not  decolorized  bv  Grun. 

Biological  Characters. — Aerobic  and  facultative  an- 
aerobic, but  produces  pigment  only  in  the  presence  of 
oxygen.  It  grows  readily  at  a  temperature  of  from  18* 
to  20^  C,  but  best  at  99"  C,  on  all  the  ordinary  culture 
media. 

Omwth  on  Gelatin. — Grown  on  gelatin  plates  at  room 
temperature,  it  develops  within  forty -eight  hours  puncti- 
form  colonies,  which,  when  examined  under  a  low-power 
lens,  appear  as  circular  discs  of  a  pale  or  yellowish  brown 
color,  somewhat  darker  at  the  centre  and  surrounded  bv 
a  transparent  zone  with  well-defined  border.  Immedi- 
ately around  the  colonies,  which  grow  rapidly  and  are 
slightly  granular  in  structure,  there  is  a  deepening  of 
the  surface  of  the  gelatin,  due  to  its  liquefaction.  Later, 
the  liquefaction  fijcomes  general,  the  colonies  running 
together.  In  gelatin  stab  ctdtures  a  white  confluent  de- 
posit first  develops  along  the  line  of  puncture,  followed 
by  liquefying  of  the  medium  in  the  form  of  a  stocking. 
At  the  end  of  two  days  the  yellow  pigment  begins  to 
form,  and  this  increases  in  intensity  until  finally  (after  a 
week)  complete  lio  uefaction  takes  place  and  the  "  golden 
staphylococci "  fall  as  an  orange-colored  deposit  to  the 
bottom  of  the  tube.  Under  unfavorable  conditions  the 
staphylococcus  aureus  gradually  loses  its  property  of 
liquefying  gelatin  and  producing  pigment. 

Orotcth  in  Agar. — In  streak  and  stab  cultures  on  nutri- 
ent agar  a  whitish  growth  is  at  first  produced,  and  this 
after  a  few  days  also  becomes  golden  yellow  on  the  sur- 
face. Colonies  found  at  the  bottom  of  a  stab  culture  or 
under  a  layer  of  oil  remain  white;  showing  the  inabilit}- 
of  this  organism  to  produce  pigment  in  the  absence  of 
oxygen. 

Bouillon  is  densely  clouded  by  the  luxuriant  growth. 

Milk  is  coagulated  in  from  one  to  eight  days  with  the 
production  of  acid. 

Chemical  Effects. — The  production  of  an  orange-yellow^ 
pigment,  but  only  in  the  presence  of  oxygen ;  agar  cul- 
tures smell  like  glue  or  spoiled  paste;  gas  and  acid  pnn 
duction  from  carbohydmtes ;  the  prwluction  of  II.-S 
abundantly  and  a  little  indol ;  the  decomposition  of  urea 
by  certain  species, — these  are  the  chemical  effects  of  the 
staphylocixicus. 

VitiiUty. — Several  cases  of  osteomyelitis  have  been  re- 
ported in  which  8taphyloc<x^ci  havebeen  found  alive  in 
the  body  in  the  centres  of  infection  after  many  vi'ATS. 
during  this  time  having  been  encapsulated  apimrentlv- 
In  cultures  they  retain  their  vitality  for  a  year  or  more- 
The  staphylococcus  is  distinguished   from  most  otlw^^ 
pathogenic  bacteria  by  its  greater  power  of  r<*sistanceW 
all  outside  influences,  desiccation,  heat,  chemical  agenij^.^ 
etc.     It  does  not,  however,   form  spores,  as  far  a»  ^*^ 
know.     In  dried   pus,  according   to   Hairier,   it  sta>n^^* 
desiccation  for  from  fifty-six  to  one  hundred  davs,      *^!^, 
it  is  mpidly  killed  by  moist  heat  at  70'  C.     It  ritain**  ^V*^ 
vitality  in  ice  sixty -six  days  (Prudden).     DisinfK*^^^^. 
acton  it  slowly.     3Ieade  Bolton  found  that  a  on*-"P^,. 
cent,  carbolic  acid  solution  destroyed  it  in  two  li<'>^*^.' 
mercuric  chloride  1  to  1,000  killed  it  in  five  to  ten  min'^\^ 
But  there  is  a  cousidemble  dilTerence  in  the  n'si^^*^  '^ 
power  of  the  micrococci. 

Piithoiji  Drfd's. — The  pathogenic  efTei 
coccus  pvoi^encs  aureus  on  test  animn 
conlini?  to  the  mode  of  applioititm  anc 
the  culture  employed.     Experiments  have  shown  that 
orpmismas  found  insuppunitive  pnx'csses  in  the  ln^*^ 
subject  is  not  as  infectious  for  animals  as  it  is  forn'' 


ect  of  the  stapi*-^  .. 
lals  varies  nuK'l*  ^  ^,f 
ind  the  virulei^^'^J",,:^ 

K..,.^  ,1.^ ♦l..if     c  '"' 
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The  order  of  susceptibility  S(H?ms  to  be  as  follows:  n^ 
horses,  dogs,  cattle,  goats,  sheep,  rabbits,  guinea-p^-^ 
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mice.  In  man  a  simple  rubbing  of  the  unbroken  skin 
with  pus  from  an  acute  abscess  is  usually  sufficient  to 
pi-oduce  purulent  inflammation.  Cutaneous  inoculation 
of  animals  is  negative,  but  subcutaneous  injection  causes 
a  local  abscess  in  rabbits,  guinea-pigs,  and  mice,  and  in- 
travenous injection  in  rabbits  sometimes  produces  pysemia 
and  after  injury  to  the  cardiac  valves  ulcerative  endo- 
carditis. 

The  filtrates  from  bouillon  cultures  contain  highly 
virulent  toxic  substances.  Injection  of  these  into  the 
peritoneal  cavity  of  dogs  causes  sero-sanguineous  peri- 
tonitis, and  ecchymoses  in  the  serous  and  mucous  mem- 
branes of  the  intestines,  finally  resulting  in  death  with 
bloody  diarrhoea.  Immunity  against  staphylococcus  in- 
fection may  be  produced  by  the  injection  of  gradually 
incrc^udng  doses  of  the  pure  culture  either  living  or  pre- 
viously sterilized  by  boiling.  The  blood  serum  of  ani- 
mals which  have  been  thus  immunized  possesses  slight 
protective  and  curative  eifects  in  other  animals,  but  no 
practical  use  of  this  serum  has  been  attempted  in  man. 

The  staphylococcus  aureus  occurs  outside  the  body 
in  milk,  water,  soil,  air,  etc.  Ten  per  cent,  of  the  micro- 
organisms present  in  the  air  of  surgical  clinics  consist  of 
staphylococci  (Ullmann).  It  is  foimd  on  the  healthy 
skin,  in  the  mouth,  vagina,  cervix  uteri,  and  milk  of 
nursing  mothers.  It  is  the  chief  cause  of  all  acute  in- 
flammatory suppuration,  in  many  cases  the  sole  cause. 
It  \a  commonly  found,  however,  in  association  with 
streptococci,  pneumococci,  colon  bacilli,  typhoid  bacilli, 
etc.  The  following  affections  particularly  are  frequently 
caused  by  the  staphylococcus  aureus  and  other  species : 
acne,  sycosis,  impetigo,  pemphigus,  conjunctivitis,  fur- 
uncle, abscess,  periostitis,  osteomyelitis,  parotitis,  tonsil- 
litis, mammitis,  ulcerative  endocarditis,  pyelonephritis, 
etc.  It  is  the  principal  etiological  factor  in  the  produc- 
tion of  pysemia  in  the  various  pathological  forms  of  that 
condition. 

Not  all  persons,  however,  are  equally  susceptible  to 
infection  by  the  staphylococcus;  those  who  are  in  a 
cachectic  condition  or  suffering  from  constitutional  dis- 
eases, like  diabetes,  are  especially  liable  to  infection.  In 
healthy  individuals  certain  parts  of  the  body,  as  the  back 
of  the  neck,  ^nd  seat,  seems  to  be  more  subject  than  oth- 
ers to  attack  by  furuncles,  carbuncles,  and  the  like.  In 
persons  in  whom  sores  are  readily  produced  in  con- 
sequence of  disturbances  of  nutrition,  the  micrococci  find 
a  suitable  resting  place  at  the  points  of  least  resistance, 
as  in  the  bones  of  weakly  children,  in  fractures,  and  in- 
juries in  general. 

Staphylococcus  pyocenks  albus  is  morphologically 
identical  with  staphvlococcus  pyogenes  aureus,  and  is 

grobably  a  variety  of  the  same  organism  which  has  lost 
8  power  of  producing  pigment.     On  the  average  it 
seems  to  be  somewhat  less  pathogenic. 

Staphylococcus  pyogenes  citreus  is  also  probably 
identical  with  the  above-mentioned  species,  except  that 
it  forms  by  its  growth  a  lemon -yellow  pigment.  It  is 
found  in  about  ten  per  cent,  of  cases  in  the  pus  of  acute 
abscesses,  usually  in  association  with  other  pyogenic 
cocci. 

Staphylococcus  epidermidis  albus  is  another  variety 
no  doubt  of  staphvlococcus  j^yogenes  albus,  but  found 
on  the  surface  of  the  body  and  often  in  parts  of  the  epi- 
clermis  deeper  than  can  be  reached  by  any  known  means 
of  cutaneous  disinfection  except  by  heat.  According  to 
"Welch  it  is  far  less  virulent  than  the  staphylococcus 
pyogenes  aureus.  It  is  frequently  present  in  aseptic 
"wounds,  but  does  not  seem  to  interfere  with  their  healing, 
although  sometimes  it  may  cause  suppuration  along  the 
drainage  tube,  and  is  the  common  source  of  "stitch 
abscess.  ** 

Micrococcus  Tetragents  ( TV^rocopct/^). — This  micro- 
<joccus  was  discovered  by  Koch  in  1884  in  a  phthisical 
lung  cavity.  Gaffky  ma<^e  a  further  study  of  it  and  de- 
scribed  its  pathological  properties  for  various  test  ani- 
mals. Biondi  found  it  in  human  saliva;  here,  however, 
it  is  sometimes  simply  an  evidence  of  mouth  contamina- 
tion»  not  of  lung  infection.     In  pulmonary  tuberculosis 
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it  is  commonly  associated  with  other  pathogenic  bacteria, 
which,  though  playing  no  part  in  the  etiology  of  the 
primary  affection,  contribute  no  doubt  to  the  progressive 
destruction  of  the  lung  tissue.  Its  pyogenic  character 
is  sliown  by  its  not  infrequent  presence  in  the  pus  of 
acute  abscesses,  empyema,  etc. 

MicroKopical  Appearances. — ^When  obtained  from  the 
animal  boidy  it  occurs  mostlv  in  groups  of  four  sur- 
rounded by  a  capsule.  In  cultures  the  cocci  are  seen  in 
various  stages  of  division  as  large  round,  undivided  cells, 
in  pairs  of  oval  elements,  and  in  groups  of  three  or  four. 
When  the  division  is  complete  tliey  remind  one  of  sarcina 
in  appearance,  except  that  they  divide  in  four  instead  of 
in  three  directions  and  are  not  built  up  like  cotton  bales. 
(See  Plate  XL,  Fig.  4.) 

Motility.  — Non  -motile. 

Staining  Reactions. — Stains  readily  with  the  ordinary 
aniline  djres;  is  not  decolorized  by  Gram. 

Biological  Characters. — Grows  both  in  the  presence  and 
absence  of  oxygen,  but  best  with  oxygen,  m  the  usual 
culture  media.  It  may  be  cultivatea  at  room  tempera- 
ture (20**  C);  the  optimum  being  between  85'  and  38''  C. 
The  growth  is  slow  under  all  conditions. 

Growth  in  Gelatin. — On  gelatin  plates  small,  white  to 
grayish -yellow,  shiny,  prominent,  round,  or  lemon-shaped 
colonies  develop.  In  gelatin  stab  cultures  it  grows  equally 
as  well  on  the  surface  as  alon^  the  track  of  the  needle ; 
forming  on  the  surface  a  thick,  white,  shiny  mass,  and 
filling  out  the  fissures  along  the  line  of  puncture.  The 
gelatin  is  not  liquefied. 

On  a^gar  and  blood  serum  the  growth  on  the  surface  is 
moist  and  glistening.  The  colonies  appear  as  small, 
transparent,  round  points  of  a  grayish-yellow  color  and 
slightly  elevated. 

Pathogenesis. — Subcutaneous  injections  of  a  culture  of 
this  micrococcus  in  minute  quantity  are  usually  fatal  to 
white  mice  in  from  three  to  six  days.  The  organisms 
are  foimd  chiefly  in  the  spleen,  lungs,  liver,  and  kidneys, 
few  in  the  blood.  Gray  mice  are  generally  immune. 
Rabbits  and  dogs  are  also  little  susceptible.  In  cuinea- 
pigs  on\j  a  local  reaction  or  abscess  sometimes  follows 
inoculation,  and  again  they  die  from  septicemia ;  intra- 
peritoneal injections  produce  purulent  peritonitis,  groups 
of  micrococci  beingfound  in  the  exudate. 

Streptococcus  Pyogenes  (Streptococcus  Erysipelatis). 
— This  micro-organism  was  first  observed  by  Koch  in 
stained  sections  of  tissues  attacked  by  septic  processes, 
and  by  Ogston  in  the  pus  of  acute  abscesses  (1882).  It 
was  obtained  in  pure  cultures  by  Fehleisen  (1888)  from  a 
case  of  erysipelas,  and  its  pathological  properties  proved. 
Rosenbach  (1884)  and  Krauseand  Fasset  (1885)  isolated  it 
from  pus  and  gave  it  the  name  of  streptococcus  pyogenes. 
It  has  since  been  shown  to  be  the  chief  cause  of  many 
suppurative  inflammations.  Formerly  the  streptococci 
of  erysipelas,  acute  abscess,  septicaemia,  puerperal  fever, 
etc.,  were  thought  to  belong  to  different  species,  because 
they  possessed  certain  differences  in  their  pathological 
effects  and  morphological  peculiarities,  according  to  the 
source  from  which  they  were  derived.  But  now  it  is 
recognized  that  these  slight  differences  are  not  suftlcient 
to  constitute  separate  species,  but  only  varieties  of  the 
same  species.  At  the  same  time,  however,  there  would 
appear  to  be  some  streptococci,  which,  in  so  far  as  their 
specific  reaction  in  the  presence  of  a  protective  serum  i? 
concerned,  are  as  distinct  from  the  streptococcus  pyo- 
genes as  is  the  pneumococcus.  This  question  is  of  prac- 
tical importance,  for  upon  itH  solution  depends  our  abil- 
ity to  select  a  suitable  protective  serum  in  different  cases 
oi  streptococcus  infection. 

Microscopical  Appearances. — Spherical  micrococci  from 
0.4  to  1  /i  m  diameter,  usually  larger  than  the  staphylo- 
cocci, characteristically  arranged  in  chains  of  eight,  ten, 
twenty,  or  more  elements,  but  also  associated  in  pairs  and 
sometimes  in  irregular  masses.     (See  Plate  XI.,  Fig.  2.) 

Motility. — Non-motile. 

Staining  Reactions. — Stains  ea.sily  with  all  the  basic 
aniline  dyes  and  by  Gram's  method. 

Biological  C?tardcters. — Facultative  anaerobic,  growing 
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both  in  absence  and  presence  of  oxygen,  and  on  the  vari- 
ous liquid  and  solid  culture  media.  The  growth  is  slow, 
developing  best  at  from  30'  to  37*  C,  but  also  at  room 
temperature  (18**  to  20°  C).  There  is  no  growth  over  47*"  C. 

Orowth  on  Odatin. — In  geh tin  plate4t  small,  white  to 
yellowish  or  brownish  granular  round  colonies  develop, 
which  do  not  liquefy  the  gelatin ;  though  occasionally, 
with  unusual  varieties,  a  certain  amount  of  liquefaction 
has  been  observed.  Under  a  high  pow^er,  chains  of 
streptocfxjci  maj'  be  seen  projecting  from  the  sides  of  the 
discs.  In  gelatin  stab  cultun^s  the  growth  is  not  conflu- 
ent, but  individual  colonies  are  arranged  beside  one  an- 
other along  the  line  of  puncture. 

Groitth  on  Agar. — On  agar  jtlnt^s  the  colonies  are  visi- 
ble after  twelve  to  thirty  hours*  growth,  and  when  mag- 
nified suflHcientlv  show  beautiful  chain  cocci  often  in  the 
form  of  twisted  loops.  The  colonies  are  circular  in  shape 
when  thinly  scattered  over  the  plates,  but  irregular  when 
crowded  together. 

Oroirtfi  in  Bouillon. — The  ^rrowth  in  this  medium  is 
variable  in  different  varieties ;  m  slightly  alkaline  bouillon 
at  37°  C.  reaching  their  full  development  within  thirty- 
six  to  forty-eight  hours.  Streptococci  which  grow  in 
long  chains  usually  give  an  abundant  flocculent  deposit 
and  leave  the  liquid  clear;  the  deposit  may,  however,  be 
granular,  in  larger  flakes  or  in  tough  masses ;  sometimes 
the  broth  is  clouded.  Those  growing  in  short  chains,  as 
a  rule,  cause  diffuse  clouding  of  the  bouillon,  with  a 
granular  deposit  at  the  bottom  of  the  tube.  The  de- 
velopment in  a  mixture  of  ascitic  fluid  and  bouillon, 
which  is  the  best  medium  for  the  growth  of  the  strepto- 
coccus, is  more  abundant  than  in  plain  bouillon. 

Qroitth  in  Solidified  Blood  Serum. — This  is  also  an  ex- 
cellent medium  for  the  cultivation  of  the  streptococcus. 
Tiny  grayish  colonies  appear  after  twelve  to  eighteen 
hours.  Milk  is  usually  coagulated  with  the  production 
of  acid,  but  not  always. 

The  growth  on  potato  is  scanty. 

Vitality. — Cultures  of  the  streptococcus  die  much 
sooner  than  those  of  the  staphylococcus,  very  few  living 
over  a  month  and  the  majority  dying  within  a  few  daj^'^s; 
they  live  longest  in  serum  bouillon  or  a  mixture  of  ascitic 
fluid  and  bouillon,  and  may  be  kept  thus  for  a  consider- 
able time  in  small  sealed  glass  tubes  in  the  ice  chest. 
When  dried  in  blood  or  pus,  the  streptococci  retain  their 
vitality  for  several  months  at  room  temperature,  and  still 
longer  in  the  refrigerator.  The  thermal  death  point,  ac- 
cording to  Sternberg,  is  between  52^  and  54^  C,  the  time 
of  exposure  being  ten  minutes. 

Chemical  Effcrtts. — As  products  of  their  growth  the 
streptococci  form  but  little  pigment,  no  indol,  a  little 
HtiS,  and  as  a  rule  no  acids  or  gases  from  carbohydrates. 
From  albuminous  culture  media  they  produce  toxins 
which  are  precipitated  by  alcohol  but  are  soluble  in 
water.  To  obtain  these  toxins  the  cultures  are  killed  by 
chloroform  or  filtered  through  porcelain.  IntHxluced 
into  animals  in  considerable  quantities  they  cause  sup- 
purati(m  and  fever  and  even  death;  they  seem  to  belong 
to  the  class  of  so-called  toxalbumins. 

PatlioginemH. — The  majority  of  test  animals  are  not 
VQvy  susceptible  to  infection  by  the  streptococcus,  and 
hence  it  is  ditticult  to  obtain  any  detinite  pathologi- 
cal changes  in  their  tissues  by  inoculations  of  cultures. 
White  mice  and  rabbits  are  the  most  susceptible,  and 
these  animals  are.  therefore,  usually  employed  for  ex- 
perimentation. The  virul<*nee  of  streptococci,  however, 
varies  greatly  for  animals  and  is  ^lilTerent  from  their 
virulence  for  the  human  subject.  The  most  virulent 
cultures,  when  injected  in  small  quantity  into  the  circula- 
tion or  the  subcutaneous  tissues  of  a  mouse  or  rabbit, 
])roduce  death  by  septicaemia.  Less  virulent  varieties 
require  the  injection  of  large  quantities  to  produce  a 
similar  result,  while  some  product;  only  abscess  or  ery- 
sipleas  when  injected  subcutaneously,  and  others  have 
no  effect  at  all  when  introduced  directly  into  the  circula- 
tion. Many  of  the  streptococci  obtained  from  cas(^s  of 
cellulitis,  ai>scess,  empyema,  and  even  septiciemia  belong 
to  this  group. 


A  number  of  varieties  of  streptococci  have  thus  been 
discovered,  differing  in  virulence  and  in  their  growth  in 
culture  media;  but  all  attempts  to  separate  them  into 
classes  until  recently,  through  the  use  of  speciflc  serum, 
have  failed,  because  the  differences  observed,  though 
often  marked,  are  not  constant  Knorr  has  enunciated 
the  following  important  facts  with  regard  to  the  viru- 
lence of  streptococci:  All  varieties  when  cultivated  for 
any  length  of  time  on  artificial  media  gradually  lose  their 
virulence.  By  continuous  passage  through  certain  sus- 
ceptible animals,  as  mice,  a  streptococcus  is  obtained 
which  is  very  pathogenic  for  those  animals,  but  at  the 
same  time  has  lost  its  virulence  for  others,  as  rabbits. 
The  more  virulent  is  any  varietv  of  streptococcus  for  an 
animal,  the  more  certainly  it  kills  without  suppuration, 
which  is  produced  only  by  less  virulent  forms.  T^re 
seems  also  to  be  a  strong  tendency  for  a  streptococcus  io 
produce  the  same  kind  of  inflammation,  when  inoculated, 
as  the  one  from  which  it  was  derived;  for  example, 
streptococci  from  erysipelas  tend  to  produce  erysipelas, 
from  septicaemia  to  produce  septicsBmia,  etc.  Strepto- 
cocci, however,  obtained  from  different  sources  (absoenes, 
puerperal  fever,  sepsis,  erysipelas,  etc.)  are  sometimes 
capable  of  producing  erysipelas  when  inoculated  into 
the  ear  of  a  rabbit,  provided  they  possess  suflicient  viru- 
lence. By  continued  passage  of  fatal  doses  through 
susceptible  animals  Marmorek  has  obtained  cultures  of 
streptococci  of  such  virulence  that  0.0001  c.c.  subcutane- 
ously injected  into  mice  almost  invariably  killed  them, 
while  0.000001  c.c.  sometimes  produced  death— i.^.,  in 
amounts  which  contained  but  a  very  few  organisms. 
According  to  this  investigator,  the  virulence  may  be  re- 
tained by  cultivation  in  mixtures  consisting  of  two  paits 
of  serum  and  one  part  of  bouillon,  or  one  part  of  ascitic 
or  pleuritic  fluid  and  two  parts  of  bouillon,  such  cultum 
being  kept  for  two  months  or  more  without  transplanta- 
tion to  fresh  media. 

Streptococci  have  been  found  outside   the  body  in 
the  soil,  in  water,  and  in  tlie  air  of  surgical  clinics,  etc. 
In  healthy  persons  they  have    been  observed   in  the 
mouth,  nasal  cavities,  vagina,  and  infrequently  in  the 
cervix  uteri,  sometimes  in  virulent  forms.     The  strepto- 
coccus pyogenes  may  give  rise  in  man  to  a  number  ot 
inflammatory  and   suppurative  processes.      It   is  fre- 
quently the  primary  cause  of  infection  in  erysipelas, 
acute  abscesses,  cellulitis,  lymphangitis,  tonsillitis,  bron- 
chitis, pneumonia,  sepsis,  puerperal  fever,  impetigo  cod- 
tagiosa ;  less  commonly  in  pleuritis,  pericarditis.  nieniD- 
gitis,  periostitis,  osteomyelitis,  otitis  media,  mastoiditis, 
empyema,  etc.     Associated  with  other  bacteria  in  diseases 
of  which  they  are  the  specific  cause,  the  streptococcus  has 
also  been  found  contributing  to  secondary  or  mixed  infec- 
tion in  pulmonary  tuberculosis,  broncho-pneumonia,  scar- 
h't  fever  and  septic  diphtheria,  playing  an  important  part 
in  these  affections  in  the  production  of  septicamia  and 
fever.      So  uniformly  present  are  streptococci  in  the 
pseudo-membranous  inflammations  of  scarlatina  that  some 
authorities  have  claimed  that  a  certain  variety  of  strepto- 
cocci (slrfptoroc^uH  congJomeratus  of  Kurth  and  Klein) 
is  the  specitic  cause  of  this  disease.     The  streptococcus 
))y()genes  is  further  tlie  probable  cause  of  a  number  of 
eases  of  nephritis,  arthritis,  and  myelitis,  l>eing  frequently 
found  in  the  blood  and  urine,  with  or  without  symptoms 
of  general  intoxication. 

In  animals  such  as  horses,  asses,  cows,  sheep,  goats, 
and  dogs,  the  streptococcus  also  prcnluces  diseases  similar 
to  those  observed  in  man.  These  organisms  have  not  m- 
frecjiuntly  been  found  in  the  vaccine  lymph  of  stations 
where  this  is  prepared,  though  generally  the  non- virulent 
varieties. 

Almost  all  of  the  disea'^'s  above  mentioned  have  been 
produced  ex perimentiilly  in  animals,  the  result  depending 
upon  the  susceptibility  of  the  animals  emploved,  the 
virulence  of  the  streptococci,  and  the  amount  of  infect^^'* 
material  injected.  The  causal  relation  of  this  organism 
to  disease  has  also  been  demonstrated  in  man.  Fehlei^° 
has  inoculated  cultures  obtained  from  the  skin  of  patients 
suffering  from  erysipelas  into  persons  with  inopeiaW® 
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Tiialignant  growths — lupus,  carcinoma,  and  sarcoma — and 
has  produced  a  typical  erysipelatous  inflammation  in  from 
fifteen  to  sixty  hours.  Persons  who  had  recently  recov- 
ered from  an  attack  of  erysipelas  proved  to  be  immune. 
In  such  persons  also  it  was  observed  that  malignant 
tumors  apparently  improved  or  entirely  disappeared  after 
inoculation.  During  the  last  few  years  this  fact  has  been 
made  use  of  in  the  treatment  of  cancers  by  the  artificial 
production  of  erysipelas  through  inoculation  of  pure  cul- 
tures or  of  their  toxic  products,  and  in  some  cases  of 
spindle-celled  sarcoma,  according  to  Coley,  with  consider- 
able success.  In  carcinomata  the  results  have  been  very 
slight. 

Sunceptibility  and  Immunity. — As  with  the  staphylo- 
coccus, the  streptococcus  is  more  liable  to  invade  the 
tissues  and  produce  inflammation  and  suppuration  when 
the  standard  of  health  is  reduced  from  any  cause,  and 
especially  when  by  absorption  or  retention  toxic  products 
are  present  in  excess  in  the  body.  Thus  local  strepto- 
coccus infections  are  more  likely  to  occur  as  complica- 
tions or  sequelse  in  various  specific  diseases,  in  chronic 
alcoholism,  in  constitutional  affections  in  those  exposed  to 
septic  emanations  from  sewers,  etc.,  and  in  cases  in  which 
there  is  absorption  of  toxic  products  formed  in  the  ali- 
mentary canal  as  the  result  of  the  ingestion  of  improper 
food,  of  constipation,  etc. 

Just  as  in  persons  who  have  recovered  from  an  attack 
of  erysipelas  there  has  been  observed  a  slight  immunity 
to  further  infection,  so  it  has  been  found  that  animals, 
after  recovering  from  artificial  inoculation  of  the  toxic 
products  of  the  streptococcus,  acquire  a  moderate  im- 
munity, which  may  be  increased  by  the  administration 
of  gradually  increasing  doses  of  the  culture.  In  this  way 
Knorr  has  immunized  rabbits  against  an  intensely  viru- 
lent streptococcus  by  injections  of  slight  virulent  cultures ; 
Pasquale  has  partially  immunized  these  animals  against 
septicaemia ;  and  Marmorek  has  protected  sheep,  asses,  and 
horses  against  very  large  doses  of  a  streptococcus  which 
though  but  slightly  virulent  for  them  was  intensely  so  for 
rabbits. 

In  none  of  the  streptococcus  infections  in  man,  how- 
ever, is  there  apparently  produced  lasting  immunizing 
substances  in  the  blood  after  a  single  attack.  Incases 
of  erysipelas,  cellulitis,  and  abscess,  recovery  after  periods 
varymg  from  a  few  days  to  several  months  would  seem 
to  indicate  the  presence  of  slight  or  transitory  protective 
substances;  but  the  severe  forms  of  infection,  such  as 
septicaemia  following  operations  and  puerperal  fever, 
show  little  tendency  to  recovery  when  once  well  estab- 
lished. 

]tfarmorek  was  the  first  to  attempt  to  produce  a  cura- 
tive anti-streptococcus  serum  obtained  from  immunized 
animals  (asses  and  horses)  for  the  treatment  of  strepto- 
coccus infections.     The  results  reported  from  the  use  of 
this  serum  since  his  first  communication  in  1895  have 
been  very  variable,  and  on  the  whole  unsatisfactory. 
The  protective  power  of  anti-streptococcus  serum  is  un- 
doubtedly specific,  but  it  soon  loses  this  power  and  often 
is  practically  useless  six  weeks  after  its  preparation.     It 
has,  moreover,  been  shown  that  the  same  serum  does  not 
confer  immunity  apparently   to  any  other  variety  of 
streptococcus  than  the  one  which  was  originally  em- 
ployed in  the  immunizing  inoculations,  each  variety  of 
streptococcus  producing  a  serum  which  is  protective  only 
against  its  own  variety.     In  order  to  produce  a  serum, 
therefore,  which  should  have  a  successful  therapeutic 
eflfcct,  the  animals  must  be  immunized  against  every 
variety  of  pathogenic  streptococci.     This  being  the  case 
it  will  be  readily  understood  that  the  an ti -streptococcus 
serum  which  has  been  heretofore  employed  in  the  ma- 
jority of  cases  was  probably  valueless.     T^he  poor  results 
so  far  obtained  from  the  clinical  use  of  this  remedy  may 
bavc  been  due  either  to  the  preparations  having  already 
lost  their  protective  power,  or  to  this  power  not  being 
Buflicient  in  the  doses  given  to  have  any  effect,  or  to  the 
cases  having  been   those  of  severe  general  septicemia 
Xipon  which  the  serum  could  have  no  action,  or  to  the  in- 
:fection  having  been  due  to  some  variety  of  streptococcus 


different  from  that  for  which  the  animals  were  immunized, 
or  to  the  cases  not  being  those  of  streptococcus  infection 
at  all,  but  due  to  other  organisms,  as  the  staphylococcus, 
colon  bacillus,  pneumococcus,  etc.  It  is  evident,  there- 
fore, that  the  therapeutic  use  of  anti-streptococcus  serum 
is  at  present  very  problematical ;  at  the  same  time,  how- 
ever, it  does  not  follow  that  a  preparation  may  not  be 
obtianed  which  shall  have  practical  value. 

The  following  varieties  of  streptococci  have  been  de- 
scribed by  some  authors : 

Streptococcus  Brevis. — Develops  in  bouillon 
slightly  curved,  short  chains;  the  bouillon  is  clouded. 
(Jelatin  is  liquefied  immediately  around  the  colonies. 
There  is  a  distinctly  visible  growth  on  potato.  Grows 
at  10"  to  12°  C.     Is  usually  non-virulent. 

Streptococcus  Longub. — Develops  in  bouillon  long 
twisted  chains,  with  a  granular  or  flocculent  sediment, 
the  supernatant  liquid  remaining  clear.  Gelatin  is  not 
liquefied.  There  is  no  visible  growth  on  potato.  No 
growth  under  14°  to  16°  C.     Is  usually  highly  virulent. 

The  following  subdivisions  of  the  streptococcus  longus 
have  also  been  described :  (1)  Streptococcxut  turhidus  with 
clouded  bouillon  culture;  (2)  Streptococcus  tiscosus  with 
clear  bouillon  culture  and  slimy  sediment;  (8)  Streptococcus 
conglomeratus  with  clear  bouillon  culture  and  granular 
sediment. 

The  Pneumococcus  {Micrococcus  Laiiceolatus ;  Diplo- 
coccus  Pneumonia). — This  micrococcus  was  first  observed 
by  Sternberg,  and  almost  simultaneously  by  Pasteur 
(1880),  in  the  blood  of  rabbits  inoculatecl  from  human 
saliva.  It  was  subsequently  described  by  Talamon  (1888) 
and  demonstrated  by  him  to  be  capable  of  producing 
fibrinous  pneumonia  in  rabbits  when  introduc^  directly 
into  the  lung  of  these  animals.  In  1885-1886  this  micro- 
organism was  subjected  to  an  extended  series  of  investi- 
gations by  Fraenkel,  Weichselbaum,  Sternberg,  and 
others,  and  proved  to  be  the  chief  cause  of  lobar  or 
croupous  pneumonia  in  man. 

Microscopical  Appearances. — ^Very  irregular;  occurs  as 
spherical  or  oval  and  lancet-shapea  cocci  usually  united 
in  pairs  (diplococci),  but  sometimes  as  short  chains  con- 
sisting of  four  to  six  elements  and  resembling  strepto- 
cocci. In  stained  specimens  from  sputum,  the  fibrinous 
exudates  of  croupous  pneumonia,  the  blood  of  inoculated 
animals  and  cultures  on  blood  serum,  the  lancet-shaped 
cells  are  commonly  surrounded  by  a  gelatinous  capsule. 
Variation  in  form  and  arrangement  is  characteristic  of 
the  pneumococcus,  there  being  great  differences  accord- 
ing to  the  source  from  which  it  is  obtained.  (See  Plate 
XI.,  Figs.  5  and  6.) 

Motility.  — Non  -motile. 

Staining  Reactians. — Stains  readily  with  ordinary  aniline 
dyes;  is  not  decolorized  by  Gram's  solution.  The  cap- 
sule may  be  demonstrated  in  cover-glass  preparations 
either  by  Gram's  or  Welch's  (glacial  acetic  acid)  method. 

Biological  Characters. — Aerobic  and  facultative  anae- 
robic, grows  equally  well  in  the  presence  and  absence  of 
oxygen.  It  develops  on  almost  all  culture  media  having 
a  slightly  alkaline  reaction ;  but  the  growth  is  slow  and 
scanty,  and  the  virulence  and  power  of  reproduction  are 
soon  lost.  Grows  very  slowly,  often  not  at  all  at  room 
temperature;  optimum  87"  C,  maximum  42°  C. 

Growth  on  Gelatin. — The  growth  on  this  medium  is 
slow,  often  none  at  all,  owing  to  the  low  temperature 
(22**  to  25**  C.)  at  which  gelatin  has  to  be  kept.  The 
gelatin  is  not  liquefied. 

Growth  on  Agar  and  Blood  Serum. — At  the  end  of 
forty-eight  hours  in  the  incubator,  there  appears  on  agar 
a  thin  colorless  layer  of  non-confluent  colonies.  If  blood 
serum  or  ascitic  fluid  be  added  to  the  agar  the  colonies 
are  larger  and  closer  together,  the  growth  being  more 
luxuriant.  The  growth  of  Loeffler's  blood -serum  mix- 
ture is  very  similar  to  that  on  agar,  but  is  somewhat  more 
vigorous,  appearing  on  the  surface  as  small,  fairly 
granular  dew -drop -like  colonies. 

Groirfh  in  Jhuillon. — At  the  end  of  twelve  to  twenty- 
four  hours  in  the  incubator  a  slight  clouding  is  produced, 
due  to  the  development  of  the  organisms,  which  on  micro- 
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scopical  examination  are  seen  to  consist  of  pairs  or  longer 
and  shorter  cliains.  After  two  or  tliree  days  the  medium 
again  becomes  transparent,  ttie  cocci  sinking  to  tlie  bottom 
of  the  tube.  The  best  fluid  medium  for  the  cultivation 
of  the  pneumococcus  is  a  mixture  composed  of  bouillon 
two  parts  and  ascitic  or  pleuritic  fluid  one  part.  In  this 
medium  the  organisms  grow  well,  and  cultures  kept  in  a 
cool  place  and  prevented  from  drying  retain  their  vitality 
for  a  number  of  months. 

Milk  is  a  favorable  medium,  and  in  some  cases  coagula- 
tion takes  place. 

Vitality. — In  cultures  the  pneumococcus  soon  loses  its 
vitality;  it  lives  longest  in  media  containing  blood  or 
serum.  Pneumonic  sputum  attached  to  cloths,  air-dried 
and  exposed  to  diffuse  daylight,  retained  its  virulence  for 
rabbits  for  periods  of  nineteen  and  fifty -Ave  days  in  dif- 
ferent experiments.  Exposed  to  direct  sunlight  the  same 
material  retained  its  virulence  after  twelve  hours*  ex- 
posure (Bordoni -U£Freduzzi).  This  resistance  of  the  or- 
ganism for  so  long  a  time  under  these  conditions  is  at- 
tributed in  part  to  the  protective  influence  afforded  by 
the  albuminous  envelope  surrounding  the  micrococci  in 
the  sputum. 

Chemical  Effects. — ^Three  varieties  of  pneumococci  have 
been  i8r)lated  which  pro<luce  a  brick-red  pigment.  Fil- 
tered and  dead  unflltered  cultures  contain  toxins  as  prod- 
ucts of  growth.  For  other  chemical  effects,  see  Strep- 
tococcus. 

Pathogenesis. — ^The  pneumococcus  is  quite  pathogenic 
for  some  animals,  especially  mice  and  rabbits;  rats  are 
less  susceptible,  and  guinea-pigs,  sheep,  dogs,  and  birds 
are  almost  immune.  In  mice  and  rabbits  the  subcutane- 
ous injection  of  small  quantities  of  pneumonic  sputum 
in  the  early  stages  of  the  disease,  or  of  a  pure,  vinilent 
culture  of  the  micrococcus,  usually  results  in  the  death 
of  these  animals  in  fromtwentv-fourto  forty -eight  hours. 
The  course  of  the  disease  pnxluced  and  the  post-mortem 
appearances  indicate  tliut  it  is  a  typical  form  of  septi- 
cemia— so-called  sputum  septicaemia.  The  most  marked 
pathological  lesion  is  the  enlargement  of  the  spleen.  The 
blood  after  death  often  contains  large  numbers  of  pneu- 
mococci. True  localizeil  pneumonia  does  not  usuallv 
result  from  subcutaneous  injections  into  susceptible  ani- 
mals, but  injections  made  through  the  thoracic  walls  into 
the  Bul)Htancc  of  the  lung  may  induce  a  typical  fibrous 
pneumonia.  Attenuated  cultures  produce,  according  to 
the  point  of  inoculation,  pneumonia  and  pleurisy,  peri 
tonitis,  etc.  Attenuation  of  the  virulence  of  cultures  of 
the  pneumococcus  may  be  produced  artificially  by  the 
acticm  of  heat  or  several  days'  growth  in  the  incubator, 
by  continued  piis.sa/re  through  unsusceptible  animals 
(guinea-pigs),  by  cultivaliou  in  unsuitable  media,  etc. 
Virulence  is  restored  and  increased  by  passage  thmugh 
highly  susceptible  animals  of  the  same  Ri)ecies  from  which 
the  op'^anisui  was  originally  obtained. 

The  pn(Mun<KM)0('Us  has  not  been  found  outside  the 
body,  excej>t  in  sputum.  It  is  frcciuently  present  in  the 
saliva  of  healthy  individuals.  In  diseased  persons  it  is 
one  of  the  most  important  pathogenic  bacteria.  It  is  as- 
sociated with  various  inflammatory  processes,  especially 
of  the  mucous  and  serous  membranes;  and  is  the  chief 
etiological  factor  in  the  production  of  lobar  and  aitarrh- 
al  peneuinonia.  pleurisy,  pericanlitis,  endocarditis,  em 
pyenm,  peritonitis,  otitis,  meningitis,  conjunctivitis,  and 
kenititis;  less  frec^uently  of  n(?phritis,  jmrotitis.  mc'tritis. 
|)yos»ilpin.\,  strumitis,  amygdalitis,  arthritis,  osteomveli 
tis,  periostitis,  abscesses,  an<l  geneml  8<'ptieiemia.  J'^ry- 
sipelas  can  also  be  caused  by  it.  In  many  of  these*  afTec- 
tions  the  orgjinism  is  founll  not  only  lrK*ally,  but  also  in 
the  blood.  Very  often  the  pneuniocm-cus  is  associated 
with  and  acts  as  a  synergist  of  other  i>us-prcKlucers,  as 
the  sta])hyl<M*<K'<'US,  streptococcus,  etc. 

It  is  carried  from  itsorigiiml  s<'at  in  the  lungs  tx)  distant 
orirans  of  the  IkmIv  bv  means  of  the  circulation,  bein*; 
oftf'ii  found  in  the  lymphatics  and  the  blocMl  both  during 
life  and  after  death.  Knowing  that  the  saliva  and  nasjil 
wcretions  under  normal  conditions  so  fre<|uenlly  afford  a 
nesting  place  for  the  jineumocrwci,  we  have  only  \o  as- 


sume the  production  of  a  suitable  medium  for  these  parm- 
sites  in  the  body,  brought  about  by  an  abnormal  condi- 
tion of  tlie  mucous  membranes  from  exposure  to  cold,  or 
a  reduction  of  the  vital  resistance  of  the  tissue  cells  in  an 
interior  organ,  by  disease,  traumatism,  excesses  of  vari- 
ous kinds,  alcoholism,  etc..  readily  to  comprehend  how 
an  individual  may  become  infected  primarily  or  second- 
arily with  pneumonia. 

immunity. — Fraenkel  has  shown  that  subcutaneous  in- 
jections of  rabbits  with  virulent  cultures  of  the  pneumo- 
coccus produced  infection  in  only  a  small  proportion  of 
them;  those  which  recovered  were  found  to  be  some- 
what immune  to  a  second  infection.  Artificially  attenu- 
ated cultures  or  material  containing  naturally  weakened 
micrococci  havQ  also  been  used  for  inoculation.  Another 
series  of  experiments  were  ba.sed  on  the  assumption  that 
the  protective  substances  are  contained  in  the  natural  or 
artificial  products  of  the  growth  of  the  organisms.  Thus 
cultures  freed  from  bacteria  by  filtration  and  emulsions 
of  pneumonic  sputum,  portions  of  pneumonic  lung, 
pleuritic  exudates,  etc.,  were  employed  for  inocuhition 
by  different  experimenters.  But  the  quantity  of  material 
required  for  inoculation  by  these  methods  having  been 
found  inconveniently  large,  attempts  have  been  made 
to  obtain  the  immunizing  products  in  a  more  con- 
centrated form.  Foa  and  Scabia,  and  the  Klemperer 
brothers  prepared  glycerin  extracts,  after  the  man- 
ner of  Koch's  tuberculin,  calling  their  product  "pneu- 
motoxin."  At  present,  however,  a  protective  serum  is 
obtained  from  horses  by  the  repeated  injections  of  fully 
virulent  pneumococci  in  exactly  the  same  way  as  in  tlie 
production  of  antistreptococcus  or  diphtheritic  antitoxic 
serum. 

Curative  experiments  in  man  have  been  recently  made 
with  this  antipneumococcus  scrum  obtained  from  im- 
munized animals.  The  most  successful  of  these  were 
conducted  by  the  Klemperers.  Thej'  hold  that  in  man 
during  the  pneumonic  process  there  is  a  constant  absorp- 
tion into  the  circulation  of  the  toxic  substances  pnKluced 
by  the  bacteria.  This  continues  until  eventually  the 
same  antitoxic  substance  is  prwluced  naturally  in  the 
body  as  is  seen  to  occur  experimentally.  It  is  then,  they 
think,  that  the  crisis  takes  place.  The  bacteria  ane 
neither  destroyed  nor  is  their  power  to  produce  pneumo- 
toxin  lessened;  but  the  third  factor,  the  antitoxin,  now 
exists  and  neutralizes  the  toxin.  These  authors  state 
that  they  have  been  able  to  show^  that  the  blood  senim 
of  patients  after  the  crisis  contains  antitoxic  substances, 
and  is  capable,  in  a  fair  numlier  of  cases,  of  curing  the 
disease  when  injected  into  infected  aninmls.  They  have 
also  made  observations  u])on  patients  with  a  view'  of  in- 
ducing the  crisis  by  the  injection  of  the  blood  serum  of 
immunized  animals  and  of  p(>rsons  ctmvalescent  from 
pneumonia.  Somewhat  favorable  results  have  iK'en  re- 
ported in  a  certiiin  number  of  cosl^s  thus  treated  by  the 
Klemperers,  Jansen.  De  Rienzi,  Weisbflcker,  Wa^Jibum. 
Pass4,  L'gheti,  Mennes,  Lambert,  and  others,  but  nothing 
definite  so  far  has  been  accomplished.  It  may,  therefore. 
Ikj  concluded  that  the  curative  treatment  by  antipneumo- 
coccus serum,  like  that  of  antisti*eptococcus  serum,  is 
still  in  the  experimental  stage.  Ail  tliat  can  be  said 
al)out  the  results  obtained  is  that  the  cas(.'S  tr(.*ated  liavc. 
as  a  rule,  done  better  than  was  expecttKl.  though  no 
striking  curative  effects  have  been  produccnl.  In  many 
instanct?s  there  was  no  development  of  pneunu)coc<Mis 
MofKl  infection;  and  even  if  the  serum  d<K>s  not  hasten 
the  crisis  and  bring  al>out  a  positive  cure,  y<'t  it  may  l>e 
able  to  prevent  a  general  infection.  It  i's  known  that 
there  ares(?veral  varieties  of  the  pneumococcus,  as  of  the 
streptCK-mrcus,  possessing  different  biological  and  patho- 
logical properties  and  varying  virulence.  Possibly  it 
may  l)e  found  that  pneumococcus  serum  obtained  from 
aniinalft  iinmuni/.e<l  against  a  certain  variety  of  pneumo- 
coccus protects  only  fully  against  that  variety,  as  wiili 
the  strepto<'(K'CUS  serum.  But  whether  thatlK»*s<^  or  not. 
the  injections,  at  any  rate,  of  the  senun  have  lieen  shown 
to  be  practically  harmless,  and  the  Iwnefits  to  l»e  derive<l 
from  the  discovery  of  a  curative  remedy  for  pneumonia 
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Fig.  1. — Bacilliift  CoH  Communis.  Agar  culture.  Stained  with  fuchsin.  x  1,000.  Photomicro- 
graph from  Bowhill's  "Bacteriology  "  by  permission. 

Fi(i.  2. — Streptococcus  Pyogenes  (Longus).  X  1,000.  Photomicrograph  from  Sternberg's  "Bac- 
teriology "  by  permission. 

Fig.  3. — Sta|)hylococcus  Pyogenes  Aureus.  X  1,000.  Photomicrograph  from  Park's  "Bacteri- 
ology "  by  permission. 

Fio.  4. — Micrococcus  Tetragenus  (Tetracoccus).  X  1,000.  Photomicrograph  from  Park's  "Bac- 
teriology **  by  permission. 

Fio.  5. — Diploccxjcus  PneumouiaB  (Fraenkel)  in  Sputum.  X  1,000.  Stained  by  Gram's  method. 
Photomicrograph  from  Sternberg's  "Bacteriology  "  by  permission. 

Fio.  6. — Diplococcus  Pneumoniie  (Fraenkel)  in  Blood.  X  1,000.  Photomicrograph  from  Stem- 
Ixjrg's  "  Bacteriology  "  by  permission. 

Fi(J.  7. — Micrococcus  Gonorrhcrae  (Gonococcus  Neisser)  in  Urethral  Pus.  Stained  with  Loeffler's 
solution  of  methylene  blue.  X  1,000.  Photomicrograph  from  Sternberg's  "Bacteriology  "  by 
permission. 

Fro.  H— Diplococcus  Intracellularis  Meningitidis  (Meningococcus).  X  1,000.  Photomicrograph 
from  Turk's  "  liacleriology  "  by  permission. 
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are  so  j^at  that  these  experiments  are  certamly  worth 
continuing. 

The  Menikoococcus  (Dipioeoccus  Intraeellularis  Men- 
ingitidis).— This  organism  was  isolated  by  Weichselbaum 
(1887)  from  the  exudate  of  cerebro-spinal  meningitis, 
both  when  complicating  pneumonia  and  in  uncompli- 
cated cases,  and  from  its  usual  presence  in  the  interior  of 
pus  cells  he  called  it  diploeoccus  intraeellularis.  It  has 
since  been  found  (1895)  by  Jager  and  Scheurer  in  the 
nasal  secretions  and  sputum  of  persons  suffering  from 
this  affection  during  an  epidemic.  The  frequency  of 
its  occurrence  in  and  restriction  to  this  disease  anord 
sufficient  evidence  of  its  being  concerned  at  times, 
at  least,  in  the  production  of  cerebro-spinal  meningitis, 
though  the  pneumococcus  is  probably  Uie  most  common 
cause. 

Motility.  — Non-motile. 

Staining  lieactions. — Stains  with  the  ordinary  aniline 
colors,  but  best  with  Loeftier's  alkaline  methylene  blue. 

Microscopical  Appearances. — Occurs  as  coffee-bean - 
shaped  micrococci  usually  united  in  pairs  (diplococci), 
but  also  in  groups  of  four,  and  in  small  masses;  some- 
times solitary  and  smaller  apparently  degenerated  forms 
are  found.  In  the  exudate  it  is  generally  found,  like  the 
gonococcus,  to  which  it  bears  a  close  resemblance  morpho- 
logically, in  the  interior  of  the  pus  cells  and  extra-nuclear. 
According  to  some  authors  it  is  sometimes  indistinguish- 
able in  form  from  the  pneumococcus,  streptococcus  py- 
ogenes, and  tetracoccus.     (See  Plate  XI.,  Pig.  8.) 

Biological  Characters. — The  meningococcus  does  not 
^row  at  room  temperature  but  only  in  the  incubator  at 
SO'-ST"  C.  Its  development  is  usually  scanty  on  the 
surface  of  agar,  though  sometimes  a  few  colonies  grow 
luxuriantly.  It  does  not  grow  at  all  or  very  poorly  in 
bouillon  or  bouillon  mixed  with  one-third  blood  serum. 
It  develops  best  on  Loeffler's  blood-serum  mixture  as 
used  for  diphtheria  cultures. 

When  grown  on  nutrient  or  glycerin  agar^  at  the  end 
of  forty-eight  hours  in  the  incubator  a  tolerably  good 
growth  develops,  appearing  as  flat,  grayish  colonies,  vis- 
cid and  usually  non-confluent.  On  Jjoeffler's  blood  serum 
the  growth  forms  round,  whitish,  shining,  viscid-looking 
colonies,  with  smooth,  sharply  defined  outlines.  The 
colonies  tend  to  become  confluent,  but  do  not  liquefy  the 
serum. 

Cultivated  in  artificial  media  the  meningococcus  soon 
loses  its  vitality  (in  six  days),  and  must  therefore  be 
transplanted  every  two  or  three  daj's  to  fresh  media. 

Pathogenesis. — Not  very  pathogenic  for  animals;  most 
so  for  mice  and  guinea-pigs,  less  so  for  rabbits  and  dogs. 
Subcutaneous  injections  of  animals  give  negative  results; 
intrapleural  or  intraperitoneal  inoculations  in  mice  and 
^linea-pigs,  in  large  doses,  are  generally  successful.  The 
animals  usually  fall  sick  and  die  within  thirty-six  to 
forty-eight  hours,  showing  slight  flbro-purulent  exuda- 
tion. In  the  blood  and  enlarged  spleen  diplococci  are 
found  in  small  numbers  and  mostly  free ;  in  the  pleuritic 
exudate  they  are  present  in  considerable  quantities  and 
then  are  found  in  the  interior  of  the  pus  cells.  Menin- 
gitis, corresponding  to  the  disease  as  occurring  in  man, 
Eas  been  artificially  produced  in  dogs  by  subdural  inocu- 
lations of  recent  cultures. 

Under  natural  conditions  in  the  human  subject  the 
meningococci  probably  gain  access  to  the  brain  and 
meninges  by  way  of  the  nose,  ear,  and  upper  air  pas- 
sages. They  liave  been  found  not  only  in  meningeal  pus 
but  also  in  the  nasal  mucous  secretions,  the  sputum  and 
the  urine  of  patients  suffering  from  meningitis,  and  oc- 
casionally in  the  nares  of  hcaltliy  persons  coming  in  con- 
tact with  patients.  A  mixed  infection  of  the  meningo- 
coccus, pneumococcus,  and  streptococcus  pyogenes  is 
often  met  with. 

A  bacteriological  diagnosis  of  cerebro-spinal  meningitis 
may  often  be  made  by  means  of  lumbar  puncture  to  obtain 
a  specimen  of  the  fluid  from  the  spinal  canal,  and  micro- 
scopical examination  and  cultivation  on  Ix>cffler's  blood 
serum.  The  clinical  value  of  this  is,  that  about  forty  per 
cent,  of  the  cases  due  to  the  meningococcus  recover,  while 


almost  all  of  those  caused  by  the  pneumococcus  and 
streptococcus  die. 

.The  Gonococcus  {Micrococcus  Oonorrhaea). — Pirst  ob- 
served by  Neisser  (1879)  in  gonorrhoeal  pus  and  described 
by  him  under  the  name  of  "gonococcus."  It  was  ob- 
tained in  pure  culture  by  Bunun  (1885).  and  its  infective 
nature  proved  by  inoculations  into  men. 

Microscopical  Appearances. — Micrococci  usually  united 
in  pairs  (diplococci)  or  groups  of  four.  The  bodies  of 
the  diplococci  are  shaped  like  coffee  beans  or  a  Vienna  roll 
(Semel),  having  an  unstained  division  or  interspace,  in 
stained  preparations,  between  two  flat  surfaces  facing 
one  another.  They  are  from  0.8  to  1.6//  long  and  0.6  to 
0.8  /<  broad.  In  gonorrheal  discharges  the  diplococci  are 
found  mostly  in  small,  irregular  groups  in  or  upon  the 
pus  cells  and  extra-nuclear.  Occasionally  round,  single, 
and  undivided  cells  are  observed,  and  again  irregular 
forms,  particularly  in  old  cultures,  and  in  chronic  gonor- 
rhoea of  long  standing.     (See  Plate  XI.,  Pig.  7.) 

Motility. — Non-motile. 

Staining  Reactions. — Stains  readily  with  the  basic  aniline 
dyes,  especially  with  methyl  violet,  gentian  violet,  and 
fuchsin;  not  so  quickly  with  methylene  blue,  which, 
however,  is  the  best  staining  agent  for  demonstrating 
its  presence  in  pus.  The  gonococcus  is  decolorized  by 
Gram's  solution,  which  enables  it  to  be  distinguished 
from  other  pus  cocci ;  but  this  method  cannot  always  be 
depended  on  to  differentiate  it  from  all  diplococci  found 
in  the  urethra  and  vulvo- vaginal  tract,  some  of  which 
are  morphologically  similar  to  the  gonococcus  and  are 
also  decolorized  by  Gram's  solution. 

Biological  Characters. — Aerobic  and  facultative  anae- 
robic. Does  not  grow  at  room  temperature,  best  at  87** 
C.  Growth  on  ordinary  culture  media  is  so  scanty  that 
special  media  have  been  devised  for  its  cultivation. 

Human  Placenta  Serum  Agar. — Wertheim  has  suc- 
ceeded in  developing  luxuriant  and  virulent  cultures  to 
many  generations  on  a  mixture  consisting  of  placenta 
blood  serum  and  two  per  cent,  peptone  agar.  His 
method  is  as  follows:  Several  loops  of  gonorrhceal  pus 
are  diffused  through  liquid  placental  blood  serum  warmed 
to  40°  C.  in  a  test  tube.  Two  dilutions  are  made  from 
this,  and  an  equal  quantity  of  melted  two-per-cent.  pep- 
tone agar  cooled  to  40*  C.  is  added  to  the  three  tubes,  and 
the  contents  poured  into  Petri  dishes.  At  the  end  of 
twenty -four  hours  in  the  incubator  there  will  have  de- 
veloped on  at  least  one  of  the  plates  distinct  colonics, 
which  are  in  appearance  translucent  and  finely  granular 
with  scalloped  margins.  By  transferring  such  a  colony 
to  slant  cultures  of  serum  agar,  pure  cultures  of  the 
gonococcus  are  obtained;  these  are  somewhat  shiny  in 
appearance  and  of  a  grayish -white  color. 

Human  Chest  Serum  Agar. — Heiman,  and  almost 
simultaneously,  Eiefer  and  Menge,  proposed  a  culture 
medium  made  from  hydrothorax,  ascitic  or  hydrocele 
fluid,  obtained  from  the  human  subject.  This  medium 
as  prepared  by  Heiman  consists  of  a  2  per  cent,  agar  -f- 
2  per  cent,  peptone  +  0.5  per  cent,  salt-f  2  per  cent,  glu- 
cose; of  this  mixture  two  parts  are  added  to  one  part  of 
"chest  serum,"  obtained  irom  a  patient  suffering  from 
hydrothorax,  acute  pleurisy,  or  hydrocele,  which,  if 
necessary,  is  sterilized.  The  chest  serum  agar  should 
have  a  neutral  reaction.  The  growth  in  this  medium  is 
thus  described :  **  In  plate  cultures  streaked  on  the  sur- 
face, growth  abundant,  colonies  circular  in  shape,  edges 
somewhat  irregular,  shading  off  into  yellowish  white; 
texture  finely  granular  in  periphery,  presenting  punc- 
tuated spots  of  higher  refraction  in  and  around  the  centre 
of  yellowish  color. " 

Pig  Serum  Nut  rose  Agar. — Wassermann  recommends  a 
culture  medium  for  the  gonococcus  consisting  of  15  c.c. 
pig  serum  diluted  with  80-35  c.c.  water,  to  which  isadded 
2-8  c.c.  glycerin,  and  finally  about  2  per  cent,  nutrose 
(casein  s^ium  phosphate).  This  is  thoroughly  mixed 
and  l)oiled  and  sterilized  by  the  fractional  method.  To  the 
mixture  is  now  added  an  equal  quantity  of  2  per  cent, 
agar  cooled  to  40°  C. ,  for  the  inoculation  of  cultures,  and 
then  poured  into  Petri  dishes.    The  growth  is  favored 
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by  admission  of  air,  and  is  similar  in  appearance  to  that 
already  described  for  plate  and  streak  cultures. 

ToxtM. — Wassermann  has  obtained  on  his  scrum  nu- 
trose  agar  virulent  cultures  of  the  gonococcus,  which 
after  bemg  killed  still  possessed  toxic  action.  The  gono- 
toxin  pr(j3uced  was  found  to  be  very  resistant  to  heat 
and  the  action  of  alcohol :  it  killed  niire,  and  in  rabbits 
gave  rise  to  caseous  infiltration  often  passing  into  necrosis, 
and  in  large  doses  produced  general  toxflemia.  Injected 
into  the  human  subject  the  gonotoxin  seemed  to  produce 
no  curative  effect  on  an  existing  chronic  gonorrhoea,  the 
intense  reaction  caused  not  becoming  less  on  repeated 
inoculations. 

The  production  of  gonotoxin  would  seem  to  account 
for  the  gonorrhoeal  secretion.  It  also  renders  more  com- 
prehensible several  obscure  points  in  the  history  of  chronic 
gonorrhoea:  for  example,  the  fact  that  gonococci  may 
be  apparently  absent  from,  or  only  isolated  organisms 
present  in,  the  gonorrha^al  discharge,  and  yet  a  puru- 
lent secretion  be  kept  up  containing  few  l)acteria:  but  if, 
owing  to  some  injury  to  the  tissues,  the  organisms  in- 
crea.se  in  number  an  acute  exacerbation  of  the  disease  is 
again  set  up  and  nias.ses  of  gonococci  are  then  found  in 
the  ^us. 

\itality. — The  gonococcus  has  but  little  resistant 
power  against  outside  intluences.  It  is  killed  by  weak 
disinfecting  solutions  and  by  desiccation  in  thin  "layers. 
In  comparatively  thick  layers,  however,  as  when  gonor- 
rhoeal pus  is  smeared  on  linen,  it  has  lived  for  forty-nine 
days,  and  dried  on  glass  for  twenty-nine  days  (Ileiman). 
No  development  takes  place  below  25^  0.  or  above  89" 
C. ;  it  is  killed  by  a  temperature  over  42'  C 

Path/)gcn4m8.—-GcoiiOTT\\o^2i  as  occurring  in  man  is  non- 
transmissible  to  dogs,  monkeys,  horses,  and  rabbits, 
whether  inoculations  be  made  into  the  urethral,  vaginal, 
or  other*  mucous  membranes.  Large  doses  of  virulent 
cultures  produce  in  animals  toxic  inflammations,  similar 
to  that  produced  by  the  gonotoxin,  without  any  multi- 
plication of  cocci.  Although  animal  inoculations  have 
been  tlius  followed  by  negative  results,  the  etiological 
relation  of  the  gonococcus  to  human  gonorrhoea  has  been 
demonstrated  beyond  question  by  the  infection  of  healthy 
men  with  the  disease  by  inoculation  of  pure  cultures  by 
Bumm,  Wertheim,  Kiefer,  and  Heiman. 

The  gonococcus  has  never  been  found  outside  the 
body,  except  in  articles  of  clothing,  etc.,  which  have  be- 
come contaminated  by  tliose  affected  with  the  disease: 
nor  has  it  ever  been  met  with  in  healtliy  persons.  In 
those  suffering  from  gonorrluea  it  has  been  found  in  the 
urethra  and  prostate  of  the  male  and  in  the;  urethra, 
vagina,  and  cervix  uteri  of  the  female,  as  the  cause  of  the 
disease.  Besides  gonorrliceal  urethritis  and  vaginitis,  the 
gonococcus  is  the  cause  of  certain  cases  of  endometritis, 
metritis,  siili)in,tritis.  oiiphorilis.  peritonitis,  proctitis, 
cystitis,  and  proiiably  also  of  ei>i(li(lyniitis:  also  of  gonor- 
riueal  ophthalmia  neonatorum,  and  rarely  of  diphtheritic 
conjunctivitis  in  children  (Fraenkel).  The  gonococcus 
produces  in  achilts  severe  conjunctivitis,  seldom  rhinitis 
and  otitis.  It  is  fre(pi(>ntly  the  cause  of  gonorrlueal 
arthritis,  also  probably  in  some  cases  of  pleuritis,  malig- 
nant endocarditis,  parotitis,  j)eriostitis.  and  bursitis. 

In  the  local  atTeetion  scjuanious  epithelium  protects 
better  than  cylindrical  epithelium.  The  parasite  pene- 
trates gradually  throu.<!:h  the  epithelium  into  the  con- 
nective; tissue.  In  travelling  to  distant  organs  of  the 
body  the  gonococcus  follows  mainly  th<*  course  of  the; 
lymphatics  and  produces  inflammation  which  Anally  leads 
to  fibrinous  hypertrophy — stricture  of  the  urethm.  hyper- 
trophy of  the  prostate,  etc.  There  is  no  inunnnity  pro- 
ducer! after  recovery  from  an  infection. 

In  view  of  the  fact  that  several  non-specitic  forms  of 
urethritis  exist,  and  also  that  diplococci  morpholoi^ically 
similar  to  the  gonococcus  Neisser  are  often  foun<l  in 
the  nonnal  urethm  and  vulvovaginal  tract,  it  becomes  a 
matter  of  great  importance  to  be  able  to  detect  gonococci 
when  present  and  to  differentiate  the^e  from  the  non- 
specific organisms.  For  the  demonstration  of  gonococci, 
they  must  be  found  as  diplococci  lying  in  masses  in  the 


pus  cells  and  extra-nuclear,  when  stained  with  methylene 
IjIuc  and  decolorized  by  Gram's  solution.  Organisms 
having  these  characteristics  microscopically  may  for  aU 
practical  purposes  be  considered  as  certainly  gonococci 
if  they  are  obtained  from  the  urethral  discharge  and  con- 
firmed by  examination  on  three  successive  days.  But  if 
there  still  remain  any  doubt,  and  especially  if  the  orgaa- 
isms  are  obtained  from  the  vulvo-vaginal  tract,  plate 
cultures  should  be  made  on  one  of  the  special  media  de- 
scribcKi  (chest  serum  agar,  etc.),  on  at  least  three  con- 
secutive days. 

The  Bacillus  Pyocyaneus  {BaHUuM  of  Green  and 
Blue  Pus). — This  bacillus  is  found  in  green  or  blue 
colored  pus  which  occasionally  accompanies  the  dis- 
charges from  open  wounds,  and  is  the  cause  of  the  pig- 
mentation produced. 

Micrtxtcopical  Appearanees. — Delicate,  slender  rods, 
about  0.4  1/  broad  and  1.5  to  6  ^  long,  often  united  in 
pairs  or  in  chains  of  four  to  six  elements,  and  occa- 
sionally growing  into  long  threads. 

Motility. — Actively  motile,  possessing  only  one  flagel- 
lum. 

Hpore  Formation. — Absent. 

Stmning  Reaction*.— StAin^  readily  with  the  ordinary 
aniline  colors:  does  not  stain  with  Gram's  method. 

Biological  Characters. — Aerobic  and  facultative  anae- 
robic, but  produces  pigment  only  in  the  presence  of 
oxygen.     Grows  readily  on  all  artificial  culture  media  at 
room  temperature,  but  best  at  %V  C.     On  gelatin  plntf* 
flat,  irregular  colonies  with  radiating  borders  are  rapidly 
developed,  imparting  to  the  medium  a  fluorescent  green 
color ;  liquefaction  begins  at  the  end  of  two  or  three  days, 
and  in  five  days  the  gelatin  is  completely  liquefieii.    h 
gelatin  stab  cultures  liquefaction  taKcs  place  rapidU*  at 
ifirst  near   the    surface  and   gradually  extends  down- 
ward ;  a  greenish  color  is  produced  in  that  portion  in 
contact  with  the  air.     On  agar  plates  a  wrinkled,  moLst, 
whitish  layer  is  developed,  the  surrounding  medium  be- 
ing at  firet  bright  green,  later  darker  in  color,  and  finally 
blue  green  or  almost  black.     In  bouilUm  a  green  fluon'S- 
cence  is  produced,  the  medium  being  clouded,  and  a 
flocculent  sediment  forms.     Milk  is  coagulated  and  i>ep- 
tonized.     Oji  potatoes  a  greenish-yellow  or   brownish 
growth  occurs,  the  surrounding  surface  being  green. 

The  bacillus  pyocyaneus  produces  two  pigments— one 
of  a  fluorescent  green  {harterio-ftuorescin,  soluble  in 
water)  and  the  other  of  a  blue  color  {pgocyamn,  soluble 
in  chlorofonn)  formed  only  in  the  presence  of  oxy»rt'0. 
A  faint  aromatic  odor  is  produced  in  rcH^ent  culture^;  in 
old  cultures  a  disagreeable  ammoniacal  odor.  Noimlol 
or  IlaS  is  formed  bv  this  bacillus,  and  verv  little  acid 
from  grape  sugar;  no  gas.  Nitrates  and  nitrites  are  con- 
verted into  free  nitrogen.  The  bacillus  pyocyaneus  pix)- 
duces  poisons  by  its  growth.  It  has  but  little  resistance 
to  outside  intluences.  Drying  kills  it  rapidly;  exposure 
to  the  action  of  direct  sunlight  for  four  hours  partly  de- 
stroys its  power  of  producing  pigment. 

Pathogenvmit. — Pathogenic  for  rabbits  and  guinea-pi?^. 
Subcutaneous  or  intraperitoneal  injections  of  1  c.c.  of  a 
bouillon  culture  cause  the  death  of  these  animals  in  from 
twenty-four  to  thirty-six  hours,  with  the  production  of 
extensiv<«  inflammatory  a»dema  and  purulent  infiltration 
of  the  tissues.  The  bacilli  multiply  in  the  b(Kly.  and 
may  be  found  in  the  serous  or  purulent  fluid  as  well  as 
in  the  blood  and  organs.  Smaller  amounts  do  not  kill 
the  animals,  but  render  them  immune  to  doses  fatal  to 
those  not  thus  immunized.  In  rabbits  imx'ulated  with 
a  culture  of  the  bacillus  anthracis  a  fatal  result  may  1>»' 
prevented  by  soon  after  inoculating  the  animal  with  si 
pure  culture  of  the  bacillus  pyocyaneus.  It  has  bet" 
suggested  that  the  protective  action  is  due  to  the  chem- 
ical prcxluets  of  the  growth  of  the  bacillus,  and  not  roan 
antagonistic  elTect  of  the  living  bacteria. 

Though  widely  distributed  in  nature,  the  bacin"^ 
])yocvaneus  has  not  so  far  been  found  outside  i "' 
living  body.  It  has  been  observed  occasioimlly  i"  "'^ 
mouth  and'  intestines  of  healthy^  indivi<luals,  on  the  ^i"* 
broken  skin  and  in  the  pundent  discharges  of  <M^^ 
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wounds,  also  in  bandages  and  dressings,  at  times  epi- 
demically in  hospitals.  Usually  the  organism  appears 
only  in  association  with  the  common  pus  cocci,  coloring 
the  pus  blue  or  green.  In  some  cases,  however,  it  has 
been  found  alone  in  disease  processes,  as  in  otitis  media, 
ophthalmia,  broncho- pneumonia,  pericarditis,  etc.,  espe- 
cially in  children,  so  that  we  have  reason  to  believe  that 
this  bacillus,  although  ordinarily  non-pathogenic  for 
man,  may  under  certain  conditions  become  a  source  of 
infection.  In  general  its  presence  in  wounds  delays  the 
process  of  repair  and  may  give  rise  to  a  depression  of  the 
vital  powers  from  the  absorption  of  its  toxic  products. 

The  Bacillus  Proteus  Vulgaris. — This  is  the  most 
important  of  a  group  of  similar  bacteria,  known  as  the 
**  Proteus  group, "  which  are  among  the  commonest  and 
most  widely  distributed  putrefactive  organisms.  They 
were  formerly  included  by  the  earlier  observers  under 
the  name  of  "bacterium  temio,"  which  they  applied  to  all 
minute  motile  organisms  found  in  putrefying  substances. 

Microscopical  Appearances. — Small,  slender  rods  varying 
greatly  in  size,  but  on  the  average  about  0.6  ^  broad  and 
1.2  /z  long,  generally  occurring  in  pairs  but  sometimes 
arranged  in  filaments,  which  may  be  more  or  less  twisted. 
It  is  to  its  great  variability  in  form  that  it  was  given  the 
name  of  prottus. 

Motility. — Actively  motile. 

Spore  Formation. — Absent. 

Staining  Reactions. — Stains  readily  with  aniline  dyes, 
especially  fuchsin  or  gentian  violet;  also  stains  with 
Gram's  solution. 

Biological  Characters. — Aerobic  and  facultative  anae- 
robic. Grows  on  almost  all  culture  media,  developing 
most  rapidly  at  room  temperature,  but  also  in  the  ice 
box  and  in  the  incubator.  Toxin  production  seems  to  be 
favored  by  admission  of  air. 

The  growth  on  gelatin  plates  containing  five  per  cent, 
of  gelatin  is  very  characteristic.  At  the  end  of  ten  to 
twelve  hours  at  room  temperature,  small,  round,  yellow- 
ish colonies  with  thick  centres  and  irregular  edges  de- 
velop, from  which  brush-like  offshoots  are  thrown  out. 
Other  colonies  are  surrounded  by  a  zone  of  threads  which, 
partly  in  circular,  partly  in  irregular  twisted  figures, 
surround  the  central  opaque  mass.  Straight  and  twisted 
offshoots,  which  frequently  become  detached  from  the 
parent  colony,  grow  into  the  surrounding  medium  and 
continue  moving  about  in  the  liquefied  gelatin,  sometimes 
called  "swarming  islands."  When  the  consistency  of  the 
medium  is  more  solid,  as  in  ten-percent,  gelatin,  the 
liquefaction  and  migration  of  these  surface  colonies  are 
more  or  less  retarded.  In  gelatin  stab  cultures  the  growth 
is  less  characteristic — liquefaction  takes  place  rapidly 
along  the  line  of  puncture,  and  soon  the  entire  medium 
is  liquefied.  Upon  nutrient  agar  a  rapidly  spreading, 
thin,  moist,  grayish-white  coating  appears,  and  migration 
of  the  colonies  also  occurs.  Milk  is  coagulated  with  the 
production  of  acid.  On  potato  a  dirty  grayish  coating 
develops.     Bovillon  is  uniformly  clouded. 

Culture  media  containing  albumin  or  gelatin  are  de- 
composed by  the  proteus  vulgaris  with  the  production  of 
a  disagreeable  putrefactive  odor  and  alkaline  reaction. 
It  produces  gas  and  acid  from  carbohydrates,  thus  giv- 
ing off  no  odor.  It  also  produces  indol  and  HjS.  Urea 
is  decomposed  into  carbonate  of  ammonia.  It  forms 
toxins,  which  may  be  obtained  by  filtration  of  the  cultures 
through  porcelain.  The  proteus  vulgaris  possesses  con- 
siderable resistance  toward  chemical  and  thermic  influ- 
ences, but  is  killed  at  60**  C.  in  half  a  minute. 

Pathngenems. — This  bacillus  is  pathogenic  for  rabbits 
and  guinea-pigs  when  injected  intravenously,  intraperi- 
toneally,  or  sulxiutaneously  in  large  quantities,  death  of 
the  animal  being  prcxiuced  w  ith  symptoms  of  intoxica- 
tion. The  effects  are  much  more  readily  produced  when 
other  organisms,  as  the  streptococcus,  are  introduced 
simultaneously  into  the  body.  Ix^ss  virulent  species  of 
pathogenic  bacteria  (staphylococcus,  streptococcus)  also 
gain  in  virulence  when  they  are  injected  along  with  liv- 
mg  or  dead  proteus  cultures. 

The  proteus  vulgaris  is  found  very  commonly  outside 


the  body  in  putrid  meat  and  other  decaying  substances, 
such  as  foul  water,  etc.  It  is  found  also  in  the  digestive 
tract  of  healthy  persons.  In  disease,  it  is  the  organism 
chiefly  concerned  in  the  production  of  cystitis  with  am- 
moniacal  urine,  either  alone  or  in  conjunction  with  the 
bacillus  coli  communis,  and  is  also  an  etiological  factor 
in  many  other  genito-urinary  affections.  The  urobacillus 
lignefaciens  septieus  of  some  authors  is  probably  identical 
with  the  proteus  vulgaris.  Although  this  bacillus,  how- 
ever, occurs  quite  frequently,  along  with  other  bacteria  in 
various  diseases,  it  has  seldom  been  positively  shown  to  be 
the  specific  cause  of  infection.  Booker,  who  has  made  ex  - 
tended  investigations  into  the  etiology  of  cholera  infantum, 
concludes  that  the  proteus  vulgans  plays  an  important 
part  in  the  production  of  this  affection.  He  found  the 
bacillus  present  in  eighteen  cases  of  cholera  infantum  ex- 
amined hy  him,  but  not  in  the  faeces  of  healthy  infants. 
Levy  believes  that  in  so-called  **  meat  or  sausage  poison- 
ing" bacteria  of  this  group  are  chiefly  concerned,  and 
that  the  pathogenic  effects  are  due  to  toxic  products 
evolved  during  their  development ;  though  others  at  tribute 
this  affection  to  an  anaerobic  organism,  the  bacillun  Ixttu- 
linus  of  Van  Ermengen,  the  symptoms  being  described 
as  botulism.  According  to  Jfiger,  certain  forms  of  icterus 
accompanied  with  fever,  pain  in  the  muscles,  and  enlarged 
liver  and  spleen,  known  as"  Weil's  disease,"  are  produced 
by  the  proteus.  Thus  it  would  seem  that,  though  ordi- 
narily a  harmless  parasite,  the  proteus  vulgaris  may  at 
times  become  pathogenic  to  man.  Considering  the  very 
wide  distribution  of  this  organism  in  nature,  the  wonder 
is  that  with  its  poisonous  properties  so  few  diseases  ap- 
parently are  produced  by  it. 

The  Bacillus  op  Malignant  (Edema  {Bacillus  (Ede- 
matis  Maligni  ;  YibHon  Septique).  — This  bacillus  is  widely 
distributed,  being  found  in  the  superficial  layers  of  the 
soil,  especially  in  garden  earth,  manure,  filth  of  all  kinds, 
and  house  drains;  also  in  the  blood  and  intestines  of  ani- 
mals. It  was  discovered  by  Pasteur  (1877),  and  later 
carefully  studied  by  Liborius  and  Koch. 

Microscopical  Appearances. — Rather  large  rods,  similar 
morphologically  to  tetanus  and  symptomatic  anthrax 
bacilli,  but  showing  a  greater  tendency  to  grow  out  into 
long  filaments;  in  size  from  0.8  to  1  ^  broad  and  2  to  10  /z 
long. 

Motility. — Motile,  but  not  very  actively  so  except  the 
short  forms,  having  three  to  twelve  fiagella  attached  to 
the  ends  and  sides  of  the  rods. 

Spore  Fomnation. — Forms  spores  generally  in  the  middle 
of  the  rods  and  oval  in  shape. 

Staining  Reactions. — Stains  readily  with  the  ordinary 
aniline  dyes,  especially  w^hen  obtained  from  the  animal 
body;  decolorized  by  Gram's  method. 

Biohgicfil  Cfiaracters. — Strictly  anaerobic,  growing  in 
all  the  usual  culture  media  in  the  absence  of  oxygen. 
Development  takes  place  at  room  temperature,  but  more 
rapidly  and  abundantly  at  87''  C. 

This  bacillus  grows  on  nutnent  gelatin,  but  more 
abundantly  on  glucose  gelatin  containing  one  to  two  per 
cent,  of  glucose.    Gas  is  formed  and  the  gelatin  is  liquefied. 

On  agar  jAates  the  colonies  appear  as  dull,   whitish 

{)oints,  irregular  in  outline,  and  when  examined  under  a 
ow  power  they  are  seen  to  be  composed  of  a  thick  net- 
w^ork  of  threacls  radiating  irregularly  from  the  centre  to 
the  periphery.  Blood  serum  is  rapidly  liquefied,  with  the 
production  of  gas.  Boftillon  is  clouded  from  the  forma- 
tion of  gas.  Milk  is  not  coagulat<?d.  Cultures  of  the 
bacillus  of  malignant  oedema  give  off  a  peculiar  odor. 

Patfiogenesis. — Especially  pathogenic  for  mice,  guinea- 
pigs,  and  rabbits,  although  horses,  cats,  dogs,  goats, 
sheep,  calves,  pigs,  chickens,  and  pigeons  are  also  sus- 
ceptible, and  occasionally  man.  Cattle  are  immune.  A 
small  quantity  of  a  pure  culture  subcutaneously  injected 
into  a  susceptible  animal  gives  rise  to  general  hemor- 
rhagic oedema  which  extends  over  the  entire  surface  of 
the  abdomen  and  thorax  and  results  in  the  death  of  the 
animal.  There  is  no  odor  developed,  and  little,  if  any, 
gas.  In  infection  with  garden  earth,  owing  to  the  pres- 
ence of  associated  bacteria,  gas  is  produced  having  a 
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putrefactive  odor.  Malignant  cpdema  is  chiefly  confined 
to  the  domestic  animals,  but  cases  have  also  been  reported 
in  man.  Infection  takes  place  most  readily  when,  as  in 
the  natural  disease,  other  bacteria  are  simultaneously  in- 
troduced, such  as  the  B.  proteus  and  the  B.  prodigiosus. 

Animals  which  recover  from  malignant  oedema  are 
subsequently  immune.  Artificial  immunity  may  be  in- 
duced in  gumea-pigs  by  the  injection  of  filtered  bouillon 
cultures  which  have  been  previously  sterilized. 

Bacillus  ASrooenes  Capsulatus.— Found  by  Welch 
in  the  blood-vessels  of  a  patient  suffering  from  aortic 
aneurism ;  on  autopsy  made  in  cool  weather  eight  hours 
after  death,  the  vessels  were  observed  to  be  full  of  gas. 
Since  then  it  has  been  found  in  a  number  of  other  cases. 
Tliese  cases,  as  a  rule,  showed  marked  symptoms  of  de- 
lirium, rapid  pulse,  high  temperature,  and  the  develop- 
ment of  emphysema  and  discoloration  of  the  diseased 
area,  or  of  abdominal  distention  when  the  peritoneal 
cavity  was  involved. 

Microscopical  Appearances. — Straight  or  slightly  curved 
rods,  with  rounded  or  sometimes  8(iuare-cut  ends,  some- 
what thicker  than  the  anthrax  bacilli  and  varying  in 
length,  occasionally  growing  out  into  long  threads.  In 
the  animal  body,  and  sometimes  in  cultures,  the  bacilli 
are  enclosed  in  a  transparent  capsule. 

Motility.  — Xon  -motile. 

Spore  Formation. — Absent. 

Staining  Reactions. — Stains  with  the  ordinary  aniline 
dyes  and  by  Gram's  method. 

Biological  Characters. — Anafirobic,  growing  at  room 
temperature,  but  more  rapidly  at  87°  C.  in  the  usual  cul- 
ture  media  in  the  absence  of  oxygen,  with  gas  produc- 
tion. Gelatin  is  not  liquefied,  but  is  gradually  peptonized. 
On  agar  grayish-white  colonies  are  developed  in  the  form 
of  flattened  spheres,  oval  or  irregular  masses,  beset  with 
hair-like  projections.  Bouillon  is  diffusely  clouded,  and 
a  white  sediment  is  formed.    Milk  is  rapidly  coagulated. 

Pathogenesis. — Usually  non-pathogenic  in  healthy  ani- 
mals, although  Dunliam  found  that  the  bacillus  taken 
freshly  from  numan  infection  is  sometimes  very  virulent. 
When  quantities  up  to  2.5  c.c.  of  fresli  Ixniillon  cultures 
are  injc^cted  into  the  circulation  of  rabbits  and  the  ani- 
mals killed  shortly  afterward,  the  bacilli  develop  rapidly 
with  abundant  formation  of  gas  in  the  blood-vessels  and 
organs,  especially  the  liver.  Welch  suggests  that  in  some 
cases  in  which  death  has  been  attributed  to  the  entrance 
of  air  into  the  veins  the  gas  found  at  autopsy  may  have 
been  produced  by  this  or  some  similar  micro-organism 
entering  the  circulation  and  developing  shortly  before  or 
after  death.  The  bacillus  has  been  found  in  the  dust  of 
hospital  wards. 

The  Antiiuax  Bacillus  {Bacillus  Anthracis ;  MHz- 
brand  Ihtrilhts  ;  Bftcteridic  tin  (Jfnirfkni). — This  organism 
is  always  present  in  the  blcKnl  of  animals  affected  with 
anthrax  or  splenic  fever,  an  acute  disease  very  prevalent, 
in  certain  parts  of  Europe  and  Asia,  ainonu:  sheep  and 
cattle.  In  this  country  it  is  coniparativoly  nire.  The 
disease  also  occurs  in  man  as  the  result  of  infection,  either 
through  the  skin,  the  intestines,  or,  in  rare  instances, 
throngh  the  lunir.s,  in  the  form  of  external  anthrax  or 
malignant  pu.stule,  and  internal  anthrax  or  wool-sorter's 
disease.  Those  jiersonsan*  most  su])jert  to  infection  who 
come  in  contact  witii  animals,  hides,  wool,  etc. 

Owing  to  the  fact  that  anthrax  was  the  first  infectious 
disease  wliieh  was  shown  to  be  caused  by  a  speciti(! 
micro-organism,  the  study  of  this  bacillus  has  ])r()l)al)ly 
contributed  more  to  our  general  knowledge  of  bacteria 
than  anv  other  living  oriranism.  It  was  first  ob.served 
by  PoUender  in  IS  19  in  the  blood  of  animals  affeeted  with 
anthrax.  In  IHGIJ  Davaine  showed  by  inoculation  ex- 
periments that  it  was  capable  of  ])roducing  the  disea.se. 
Then  finally  in  ISTi).  Pasteur,  Koch,  and  others  demon- 
strated that  the  baeilluscould  be  isolated  in  ])ureru]tures 
on  artltieial  media,  and  that  when  susceptible?  animals 
were  inoculated  with  ])ortionsof  these  cultures  conditions 
similar  to  those  found  in  the  animal  from  whieh  the 
original  cultures  were  obtained  were  ].roduced. 

Microscopical  Apixarances. — In  the  blood  of  animals  it 


occurs  as  large  rods  of  variable  size,  from  1  to  1.25^ 
broad  and  3  to  10  ;<  or  more  long,  often  arranged  in  flexi- 
ble filaments  twisted  and  plaited  together,  ui  unstained 
specimens  examined  in  the  hanging  drop  the  ends  of  the 
rods  appear  to  be  slightly  rounded,  while  in  stained 
preparations  they  seem  to  be  square  cut.  Under  a  high 
magnification,  especially  in  cultures,  the  ends  are  seen  to 
be  a  trifle  thicker  than  the  body  of  the  cell,  and  occasion- 
ally somewhat  indented  and  concave,  giving  to  the  rods 
the  appearance  of  joints  of  bamboo  cane.  At  one  time 
much  stress  was  laid  upon  these  morphological  peculiar- 
ities as  distinguishing  marks  of  the  anthrax  bacillus;  but 
it  has  been  found  that  they  are  the  effects  of  artificial 
cultivation,  staining,  etc.,  and  not  necessarily  character- 
istic of  the  organism  under  all  conditions.  The  bacilli, 
when  obtained  from  the  blood  of  affected  animals  and  cer- 
tain culture  media  (liqtud  blood  serum),  are  enclosed  in  a 
capsule,  which  in  stained  preparations  may  be  distin- 
guished by  its  taking  on  a  lighter  stain  than  the  rods  them- 
selves which  it  surrounds.     (See  Plate  XII.,  Fig.  1.) 

Motility.  — Non -motile. 

Spore  ForrmMm. — Forms  spores  under  aerobic  condi- 
tions at  temperatures  from  12**  C.  up  to  87**  C.  The 
spores  are  elliptical  in  shape  and  once  or  twice  as  long  as 
broad;  they  first  appear  as  small  refract ile  granules  dis- 
tributed at  regular  intervals,  one  in  each  rod,  and  as  the 
spores  develop  the  mother  cells  become  less  and  less 
distinct  until  they  finally  disappear  altogether,  the  com- 
plete oval  spore  being  set  free  by  its  dis.solution.  Spores 
are  never  formed  in  the  living  animal  or  in  unopened 
carcasses,  owing  to  lack  of  oxygen,  but  in  slaughtered 
animals,  bloody  dung,  etc.,  where  the  conditions  neces- 
sary for  their  production  exist.  This  fact  is  practically 
important  with  regard  to  the  disposal  of  the  carcasses  of 
animals  dead  of  anthrax.  In  fresh  culture  media  the 
germination  of  spores  takes  place  in  a  few  hours.  In  old 
cultures  which  liave  been  repeatedly  transplanted  the 
power  of  spore  formation  is  often  spontaneously  lost 
Certain  varieties  of  anthrax  bacilli  soon  become  asporog- 
enous.  All  agencies  which  decrease  the  virulence  of 
the  bacilli  (as,  for  instance,  cultivation  at  42"*  C.)  act  un- 
favorably upon  the  function  of  spore  formation.  (See 
Plate  XII.,  Fig.  2.) 

Staining  Reactions. — Stains  easily  with  the  ordinary 
aniline  colors,  also  by  Gram's  method. 

Vitality. — Anthrax  bacilli  free  from  spores  retain  their 
vitality  in  cultures  for  months,  probably  by  spore  pro- 
duction; in  water  they  soon  die;  in  the  soil  fresh antlirai 
blood  is  rendered  germ  free  by  exposure  to  sunlight  in 
twelve  to  twenty-four  hours.     According  to  Koch,  when 
exposed  to  desiccation,  anthrax  bacilli  retain  their  vital- 
ity only  for  five  weeks;  in  dried  bhxHl  they  withstand  a 
temperature  of  92'  C.  for  one  and  one-half  hours,  but  in 
the  presence  of  oxygen  they  are  killed  by  exposure  to 
light  in  nine  hours  and  in  a  vacuum  in  eleven  hours. 
Pickling  fails  to  destroy  anthrax  bacilli  in  meat  in  four 
teen  days,  but  kills  them  after  six  weeks.     They  a^f 
rapid Iv  destroved  bv  moist  heat  at  60'  C.     Expo9t*d  ^^ 
cold  from  1'  to  24"  C.  the  bacilli  in  agar  cultures  ^^^. 
destroyed  for  the  most  part  in  twelve  days,  and  the  to^^* 
surviving  organisms  yielded  colonies  of  diminished  1^*^^' 
ogenic  action  and  power  of  liquefying  gelatin. 

Dried  anthrax  spores  retain  their  vitality  indefinil^'J  • 
in  a  moist  condition  in  water,  earth,  putrid  spleea  -  ^^^\ 
the  spores  have  lived  for  one  and  one-half  to  t\^'^*''f" 
one- half  years.     They  al.so  resist  a  comparatively'  '''^ 
temiKTature.     Exjiosed  to  dry  heat  they  require  i-  ^'''llj 
perature  of  140°  C.  maintained  for  thrive  hours  t<^  *^'' 
them,  but  in  moist  heat  they  are  destroyed  by  a  tciT>fl^"*' 
ture  of  100"  C-.  in  four  minutes.     Anthrax' sporei*  ."^  ^ 
desiccated  condition  are  killed  by  the  action  of  i^^^. 
sunlight  in  four  hours,  by  diffuse  daylight  in  sc^**"*' 
weeks. 

Biological  Characters. — Aerobic  and  facultative  fl^^' 
robic,  growing  best  in  the  presence  of  oxygen  bul  ^^^^ 
in  its  absence.     Under  the  latter  condition,  libwever.  this 
bacillus  no  longer  liciuefies  gelatin,  and  the  presence  ^f 
oxvgen    is  absolutelv  necessary  for  the  formation  of 
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spores.  The  anthrax  bacillus  grows  rapidly  on  a  variety 
of  nutrient  media  at  a  temperature  from  14"  to  48''  C, 
but  best  at  87"  C. 

Growth  on  Gelatin. — On  gelatin  plates  small,  white, 
opaque  colonies  are  developed  on  the  surface  at  the  end 
of  twenty- four  to  thirty-six  hours  at  24"  C,  while  the 
deeper  colonies  are  of  a  greenish  color.  Under  a  low 
power  the  colonies  exhibit  a  characteristic  appearance, 
consisting  of  a  light-^ray  tangled  mass  of  threads  pro- 
jecting beyond  the  edges  in  curly -hair-like  tufts,  which 
have  been  likened  to  a  Medusa's  head.  Liquefaction  of 
the  gelatin  takes  place  in  three  or  four  days,  a  white 
pellicle  floating  on  the  surface.  In  gelatin  stab  cultures 
at  the  end  of  twelve  to  twenty-four  hours  a  thick,  white 
central  thread  appears  along  the  line  of  puncture,  from 
which  other  white  threads  and  irregular  projections 
radiate  perpendicularly  into  the  m^um.  After  two 
days  liquefaction  commences  on  the  surface  and  gradu- 
ally extends  downward. 

On  agar  plates  the  growth  is  similar  to  that  on  gelatin 
and  is  equally  characteristic,  but  the  colonies  are  not  so 
compact.  At  the  end  of  twenty- four  hours  in  the  in- 
cubator a  grayish-white  coating  is  formed  on  the  surface, 
which  spreads  rapidly  and  consists  of  masses  of  long 
threads  matted  together. 

In  bouillon  the  growth  is  characterized  by  the  forma- 
tion of  flocculent  masses  which  sink  as  a  sediment  to  the 
bottom  of  the  tube,  leaving  the  liquid  clear. 

Pathogenesis. — Especially  pathogenic  for  mice,  guinea- 
pigs,  and  rabbits,  somewhat  less  for  cattle  and  sheep  (ex- 
cept the  Algerian  sheep,  which  are  immune),  and  consid- 
erably less  for  horses;  rats,  cats,  dogs,  chicken,  pigeons, 
and  frogs  are  but  little  susceptible.  Man,  though  sub 
jectto  local  infection  (malignant  pustule)  from  accidental 
moculation  of  wounds,  and  occasionally  to  intestinal  or 
pulmonary  infection  (wool-sorter's  disease)  as  the  result 
of  inoculation  through  dust  charged  with  anthrax  spores 
and  the  consumption  of  meat  from  anthrax  animals,  is 
not  as  susceptible  to  this  disease  as  the  lower  animals. 
Subcutaneous  injections  in  susceptible  animals  result  in 
death  in  from  one  to  three  days.  Little  or  no  change  can 
be  observed  at  the  point  of  inoculation,  but  the  subcu- 
taneous tissue  for  some  distance  over  the  abdomen  and 
thorax  is  found  to  be  (edematous,  with  small  ecchymoses 
scattered  throughout  the  cedematous  portion;  the  under- 
lying muscles  are  pale  in  color.  The  intestinal  viscera 
show  no  marked  microscopical  lesions,  except  the  spleen, 
which  is  enlarged,  soft,  and  dark  colored.  The  liver  may 
present  the  appearance  of  cloudy  swelling.  The  lungs 
are  red  or  pale  red  in  color,  while  the  heart  is  usually 
filled  with  blood.  The  anthrax  bacillus  produces  in  sus- 
ceptible animals  a  true  septicfemia,  and  after  death  the 
capillaries  throughout  the  body  always  contain  the  bacilli 
in  larger  or  smaller  number.  It  is  "difficult  to  produce 
infection  by  the  ingestion  even  of  spores,  but  by  inhala- 
tion it  may  be  readily  caused  in  animals.  Infection  is 
most  promptly  brought  about  by  introduction  of  the 
bacilli  directly  into  the  circulation,  but  inoculation  by 
contact  with  the  abraded  skin  may  also  produce  infec- 
tion. 

Many  theories  have  been  advanced  to  account  for  the 
occurrence  of  intestinal  anthrax  in  cattle  and  sheep,  the 
form  of  the  disease  which  is  most  common  in  these  ani- 
mals. It  has  been  thought  that  infection  was  produced 
mainly  by  the  eating  of  food  contaminated  by  anthrax 
spores  derived  originally  from  the  bodies  of  affected 
animals;  but,  as  we  have  seen,  it  is  extremely  difficult  to 
cause  infection  in  this  way.  By  some  authors  it  has  been 
supposed  to  be  a  miasmatic  infection  and  likened  to 
malaria ;  and  occurring  as  it  does  in  the  summer  months 
and  in  low  swampy  places,  there  would  seem  to  be  a  pos- 
sible analogy  in  this  respect  between  the  two  infections. 
But  anthrax  occurs  in  epidemics,  being  present  at  one 
time  at  a  certain  place  and  absent  at  another.  Pasteur  is 
of  the  opinion  that  the  earth  worms  play  an  important 
part  in  conveying  the  spores  from  one  locality  to  another 
from  the  buried  carcasses  of  affected  animals;  but  Koch 
has  shown  this  hypothesis  to  be  untenable,  as  the  bodies 


of  earth-worms  offer  an  unsuitable  medium  for  the  growth 
of  spores,  even  if  they  were  taken  up  and  carried  in  this 
way.  The  most  plausible  explanation  so  far  suggested 
for  the  solution  of  the  problem  is  the  supposition  that 
under  natural  conditions  unfavorable  to  the  development 
of  the  bacilli  an  attenuation  of  their  virulence  takes  place, 
and  then  again  as  the  conditions  become  more  favorable 
the  virulence  is  restored — a  result  which  can  be  artifi- 
cially produced  in  cultures  by  chemical  agents,  heat,  etc. 
Nutall  has  recently  suggested  that  perlmps  the  disease 
may  be  conveyed  in  the  bodies  of  insects,  under  certain 
conditions,  as  with  malarial  infection ;  but  here,  too,  the 
bacilli  undergo  attenuation,  according  to  the  same  author. 

Attenuation  of  Virulence  and  Immunity. — The  virulence 
of  anthrax  cultures  may  be  artificially  attenuated  by  the 
action  of  chemical  agents  and  heat.  Pasteur  has  suc- 
ceeded in  effecting  considerable  immunity  against  an- 
thrax in  regions  where  this  disease  is  prevalent,  by  the 
inoculation  of  cattle  and  sheep  with  cultures  attenuated 
by  heat.  Two  vaccines  are  employed  of  different  de- 
grees of  strength,  prepared  from  virulent  cultures  reduced 
in  virulence  by  cultivation  at  temperatures  between  42° 
and  43°  C.  According  to  statistics  collected  by  Chamber- 
land  from  the  results  of  twelve  years'  experience  with 
this  method  of  protective  inoculation  in  France,  out  of 
three  million  sheep  thus  treated  only  one  per  cent,  have 
died  of  anthrax  since  its  introduction,  whereas  the  mor- 
tality previously  w^as  over  ten  per  cent.  In  cattle  the 
mortality  percentage  has  been  reduced  from  five  per 
cent,  to  0.3  per  cent.  The  method,  however,  is  not  un- 
attended with  danger,  and  sometimes  the  animals  suc- 
cumb to  the  effects  of  the  inoculation. 

The  Bacillus  op  Symptomatic  Anthrax  (BaciUtis 
des  Rauschbrands  ;  Bacteridiedu  CharbonSymptomUique). 
— Like  the  bacilli  of  anthrax,  of  malignant  oedema,  and 
tetanus,  to  all  of  which  it  bears  a  certain  resemblance, 
the  bacillus  of  symptomatic  anthrax  is  an  inhabitant  of 
the  soil.  It  is  the  specific  cause  of  the  disease  in  animals, 
principally  cattle  and  sheep,  known  as  "black-leg," 
**  quarter-evil,"  or  symptomatic  anthrax,  which  prevails 
in  certain  localities,  and  is  characterized  by  a  peculiar 
emphysematous  swelling  of  the  tissues  of  the  leg  and 
quarters,  accompanied  with  the  formation  of  gas.  On 
section  of  the  affected  parts  the  muscles  and  cellular 
tissues  are  found  saturated  with  bloody  serum,  while  the 
tissues  themselves  are  dark,  almost  black  in  color.  The 
bacillus  can  always  be  found  in  the  affected  parts,  in  the 
gall  and  after  death  in  the  internal  organs. 

Microscopical  Appearances. — Long  rods,  with  rounded 
ends,  from  0.5  to  6^  broad  and  8  to  5^  long;  mostly  iso- 
lated, also  occurring  in  pairs,  joined  end  to  end,  but 
never  growing  out  into  long  filaments,  as  the  anthrax 
bacillus  does  in  culture  media  and  the  bacillus  of  malig- 
nant (pdcma  in  the  animal  body. 

Motility. — Actively  motile,  flagella  being  attached  to 
the  bodies  of  the  cells. 

Spore  Formation. — Forms  spores  elliptical  in  shape, 
usually  thicker  than  the  bacilli,  lying  near  the  middle  of 
the  rods,  but  rather  toward  one  end,  giving  them  a 
spindle  shape. 

Staining  Reactions. — Stains  with  the  ordinary  aniline 
dyes,  but  not  with  Gram's  method  or  only  when  the 
staining  is  much  prolonged. 

Biol^cal  Characters. — Strictly  anaerobic,  growing 
only  in  the  absence  of  oxygen,  best  in  an  atmosphere  of 
hydrogen  but  not  in  COj.  Develops  at  room  tempera- 
ture in  the  usual  culture  media,  but  best  in  media  con- 
taining 1.5  to  2  per  cent,  glucose  or  5  per  cent,  glycerin 
and  at  37**  C. 

On  gelatin,  irregular,  slightly  lobulated  colonies  develop 
and  the  gelatin  is  soon  liquefied.  On  agar  the  colonies 
are  similar  to  those  of  malignant  cedema  but  somewhat 
more  compact,  after  twenty-four  to  forty -eight  hours  in 
the  incubator.  In  agar  stab  cultures  growth  occurs  some 
distance  below  the  surface,  and  is  accompanied  by  the 
production  of  gas  having  a  peculiar,  disagreeable,  rancid 
odor. 

Fatliogenesis. — Pathogenic  for  cattle  (which  are  im- 
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mune  against  malignant  (rdema),  sheep,  goats,  guinea- 
pigs,  and  mice;  less  so  for  borses  and  rats.  Rabbits, 
pigs,  cats,  dogs,  chickens,  and  pigeons  are,  as  a  rule, 
immune.     Infection  has  never  been  produced  in  man. 

When  susceptible  animals  are  inoculated  subcutane- 
ously  with  pure  cultures  of  this  organism,  with  spores 
or  with  bits  of  diseased  tissue,  death  occurs  in  from 
twenty-four  to  thirty -six  hours.  At  the  autopsy  a 
bloody  serum  is  found  in  the  subcutaneous  tissues  ex- 
tending over  the  entire  surface  of  the  abdomen,  and  the 
muscles  present  a  dark  red  or  black  appearance,  even 
more  intense  in  color  than  in  malignant  oedema,  and 
there  is  considerable  development  of  gas. 

The  ordinary  manner  of  natural  infection  in  cattle  is 
by  wounds  which  not  only  tear  the  skin,  but  penetrate 
the  subcutaneous  tissues.  The  disease  is  also  produced 
by  the  ingestion  of  forage  contaminated  by  the  bacilli  or 
their  spores,  and  by  the  inhalation  of  dust  containing  the 
organisms. 

Immunity. — It  is  well  known  to  veterinarians  that  nat- 
ural recovery  from  one  attack  of  symptomatic  antlu^x 
protects  an  animal  from  a  second  attack.  Artificial  im- 
munity can  also  be  produced  in  various  ways:  by  intra- 
venous inoculation;  or,  in  guinea-pigs,  by  inoculations 
with  bouillon  cultures  which  have  been  kept  for  a  few 
days  and  have  lost  some  of  their  virulence,  or  with  cul- 
tures kept  in  the  incubator  at  42"  to  43**  C, ;  or  by  inocu- 
lations made  into  the  end  of  the  tail ;  or  by  injection  of 
filtered  cultures  or  cultures  sterilized  by  heat.  Arloing, 
Comevin,  and  Thomas  recommend  for  the  production  of 
immunity  in  cattle  the  use  of  a  dried  powder  of  the  mus- 
cles of  animals  dead  of  the  disease,  which  has  been  sub- 
jected to  a  temperature  suflicient  to  attenuate  its  viru- 
lence. Two  vaccines  are  prepared,  as  in  anthrax,  one 
by  exposure  of  the  powder  to  So '-90°  C.  (the  stronger 
vaccine),  and  the  other  to  a  temperature  of  100^-104^  C. ; 
the  weaker  vaccine  is  first  used,  and  then  the  stronger. 
The  inoculation  is  made  into  the  cellular  tissue  of  the  ear 
or  on  the  end  of  the  tail;  fourteen  days  are  allowed  to 
elapse  between  the  two  inoculations.  Kitt  recommends 
a  single  vaccine  from  infected  flesh  heated  for  six  hours 
at  ICK)"  C.  and  given  in  decigram  doses.  The  results  ob- 
tained from  these  methods  of  preventive  inoculation 
against  symptomatic  anthrax  would  seem  to  have  been 
fairly  satisfactory. 

The  Spirillum  op  Asiatic  Choleilv  {Koeh's  Comma 
Bacillus), — In  1883  Koch  isolated  from  the  dejecta  and 
intestines  of  patients  suffering  from  Asiatic  cholera 
a  characteristically  curved  organism — the  so-called  "com- 
ma bacillus" — and  showed  that  these  bacteria  were  ex- 
clusively found  in  c^ses  of  the  genuine  disease.  Other 
observers  have  since  des<'ribe(l  morphologically  similar 
organisms  of  nou-choleniic  origin.  Finkler  and  Prior, 
for  instance,  observed  such  organisms  in  the  diaiTlia-ic 
stools  of  patients  with  cholera  nostras;  Deueke  found 
others  in  old  cheese,  3Iiller  met  with  others  a.irain  in  cari- 
ous teeth,  and  Metschnikov  observed  others  in  fowls. 
But  all  of  these  organisms  differ  in  many  respects  from 
Koch's  comma  bacillus,  and  mme  of  tiiem  is  affected 
by  the  specitic  serum  of  animals  inununized  to  Asiatic 
cholera.  Though  varying  somewhat  in  different  e])i- 
demics,  this  spirillum  is  now  generally  recognized  by 
bacteriologists  to  be  the  chief  etiological  factor  in  the 
production  of  true  Asiatic  cholera. 

Mif'iutsi'npical  Ajfpr(franrc.s. — Curved  rods,  with  roimded 
ends  which  do  not  lie  in  the  siime  plane,  from  0.8  to  2  // 
in  leniith  and  about  0.4  //  in  breadth.  The  curvature  of 
the  rods  may  be  very  slight,  like  a  conuna.  but  some- 
times it  forms  a  half-circle,  or  two  contact  rods  curved 
in  o])posite  directions  may  form  an  S  shaped  tij^ure.  and 
under  unfavorable  conditions  of  growth,  as  in  old  cul- 
tures and  on  the  addition  of  chemical  antiseptics,  etc.. 
they  may  develop  into  Ioult  sj)iral  tilaUK'nts  consistinir  of 
numerous  turns  of  a  spiral  in  which  it  is  ini])ossil)le  to 
recognize  any  connection  Ixtw^M'n  the  individual  elements 
of  which  they  are  composed.  These  latter,  the  tiue 
spirilla,  are  considere/i  to  be  involution  forms.  I'nder 
favorable  C(mditions  of  grow  th  and  in  fresh  cultures,  the 


slightly  curved  or  almost  straight  forms  are  commoiily 
observed.     (See  Plate  XII.,  Fig.  5.) 

Motility. — Actively  motile,  the  movements  being  un- 
dulatory  and  due  to  one  or  two  flagclla  attached  to  the 
ends  of  the  rods. 

S2Xfre  Formation. — Absent;  the  arthrospores tiescribed 
by  Hueppe  have  not  been  confirmed  by  other  observers. 

Staining  Rea^^tioM. — Stains  with  the  ordinary  aniUne 
colors,  but  not  as  readily  as  many  other  bacteria:  an 
aqueous  solution  of  carbol  fuchsin  gives  the  best  results 
with  the  appHcation  of  heat.  It  is  decolorized  by  Gram's 
method. 

Biohjgical  Chara4:t€rs. — Aerobic  and  facultative  ana- 
erobic, growing  on  all  the  usual  culture  media  at  room 
temperature,  but  best  in  the  presence  of  oxygen  at  37'  C. 
There  is  no  development  below  8"  C.  or  alwve  42'  C. 
The  culture  media  must  be  distinctly  alkaline,  as  the 
spirillum  is  very  sensitive  to  acid. 

On  gelatin  plate  cultures  at  22''  C.  at  the  end  of  twenty- 
four  hours,  small,  round,  yellowish-while  to  yellow  colo- 
nies may  be  seen  in  the  depths  of  the  medium,  which  later 
grow  toward  the  surface  and  cause  liquefaction  of  the 
gelatin,  the  colonies  sinking  to  the  bottom  of  the  pockets 
thus  fonned.  Examined  under  a  low  power  they  appear 
granular  in  structure  with  more  or  less  irregular  outlines, 
the  surface  looking  as  if  covered  with  little  fragments  of 
glass.  An  ill-defined  halo  is  first  seen  to  surround  tl»e 
colonies,  which  has  a  peculiar  reddish  tint  by  transmitted 
light.  In  gelatin  stab  cultures  at  the  end  of  twenty-four 
to  thirty-six  hours  a  small  funnel -shaped  depression  ap- 
pears on  the  surface  of  the  medium,  which  soon  spn^ds 
out  in  the  form  of  an  air  bubble  above,  while  below  this 
a  whitish,  viscid  mass  is  seen.  The  funnel  now  increases 
in  depth  and  diameter,  and  in  from  four  to  six  days  niay 
reach  the  edge  of  the  tube;  in  from  eight  to  fourteen 
days  the  upper  two-thiidsof  the  gelatin  is  liquefied;  and 
in  a  few  weeks  complete  liquefaction  takes  place. 

Upon  agar  plates  the  growth  is  not  so  characteristic,  a 
moist,  shining,  grayish -yellow  coating  developing  on  the 
surface  in  the  incubator. 

Blood  serum  is  rapidly  liquefied  at  brood  temperaturt'. 

In  bouillon  the  growth  is  rapid  and  abundant,  the 
liquid  being  diffusely  clouded,  and  on  the  surface  a 
w^rinkled  membranous  film  is  often  formed. 

On  potato  having  an  acid  reaction  no  growth,  a-?  a 
rule,  takes  place:  but  if  the  potato  be  rendered  alkaline 
with  a  solution  of  soda  or  cooked  in  a  three-per-<'eur. 
solution  of  common  stdt,  development  takes  place  in  the 
incubator  as  a  ihiu,  semi-transparent  brown  or  grayish- 
brown  layer. 

^filk  is  a  favorable  culture  medium,  but  is  not  changt^l. 
as  a  rule,  though  it  is  coagulated  by  s<mie  varieties  of 
cholera  s])irilla. 

Vitality. — The  comma  Iwicillus  does  not  usuallv  i'^' 
hibit  much  resistance  to  outside  influences.     In  patieDi* 
suffering  from  the  disease  the  organisms  have,  as  a  niU'. 
disappeared  from  the  contents  of  the  intestines  in  fr«)W 
four  to  eight  or  more  rarely  in  from  ten  to  fifteen  days: 
though  in  a  few  cases  living  spirilla  have  been  iow^y^ 
after  forty-.seven  days.     The}'   have   been  observed  J'^ 
cholera  dejections  from  one  \o  three,  and  0(.'casio»4n) 
from  twenty  to  thirty  days;  in  one  recorded  case  i^^^J^ 
one  hundred  and  twenty  days.     Even  in  culturc^"|*; 
spirilla  of  Asiatic  cholera  are  rather  short-lived.      ^"^\ 
have  been  found,  however,  to  retain  their  vitality  in  P^^^ 
bouillon  cultures  for  three  or  four  months  and  ^**?^L 
cultures  for  six  months  or  more,  when  protected   '^*^ 
drying.     In  unsterilized  water  they  may  live  for   **  ^^^\^^ 
sidemble  time  apparently,  though   the  observati*>^\^  ' 
this  vary  from  one  day  to  one  year.     In  sterile  ^  ^^?*A»r 
they  develop  to  some  extent  and  retain  their  ^'i^^^'^-^^nd 
several  weeks.     Low  temperatures,  absence  of  ^Ifi^^'^Vliiir 
])resence  of  siilt  in  the  medium  would  seem  to  favor  •,   .^ 
preservation.     In  well  or  river  water  they  usuallv  *  !jp,. 
irom  thne  to  eight  days.     In  foo<l  they  retain  their  ^  ^^ 
lence  for  a  period  varying  from  a  few  hours  to  a  f^^*''l^j,',p 

The  comma  bacilli  are  raju'dly  destroyed  by  desiccaj.  jj^^ 
Exposed  in  cultures  on  a  cover  glass  to  the  action  of 
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air  at  room  temperature  they  are  killed  in  two  or  three 
hours  unless  spread  in  a  very  thick  layer.  This  fact  in- 
dicates that  infection  is  probably  not  usually  produced 
through  dust  or  other  dried  objects  contaminated  with 
cholera  bacilli.  They  are  destroyed  by  moist  heat  at  60° 
C.  in  ten  minutes.  They  resist  cold  fairly  well,  with- 
standing repeated  freezing  without  being  killed,  though 
their  growth  is  inhibited.  They  have  but  little  resistance 
to  the  action  of  chemicals,  especially  mineral  acids,  which 
have  thus  been  employed  for  the  disinfection  of  water- 
works to  which  these  germs  have  gained  access.  For 
disinfection  on  a  small  scale  0.1- per-cent.  solution  of  bi- 
chloride of  mercury  or  two  to  three  percent,  solution  of 
carbolic  acid  may  be  used.  Milk  of  lime  is  a  good  gen- 
eral disinfectant  on  a  large  scale.  The  wash  and  linen  of 
cholera  patients,  floors  of  dwellings,  etc.,  may  be  disin- 
fected by  a  five-per-cent.  solution  of  carbolic  acid  and 
soap  water. 

Chemical  Effects. — The  spirilla  cholerse  produce  pig- 
ment in  small  amount  only  on  potato.  The  peculiar  dis- 
agreeable odor  given  off  from  cholera  cultures  in  bouillon 
has  been  thought  by  some  to  be  of  diagnostic  value,  but 
it  is  not  specific.  Milk  sugar  is  decomposed  with  the 
production  of  lactic  acid  without  gas.  In  lactose-litmus 
agar  the  cholera  spirillum  forms  on  the  surface  of  the 
medium  a  blue  film,  below  this  a  red  coloration,  while 
lower  down  the  medium  is  decolorized. 

When  a  small  quantity  of  chemically  pure  sulphuric 
acid  is  added  to  a  twenty -four-hour-ola  bouillon  culture 
of  the  cholera  spirillum  containing  peptone,  a  reddish- 
violet  color  is  produced — known  as  the  **  nitroso-indol 
reaction  *' — which  is  due  to  the  production  of  indol  and 
the  reduction  of  nitrates  in  the  culture  to  nitrites.  Briegcr 
separated  the  pigment  thus  formed  or  "cholera  red." 
For  a  long  time  it  was  believed  that  the  nitroso-indol 
reaction  was  peculiar  to  the  cholera  spirillum,  and  great 
weight  was  placed  upon  its  production  as  a  diagnostic 
test.  But  it  has  been  shown  that  it  is  by  no  means 
specific,  many  other  bacterial  species  giving  the  same 
reaction  under  similar  conditions.  The  reaction,  never- 
theless, is  a  constant  and  characteristic  property  of  this 
bacillus,  and  is  of  undoubted  value  in  differentiating  this 
from  other  similar  organisms  which  do  not  give  the  re- 
action. For  the  test  it  is  best  toemplov  a  culture  not  of 
bouillon,  but  a  distinctly  alkaline  solution  of  peptone  (1 
per  cent,  peptone +  0.5  per  cent,  sodium  chloride — Dun- 
ham's solution),  from  which  more  constant  results  are 
obtained. 

Several  toxins  have  been  obtained  from  cholera  cul- 
tures, but  all  of  them  much  less  poisonous  than  the 
original  cultures.  According  to  Pfeiffer  these  toxins  are 
to  be  considered  as  secondary  products  modified  by  the 
action  of  the  chemical  reagents  employed  in  separating 
them.  Very  much  more  powerful  toxic  products  have 
been  obtained  from  the  bodies  of  the  bacilli  cultivated  on 
agar  and  carefully  killed  by  chloroform  or  heat.  Three 
times  the  minimal  fatal  dose  thus  obtained  from  an  agar 
culture  (about  0.5  mgm.)  kills  a  guinea-pig  in  from  six- 
teen to  eighteen  hours,  when  injected  into  the  peritoneal 
cavity,  the  effect  being  exactly  the  same  as  that  produced 
by  the  living  organisms,  viz.,  rapidly  beginning  symp- 
toms of  the  algid  stage,  muscular  weakness,  collapse, 
and  death. 

Pathogenesis. — None  of  the  lower  animals  being  natu- 
rally subject  to  Asiatic  cholera,  there  is  little  reason  to 
expect  that  inoculations  of  pure  cultures  of  the  spirillum 
should  give  rise  to  typical  cholera  infection.  It  has  been 
shown,  moreover,  that  the  comma  bacillus  is  extremely 
sensitive  to  the  action  of  acids,  being  quickly  destroyed 
in  the  stomach  by  the  acids  of  the  gastric  juice.  Never- 
theless, numerous  attempts  have  been  made  to  produce 
cholera  in  test  animals  by  inoculation  of  pure  cultures  of 
the  organism,  usually  with  negative  or  unsatisfactory 
results.  Koch,  however,  has  succeeded  in  producing  an 
approximation,  at  least,  to  the  symptoms  of  cholera  in 
man  by  the  infection  of  guinea-pigs  by  the  following 
method:  First,  5  c.c.  of  afive-per-cent.  solution  of  so<lium 
carbonate  are  injected  into  the  stomach  by  means  of  a 


pharyngeal  catheter,  in  order  to  neutralize  the  gastric 
contents;  and  then,  after  a  while,  10  c.c.  of  a  liquid  con- 
taining one  or  two  drops  of  a  bouillon  culture  of  the 
bacillus  is  administered  in  a  similar  manner,  and  at  the 
same  time  the  animal  receives  1  c.c.  of  laudanum  intra- 
peritoneally,  per  200  gm.  weight,  to  control  the  peristaltic 
movements.  As  the  result  of  this  treatment  the  animals 
are  narcotized  for  about  half  an  hour,  but  recover  with- 
out show^ing  any  ill  effects  from  the  opium.  In  about 
twenty-four  hours  the  temperature  begins  to  fall,  weak- 
ness and  pamlysis  set  in,  and,  as  a  rule,  death  occurs 
within  forty -eight  hours.  On  autopsy  the  intestines  are 
found  to  be  congested  and  filled  with  watery  fluid  con- 
taining large  numbers  of  spirilla.  Unfortunately,  how- 
ever, other  morphologically  similar  spirilla  (the  spirilla 
of  Finkler-Prior,  Deneke,  and  Miller)  act  very  much  in 
the  same  way,  though  somewhat  less  powerfully.  In- 
traperitoneal injections  of  large  quantities  of  cholera  cul- 
tures also  often  produce  death  in  rabbits  and  mice  with 
similar  symptoms. 

With  regard  to  the  pathogenic  properties  of  the  cholera 
spirillum  lor  man,  there  are  quite  a  number  of  cases  on 
record  of  accidental  infection  by  pure  cultures,  which 
furnish  the  most  satisfactory  evidence  of  its  beingcapa- 
ble  to  produce  the  disease.  In  1884  a  student  in  Koch's 
laboratory  in  Berlin  became  ill  with  a  severe  attack  of 
true  Asiatic  cholera  while  working  with  cholera  cultures 
at  a  time  when  there  was  no  cholera  in  Germany.  In 
1892  Pettenkofer  and  Emmerich  experimented  on  them- 
selves by  swallowing  small  quantities  of  fresh  cholera 
cultures,  with  the  result  that  both  of  them  were  taken 
sick  with  typical  cholera,  one  with  mild  and  the  other 
with  severe  symptoms.  Since  then  other  similar  experi- 
ments have  been  reported,  most  of  the  persons  taking 
the  cultures  having  neutralized  the  acidity  of  the 
stomach  previously  by  means  of  soda  solution;  and  sev- 
eral fatal  cases  have  occurred  from  accidental  infection. 
At  the  same  time,  however,  some  negative  results  from 
experiments  on  tlie  human  subject  have  also  been  re- 
corded— which  only  goes  to  show  that  in  cholera,  like 
other  infectious  diseases,  an  individual  susceptibility  is 
required,  in  addition  to  the  presence  of  the  germs,  to 
produce  infection. 

According  to  Pfeiffer,  cholera  in  man  is  an  infective 
process  due  to  the  destruction  of  the  epithelial  layers  of 
the  intestines  by  the  spirilla  and  the  products  of  their 
growth,  whereby  intoxication  results  from  absorption 
of  the  poisonous  substances.  The  larger  the  surface  of 
the  mucous  membrane  affected,  the  more  abundant  will 
be  the  development  of  bacilli  and  the  production  of 
toxins,  and  the  more  pronounced,  in  consequence,  will 
be  the  intoxication. 

The  cholera  spirilla  have  recently  been  reported  to 
have  been  frequently  found  in  water  (wells,  water  pipes, 
rivers,  harbors,  etc.)  which  has  become  contaminated 
with  the  evacuations  of  cholera  patients.  But  to  prove 
their  presence  beyond  question  in  water  is  by  no  means 
easy,  as  there  are  so  many  other  water  bacteria  simulat- 
ing cholera  bacilli  from  which  they  must  be  differentiated ; 
hence  some  of  the  reported  findings  may  not  have  been 
genuine  cholera  spirilla.  The  comma  bacillus  has  been 
quite  often  observed  in  the  fseces  of  healthy  persons 
without  producing,  apparently,  any  pathogenic  symp- 
toms whatever.  Abel  and  Claussen  found  thus  cholera 
spirilla  present  in  the  stools,  for  days  at  a  time,  of  four- 
teen out  of  seventeen  healthy  pei*sbns  in  the  families  of 
seven  cholera  patients.  In  Hamburg,  during  the  last 
•  epidemic  of  cholera  in  Germany,  twenty -eight  such  cases 
were  observed  in  w^hich  the  stools  were  absolutely  nonnal. 

The  cholera  spirillum,  however,  has  been  found  in  no 
other  disease  than  true  Asiatic  cholera,  occurring  in  this 
affection  chiefly  in  the  contents  of  the  intestinal  canal 
and  especially  in  the  mucous  flakes  of  s<^)-called  **  rice- 
water  "  stools,  existing  in  pure  culture  frequently,  and 
usually  present  in  greatest  numbers  at  the  height  of  the 
attack.  The  spirilla  are  not,  as  a  rule,  found  in  the  in- 
terior organs  in  recent  cholera  cases,  except  perhaps  oc- 
casionally in  the  intestinal  glands.     In  rare  instances, 
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nevertheless,  l)oth  in  cholera  patients  and  in  inoculated 
animals,  they  have  been  met  with  in  the  organs — lungs, 
liver,  kidneys,  spleen,  and  occasionally  the  heart's  blood. 
The  more  virulent  the  organism  is,  the  more  apt,  appar- 
ently, is  it  to  gain  access  to  the  interior  organs. 

Immunity. — Recovery  from  an  attack  of  cholera  pro- 
duces a  certain  degree  of  immunity  to  the  disease.  Laz- 
arus in  1892  observed  that  the  blood  serum  of  persons 
who  had  recently  hud  cholera  possessed  the  power  of 
protecting  guinea-pigs  from  infection  l)y  the  cholera 
spirillum;  while  the  serum  of  healthy  persons  or  those 
alTected  with  other  diseases  had  no  such  effect.  He  at- 
tributed this  to  the  presence,  in  the  serum  of  convalescents 
from  cholera,  if  antitoxic  substances  which  neutralized 
the  action  of  the  toxins  produccnl  by  the  growth  of  the 
spirilla,  in  the  same  manner  as  the  antitoxins  of  diph- 
theria and  tetanus  neutralize  their  resj)ective  toxins. 
Pfeiffer,  on  the  other  hand,  maintained  that  this  serum 
contained  bactericidal  substances  which  killed  the  spirilla 
So  rapidly  wiien  injected  into  the  animal  that  they  were 
not  able  to  produce  their  specific  poisons,  and  that  thus 
the  animal  was  protectc»d.  It  is  now  generally  admitted 
that  the  serum  is  strongly  bactericidal  and  feebly  anti- 
toxic. 

These  specific  subftances  present  in  thebloo<l  of  cholera- 
immune  men  and  animals  act  only  upon  organisms  similar 
to  those  with  which  they  were  originally  infected — pro- 
ducing immobilization  and  agglutmation  of  the  bacilli. 
Pfeiffer,  who  first  observed  this  p<'culiar  reaction  in 
cholera  serum,  has  shown,  however,  that  the  specific  re- 
lation existing  between  the  antibacterial  and  protective 
substances  produced  during  immunization  and  the  bac- 
teria employed  to  immunize  the  animals  is  not  confined 
alone  to  cholera.  This  discovery  has  given  us  an  appar- 
ently reliable  means  of  distinguishing  the  cholera  and 
typhoid  bacilli  especially  from  all  other  similar  organisms, 
and  the  diseases  which  they  produce  from  other  infections 
which  may  be  mistaken  for  them,  which  has  proved  to  be 
of  great  practical  value  as  an  aid  t^)  clinical  diagnosis. 

There  are  two  methods,  known  as  Pfeiffer 'sand  Gruber's 
reactions,  whereby  genuine  cholera  spirilla  may  be  differ- 
i-ntiated  from  other  similar  vibrios: 

1.  Pfeiffer' 8  vetirt ion  is  produced  as  follows:  The  blood 
serum  of  an  animal  rendered  immune  U.\  cholera,  by  in- 
oculation of  attenuated  or  dead  cholera  cultures,  is  mixed 
with  ordinal  y  bouillon  in  the  proportion  of  1  to  100,  and 
in  1  c.c.  of  this  mixture  a  platinum  lcK)pful  (about  2 
mgm.)  of  the  species  under  investigation  is  added,  and 
this  then  injected  into  the  peritoneal  cavity  of  a  guinea- 
pig  weighing  about  200  gm.  Every  five  minutes  some 
of  the  peritoneal  effusion  is  n.»moved  bv  means  of  a  capil- 
lary pipette  and  examined  microscopically  both  stained 
and  unstained.  If  it  is  the  true  comma  bacillus,  the 
bacilli  will  he  observed  to  become  at  first  non-motile, 
then  agglutinated  into  clumps,  and  finally  (in  about 
twenty  minutes)  to  In-come  disintegrated  and  loos<'ned. 
When  the  above  j)henonienji  are  absent,  the  organism  be- 
longs to  another  species.  A  control  experiment  should 
be  made  with  a  known  cholera  culture  to  avoid  possible 
error. 

2.  GrttlMi'^s  renction  is  founded  upon  this,  but  he  de- 
serves the  credit  of  having  determined  the  amount  of 
dilution  recjuircd  to  agglutinate  and  immobilize  the 
choleni  spirilla  when  mixed  with  cholera-inunune  serum 
for  microscopical  examination  in  the  hanging  drop,  with- 
out injection  into  guinea-pigs,  thus  simplifying  the 
method  for  ])m(tical  ust*.  For  this  purpose  the  blood 
serum  of  a  person  suffering  from  a  cii.se  of  suspected 
cholem,  or  of  an  animal  immunized  against  the  species 
to  be  investigtitrd.  is  mixed  with  a  pure  cholera  culture 
in  the  proportion  of  I  to  oOand  upward,  and  the  mixture 
at  once  examined  in  the  hanging  drop.  If  the  spirilla 
become  inunobilizedand  agglutinated  iutoclum])s  within 
twenty  or  thirty  minutes,  tln-n  they  are  genuine  choleni 
spirilla;  if  not.  the  result  is  negative. 

Within  the  la.st  few  years  llatTkine  in  India  has  suc- 
ceeded in  ])r(Klucing  an  artificial  immunity  against 
cholera  infection  in  man  by  means  of  subcuUineous  in- 


J'ections  of  dead  cultures  of  the  cholera  spirillum;  and 
^olle  has  found  that  the  blood  serum  of  persons  thus  in- 
oculated gave  a  reaction  similar  to  that  of  persons  who 
had  recovered  from  cholera,  showing  bactericidal  and 
agglutinative  substances  from  the  fifth  day,  but  most 
distinctly  on  the  twentieth  day  and  for  months  after  the 
protective  inoculation. 

Spirilla  Resembling  the  SpmiLLLTtf  Cholerje 
Asiatic*. — When  Ko<*h's  comma  bacillus  was  first  dis- 
covered its  properties  seemed  so  characteristic  that  it  was 
considered  an  easy  matter  to  distinguish  it  from  all  other 
bacteria.  Since  then,  however,  more  and  more  similar 
organisms  have  been  met  with  by  various  investigators, 
until  now  they  have  ceased  to  be  designated  even  by 
special  names.  The  following  are  among  the  best-known 
species : 

Spirillum  Finkler  and  Prior  {Vibrio  Proteus). — 
This  organism  was  obtained  by  Finkler  and  Prior  from 
the  dejections  of  patients  with  cholera  nostras  which  had 
been  allowed  to  stand  for  some  days.  It  has  since  been 
found  to  bear  no  etiological  relation  to  the  disease,  and 
is  only  of  interest  on  account  of  its  resemblance  in  some 
re.s|)ects  to  the  cholera  spirillum. 

It  occurs  as  more  or  less  curved  rods,  usually  some- 
what longer  and  thicker  than  the  cholera  spirilla  and  not 
so  uniform  in  diameter.  Involution  forms  are  common 
in  unfavorable  culture  media.  It  is  actively  motile,  a 
single  fiagellum  being  attached  to  one  end  of  the  rods. 
It  does  not  form  spores. 

It  grows  cfpially  well,  in  the  presence  and  absence  of 
oxygen,  on  the  usual  culture  media  at  room  temperature. 
On  gelatin  pUttes  small,  w^hite,  punctiform  colonies  are 
developed  at  the  end  of  twenty-four  hours,  which  under 
a  low  power  are  8t*en  to  be  tinelv  granular  and  yellowish 
in  color:  liquefacti(m  of  the  gelatin  around  the  colonit»s 
progre8S(is  rapidly  and  is  usually  complete  in  forty-eight 
hours.  Isolated  colonies  on  the  second  day  form  cup- 
shaped  depressions.  In  ntab  cultures  on  gelatin  liquefac- 
tion proceeds  much  more  rapidly  than  with  the  cholera 
spirillum,  a  stocking-shaped  pouch  appearing  in  two 
days,  while  the  entire  gelatin  is  liquefied  in  about  a  w*eek; 
a  whitish  film  forms  on  the  surface.  Upon  agar  a  moist, 
shining  layer  covering  the  entire  surface  is  quickly  de- 
veloped. Bloin!  gerunh  is  rapidly  liciuefied.  On  potato 
at  room  temperature  a  shining,  grayish-yellow  layer  is 
formed,  soon  spreading  over  the  surface*  The  cholera 
spirillum,  on  the  other  hand,  produces  no  growth  on 
potato  at  room  temperature. 

The  cultures  of  the  spirillum  Finkler-Prior  give  off  a 
strong  putrefactive  odor;  in  media  containing  sugar  they 
produce  acid;  they  do  not  form  indol,  and  they  have 
a  greater  resistance  to  desiccation  than  the  choleni  spirilla. 
The  absence  of  the  agglutinative  reaction  with  a  dilution 
of  the  serum  of  an  animal  immunized  to  cholera  is  a 
valuable  differential  sign. 

This  organism  is  pathogenic  for  guinea-pigs  when  in- 
troduced into  the  stomach  after  previous  injection  of 
soda  solution  and  tincture  of  opium,  similar  symptoms 
being  pnKluced,  only  somewhat  less  marked,  as  with  the 
cholera  spirillum.  Xlthough  originallv  observed  in  the 
dejections  of  persons  affected  with  cliolera  nostras,  it 
probably  has  no  n*Iation  to  this  disease,  having  been 
seldom  found  since  under  such  conditions  by  subsequent 
observers. 

Miller's  Spirillum. — In  1884  Miller  observed  a 
curved  bacillus  in  dental  caries  which,  from  its  micn>- 
scopical  appeanmces  in  cultures  and  from  animal  experi- 
ments, has  been  thought  to  be  identical  with  the  Finkler- 
Prior  spirillum.  The  tibrio  heliogene*  of  Fischer  and 
the  ribvio  LiHbonrnms  of  Pestana,  and  other  similar 
spirilla  met  with  from  time  to  time,  arc  also  probably 
identical. 

Dknkke's  Cheese  Spirillum  {Vibrio  Tyrogene^i). — 
This  organism  was  obtained  by  Deneke  from  old  cheese. 
but  has  since  been  nircly  observed.  Morphologically  and 
cultumlly  it  shows  greater  resemblance  to  Koch's  comma 
bacillus  than  does  the  Finkler  and  Prior  spirillum.  It 
occurs  in  curved  nnls  and  long  spiral  filaments,  the 
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diameter  of  the  segments  being  uniform  throughout. 
On  the  other  hand,  it  is  somewhat  more  slender  than  the 
comma  bacillus  and  the  spiral  turns  are  closer  together. 
In  its  power  of  liquefying  gelatin  it  stands  between  the 
cholera  spirillum  and  the  vibrio  proteus,  and  its  other  char- 
acters are  also  so  intermediary  between  these  two  species 
that  they  are  scarce  worth  describing.  It  is  said  to  form 
a  thin,  yellowish  coating  upon  the  surface  of  gelatin  and 
agar  stab  cultures,  and  not  to  give  the  indol  reaction ;  but 
these  characteristics  are  not  constant.  The  chief  means 
of  differentiating  it  from  the  cholera  spirillum  is  by  the 
serum  reaction. 

Spirillum  Metschnikovi. — This  spirillum  was  dis 
covered  by  Gamalela  in  1888  in  the  intestinal  contents  of 
fowls  dving  of  an  infectious  disease  common  to  certain 
parts  of  Southern  Russia,  and  presentinj^  symptoms  like 
those  of  fowl  cholera.  It  has  since  been  found  by  Pfeiffer 
in  the  waters  of  the  Spree  and  b^  Eutcher  in  those  of  the 
Lahn.  In  the  affected  animals  it  is  almost  always  found 
in  the  intestines,  but  also  in  the  blood,  producing  septi- 
cemia. This  interesting  micro-organism  cannot  be  mor- 
phologically distin^ished  from  the  cholera  spirillum ;  it 
occurs  as  curved  rods  somewhat  thicker,  shorter,  and  often 
more  decidedly  bent  than  the  comma  bacillus.    It  liquefies 

gelatin,  as  a  rule,  much  more  rapidly  than  the  cholera 
acillus  does,  but  this  varies.  It  ^ves  the  nitroso-indol 
reaction  without  the  addition  of  nitrites,  and  coagulates 
milk  with  acid  reaction.  It  does  not  give  the  serum  re- 
action with  cholera-immune  serum. 

The  spirillum  Metschnikovi  is  characterized  b^  its 
pathogenic  action  for  chickens  and  pigeons;  a  minute 
quantity  of  a  culture  injected  into  the  breast  muscles  of 
these  animals  causes  their  death  with  the  local  and  gen- 
eral symptoms  of  fowl  cholera,  except  that  the  contents 
of  the  intestines  have  more  the  appearance  of  cholera  and 
the  spleen  is  rather  diminished  than  enlarged.  In  the 
blood  and  cedematous  fluid  about  the  necrotic  point  of 
inoculation,  the  organisms  are  present  in  large  numbers. 
G^maleTa  has  claimed  that  b^  passing  the  cholera  spiril- 
lum of  Koch  through  a  series  of  pigeons,  upon  which 
this  organism  is  said  to  act  similarly  to  the  vibrio  Metsch- 
nikovi, by  successive  inoculations,  its  pathogenic  pow- 
er may  be  greatly  increased,  and  that  when  sterilized 
cultures  of  this  virulent  variety  of  bacillus  are  iinected 
into  pigeons  they  become  immune  to  the  vibrio  Metsch- 
nikovi, and  vice  versa.  But  Pfeiffer  denies  this — and 
the  negative  results  obtained  from  the  serum  reaction 
with  Metschnikoff's  spirillum  and  cholera-immune  serum 
show  that  the  organisms  are  not  identical. 

The  SpiRiLLLTtf  OP  Relapsing  Fever  {Spirochete  or 
Spirillum  Oberrneieri). — First  observed  by  Obermeier 
(1878)  in  the  blood  of  a  patient  suffering  from  febris 
reeurrens.  Bacteriologically  very  little  is  luiown  of  this 
micro-organism.  It  occurs  as  long,  slender,  flexible, 
motile  spirals  or  wavy  filaments,  with  pointed  ends,  usu- 
ally from  20  to  80  fi  long.  Flagella  and  spores  have  not 
been  observed.  Typically  the  organisms  are  found  only 
in  the  blood  and  spleen,  not  in  the  secretions  of  patients 
with  relapsing  fever,  and  chiefly  at  the  height  of  the  dis- 
ease, seldom  or  never  during  the  intermissions.  They 
stain  readily  with  the  ordinary  aniline  colors,  especially 
with  fuchsm  and  Loefller's  methylene  blue  solutions; 
they  do  not  stain  by  Gram's  method. 

They  have  never  been  cultivated  in  artificial  media. 
When  preserved  in  blood  serum  and  0.5  per  cent,  solu- 
tion of  salt,  they  retain  their  vitality  for  a  considerable 
time. 

Inoculation  experiments  liave  been  successfully  made 
on  man  and  monkeys.  Monkeys  when  inoculated  with 
human  blood  containing  the  spirilla  take  sick  after  about 
three  and  one-half  days,  but  exhibit  only  the  initial 
febrile  attack ;  no  relapse  such  as  is  characteristic  of  the 
disease  in  man  occurs.  Extirpation  of  the  spleen  rendere 
the  disease  more  dangerous  for  these  animals.  Infection 
may  be  transmitted  by  inoculation  also  from  one  monkey 
to  another.  Although  so  little  is  known  of  this  organism 
from  a  bacteriological  standpoint,  the  fact  of  its  constant 
occurrence  in  relapsing  fever  and  of  the  communicability 


of  the  disease  from  man  to  monkeys  by  inoculation  of  the 
blood  gives  us  grounds  for  assuming  that  this  is  the 
cause  of  the  affection. 

The  Glanders  Bacillus  (Bacillus  Mallei;  Rotz- 
bacillus ;  Bad.  de  la  Morve). — This  bacillus  was  discov- 
ered by  Loefller  and  Schtltz  (1882)  in  the  tissues  of  ani- 
mals affected  with  glanders.  It  was  isolated  in  pure 
culture  by  several  bacteriologists,  almost  simultaneously, 
and  was  proved  to  be  the  cause  of  the  disease  with  which 
it  is  associated. 

Microscopical  Appeanranees. — Small  bacilli  (2-8/*  long 
and  0.4  /<  broad)  with  rounded  or  slightly  pointed  ends; 
they  usually  occur  singly,  but  sometimes  in  pairs,  and 
they  rarely  grow  out  tolong  filaments.  Involution  forma 
are  common  in  old  cultures.    (See  Plate  XII.,  Fig.  4.) 

Motility.  — Non-motile. 

Spore  Formation. — Absent. 

Staining  Beactions. — Stains  with  difficulty  with  the 
ordinary  aniline  colors :  does  not  stain  by  Gram's  method. 
The  bacilli  often  exhibit  a  granular  appearance  (meta- 
chromatic bodies)  which  are  especially  visible  with  Neis- 
ser's  stain. 

Biological  Characters. — Aerobic  and  facultative  anae- 
robic, growing  both  with  and  without  oxygen,  but  best 
in  the  presence  of  oxygen  and  at  brood  temperature, 
though  it  develops  slowly  at  25°  C. ;  does  not  grow  at  over 
40**  C.  It  may  be  cultivated  on  all  the  usual  artificial 
media,  but  best  on  five-per-cent.  glycerin  agar. 

On  glycerin  agar  at  the  end  of  twenty -four  to  forty- 
eight  hours  it  forms  whitish,  transparent  colonies  which 
in  six  or  seven  days  may  attain  a  diameter  of  7  to  8  mm. 
On  blood  serum  a  moist,  opaque,  shiny  layer  of  a  yellow- 
ish or  dirty-brown  color  is  developed.  The  serum  is  not 
liquefied.  On  potato  the  growth  is  very  characteristic. 
At  the  end  of  twenty -four  to  thirty-six  hours  at  37"  C, 
a  moist,  yellow,  transparent  coating  develops,  becoming 
deeper  in  color  and  denser  in  consistence  until  it  finally 
presents  a  reddish-brown  color,  and  the  surrounding 
surface  of  the  potato  acquires  a  greenish-yellow  tint. 
The  cultures  often  exhibit  long,  felt-like,  interlaced  fila- 
ments not  unlike  the  threads  of  the  bacillus  anthracis, 
and  finally  club-like  enlargements.  In  bouillon  a  diffuse 
clouding  takes  place,  a  tenacious,  ropy  sediment  being 
ultimately  formed.  Milk  is  coagulated  with  the  produc- 
tion of  acid. 

Vitality. — The  resistance  of  cultures  of  the  bacillus  of 
glanders  is  not  very  great.  They  lose  their  virulence 
quickly  by  natural  weakening  as  early  as  the  fourth  or 
fifth  generation;  therefore  in  order  to  retain  virulence  it 
is  necessary  after  two  or  three  generations  of  cultures 
to  pass  the  virus  through  a  susceptible  animal.  Accord- 
ing toBonome  the  glanders  bacillus  dies  in  ten  days  when 
exposed  to  a  temperature  of  25°  C. ;  but  other  authorities 
find  that  it  may  live  for  three  months  under  similar  con- 
ditions. Exposed  to  heat  the  bacilli  are  killed  at  80°  C.  in 
five  minutes,  and  at  100°  C.  in  three  minutes. 

Corrosive  sublimate  solution  (1  to  1,000)  destroys  the 
bacilli  in  fifteen  minutes,  and  five-per  cent,  carbolic  acid 
in  one  hour.  The  virulence  is  quickly  lost  in  distilled 
water  (six  days) ;  it  is  not  destroyed  by  putrefaction. 

Paifiogenests. — Among  domestic  animals,  horses,  asses, 
cats,  dogs,  goats,  sheep  are  the  most  susceptible ;  less  so 
pigs.  Cattle  and  birds  are  immune.  Among  test  ani- 
mals, the  field  mouse,  wood  mouse,  and  guinea-pig  are 
the  most  susceptible,  the  rabbit  being  less  so,  while 
white  mice  and  house  mice  are  comparatively  immune. 
When  pure  cultures  of  the  bacillus  mallei  are  injected 
into  horses  and  other  susceptible  animals  true  glanders  is 
produced.  The  disease  in  the  horse  is  characterized  by 
the  formation  of  ulcers  upon  the  nasal  mucous  membrane. 
These  ulcers  have  irregular,  thickened  margins  and  secrete 
a  thin,  virulent  mucus ;  the  submaxillary  glands  become 
enlarged  and  form  a  tumor;  other  lymphatic  glands  also 
become  inflamed,  and  some  of  them  suppurate  and  open 
externally,  leaving  deep  ulcers;  the  lungs  are  finally  in- 
volved and  the  breathing  becomes  rapid  and  irregular. 
In  farcy,  which  is  a  more  chronic  form  of  the  disease, 
circumscribed  swellings  appear  in  different  parts  of  the 
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body,  especially  where  the  skin  is  tliinnest,  which  sup- 
purate and  leave  angry -looking  ulcers  with  abundant 
purulent  disharge.  Pure  cultures  can  be  obtained  from 
the  interior  of  the  suppurating  nodules  and  glands  which 
have  not  yet  opened  to  the  surface;  but  the  discharge 
from  the  nostrils  or  from  an  open  ulcer  contains  com- 
paratively few  bacilli,  and  these  are  associated  with  so 
many  other  bacteria  which  grow  more  readily  than  the 
glanders  bncilli  on  culture  media  that  it  is  difficult  to 
obtain  pure  cultures  in  this  way  by  the  plate  method. 
Here  test  animals  are  useful. 

In  guinea-pigs  subcutaneous  injections  are  followed  in 
three  or  four  days  by  swelling  at  the  point  of  inoculation, 
and  a  tumor  with  caseous  contents  soon  develops,  then 
ulceration  of  the  skin  takes  place.  The  lymphatic  glands 
lK»come  inflamed,  and  in  from  two  to  three  weeks  symp- 
toms of  general  infection  appear.  In  male  animals  orchitis 
and  epididymitis  are  present,  while  the  internal  organs 
(lungs,  kidneys,  spleen,  and  liver)  are  generally  the  seat 
of  characteristic  nodular  formations.  From  these  pure 
cultures  may  be  obtained.  The  specific  ulcers  produced 
upon  the  nasal  mucous  membranes  of  the  horse  are  rarelv 
present  in  guinea-pigs.  The  process  is  often  prolonged, 
and  the  animals  may  live  from  six  to  eight  weeks  after 
inoculation;  or  it  remains  localized  in  the  skin.  Intra- 
peritoneal injection  of  guinea-pigs  is  usually  followed 
by  death  in  from  eight  to  ten  days,  and  in  males  the  testi- 
cles are  invariably  affected.  In  female  animals  the  dis- 
ease may  be  communicated  to  the  foetus. 

The  bacillus  of  glanders  has  never  been  found  outside 
of  the  animal  body  nor  in  healthy  individuals.  The  dis- 
ease occurs  as  a  natural  infection  only  in  horses  and  asses, 
but  it  may  be  communicated  to  man  bv  contact  with 
affected  animals,  and  usually  by  inoculation  through 
wounds  of  the  skin  or  mucous  membranes.  In  man, 
where  the  virus  enters,  a  local  swelling  appears,  which 
spreads  rapidly,  accompanied  by  suppuration  and  cord- 
ing of  the  neighboring  lymphatics.  Multiple  abscesses 
are  formed  in  the  skin,  mus(;le,  and  internal  organs,  and 
thera  are  often  suppurative  changes  in  the  joints,  the 
disease  at  this  stage  resembling  pyaemia.  Characteristic 
glanders  nodules  appear  in  the  mucous  membranes,  par- 
ticularly of  the  nose,  which  soon  disintegrate,  forming 
ulcers.  The  disease  not  infrequently  terminates  fatally, 
death  resulting  from  general  infection  carried  by  means 
of  the  lymph  circulation. 

It  is  often  difllcult  to  demonstrate  microscopically  the 
presence  of  llie  glanders  bacillus  in  the  nodules  which 
have  undergone  ])urulent  dcgenemlion,  or  in  tlie  discharge 
from  the  nostrils,  ulcers  and  glands.  Stmnss  has  pro- 
posed the  following  rapid  method  of  diagnosis  by  inocu- 
lation of  test  animals:  Some  of  the  suspected  material  or 
culture  is  introduced  into  tlie  ju'ritoneal  cavity  of  a  male 
guinea-])ig,  making  llic  inoculation  directly  in  the  middle 
line  of  the  abdomen,  to  avoid  introduction  into  the  vesi- 
cuhe  seniinalis.  If  it  is  a  case  of  glanders,  the  testicles 
begin  to  swell  within  thirty  to  forty-eight  hours,  and 
the  skin  over  them  becomes  hypenvniic,  shiny,  and  finally 
degenemtes  and  shows  evidences  of  pus  formation.  The 
diagnostic  synijitoni  is  the  tumefaction  of  the  testicles. 

Tlie  diagnosis  of  glanchi-s  in  hoi*ses,  in  which  the 
<linical  symptoms  of  the  disease  may  be  obscure,  as  in 
chronic  or  subacute  cases,  niav  often  be  made  bv  the  use 
of  nmlJiin.  Mallein  consists  of  the  tillered  pnxluctsof  the 
glanders  bacillus — albuminous  compounds  l>earing  a  simi- 
lar rehition  to  glanders  that  Koch's  old  tuberculin  bears  to 
tuberculosis — i)repared  by  evaporating  a  six-wecks'-old 
culture  in  five  ]K*r  cent,  glycerin  nutrient  veal  broth  to 
ten  per  cent,  of  its  original  bulk.  Tlu*  dose  of  mallein 
is  about  1  c.c.  subcutaneously  injected,  which  usually 
gives  good  r<*actions.  An  injection  of  mallein  under  the 
skin  of  a  healthy  horse  has  no  elTect  or  at  most  produces 
a  slight  local  swelling  aTid  rise  of  temperature.  Follow- 
ing an  inj<*ction  of  mallein  into  a  glandered  horse  two 
reactions  are  ])roduced:  a  large  and  j>ainful  swelling  at 
the  point  of  inoculation  and  a  rise  of  temperature  to  104 
or  even  lOH  F.  The  rise  of  temperature.  howev<'r, 
should   not   be  taken  alone  as  conclusively  indicating 


glanders ;  it  must  be  considered  in  connection  with  the 
local  swelling  and  the  general  condition  of  the  animal 
which  is  profoundly  aSfected  by  the  injection.  The 
practical  value  of  this  test  has  been  demonstrated  by 
numerous  experiments  by  veterinarians.  No  ill  effects 
have  been  found  to  result  from  the  injection  of  mallein 
in  healthy  horses.  On  the  contrary,  not  only  production 
of  immunity,  but  some  cures  have  been  reported  from  its 
use. 

The  Bacillus  op  Bubonic  Plague  {BaHUus  >V/m 
Bubonica). — This  organism  was  discovered  by  Kitas..to 
and  Yersin,  independently,  during  an  epidemic  of  t'»e 
bubonic  plague  at  Hong-Kong,  China,  in  1894.  This 
disea.se,  like  anthrax  and  leprosy,  has  a  long  historical 
record  behind  it.  It  is  probably  the  disease  which  imder 
the  names  of  "Black  Death"  or  **The  Great  Plague" 
decimated  the  population  of  Europe  in  the  Middle  Ages. 
The  distribution  of  plague  at  the  present  time  is  fortu- 
natelv  a  somewhat  hmited  one,  namelv,  a  definite  area  in 
Asia  known  as  the  "Plague  Belt,"  extending  from  Meso- 
potamia, as  a  sort  of  focus,  northward  to  the  Caspian  Sea, 
westward  to  the  Red  Sea,  southward  as  far  as  Central 
India,  and  eastward  to  the  China  Sea.  The  bacteriology 
of  plague  is  almost  the  latest  contribution  to  the  science. 

Jificroscopical  Appearaiiceis. — Short  rods,  with  rounded 
ends,  about  twice  as  long  as  broad,  occurring  singly,  in 
paira,  or  in  short  chains  (especially  in  bouillon  cultures), 
and  often  surrounded  by  a  capsule.  Involution  forms 
are  common.     (See  Plate  XII.,  Figs.  7  and  8.) 

Motility. — Non-motile,  possessing  no  fiagella;  though 
Kitasato  claims  that  it  has  very  euuggish,  scarcely  per- 
ceptible movements,  and  Gordon  states  that  by  a  special 
method  of  staining  (Van  £rmengen's  method)  he  foimd 
polar  flagella. 

8pare  rormation. — Absent. 

Staining  Reactians. — Stains  with  the  ordinary  aniline 
dyes,  but  in  preparations  made  from  pure  cultures  the 
cliaracteristic  bipolar  staining,  which  is  observed  in 
preparations  from  blood  and  pus,  is  not  readily  obtained. 
Does  not  stain  by  Gram's  method. 

Biffloffical  Characters. — Strongly  aCrobic,  growth  being 
inhibited  in  the  absence  of  oxygen.  Develops  on  the 
usual  culture  media,  but  best  on  blood  serum  at  37**  C. ; 
also  fairly  well  at  room  temperature. 

On  gelatin  plates  small,  darkly  defined  granular  colonies 
of  a  grayish-yellow  to  greenish  color  develop;  the  gelatin 
is  not  liquetied.  In  gelatin  st4tb  cultures  it  grows  slowly 
on  the  surface  and  along  the  track  of  the  needle.  On 
gli/cerin  agar  it  grows  rapidly,  forming  a  moist,  grayish- 
wliite  coating  on  the  surface.  On  bbxtd  serum  in  the  in- 
cubator, at  the  end  of  twenty-four  to  forty-eight  hours, 
white,  moist,  transparent,  and  iridescent  cohmicj?  are 
formed.  B(niiUou  becomes  diffusely  clouded,  Imt  if  in- 
oculated with  a  cohesive  mass  of  bacteria  from  an  agar 
culture  the  bacilli  develop  as  a  granular  or  grumous 
deposit  on  the  walls  and  bottom  of  the  tube,  the  upjK-r 
portion  of  the  liquid  remaining  clear,  similarly  to  what 
is  ob-served  in  the  growth  of  some  varieties  of  streptoc(x*ci. 
There  is  a  scanty  growth  on  potato  and  miUc  ;  milk  is  not 
coagulated. 

The  bacillus  of  bubonic  plague  forms  no  gas  in  media 
containing  sugar,  and  but  little  indol.  It  produces  toxins, 
and  the  serum  of  animals  inmiunized  against  the  biicillus 
yields  antitoxic  substances. 

Vitalitf/. — The  bacilli  of  bubonic  plague  withstand 
desiccation  for  from  three  to  seven  days ;  in  water  they  die 
in  from  three  to  eight  days  according  to  its  composition ;  in 
buried  cadavera  they  retain  their  vitality  for  twenty - 
eight  to  thirty -eight  days.  Exposeil  to  the  action  of 
direct  sunlight  they  are  destroyed  in  fr<»m  three  to  four 
hours.  They  are  killed  by  heating  at  55'  C  in  ten  min- 
utes, and  at  80'  C.  in  five  minutes.  Corrosive  sublimate 
(1  to  l.O(K))  destroys  the  bacilli  immediately. 

Pathtvjeiusin. — This  bacillus  is  pathogenic  for  almost 
all  animals,  only  pigeons  being  immune.  Guinea-pigs. 
rats,  and  mice  are  the  most  susceptible  animals;  some- 
what less  so  are  monkeys,  rabbits,  cats,  and  horses;  and 
still  less  so  are  dogs  and  cattle.     Guinea-pigs  when  in- 
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EXPLANATION    OF    PLATE    XIL 

Fig.  1. — ^Bacillus  Anthracis  from  Cellular  Tissue  of  Inoculated  Mouse.  Stained  with  gentian  violet. 
X  1,000.     Photomicrograph  from  Sternberg's  "Bacteriology  "  by  permission. 

Fio.  2.  — Anthrax  Spores  from  a  Bouillon  Culture.  Double-stained  preparation — with  carbol-f  uchsin 
and  methylene  blue.  X  1,000.  Photomicrograph  from  Sternberg's  "Bacteriology"  by 
permission. 

Fig.  3. — Bacillus  of  Tetanus  from  an  Agar  Culture.  X  1,000.  Photomicrograph  from  Sternberg's 
"  Bacteriology  "  by  permission. 

Fig.  4. — Bacillus  of  Glanders.  X  1,000.  Photomicrograph  from  Sternberg's  "Bacteriology"  by 
permission. 

Fig.  5. — Spirillum  of  Asiatic  Cholera  (Comma  Bacillus).  From  a  culture  upon  starched  linen  at 
end  of  twenty-four  hours,  stained  with  fuchsin.  X  1,000.  Photomicrograph  from  Sternberg's 
"  Bacteriology  "  by  permission. 

Fig.  6.— Spirillum  of  Finkler  and  Prior  with  Flagella.  Agar  culture.  X  1,000.  Photomicro- 
graph from  Bowhill's  "Bacteriology  "  by  permission. 

Fig.  7. — Bacillus  of  Bubonic  Plague  from  Agar  Culture,  Showing  Irregular  Forms.  X  1.000. 
Photomicrograph. 

Fig.  8. — Bacillus  of  Bubouic  Plague  from  Bouillon  Culture,  Showing  Rods  in  Chains  with  Pohir 
Staining.     X  1.000.     Photomicrograph. 
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jected  intraperitoneally  with  pure  cultures  die  in  about 
two  days  of  acute  septicaaiiia,  few  bacteria  being  found 
in  tlie  tissues.  At  the  point  of  inoculation  there  will  be 
seen  a  hemorrhagic  infiltration  and  oedema,  with  enlarge- 
ments of  the  mesenteric  glands  and  parenchymatous  con- 
gestion of  the  organs.  The  spleen  sometinies  shows  mi- 
nute nodules  resembling  miliary  tubercles,  which  contain 
zoOgl(pa-like  masses  of  the  bacilli.  Guinea-pigs  are  also 
easily  infected  through  the  digestive  tract.  Flies,  bed- 
bugs, lleas,  and  other  insects  take  up  the  organisms  with 
the  blood  of  plague-infected  animals,  but  apparently 
they  rarely  transmit  the  disease.  Infection,  however,  is 
rapidly  communicated  from  one  animal  to  another. 

Hankin  and  Yersin  have  repeatedly  found  non-viru- 
lent plague  bacilli  in  the  dust  of  infected  houses  and  in 
the  soil.  They  have  never  been  found  in  healthy  indi- 
viduals. Among  animals  the  bubonic  plague  is  known 
to  occur  spontaneously  in  rats,  which  often  are  affected 
previously  to  human  epidemics.  It  is  thought  that  these 
animals  communicate  the  disease  to  man.  In  patients 
suffering  from  plague  the  bacilli  are  found  chiefly  in  the 
pus  of  the  characteristic  buboes  and  also  in  the  sputum 
from  the  pneumonic  forms  of  the  disease ;  more  rarely  in 
the  internal  organs  and  the  blood. 

This  organism  is  the  specific  cause  of  true  Oriental 
bubonic  plague,  the  mortality  from  which  is  from  fifty  to 
eighty  per  cent,  of  cases.  It  gains  access  to  the  body  (1) 
through  the  skin.  Here  the  Imcilli  may  remain  localized 
and  multiply  at  first  in  the  neighboring  lymph  glands; 
frequently  at  the  point  of  inoculation  a  pustule  is  formed 
which  takes  on  the  nature  of  a  furuncle  or  carbuncle  con- 
taining many  bacilli.  Death  may  occur  without  further 
diffusion  of  the  organisms,  but  ordinarily  they  are  distrib- 
uted throughout  the  entire  body,  producing  death  by 
septicemia.  (2)  Through  the  lungs.  This  constitutes 
the  so-called  pneumonic  form,  or  plague  pneumonia. 
The  bacilli  are  present  in  the  sputum  and  sometimes  in 
the  blood ;  other  pus  cocci  are  found  in  association.  (3) 
Through  the  digestive  tract.  This  mode  of  infection 
has  b<^n  demonstrated  in  animals,  but  is  uncertain  in 
man. 

Immunity. — Yersin,  Calmette,  and  Borrel  have  suc- 
ceeded in  producing  passive  immunity  against  the  plague 
bacillus  in  animals,  and  also  to  a  certain  extent  in  man, 
by  subcutaneous  inoculations  with  the  serum  of  horses 
which  were  previously  immunized  by  intravenous  inocu- 
lation of  dead  cultures.  Such  serum  possesses  also  some 
curative  effect  in  men  and  animals  suffering  from  the 
plague,  if  inoculated  with  large  quantities  and  within 
twelve  hours  after  infection.  Iloux  maintains  that  this 
serum  contains  only  antitoxic,  not  bactericidal,  sub- 
stances. Active  immunity  mav  also  be  produced,  and 
apparently  without  danger,  by  tiaffkine's  method  of  pre- 
ventive inoculation  in  the  same  manner  as  with  cholera. 
This  method  consists  in  the  subcutaneous  injection  of 
2.5-3  c.c.  of  a  fully  grown  bouillon  culture  heated  for 
one  hour  at  70**  C.  to  kill  the  organisms.  The  reacrtion 
caused  (fever  and  pain)  is  usually  slight,  and  the  injec- 
tion is  l)est  repeated  after  ten  days.  This  treatment  is 
essentially  protective  rather  than  curative,  and  although 
the  immunity  afforded  is  not  absolute  and  lasts  only  for  a 
month  or  two,  the  majority  of  those  inoculated  are  pro- 
tected or  have  the  disease  only  in  a  mild  f onn  and  recover. 

Tlie  Grerman  Plague  Commission  considers  puncture  (»f 
the  unopened  bubo  for  diagnostic  purpose's  somewhat 
dangerous,  on  account  of  possible  infection  of  the  blofxl ; 
but  the  English  physicians  in  India  make  a  long  incision 
in  the  affected  gland,  which  is  afterward  dressed  with 
antiseptics.  In  this  way  material  is  obtainnl  for  cover- 
glass  specimens,  plate  aiid  other  cultural  nutlKHls.  The 
pus  of  the  buboes,  and  especially  the  sputum  in  the 
pneumonic  forms,  contain  numbers  of  bacilli.  In  these 
cases  microscopical  examination  alone  suffices  often  to 
make  a  probable  diagnosis  of  the  plague  from  the  pecul- 
iar bipolar  staining  of  the  organisms.  Microscopical 
examination  of  the  blood  is  attended  with  success  only  in 
cases  of  general  infection,  and  here  cultures  yit'ld  bett<T 
results.     It  is  recommended  to  make  streak  cultures  on 


gelatin  plates  at  22""  C,  at  which  temperature  the  plague 
bacillus  grows  fairly  well,  while  the  strep tocwcus  and 
other  associated  bacteria  usually  exhibit  only  scanty 
growth.  According  to  Hankin,  when  the  bacilli  are 
grown  on  agar  ctmtaining  2.5  to  3.5  per  cent,  of  salt  at 
31"  C.  in  twenty -four  to  forty -eight  hours  inoculation 
forms,  consisting  of  pear-shaped  bodies  and  spheres,  are 
developed,  whicli  he  considers  characteristic  enough  to 
form  a  means  of  diagnosis.  Finally,  the  serum  of  men 
and  animals  affected  with  the  plague  possesses  the  power 
of  agglutinating  the  bacillus  pestis.  This  reaction  is 
said  to  be  present  in  the  second  week,  and  is  most  pro- 
nounced in  the  second  and  third  weeks  of  the  disease. 

The  Streptothrices. 

The  varieties  of  the  streptothrix  group  of  micro-organ- 
isms have  not  as  yet  been  clearh'  described.  Some  of 
them  at  least  are  pathogenic.  These  organisms,  while 
having  many  points  of  resemblance  to  bacteria,  yet  differ 
from  them  in  other  important  respects  which  connect 
them  with  the  fungi.  Like  the  mould  fungi  they  develop 
from  spore-like  bodies  into  cylindrical  dichotomously 
branching  threads  which  grow  into  colonies,  finally  be- 
coming visible  to  the  naked  eye  as  irregular  radiating 
thread  masses  or  mycelia.  Under  favorable  conditions 
single  threads  or  fruit  hypha;  grow  upward  out  of  the 
substance,  free  in  the  air,  and  break  up  into  chains  of 
round,  spore-like  bodies  or  conidia,  which  being  detached 
from  the  plant  are  carried  by  the  air,  and  thus  the  preser- 
vation of  the  species  is  assured.  The  bacilli  of  tuber- 
culosis, leprosy,  diphtheria,  and  glanders  are  believed  by 
some  properly  to  l)elong  to  the  streptothrices  on  account 
of  the  true  branching  forms  developed  by  them  under 
certain  conditions.  1  he  best  known  of  this  group  is  the 
actinomyces  or  ray  fungus. 

Stkeptotuuix  Actinomyces. — ^This  micro-organism 
was  first  described  by  Bollinger  (1871)  in  cattle,  in  which 
it  forms  the  affection  known  as  ** big  jaw."  In  man  acti- 
nomycosis was  first  recognized  by  Israel  (1885),  and  sub- 
sequently Ponfick  insist^  upon  the  identity  of  the  affec- 
tion in  man  and  cattle.  So-called  "maaura-foot,"  an 
ulcerative  disease  of  the  feet,  rarely  of  the  hands,  is  by 
some  also  thought  to  be  another  form  of  infection  caused 
by  this  organism. 

Microscoincal  Appearances. — In  both  man  and  animals 
the  organism  am  be  observed  in  the  pus  from  the  affected 
regions  as  small,  yellowisli  granules  from  0.5  to  2 // in 
diameter.  Microscopically  these  bodies  are  seen  to  be 
made  up  of  threads  which  radiate  from  a  centre  and 
present  bulbous,  club-like  terminations.  These  are  gen- 
erally arrang(id  in  pairs,  closely  crowded  together,  and 
exhibit  a  glistening  appearance.  The  thr^Etds  which 
compose  the  central  mas.ses  are  from  0.3  to  0.5  /i  in 
diameter;  the  clubs  are  from  6  to  8 /<  in  diameter,  and 
are  either  single  or  bran(;hing. 

Staining  React  ion*. — The  thread  fungi,  not  the  clubs, 
stain  best  by  Gram's  method.  Double  staining  can  be 
obtained  with  the  Gram  method  and  then  with  picro- 
camiine  or  saffronin.  the  thread  being  stained  a  blue- 
black  color  by  Gram's  solution,  while  the  clubs  are 
stained  red. 

BiolfHjical  Characters. — ACrobic  and  facultative  an- 
aerobic, growing  on  all  artificial  culture  media  at  room 
temperature,  but  best  with  access  of  air  and  at  the  tem- 
perature of  the  bixiy. 

On  bloofl  serum  and  ai/ar  isolated  colonies  at  first  de- 
velop on  the  surface  of  these  mcfdia,  but  on  keeping  the 
cultures  for  a  week  or  two  the  colonies  nin  together  and 
form  a  thick,  wrinkled  ma.ss  which  sinks  into  the  medium. 
The  individual  colonies  are  yellowish  to  red  in  color,  and 
are  covered  by.  a  whitish  fluffy  down,  consisting  of  fine 
cobweb-like  hairs;  occasionally  the  culture  is  colored 
brown.  In  stab  cfiJtfires  the  growth  usually  presents 
a  tree-like  appt»aranco,  but  this  varies  considerably. 
litruiHon  is  not  clouded,  but  round  mas.ses  are  formed  in 
the  bottom  of  the  tube,  which  are  separated  with  diffi- 
culty by  shaking.     On  jjoiato  the  growth  is  somewliat 
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slower,  resulting  in  a  thick,  viscid,  membranous  deposit 
on  the  surface,  upon  which  the  same  yellowish-red  color 
and  cobweb-like  thread  are  developed.  On  egg$,  either 
raw  or  cooked,  Wolff  and  Israel  have  cultivated  especially 
well-developed  branching  forms. 

Vitality, — The  cultures  are  quite  resistant  to  outside 
influences,  old  cultures  retaining  their  vitality  for  months. 
Dried  they  may  be  kept  for  a  year  or  more.  They  are 
killed  by  a  temperature  of  75**  C.  in  five  minutes. 

Pathogenesis. — The  actinomy ces  have  never  been  found 
outside  the  animal  body,  but  they  probably  occur  in 
the  husks  and  straw  of  grains  and  grasses,  as  the  usual 
mode  of  acquiring  the  disease  is  apparently  through  the 
introduction  of  Uiese  materials,  which  have  been  met 
with  in  the  centres  of  actinomycotic  infection.  They 
have  never  been  found  in  healthy  animals.  The  chief 
modes  of  infection  in  man  are  through  the  mouth  and 
mucous  membranes  of  the  throat,  through  the  air  pas- 
sages, through  the  intestinal  canal,  and  through  the 
skm.  From  the  primary  centres  of  infection  the  lungus 
is  conveyed  by  wandering  cells  and  emboli  to  all  parts 
of  the  body,  giving  rise  to  soft  granulation  tissue  which 
has  a  tendency  to  break  down,  and  contains,  in  addition 
to  small  round  cells,  epithelial  elements  and  giant  cells, 
not  unlike  those  found  in  tubercles.  The  formation  of 
flstulie  which  undermine  the  skin  favors  the  passage  of 
the  organism  through  muscular  tissues  and  furthers  the 
spread  of  the  disease.  More  rarely,  circumscribed  tumors, 
as  seen  in  cattle,  also  occur  in  man.  The  fungi  are  found 
in  the  pus  of  the  affected  parts,  there  being  scarcely  an 
organ  or  tissue  of  the  body  free  from  actinomyoes. 

Among  animals  cattle  are  especially  subject  to  the  dis- 
ease ;  more  rarely,  pigs,  dogs,  and  horses.  The  most  com- 
mon scat  of  infection  is  in  the  interior  of  the  bone  of  the 
jaw,  with  the  formation  of  granulation  tissue  and  of  new 
bone  from  the  periosteum.  In  other  cases  the  soft  parts 
of  the  face  are  primarily  attacked  and  the  bone  affected 
from  the  outside.  The  walls  of  the  throat  and  stomach  are 
sometimes  first  infected.  The  affection  of  the  jaw  gives 
to  the  disease  its  name  of  "  big  iaw  " ;  it  was  formerly 
mistaken  for  osteosarcoma  and  other  similar  affections. 

The  experimental  production  of  actinomycosis  in  ani- 
mals has  not  been  satisfactory.  When  artificially  intro- 
duced into  the  tissues  the  organism  becomes  absorbed  or 
encapsulated.  If  injected  in  large  quantities  multiple 
nodules  arc  formed  in  some  cases,  and  these  suggest  the 
production  of  a  general  infection,  but  no  growth  of  the 
organisms  really  takes  place.  Pontick.  Johne,  Rotter, 
and  others  claim  to  have  obtained  positive  results  in  ani- 
mals, but  Bostrdm  does  not  consider  these  conclusive. 
The  animals  used  for  experimentation  have  been  calves, 
pigs,  dogs,  rabbits,  and  guinea-pigs;  the  points  of  inocu- 
lation, the  anterior  chamber  of  the  eye,  the  subcutaneous 
tissue,  the  peritoneal  cavity,  and  tlie  blood-vessels;  and 
the  material  injected,  pus  from  the  affected  parts,  very 
rarely  cultures. 

A  number  of  other  streptothrices  have  been  described 
in  connection  with  various  jmthogenic  processes,  but 
most  of  them  are  not  well  defined.  They  have  been 
found  in  abscess  of  the  brain,  cerebro-spinal  meningitis, 
inflamed  pneumonic  areas,  and  other  pathological  con- 
ditions. Eppinger  injected  cultures  of  a  streptothrix 
found  by  him  in  ])rain  abscess  into  rabbits  and  guinea- 
pigs,  an<l  from  this  a  pseudo- tuberculosis  developed, 
('onsolidationof  portions  of  both  lungs,  thickening  of  the 
peritoneum,  an<l  sciittered  nodules  closely  resembling  tu- 
IxTcles  were  al.so  noted  hv  Flexner  in  a  case  of  human 
infection  fnmi  a  variety  of  streptothrix.  th<'  pathological 
conditions  so  nearly  resembling  tuberculosis  that  the  two 
diseases  could  be  distinguished  only  bv  the  morphological 
and  other  characteristics  of  the  causative  micro-organisms 
in  each  case. 

TUK   IIVIMIOMYCETKS  Oil   ^Foril)   FlN'OI. 

Most  of  the  mould  funiri  an*  not  pathoir<'nie  and  are  of 
interest  to  us  (»nly  a<  oriranisnis  which  are  apt  to  eontaini- 
nate  our  bacteriological  media.     .Some  of  them,  however. 


are  true  parasites,  among  which  the  best  known  are  the 
achori<m  Schonleinii,  trichopfiyton^  mdiuni  albicans,  and 
microsiporon furfur.  These  can  be  only  briefly  toucbe<f 
upon  in  this  article,  as  they  are  not  bacteriiC  and  yet 
some  reference  to  them  would  seem  to  be  called  for  here. 

AcHORiON  Sch5kleinu  (Fiitus  Fungus). — Tliis  fungus, 
which  is  the  cause  of  favus  in  man  and  animals  (horses, 
cattle,  do^,  cats,  rabbits,  mice),  was  discovered  by 
SchOnlein  m  1889.  The  disease  is  communicated  to  man 
by  contact  with  animals.  Want  of  cleanliness  is  a  con- 
tributing factor.  The  fungus  seems  to  find  a  more 
favorable  soil  for  its  development  on  the  skin  of  per- 
sons in  a  debilitated  condition,  especially  from  phthisis, 
than  in  healthy  individuals. 

Pathologically  the  disease  represents  the  reaction  of 
the  tissues  to  the  irritation  caused  by  the  growth  of  tlie 
fungus,  the  spores  finding  their  way  into  the  hair  follicles, 
where  they  develop  around  the  h^  seat.  The  achorion 
^rows  in  the  epidermis,  the  density  of  the  growth  caus- 
ing pressure  on  the  parts  below,  thus  cru^ing  out  the 
vitality  of  the  hair  and  giving  rise  to  atrophic  scarring. 
This  disease  sliows  a  marked  preference  for  the  scalp 

gossessing  hair  but  it  is  also  found  on  skin  devoid  of 
air,  and  even  the  mucous  membranes  or  the  nails  may 
be  attacked.  Kaposi  descril>es  a  case  of  favus  universalis. 
On  the  scalp  it  first  appears  as  a  tiny  8ulphur-3'ellow 
disc  or  scutum y  depressed  in  the  centre  like  a  cup  and 
pierced  by  a  hair.  This  is  the  characteristic  lesion.  The 
cup  shape  is  attributed  by  Unna  to  growth  at  the  sides 
proceeding  more  vigorously  than  at  the  centre. 

According  to  Unna,  Quincke,  and  others  there  are 
several  varieties  of  favus  fungi,  but  later  investigations 
would  seem  to  indicate  that  the  achorion  SchOnleinii  is 
the  only  species  of  fungus  producing  favua 

As  sc*en  under  the  microscope  the  mycelium  consists  of 
branched  radiating  hypha;.  Some  of  {he  hvphse  swell  at 
their  free  ends,  becoming  club-shaped,  while  others  give 
off  lateral  buds  containing  KraVs  so-called  **yefiow 
bcnlies,"  which  rupture,  allowing  their  contents  to  es- 
cape as  free  bodies.  When  this  takes  place,  moss  h'ke 
offshoots  develop  in  the  form  of  dense,  twisted  threads. 
Later,  the  indiviilual  threads  break  up  into  cell-like,  oval 
structures. 

Tlie  favus  fungus  is  readily  cultivated  at  both  room 
and  body  temperatures  on  the  ordinary-  nutrient  roedk 
The  growth  develops  slowly  and  shows  a  preference  \o 
gmw  ben(»ath  the  surface  of  the  medium.     The  cliarac- 
teristic  fonn  of  growth  is  that  of  moss-like  projectioD^ 
from  a  central  body,  the  color  being  at  first  grayish  white 
and  then  becoming  yellow.     To  obtain  the  fungus  Id 
pure  cultures  the  **  favus  crusts  "  are  mixed  with  sterile 
silicic  acid,  reduced  in  a  sterile  mortar,  and  plate  ciiltuivs 
on  gelatin  or  agar  an*  made  from  this  mixture.    BM 
serum  is  the  oulv  medium  on  which  the  spores  are  devel- 
oped, the  most  favorable  temperature  being  30'  C.    Ar 
tificial  infection  can  be  produced  only  with  material  ccin- 
taining  spores. 

TRicnoPHYTOx  {liingirorm  Fungus). — Ringworm  of  the 
body  or  hairless  parts  (tinea  circinata),  and  ringworm  ff 
the  hairy  parts  (tinea  tonsurans  and  tinea  Imrba*  or  sycosis) 
are  due  to  the  fungus  trichophyton,  discovered  by  Gruby 
in  the  humnu  hair,  and  between  the  epidermaf  cells  l»y 
llebra. 

According  Sabouraud  (whose  conclusions  arc  based 
on  an  exhaustive  series  of  microscopical  cxauiinatioDS  oi 
cases  of  tinea  in  man  and  animals,  of  cultivation  of  arti- 
ficial media,  and  of  inoculation  experiments),  then-  are 
two  distinct  types  of  the  fungus  trichophyton,  causinir 
ringworm  in  man;  they  are  distinguished  by  tlif  size  of 
their  spores — one  with  small  spores  2  to  3  urn  dianieter. 
which  he  calls  Trichophyton  microsjioron.  and  another 
with  large  spores.  7  to  y//*in  diameter,  which  he  (-iHi" T^^' 
chophytou  megidosporon.  These  differ  lK)th  in  their 
mode  of  irrowth  on  artificial  media  and  in  their  pji^^'*' 
logical  effects  on  the  human  skin  and  its  appeuihiL'es. 

Tricho])hyton  microsporon  is  the  common  fun.L'USOi 
tinea  tonsurans  in  children,  more  particularly  the  severe 
alTecti(m  known  as  the  "Mahidie  de  Grubv,"  which  is  re- 
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bellious  under  treatment,  and  its  special  seat  of  growth  is 
the  substance  of  the  hair.  Trichophyton  megalosporon 
is  essentially  the  fungus  of  ringworm  of  the  beard  and  of 
the  smooth  parts  of  the  skin  in  adults. 

Under  the  microscope  the  single  mycelial  threads  are 
distinctly  separate  and  from  tliem  conidia  are  given  ofT. 
The  spores  of  T.  microsporon  are  contained  m  a  my- 
celium; but  this  is  not  visible,  the  spores  appearing 
irregularly  piled  up  like  zo(\gla?a  masses;  and  growing 
outside,  they  form  a  dense  sheath  around  tlie  hair.  The 
spores  of  T.  megalosporon  are  always  contained  in  dis- 
tinct mycelium  filaments,  which  may  be  either  resistant 
when  the  hair  is  broken  up,  or  fragile  and  easily  separat- 
ing into  spores. 

The  trichophyton  grows  at  room  temperature,  but  best 
at  30"  C.  on  the"  usual  media.  It  liquefies  gelatin,  agar, 
and  blood  serum.  The  two  types  when  grown  on  artificial 
cultures  also  show  a  downy  surface  and  white  color; 
those  of  T.  megalosporon  a  powdery  surface,  with  ar- 
borescent peripheral  rays,  and  often  a  yellowish  color. 

Although  the  morphological  appearances,  mode  of 
growth,  and  pathological  effects  of  each  type  of  tricho- 
phyton show  certain  characters  in  common,  yet  there  are 
some  constant  minor  differences  which  point  to  the  fact 
that  there  are  several  varieties  or  species  of  fungi  in- 
cluded under  each  type.  The  species  included  under  T. 
microsporon  are  few  in  number,  and  with  one  exception 
(that  which  causes  the  contagious  herpes  of  the  horse) 
almost  entirely  human.  The  species  of  T.  megalosporon 
are  numerous,  and  many  animals  as  well  as  man  are  sub- 
ject to  affections  caused  by  the  various  species. 

In  contradistinction  to  other  fungi,  the  cultures  of  tri- 
chophyton retain  their  vitality  for  a  long  time.  The  dis- 
ease has  been  produced  articially  in  animals  by  inocula- 
tion with  material  containing  spores. 

OYdium  Albicans  {Thrush  Fungus). — This  fungus, 
which  was  discovered  by  Bery  and  fully  described  by 
Gruby,  is  the  cjiuse  of  thrush,  and  occurs  in  all  mucous 
membranes  with  squamous  epithelium,  especially  in  the 
mouths  of  infants,  where  it  is  manifested  by  white  points 
or  patches  on  the  inflamed  surface.  The  usual  sc»at  of 
thrush  is  the  buccal  membrane  of  children,  but  occasion- 
ally it  occurs  in  the  faucial  and  opsophageal  surfaces; 
rarely  in  the  middle  ear,  trachea,  and  subdiaphragmatic 
portion  of  the  digestive  tract. 

Under  the  microscope  this  parasite  is  seen  to  consist  of 
mycelial  threads ;  numerous  spherical  or  ovoid  spaces  or 
conidia  are  also  present  surrounding  the  mycelium  and 
covering  the  epithelial  cells. 

The  oTdium  albicans  is  strongly  aCrobic,  growing  on 
all  the  usual  culture  media  in  the  presence  of  oxygen, 
best  at  37'  C.  It  does  not  liquefy  gelatin,  upon  this 
medium  forming  white  colonies.  On  agar  a  yellowish- 
white  growth  is  developed. 

It  is  pathogenic  for  rabbits  when  inoculated  intrave- 
nously, the  fungus  becoming  localized  in  the  internal 
organs. 

Haller  considers  that  this  organism  is  identical  with, 
or  very  closely  allied  to,  the  oidium  luctis,  which  occurs 
in  milk  undergoing  acid  fermentation. 

Microsporon  Furfuu  (Pityriasis  Fujigus). — This  fun- 
dus is  the  cause  of  tinea  or  pityriasis  versicolor,  and  is 
found  in  the  scales  cast  off  by  tlie  skin  in  this  affection. 
When  these  scales  arc  treated  with  a  five-percent,  solu- 
tion of  caustic  potash  and  examined  microscopically, 
short,  slightly  branched  mj-celial  threads  are  seen  with 
very  large  conidia  Iving  together  in  clusters.  The  fun- 
gus has  not  been  cultivated  artificially,  but  tinea  versicolor 
has  been  produced  by  experimental  inoculation,  both  in 
men  and  animals. 


The  Blastomycetes  on  Yeast  Fungi. 

The  yeast  fungi  are  divided  into  two  groups:  (1)  «S5ri<*- 
eharomycetes  OT  irxii^  yeasts,  in  which  true  spore  formation 
occurs;  (2)  torulir,  in  which  no  spore  formation  has  been 
observed. 

The  blastomycetes  reproduce   themselves  by  germi- 
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nation  or  budding,  which  distinguishes  them  from  the 
.schizomycetes  or  bacteria  which  reproduce  themselves  by 
fission  or  division.  From  the  hyphomycetes  or  mould 
fungi  they  are  distinguished  by  being  unicellular  and 
by  a  sexual  reproduction.  They  are  round  or  oval  cells, 
usually  many  times  larger  than  bacteria. 

These  organisms  are  of  the  greatest  practical  impor- 
tance in  various  commercial  industries,  such  as  brewing, 
baking,  etc.,  but  as  yet  very  little  is  known  of  their 
pathogenic  properties  in  man.  Certain  varieties,  when 
injected  into  animals,  have  proved  to  be  pathogenic  and 
capable  of  producing  tumors,  and  recently  they  have  ap- 
parently been  demonstrated  (by  Sanfelice,  Plimmer,  and 
others)  in  the  epithelial  cells  in  cases  of  cancer  in  the  hu- 
man subject;  but  what  relation  they  bear,  if  any,  to  this 
affection  is  yet  to  be  determined.  They  are  not  infre- 
quently present  in  the  air  and  in  cultures  made  from  the 
healthy  throat. 

^lemmo  has  also  stated  that  in  some  cases  of  hydro- 
phobia  he  found  a  blastomycete  possessing  pathogenic 
properties  which  he  considers  to  be  the  cause  of  the  in- 
fection. The  fungus  was  found  in  the  cerebrospinal 
fluid,  the  substance  of  the  brain,  aqueous  humor,  stroma 
of  the  parotid  gland,  and  in  the  saliva,  but  never  in  the 
heart's  blood  or  in  other  organs.  Dogs  injected  with 
cultures  of  this  micro-organism  began,  in  from  thirty  to 
sixty  days,  to  emaciate,  became  rabicf,  vomited,  and  finally 
dieti.  faralysis  of  the  extremities  immediately  preceded 
death.  The  fungus  was  also  found  in  sections  of  the 
spinal  cord  of  a  dog  dead  of  rabies. 

Judging  from  these  experiments,  which,  however,  re- 
quire confirmation,  the  yeast  fungi  may  eventually  prove 
to  be  of  considerable  pathogenic  importance. 

The  Protozoa  or  Animal  Parasites. 

The  protozoa  are  the  lowest  forms  of  animal  life,  em- 
bracing organisms  consisting  of  a  single  cell  or  groups  of 
cells  not  separable  into  different  tissues.  They  repro- 
duce usually  by  fission,  germination,  or  spore  formation. 
The  protozoa  are  divided  into:  (1)  Gymnomyxa  {{noiuiX- 
ing  proteromorpha,  mycetozoa,  lobosa,  labarinthulidea, 
heliozoa,  radiolaria,  and  foraminifera);  (2)  corticata  (in- 
cluding infusoria  and  sporozoa). 

To  this  family  of  animal  parasites  belong  the  amoeba 
coli,  the  Plasmodium  malaria;,  and  the  pyrosoma  bi- 
gemium, — the  specific  cause,  respectively,  of  tropic  dys- 
entery, malarial  fever,  and  Texas  cattle  fever.  These 
organisms  will  be  described  elsewhere,  so  that  we  only 
refer  to  them  here  in  order  to  complete  the  list  of  inter- 
esting pathogenic  micro-organisms. 

Arthur  B,  Chierard. 
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BACTERIAL  TECHNIQUE.  See  Micro- Organisms : 
Technology. 

BAEL  FRUIT. — The  fruit  of  Aegle  Mannehs  Correo 
(fam.  Rutacea).  The  bael  is  a  sacred  tree  among  the 
Hindus,  and  its  use  in  medicine  pertains  largely  to  re- 
ligion and  mythology.  It  is  a  near  relative  of  the  orange, 
to  which  it  bears  a  general  resemblance  in  tree,  flower, 
and  fruit.  The  fruit,  of  the  size,  shape,  and  structure 
of  an  orange  and  with  a  somewhat  similar  pulp,  differs 
in  having  a  hard  smooth  shell,  the  pulp  mucilaginous, 
and  the  seeds  enclosed  in  a  woolly  covering.  For  medic- 
inal purpose's  it  is  collected  and  dried  in  slices,  usually 
in  quarters,  with  the  shell  retained.  In  the  dried  con- 
dition the  pulp  is  dry,  hard,  and  gummy,  and  of  a  muci- 
laginous, slightly  acid,  and  somewhat  bitter  taste.  Al- 
though it  contains  no  t^innin,  or  any  other  constituent 
which  might  be  expected  to  be  medicinal,  it  has  been 
recommended  in  diarrhopa  and  dysentery.  Possibly  the 
large  amount  of  mucilage  which'  it  yields  may  act  as  a 
demulcent.     There  is  no  fixed  dose.  H.  if.  Busby. 
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BAELZ'S  DISEASE  OF  THE  LIP  is  n  loail  iufectlon 
of  llic  iiiLii.'imH  mcmtiraiiu  of  llic  liiis  i^kuracteriztd  by  an 
iixliitent  HWi'lliDg  and  inllllrutiun  of  Ibp  tiHsut«  about  tlie 
niuu< HIS  glands  and  a  slow  ulct-ration  from  above  down- 
ward. It  is  a  rtironjc  disease,  and  ceaara  only  with  the 
destruction  of  the  affected  gland.  It  Is  frequently 
flc-companied  by  a  Buperflclal  catarrhal  iuttamnnalion 
(if  tlic  muroiiB  membmno  of  the  lipa.  It  lias  no  rela- 
lion  to  nyphilla,  tuberculosia,  or  cancer.    It  la  a  rare 

Tkeatmkst.— Apply  tincture  of  iodine  at  first  every 
either  day,  later  daily.  By  this  means  a  cure  is  readily 
*trected.  0.  T.  J. 


BAILEY  SPRINGS.— Lauderdale  County,  Alabama. 

I'oBT-Ofi'UK.— Bailey  SpriiLgs.     Hotel. 

ArcEW. — Via  the  Louisville  am)  Nashville,  and  the 
Ttirmingham  and  Slicfflcld  railroads:  also  by  all  steam- 
txiatn  on  Ihu  Tennessee  Klver.  Tickets  should  be  taken 
to  Florence,  Ala.,  nine  miles  distant  by  carriage  or  stage. 
TIds  is  one  of  the  old-Iinie  BoiitUcm  health  resorts,  urn 
springs  having  been  in  use  for  upward  of  Qftr  veare. 
Ilievarc  Incaicd  in  a  pictiircsiiuevallev  surrounded  by  a 
iv-nu'c'ircular  range  of  liillu,  among  wlu'eh  will  bo  found 
many  leafy  arcades  anil  rocky  nooks.  A  muss-banked 
stream  a  xliort  distance  from  the  B^>rings,  known  as  HIkmiI 
Creek,  snpplies  viiillors  with  facililicH  for  iMialing  and 
fishing.  Tlie  hotel  buildings  arc  comforlable.  old-fash- 
ioned HtrucluniiHiliinted  on  the  summit  of  tlioliill,  almut 
tlin-e  hundred  feet  above  the  level  of  Shoal  Cn<ek.  They 
-were  overhauled  and  brought  up  to  modem  requirements 
It  few  yearn  ago.  Tlio  springs  here  are  seven  in  number, 
known  as  llie-Rock,"  "Brick,"  "Sulphur,  ""Freestone," 
"Siidn,"  "Alum,"  and  "Sour  Iron"  flprlngH.  Tlie  follow- 
ing qualltaiivc  analysis  of  tbc  drst  tlin'C  springs  is  taken 
from  the  author's  recent  work  on  "The  Mineral  Waters 
of  the  I'nited  Slates,"  It  was  suppUcil  by  Dr.  W.  A 
lloortr.  of  Florence,  Ala.,  and  is  said  to  have  l>ci!n 
jiiade   under    the  direction  of   tbc    Boston  Jminial  of 
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It  with  certainty  classify  the  waters  from  tills 
Bualysis.  although  the  "Hock"  spring  would  appear  to 
lie  an  alkaline  and  the  "Brick"  and  "Bulpbur  springs 
alkaline  clinlybeates. 

The  watersare  recommended  for  renal  disease  attended 
fcy  dro|My,  for  dysgH'jmin.  ami  for  aiitemia  and  general 
deliililv.  They  an-  la'lievnl  to  possess  saiLiIive  elTiTta 
ijpinthenerviiusKysiem.  anil  in  virtue  of  this  action  are 
pn'M'rilietl  in  casi'.s  of  ri'sih'nsuevi  and  insoniuia  due  to 
eleoholi-wu.  overwork,  auxiety.  etc. 

Tlie  "  .\hini "  Kjiring  Iiilh  uerjiiir'.-<i  considerable  repula- 
ttoM  in  till'  local  trititmi'iit  of  itkiu  a(TeelIon,<(.  ulccruilons, 
ajiil  inlluiiimatory  alfeelioiis  <if  Ihe  eye. 

Jamn  K.  Cro&k. 

BALANITES  ROXBURGHIl  (Phinch),— <Fam.  Simn- 
ri'li-"-iii .  I  Tlie  Iwrk  und  fniit  of  thin  suiall  Ireu  are  ancient 
(IruL'sof  India,  where  they  ore  used  as  purj^tives  and 
nnilirt mimics,  both  for  human  iH-ings  and  for  ciiltle. 
The  active  jirinrlple.  or  the  chief  one.  appears  to  Iw 
saponin.  Odof  liulaQiles  is  obtained  fruuilho  kernels, 
nu<l  i*  suid  to  ^K  similar  to  pcamtt  oil. 

H.  n.  Eiuby. 


BALANITIS    AND    BALANO-POSTHITIS.— (^A<.>nr, 

au  acorn;  niafln.  ilie  forvskiii,)  An  intlaniniatioo  of  the 
mucous  membrane  covering  the  glans  penis  (balanitis) 
and  of  that  lining  the  prepuce  (posthitis).  This  is  ■ 
purely  local  affection  which  occurs  very  commonly  as  a 
complication  of  the  various  veuereal  iliseases  and,  much 
more  rarely,  with  diabetes  mcllitus.  It  has.  however,  no 
necessary  relalioDwitheilher,  and  results  more  often  from 
other  and  simpler  forms  of  irritation. 

Etioloov.— The  anatomy  of  the  pari  Is  the  pre- 
disposing cause  for  tins  fnllammatiao,  tlie  apposing 
surfaces  of  the  mucous  membrane  favoring  the  re- 
tention of  urine,  smegma,  or  various  pathological  dis- 
charges until  they  may  decompose  and  serve  as  irrl- 
lants  for  the  di-lieate  muctiuH  surfaces.  If  a  prepuce 
la  redundant  and  phimotic  the  op giorl unities  for  such 
retention  of  irritating  substances  are  so  much  the 
greater. 

l>ialK-t<.>s,  rheumatism,  and  gout  also  predispose  to  thia 
disease. 

Tile  inimedlale  cause  of  the  inOammation  may  be  the 
mechnnical  irritation  of  friction  (cliafiug  of  clotliing,  etc.) 
or  the  irritating  discharges  of  syphilitic  and  cliancroldal 
lesions,  and  ui'cLliml  discliarges.  gonorrhceal  or  non-goa- 
orrlia'al.  Vaginal  and  uterine  discliarges  introduced 
under  the  prepuce  during  coitus  niav  also  serve  as  tbo 
exciting  cause  of  theinnaramation.  6y  far  the  common- 
est cause,  however,  is  uncleanliness  and  the  consequent 
decomposition  of  urine  aud  smegma  with  resulting  inl- 
lalion,  and  Foumier  says  tliat  two-thirds  of  all  cases  are 
caused  in  this  way  by  simple  lack  of  cleanliness,  while 
the  other  third  is  causul  by  the  frrilntion  of  venereal 
discliarges. 

Symptoms,— In  the  common  and  mild  type  of  this  in- 
flammation a  sensation  of  heat  and  itching  ia  usually  the 
first  suggestion  of  trouble.  E.xaminaliou  ri'veals  a  red- 
dened and  swollen  niembmno  and  tlic  bcglnaiuga  of  an 
offensive  discliarge  of  a  thick  creamy  character.  The 
intensit  V  of  the  process  is  usually  greatest  in  tlie  sulcus 
back  of  ihe  corona  glaiidls.  as  it  is  tliere  that  tbc  dis- 
charge has  the  best  ojiportuniiy  to  accumuUlc.  If  the 
disease  progresses  a  singe  further,  the  next  result  in  ft 
series  of  snuill  e.scoriatlims  wluch,  together  with  a  mure 
profuse  dlsc}iarge  and  a  miu-h  greater  swelling  of  the 
prepuce  (which  in  its  turn  results  in  a  more  or  less 
complete  intlammatory  phimoiiis'),  completes  the  picture 
of  the  severe  tyjie  of  the  diseasu  which  often  occurs  as 
a  complication  of  syphilis,  chancroid,  and  gonorrh(ra. 
Even  in  these  ca-ies  the  complication  is  not  the  result  of 
the  activity  of  the  specific  germs  of  llu-se  dlseaaes,  hut  la 
a  cousrqucnce  of  the  Irritating  character  of  their  dis- 
charges, or  of  an  Infection  with  pus>producing  genua 
eoniaincd  in  lliem. 

The  erosloiiHsometimcs  extend  and  involve  most  of  the 
mucous  membrane  of  both  gl.ins  and  prepuce,  in  which 
case  lliey  are  a|^t  to  develop  a  circinate  margin  which  is 
quite  chamcteristic. 

CoMi'LiiWTioNw. — Occaiiionally  the  pToce,ss  becomes  so 
severe  \.\\til  iiniinrniervr<\Al»  unless  interference  be  prompt 
and  illr  I  i\.il  I  II.  •-|..UL;hing  process  may  result  in  a 
more. I  ■         i    iiuelion  of  the  prepuce  and  the 

formiLti'  ■  !■■■ -I  ii-utricial tissue.     Occasioaally 

the  ;;l!iN-  I ~  I  -  r   'I'l'l   jirotniding  through  an  upeuiog 

which  bus  »icjiii;liei.i  iliniuph  the  prepuce.  Such  extreme 
destruction  of  liKSUe  lakfs  plu<-o  naturally  only  in  phi- 
motic ca.wH  iu  which  operative  interference  is  iiiipOBublc 
or  is  ueglected. 

An  hiifiritriiphii  of  Ihe  tissues  of  both  prepuce  aud 
gluns  pcniH,  similar  to  that  seen  at  times  as  a  renult  of 
tile  1[ing,conlinu[.<l  irritation  of  a  nibbcr  urinal,  inav 
n-HuU  in  (lersriiis  who  aiu  subject  to  repealed  attacks  o"f 
iNiliiniti.s,  This  liytiertroiihv  i«  said  to  occur  more  com- 
monly in  the  bulnnlils  wliicli  accompanies  dtat>e(i->i  niel- 
litun,  and  the  thick,  rigid  jin'puce  is  often  a  great 
mechauical  annoyance.     It  may,  Anally,  assume  an  epi- 
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Lymphadenitis  oQQwvs,  but  rarely  results  in  suppurat. 
ing  bubo. 

Paraph imoftis  of  the  thickened  and  inflamed  prepuce  is 
not  an  uncommon  complication. 

Diagnosis. — The  diagnosis  is  usually  easy  except  in 
cases  in  which  inflammatory  phimosis  exists  and  a  puru- 
lent discharge  with  non- retractile  prepuce  is  present. 
In  such  cases  a  distinct,  localized  area  of  induration  felt 
through  the  swollen  prepuce  suggests  the  initial  lesion 
of  syphilis,  and  continued  search  generally  reveals  other 
indications  of  that  disease.  Gonococci  in  the  pus  estab- 
lish the  gonorrhcral  origin  of  the  process,  while  the  ex- 
tent of  the  inflammation  together  with  its  rapid  progress 
and  the  fre(iuent  i)resence  of  chancroidal  ulcers  on  the 
preputial  margin  will  usually  serve  to  indicate  the  chan- 
croidal origin  of  the  disease.  If  the  prepuce  is  retractile 
and  the  lesions  can  be  seen  and  examined,  the  diagnosis 
is  usually  simple.  The  history  of  the  case  and  the  ap 
pearance  of  other  lesions  usually  make  the  syphilitic 
origin  of  the  inflammation  plain,  while  the  markedly 
circumscribed  character  of  the  erosions  (which  quickly 
become  typical  chancroidal  ulcers),  together  with  the 
greater  inflammatory  hardness  and  thickening  of  the 
tissues  of  the  glans  and  prepuce,  usually  leave  no  doubt 
as  to  the  chancroidal  character  of  the  process.  Erosions 
due  to  herpes  cannot  always  be  distinguished  from  those 
of  balanitis,  although  in  most  castas  some  frw  small,  dis- 
crete, herpetic  vesicles  will  prove  cliaracteristic  enough 
to  make  the  diagnosis  clear. 

Proonosis. — The  prognosis  is  good,  but  one  should  not 
forget  the  possibility  of  the  gangrene,  which  occurs  rarely 
in  old  and  debilitated  persons  or  in  those  cases  in  which 
proper  treatment  is  neglected  or  is  impossible. 

Treatment. — The  prophylaxis  of  this  inflammation 
consists  in  cleanliness.  Retraction  of  the  prepuce  and 
daily  washing  of  the  subpreputial  cavity  usually  suflfice 
to  prevent  a  recurrence  of  the  trouble. 

Treatment  of  the  ordinary  type  of  the  inflammation 
should  be  carried  out  about  as  follows:  (1)  retraction  of 
the  prepuce;  (2)  a  mild  antiseptic  wash,  e.g.,  dilute  lead 
Avash  or  1  to  5.000  corrosive  sublimate ;  (3)  careful  drying 
of  the  exposed  surfaces  in  such  a  manner  as  not  to  chafe 
and  irritate  them;  (4)  dusting  on  an  unirritating  powder 
such  as  bismuth,  bismuth  and  calomel  in  equal  parts, 
aristol  (in  the  chancroidal  cases),  oxalate  of  cerium ;  (5) 
separating  the  powdered  surfaces  of  membrane  by  a  very 
thin  layer  of  absorbent  cotton. 

If  the  dischnrge  is  profuse  and  the  erosions  are  exten- 
sive it  is  often  of  advantage  to  omit  the  powder  and  to 
substitute  a  thin  layer  of  absorbent  cotton  wrapped  about 
the  glans  penis  and  then  moistened  with  lead  wash  or 
some  equally  unirritating  lotion.  Erosions  or  ulcerations 
which  do  not  heal  readily  should  be  gently  touched  with 
a  bit  of  cotton  on  a  cotton  carrier  slightly  moistened 
with  a  solution  of  nitrate  of  silver — five  to  twenty  per 
cent,  as  needed  in  individual  cases. 

Phimotic  cases  are  often  very  troublesome,  as  their 
proper  cleansing  is  wellnigh  impossible  of  attainment. 
They  should  be  irrigated  very  often,  in  severe  cases  cverA'- 
hour  or  two,  with  warm  water  followed  by  mild  anti- 
septic solutions,  a  large  urethral  syringe  with  a  blunt 
nozzle  being  as  convenient  an  instrument  as  any  for  the 
purpose.  Corrosive  sublimate  solution,  1  to  5,000.  car- 
bolic acid  solution,  1  to  KX).  lysol.  and  creolin  are  all  good 
irrigating  fluids,  but  the  writer  does  not  approve  of  the 
use  of  peroxide  of  hydrogen  in  these  cases,  as  it  is  very 
irritating  and  often  causes  much  preputial  swelling  if 
used  in  strength  suflicient  to  make  it  of  much  value. 

If  the  disea.se  prov(»s  stubborn  and  there  is  a  proba- 
bility that  the  ulcerative  process  is  extending  under  the 
tight  and  swollen  foreskin,  every  effort  should  be  made 
to  reduce  the  acuteness  of  the  inflammation  with  hot 
soakings,  etc.,  and  then  an  operation  under  the  strictest 
aseptic  and  antiseptic  precautions  should  be  performed, 
the  patient  being  told  that  he  is  not  to  expect  a  primary 
h(.niling.  In  such  cases  the  dorsal  inci.sion  of  the  prepuce 
may  prove  ade(juate  to  the  needs  of  the  case,  but  more 
frequently  a  complete  circumcision  is  necessary.    Even 


in  the  chancroidal  cases  the  writer  has  never  met  with 
any  untoward  result  from  such  operative  procedures,  al- 
though primary  healing  is  bv  no  means  the  rule. 

In  all  cases,  however  mild,  care  should  be  taken  in 
urinating  to  retract  the  foreskin  sufficiently  to  lay  bare 
the  region  of  the  meatus  if  possible,  so  that  the  urine 
may  pass  clear  of  the  prepuce  and  not  contaminate  the 
subpreputial  cotton,  and  so  render  its  very  frequent  re- 
newal more  than  ever  imperative. 

Cleanliness,  then,  with  mild  but  constantly  repeated 
antiseptic  washes,  and  the  dorsal  incision  or  circumcision 
when  needed  in  severe  cases,  form  the  basis  of  all  treat- 
ment. Paul  Thoinidike. 

BALATA.  —  Batata  Own.  A  caoutchouc-like  sub- 
stance, intermediate  in  properties  between  India  rubber 
and  gutta  percha,  which  is  the  concrete  milky  juice  of 
at  least  two  species  of  Mimvmps,  M.  Batata  Gaertn.  and 
M.  t^homhurgkii  (Pierre)  {^f.  Batata  Schomburgkii  Pierre). 
This  substance  is  not  to  be  mistaken  for  gum  chicte,  of 
which  chewing-gum  is  made,  the  product  of  Achi'as  Sajjota 
and  other  trees.  The  balatas  are  very  large  trees  of  Guiana 
and  adjacent  Venezuela,  where  they  are  popularly  known 
as  "bullet  tree"  or  ''bully  tree."  They  frequently  be- 
come four  to  six  feet  in  diameter,  and  the  wood  is  strong 
and  valuable.  The  fruit  is  globular,  mostly  a  little  less 
than  an  inch  in  diameter,  the  space  between  the  large  seeds 
and  the  crustaceous  exocarp  being  filled  with  an  edible, 
rich  and  sugary  pulp.  As  the  writer  has  seen  the  gum 
collected  upon  the  lower  Orinoco,  the  trees  are  felled  and 
girdled  with  grooves  about  ten  inches  apart.  These 
grooves  are  cut  through  the  bark  to,  or  a  little  into,  the 
wood,  and  conduct  the  exuding  juice  to  the  lower  side 
of  the  trunk,  where  it  is  caught  by  small  cups.  Various 
methods  are  resorted  to  for  its  coagulation.  The  favorite 
one  is  to  mix  it  with  alcohol,  or  strong  native  rum,  the  co- 
agulum  then  being  pressed  into  cakes.  Operations  are 
now  being  conducted  for  extracting  it  from  the  bark, 
twigs,  and  leaves  by  the  use  of  solvents.  Up  to  the  pres- 
ent, no  distinct  uses  in  medicine  liave  been  found  for  this 
substance,  but  it  has  many  uses  in  the  arts. 

H.  II.  Butby. 

BALLARDVILLE  LITHIA  SPRING.  —  Middlesex 
County,  Massachusetts.  The  location  of  this  spring  has 
not,  we  believe,  been  improved  as  a  resort.  It  is  situated 
on  the  side  of  a  high  hill,  in  a  barren,  rocky  tract  of  coun- 
try, with  no  dwelling  within  a  mile.  Land  to  the  extent 
of  fifty  acres  belonging  to  the  Ballardville  Lithia  Com- 
pany surrounds  the  spring.  The  water  is  beautifully 
clear  and  very  pleasing  to  the  palate,  especially  when 
charged  with  gas.  It  is  said  that  the  rocky  deposits  in 
the  neighborhood  contain  a  large  proportion  of  such 
lithia-bearing  minerals  as  spodumene  and  lepidolite.  It 
is  to  this  fact,  we  are  informed,  that  the  water  owes  its 
remarkable  richness  in  this  salt,  as  shown  by  tlie  follow- 
ing analysis  made  by  Dr.  Bennett  F.  Davenport: 

ONE  United  states  Gallon  Contains  : 

SolldB.  Grains. 

Lithium  carbonate 22.01 

Calcium  carbonate 0.82 

Iron  oxide 0.70 

Calcium  chloride 0.52 

Silica 0.46 

Total 24.61 

The  water  is  said  to  be  valuable  in  the  various  condi- 
tions produced  by  the  retention  of  uric  acid  in  the  system, 
notably  gout,  concretions  in  the  joints,  kidneys,  and 
bladder,  and  in  certain  forms  of  rheumatism.  It  is  also 
useful  in  gouty  affections  of  the  skin,  bronchial  tubes, 
and  kidneys.     It  is  bottled  and  used  commerciallv 

James  K.   Vrook. 

BALLSTON  SPA.— Saratoga  County,  New  York. 

Post-Office. — Ballston.     Hotels. 

Access. — From  Albany  vift  Delaware  and  Hudson 
Railroad,  thirty  miles  north.  The  location  is  seven  miles 
southeast  of  Saratoga  Springs. 
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The  tAmc  of  BallstOD  Springs  b  alnmst  coeval  with 
that  of  Saratoga,  anil  at  uuv  time  it  was  a  formidabU^ 
rival  of  that  rekbmtetl  resort.  Ballston  is  a  very  attrac- 
tive town,  where  (hone  who  wibIi  to  avoul  the  whirl  of 
Saratoga  may  live  quittly  and  drink  i-xcvllent  mineral 
waters  at  the  same  time.  Some  of  the  BprinKs  arc  very 
heavily  mlDcrali/tnl,  Followjog  an-  analyecf  of  four  of 
the  most  importaot: — 
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It  will  tliiia  be  obHerved  that  these  waters  arc  quite 
iimilar  to  those  of  Saratoga.  Some  of  thum  arc  indd-d 
much  richer  in  mineral  Ingrettients  tlion  any  of  the  Sara- 
tojza  waters,  Thejr  arp  all  Ralioe.  but  some  of  tlii^m,  as 
will  be  seen,  are  quite  heavily  imprcgnaled  with  caldum. 
Iron,  and  magnesium.  The  waters  an;  certainly  of  ^rcnt 
value  for  rotldicinal  purposes.  There  are  scvoral  olhiT 
well-known  springs  at  Ballst«n,  among  them  being  the 
Washington  Lithia  Well  and  tlic  Iron  Spring. 

Jamf»K.  C-ook. 

BALM, — This  name,  as  well  as  various  coinpoundn  of 
it,  has  been  applied  to  ho  many  tlilTereut  planls  Ihut  ils 
use  is  altogether  iDdeflnite.  Only  four  of  these  dnifpt  are 
of  any  degree  of  importance,  and  I  heir  descriptions  should 
be  sought  as  follows:  For  Lemon  Balm,  to  which  the 
term  balm  is  most  appTopriat«ly  applied,  sec  the  neit; 
for  Bee  Balm,  see  Mimtirdn;  for  Patchouli  Balm,  si'c 
Patchouli ;  for  Mountain  Balm,  see  Verba  liinlA. 

JJ.  II.  Runlry. 

BALM,  LEMON.    MELISSA.— "Tbeli-avcsandtopsof 

Mdiua  oMnunlit  h.  (fani.  IMinlir) "  (I'.  S.  P.).  This  Is  «. 
perenDiitl  herb,  fnmi  one-luilf  to  one  metre  in  height 
(twenty  to  forty  tn<;hes),  with  si-venil  brandling.  Itafv 
al«ms.  The  branches  are  iiiiailraugular,  thr'  Itmven  nppii- 
aitc.  petiulule.  alKiiitJJc^m.  long,  ovute,  obtuse,  rounded  or 
subcordale  at  the  Iiohc.  crenate,  somewhat  liairy,  glandu- 
lar; flowerH  In  alKiut  four-flow rre<l  cymules,  with  a 
tubular.  Iiell-shaped,  flve-iootbwl  calyx,  a  whilish  or 
piirpliHli  hilnbiute  corolla,  and  four  siitmenii;  fragrant; 
somewhat  astringent  and  liittcrisih. 

The  plant  isu'nnlivc  of  Southern  Europe,  and  is  frc>. 
quently  eultivat<-<)  in  Europe  for  the  sake  of  its  oil.  It 
is  now  and  then  met  with  in  Anicrican  gardeus. 
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The  botanical  description,  given  above,  will  serve  for 
that  of  the  drug,  whicli,  it  may  be  remarked,  Inses  verjr 
much  of  its  fragrance  in  drying.  Its  principal  constitu- 
ent is  the  agreeable  oil 
of  balm,  Ok'im  Metitir 
(not  to  be  confounded 
with  the  East  Indian  oil 
of  dtronella.  which  rp- 
Mimbtes  it),  of  which  it 
contains  a  small  percent- 
age (one-eighth  to  one- 
fourth  percent.). 

Melis.sB  has.  in  suRl- 
cieDt  doses,  the  sIIdih- 
lant  properties  of  the 
order,  hut  as  usually 
used  is  srarcely  more 
thoD  a  flavor.  An  in- 
fusion of  the  herb  can 
lie  given  ad  libitum,  and 
when  taken  hot  aiid  in 
large  quantity,  like 
other  mints,  with  the 
aid  of  hot  water  a\A 
plenty  of  coverings,  is 
sudofifle.  The  dose  of 
the  oil  is  ntisa.  ad  tiiv. 
\V.  P.  a-llfM. 


BALM  OF  QILEAD.— Arcsinousexudatiouorso-cHlled 
lialsani.  from  the  Hiilaiimodendron  Oilfidenne  Kunth 
(fam.  ISiinvnicnr),  a  small  tree  of  the  Bed  Sea  region. 
It  has  ordinary  aromatic  stimulant  properties.  It  Is  no 
longer  in  use,  but  possesses  eonsideralile  historical  inter- 
est. The  name  has  also  been  applieil  to  our  nortliem 
balsam  flr  and  its  proiluctB  (sec  Canada  E<iUiiiii),a»  well 
as  to  tlie  buds  of  Populus  candicaos  Alton. 

BALSAMUM  PEflUVIANUM,— AiJmm)  "^  TVrx.  -A 
balsam  obtained  from  Toliiifrra  Pfrtinf  (Hoyle)  Baillon 
(fam,  J^amiii'-a)"  (U,  S.  P,),  ThU  is  a  good-sizi-d 
tree,  with  a  dark,  smooth  trunk,  branching  near  the 
ground.  It  attains  often  a  heivht  of  sixteen  or  eighteen 
metres  (fifty  fti^t),  and  resembles,  in  its  Itoianical  cliar- 
acters,  T.  bulmmiim.  d<'Scribed  in  the  sueceeiling  article. 
It  is  a  native  of  Ccntml  America,  and  protectett.  hut  not 
really  cnltivat^-d.  as  a  souree  of  the  balsam,  in  the  Indian 
reservation  lauds  of  San  Salvador,  along  the  Balsam 
Coast  It  lias  been  introduced  into  Ceylon,  wliere  it 
fl<iurishea  vignrously. 

Balsam  of  Peru  was  one  of  the  earliest  products  carried 
to  the  Olil  World  fr<im  Central  America,  and  was  at  first 
extravagantly  prized  for  Its  medicinal  properties,  as  well 
as  for  its  use  as  incense  in  tlie  Catholic  churches.  It  was 
at  flrst  exported  indirettlv,  by  way  of  more  soulliem 
Soul  h  Americnii  ports,  and  by  this  means  it  rccdved  its 
misleading  name  of  balsam  of  I^rn.  None  genuine  is 
now,  or  ever  has  been,  produced  In  the  state  of  Peru, 

The  collection  is  mode  in  November  or  December,  at 
the  end  of  the  rainy  season,  when  the  bark  is  full  of 
resin.  The  Indians,  to  whom  the  trees  belong,  tlien  beat 
the  trunks  on  four  sides  with  the  heads  of  their  axes,  or 
with  liammerti.  so  as  to  hniisc  four  strips  of  bnrk,  and 
li-avc  ofl  many  similar  ones  untouched.  After  a  few 
days,  they  seoreh  or  ignite  the  contused  surfaces  with 
torches,  which  serves  to  increase  the  flow  of  resin,  and 
then,  waiting  another  week,  tear  off  tlie  loosened  strips 
of  bruised  Imrk  and  swatlii;  the  stems  in  rags,  to  absorb 
it.  When  tlie  cloths  are  saturated,  they  are  liolted  in  a 
vessel  of  water,  and  tlic  balsam  melteil  out  of  them  col- 
lects in  the  iKi'tom,  and  is  easily  separated.  The  tre«>s 
are  not  killed  by  the  process.  The  following  year  the 
n'Uiuining  portions  are  similarly  treated:  and  in  tlia 
second  year  those  operatic  upon  first;  so,  Iiy  Judidoua 
trealmeiit.  a  continuous  iiniiiial  yield  is  otitaihea. 

Balsam  of  Peru  is  a  dark,  thicklsh  liquid,  looking  at  a 
little  distance  like  dark  molasses:  Itdoea  notdraw  niit 
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into  a  thread  and  is  not  sticky;  when  sliaken  up  upon 
tlie  sides  of  a  containing  glass,  the  thin  layer  so  obtained 
is  yellowish  or  reddish  brown  and  transparent.  Its 
specific  gravity  is  1.130  to  1.50  at  15°  C.  A  specific 
gravity  of  1.137  or  higher  will  exclude  the  more  impor- 
tant adulterants.  It  has  a  rather  smoky  but  not  unpleas- 
ant balsamic,  and  a  slightly  vanilla-like  odor,  and  a  taste 
which,  at  first  mild,  becomes  later,  in  the  fauces,  warm 
and  acrid.  It  is  insoluble  in  water,  yielding  to  it  only  a 
little  free  cinnamic  acid,  but  mixes  freely  with  chloro- 
form and  absolute  alcohol.  It  does  not  dry  or  undergo 
much  change  upon  exposure  to  the  atmosphere,  and 
should  contain  no  fat.  Thirty  per  cent,  of  it  should  dis- 
st)lye  in  benzin. 

The  composition  of  the  balsam  is  not  very  simple,  but 
the  principal  constituents  are :  (1)  not  more  than  thirty-two 
per  cent,  of  a  resin  insoluble  in  carbon  disulphide,  and 
which  may  be  separated  by  means  of  that  agent ;  (2)  nearly 
sixty  per  cent,  of  cinuamein,  a  brownish,  aromatic  liquid 
(benzylic  cinnamate,  which  this  is  supposed  essentially 
to  be  when  pure,  is  a  crystalline  solid);  (3)  traces  of  cin- 
namic and  benzoic  acids  and  more  or  less  styrol  and 
styracin.  Additional  amounts  of  benzoic  and  cinnamic 
acids,  with  styrol  and  toluol,  are  obtained  on  dry  distilla- 
tion. Benzoate  of  benzyl  also  occurs  in  varying  amounts. 
At  least  sixty-five  per  cent,  of  it  should  consist  of  aro- 
matic substances.  Balsam  of  Peru  has  no  specific  physio- 
logical action.  It  is  a  mild  carminative  and  diffusive 
stimulant,  and  acts  as  an  antiseptic,  especially  in  ex- 
cretion through  the  urinary  passages.  Locally,  it  is 
mildly  parasiticidal,  and  it  acts  as  a  disinfectant  and 
stimulating  application  to  wounds  and  ulcers  which  lack 
a  disposition  to  heal.  For  the  latter  purpose,  a  ten-per- 
cent, solution  in  castor  oil  or  vaseline  is  used.  The  dose 
is0.6to2.0c.c.  (TTi  X.  toxxx.).  There  is  no  oflflcial  prepa- 
ration. The  volatile  oil,  distilled  off,  is  an  article  of 
commerce  used  in  perfumery.  Henry  H.  Ru«by. 

BALSAMUM  iOL\MkH\}ffi,—BaUam  of  Tolu.  "A 
balsam  ol)tained  from  Toluifera  BaUamum  L.  (fam. 
f^f/ifminoscf')"  (U.  8.  P.). 

This  is  a  fine,  large  evergreen  tree,  with  a  tall,  straight 
stem,  often  rising  from  thirteen  to  nineteen  metres  (forty 
to  sixty  feet)  without  a  branch,  then  bearing  a  fine  roimd 
crown.  It  has  alternate,  glandular,  odd-pmnate  leaves 
of  from  seven  to  eleven  divisions,  and  small  flowers,  in 
axillary  racemes,  not  very  irregular.  It  differs  from  the 
last  chiefly  in  the  more  tubular  calyx  and  in  the  fruit, 
which  is  not  narrowed,  but  winged  at  the  base.  The 
leaves  contain  abundance  of  fragrant  oil,  the  branches 
and  stem  are  filled  with  oil  and  resin.  It  is  a  native  of 
Venezuela  and  New  Granada.  The  balsam  has  been  ex- 
|>orted  from  the  latter  state  since  the  middle  of  the  six- 
teenth century.  It  is  collected  by  the  Indians,  and  was 
already  an  object  of  value  among  them  when  the  country 
was  discovered.  Deep  V-shaped  incisions  are  made  in 
the  trunk,  and  at  or  below  the  point  where  they  meet  a 
vessel  is  fastened  to  receive  the  exudation.  These  re- 
ceptacles are  usually  calabashes  or  gourds,  and  many 
such  may  be  arranged  at  the  same  time  around  the  stem 
of  a  large  tree.  As  they  become  filled,  they  are  emptied 
into  leather  bags,  in  which  they  are  carried  to  the  market 
or  town,  and  there  again  they  are  at  present  usually 
emptied  into  tin  cans  for  exportation. 

It  is  a  soft  brown,  resinous  substance,  when  fresh 
sometimes  thin  enough  to  pour;  usually  soft  enough  to 
l>e  dipped  out  with  a  spoon  or  spatula,  but  upon  exposure 
Ix'comes  harder  and  finally  brittle,  although  ea.sily  soft- 
ened by  warmth.  It  hasa  brown  color,  but  in  thin  layers 
is  yellowish,  and  either  tninsparent  or  cloudy,  by  the 
deposition  of  crystals  of  cimianiic  acid.  The  odor  is  deli- 
cate and  ver\'  pleasant,  recalling  that  of  Siam  benzoin, 
and  improves  with  age.  The  balsiun  is  almost  insoluble  in 
water,  but  freely  soluble  in  alcohol  and  chloroform.  Its 
most  important  constituent  is  benzyl  benzoate,  a  volatile 
oil,  but  solid  at  a  temperature  below  20''  C.  There  are 
also  some  benzyl  cinnamate.  tmces  of  cinnamic  and  ben- 
zoic acids,  and  a  variable  amount  of  resin,  usually  nearly 


ninety  per  cent.  About  one  per  cent,  of  a  volatile  oil 
(tolane)  is  obtained  upon  distilling  with  water.  The  resin 
can  be  separated  into  two  resins  by  treatment  with  alcohol. 
The  medicinal  qualities  of  tolu  are  even  less  marked 
than  those  of  Peru  balsam,  as  the  acrid  quality  of  the 
latter  is  almo.st  wanting  in  the  former;  still  it  is  ver}'' 
mu(!h  the  more  in  use.  on  account  of  its  pleasant  odor 
and  taste.  It  is  usually  called  expectorant,  etc.,  and  is 
a  common  ingredient  in  cough  and  similar  mixtures,  but 
in  a  form  which  is  medicinally  wholly  inert,  further  than 
for  a  passing  local  effect  upon  the  fauces.  If  given  with 
any  expectation  of  modifying  the  bronchial  surfaces,  it 
must  be  in  doses  of  not  less  than  1  or  2  gm  (1  to  2 
gm.  =  gr.  XV.  ad  xxx.),  or,  probably,  better  by  vapor. 
Of  the  preparations,  the  syrup  has  a  strength  of  one  per 
cent,  and  that  of  the  oil  and  crystal lizable  acids  only, 
not  of  tlie  resin.  It  is  simply  a  vehicle.  The  tincture, 
Tiiictura  ToluUtnvm,  U.  8.  r.,  strength  ten  per  cent., 
represents  the  entire  balsam,  but  contains  a  large  dose  of 
alcohol  in  addition  to  the  medicine  in  question.  In  the 
compound  tincture  of  benzoin  {Tinctvra  Baizotni  Com- 
pomta,  U.  8.  P.)  it  is  a  subordinate  adjunct.  So  the  best 
ways  to  give  the  balsam  internally  and  alone  are  by  pill 
or  an  emulsion  extemporaneously  made.  Both  this  and 
the  preceding  balsam  are  used  in  toilet  soaps  and  for 
similar  purposes,  as  perfumes,  etc.  TV.  P.  Bolles. 

BALTIMORE,  MD.— The  chief  city  of  Maryland,  with 
a  population  of  530,000.  It  is  picturesquely  situated  on 
the  north  branch  of  the  Patapsco  River,  14  miles  from 
its  entrance  into  Chesapeake  Bay,  and  about  200  miles 
from  the  ocean.  It  is  a  large  manufacturing  and  com- 
mercial centre,  and  has  a  capacious  and  safe  harbor.  It 
is  the  seat  of  the  great  Johns  Hopkins  University  and 
Hospital,  is  well  built,  and  has  a  large  park  of  680  acres 
(Druid  Hill  Park).  It  is  about  40  miles  from  Washing- 
ton and  100  miles  from  Philadelphia.  It  is  said  to  be  a 
very  healthy  city,  and  has  a  mild  climate,  as  the  follow- 
ing table  indicates: 

CLIMATK     of     BALTIMORK,    MD.,     LaTITUDK    39*     18',      LONOITUDI 

76*  37'.    Pkriod  of  Observatio.v,  13  Years;   Elevation   of 
Place  of  (Jbskrvatio.n  Above  sea  Level.  14  Feet. 


Data. 

Temperature— Average  mean  or  nunuul . 

Avera^  dally  raoffe 

Mean  of  warmest^ 

Mean  of  coldest 

Highest  or  maximum 

Lowest  or  minimum 

Humidity— Average  mean  relative 

Precipitation— Average  in  incbes 

Wind— Prevailing  direction 

Average  hourly  velocity  in  miles 

Weather— Average  number  of  clear  days 

Average  number  of  fair  days 

Average  number  of  fair  and  clear  days 


January. 


34.6«» 
13.5' 
4().5» 
^T* 
71 « 

«« 
7().85t 

3.05 

N.W. 

5.5 

13.2 

au.2 


F. 
F. 
F. 
F. 
F. 
F. 


July. 


78.5«>  F. 
16.8'  F. 
86.8«»  F. 
70*  F. 
99«  F. 
SO*  F. 
(W.3* 

4.06 

S.W. 

5.6 

9.2 
14.5 
23.7 


Year. 


66.5«  F. 


06.4^ 
41.96 
N.W. 
5.8 

108 

151.7 

259.7 


E^rphnuitiuu  of  Temperature. — The  average  mean  or 
normal  temperature  is  deduced  fnmi  the  menn  tempera- 
ture of  individual  months,  obtained  from  three  daily  ob- 
servations, viz..  at  7  A.M..  3  P.M..  and  11  p..m.  For  ex- 
ample, the  mean  temperature  for  all  the  Januarys  of  the 
twelve  years  was  31.5"  F.  at  7  a.m.  ;  38.2^  F.  at  8  p.m.  ; 
and  34.2^  F.  at  11  p.m.  Adding  these  together  and  di- 
viding by  three  "vve  have  34.6  F,  as  the  average  mean 
January  temperature  for  the  period. 

The  mean  of  the  highest  temperature  for  any  given 
month  is  the  average  daily  ma.ximum  temperature  of  all 
the  days  of  that  month  throughout  the  entire  period  of 
observation.  Thus,  for  example,  in  the  periiwlof  thirteen 
years  there  are,  for  the  month  of  January,  13  X  31  =  408 
days,  and  40.5'  F.  represents  the  maximum  height  which 
the  thermometer  may  be  expect<'d  t<>  reach  on  each  of 
these  (lays.  This  temperature,  therefore,  represent^s  the 
maximum  temperature  of  a  normal  January,  day.  In  the 
same  way  the  mean  of  the  coldest  is  obta*ned ;  if  we  sub- 
tract one  from  the  other  we  have  the  average  daily  varia- 
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tiou  or  range  of  lemporature.  In  ttiis  case, 
it  is  13.3^  F.  for  January.  Tlie  liigliest  or  maxiiuum 
temperature  ia  tlie  highest  reached  upon  any  day  of  the 
Kiven  month  in  any  year  of  the  period ;  for  example,  71° 
F,  was  the  highest  temperature  in  any  day  of  any  Janu- 
ary of  the  period.  The  lowest  or  minimum  isthe  lowest 
reached  on  any  day — e.g.,  fl°  F,  in  this  case.  Tiiese  ex- 
tremes, as  Dr.  HicliardB  remarks,  represent  ihe" chances" 
the  invalid  baa  got  lo  take  in  any  resort;  they  do  not  in- 
dicate what  t>^mperatuTe  be  may  expect,  but  what  it  may 
be  his  good  or  evil  fortune  to  encounter. 
The  other  terms  used  in  the  table  arc  self-explanatory. 
Edirara  O.  Otii. 

BAMBOO  BRIER.— Under  Ihis  name  the  tuberous  roots 
of  SmiUu  Ptfndu-Chijui  L.  (fam.  Litiaerir)  are  quite  ex- 
tensively used  in  the  Southern  States  as  a  substitute  for 
saraaparilla,  their  near  relative.  H.  H.  Eu^. 

BANDAQINO.— Bandages  are  used  for  the  following 
purposes:  to  apply  tirm  pressure,  to  secure  splints  or 
dressings,  lo  aiford  support,  or  lo  correct  deformity. 
They  arc  made  of  almost  any  fibrous  matcriiil.  as  gauze. 


1  Itju  "rollfr" 
ttiis  kind  that  the 
ipplicd.    This  is  of 
s  lengths  and  wi<lchs.  aeeordiii? 
the  parts  to  wfiieh  it  is  to   be  H'v' 
Thus,  fordigita  tlie  roller  Blinuld  I.e  tli 
quarters  of  an  inih  n-iflc,  iiml  twoiirtl 
yardslong:  for  u]i]"t  iluili  nml  hi-nd.  i 
lo  two  and  a  hiilf  inchrs  iviili>  niul  aim 


der  between  the  thumb  and  fingers  of  the  left  hand, 
while  the  unrolled  part  passes  between  the  thumb  and 
index  Anger  of  the  right  band.    The  left  hand  is  alter- 


nattl y  supinated  and  pro-  .. 

iinteii,  the  cylinder  gradu-  Ix  _..-''" 

ally   getting    larger    (see  B-''^ 

Fi^.  454  and  tW).      The 

centre  cannot  be  displaced  from  a  properly  rolled  lendsge. 

Bandages  were  formerly  rolled  by  hand,'  but  Ihis  weary- 

"      ■       '    "  lethod  Is  now  replaced  by  some  simple 


form  of  machinery. 
Bandaging  cann 
general  rules  m.nv 
prove  of  serviee, 
the  surgeon 
should  face  the 
patient  and  not 
Stand  at  the  side 
of  the  limb.  The 
limb  should  he 
plneeil  in  the  po- 
silion  it   ' 


■t  be  learned  from  a  book,  but  a  fi'w 


copy 


when   i 


bandaged.  The 
exlerniil  surface 
of  the  roller  is  to 
be  applied  to  llic 

part ;      it     six 


I>ass 


the  ii 


r  the 


W.-  T  IkindsHe. 


about  eiirht  o 

nin,^ 

ten  yanls  In 

ig.     T 

mate  Hal  mu> 

be  (■' 

info    sirips  1 

id    ha 

neitluT     wh 

igc     n 

To  make  a 

'■riillcr 

turn  al'ouT  si 

.irei^' 

tnches  of    b 

upon    ilself. 

nd   tli( 

roll  this  upon 

irv,-if  1 

nnd   fir 

cylinder:   this  fi.rms 

is  accomplish 

'1  by  1 

.  to  Ihe  out 

side,  and  from  l>elow  upward.  If  Ihe  left  limb  is  to  be 
bandagwl  Ihe  surgeon  should  use  bis  right  liiuid.  and 
tifc  nrwJ;  bence  tlie  anibidextmus  man  has  the  advan- 
tage.    Use  a  narrower  bandage  in  preference  to  u  ivider 


»ii'.   exri'pt    in    bandaging    the    trunk.      Bind    firmlv 
;vciily.  and  tightly.  ImC  not  too  lightly, 
liuudagts  have  been  named  from  their  use  (as  susiien- 
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iiinilern  tfiidcncv 
to  towant  Himplicitj-;  and  bikodHgiu);  is 
no  longer  ilia  flue  art  it  was  once  c<iii- 
sldert-d.  Tlie  clulMmli.-  details  fonncrly 
Indulged  tu  are  not  now  considerwl  nec" 
easary.  For  our  present 
purpose  bandsgcs  may  be 
conafdervd  as — 

1.  Simpie,  fncluding  dr- 
culw,  oblique,  spiral,  spiral 
reversed,  spicu,  Hgiiru-of- 
elg^it. 


■ml.   in    niiicb   each 

rlnps  aboil  toDu-Uiird 

of  eacli  preriokts  ttira.    Used 

for  conical  parts  of  Ilie  body, 

luriri'ly  replawil  by~- 

' '     An  in  above  ((■},  tbe  upper  edge  Is 

is  liKise,  tlic  spiral  reverse  was  in- 
iriMliitfd  lo  ri'incily  tbis  defect. 
To  make 

must  be  kept  rolleil  up  wiili  lliiiee 
<ir  four  inchi-s  of  slnclv  uuly.  and 
ilii'  bandage  retained  in  place  by 
Huger  and  thtinib;  wilhiiut  trac- 
tion turn  the  bandage  down  witli 
a  good  slope  downward,  io  that  It 
Is  well  doubkd  over.  Same  little 
timctiee  is  necessary  to  get  the 
Kuack  of  doing  rlils  neatly  and 


well     TLe  coniinou(->i  t-rrt 


(sin 


/  r^T>1^^^^ 


holding  too  liglill,v  wbat  sbould  be  tbe  "sint'li,"  and  In 
not  making  aullie'ient  slope.  Firs.  «8  to  -161  »bow 
this  bundagi!  in  progrnss  ami  eompletwl. 


Stall  (ace  Fig.  457). 


'2.   Gnapoiiiid.  ineludiug 
T    isingit)    and     donble), 
four- tailed,    many -tail  vd. 
idkercliief. 

mple.—la)  Cirmlar,  in  which 
irii  CJinetly  covers  Uie  previous 
riiis  i^  used  for  cylindrical  parts 
"Illy  lu*  ibe  foreliead,  neck, 
d  111  rc'tiiin  dn-.tsings  liKisely  ap> 
lltt:  Hutco«diujf  luraa  ill/ iwt  tuvrlap 
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Dtn  thr^e  strips  ■ 

.  fourtoaii  indjea 

lie  baadage  in  plitce  take  tli 


tails,  li'aving  a  wbolc  pirce  of 

'  ipof  tliescalp.     ThenpuUinf 

~  '~  ~  middic  tails  and  f^tea 


FiO.  tti3,— lajtudo  Buveraa. 

(e)  Figure-of-eight  looks  on  complelion  much  like  a 
spiral  reversed,  but  its  application  is  not  the  same.  It  is 
used  over  a  joint  or  on  the  lensrth  o(  a  Hrab,  but  care 
must  be  taken  to  have  a  wide 
sweep  and  open  loops  Ui  Uie 
8;  it  is  also  applicable  to  pro- 
jeeling  points,  and  to  the 
junction  of  a  limb  irlih  the 
truuk:  in  this  1ati«r  position 
it  is  often  called — 

(/)  A  tpii-n,  the  succeeding 
»nd  overlapping  turns  being 
supposed  to  resemble  an  ear 
of  com  (tjiifa).  There  arc 
many  varieties  of  spica : 
ascending,  descending,  an- 
terior, posterior,  lateral,  sin- 
gle, double. 

(ff)  Iteenrrent,  Used  for 
amputation  stumps  and  the 
head.      For    description    sec 

.  ,  1  modification  of  figure -of -eight  used 

about  an  articulation.    In  the  testudo  ij  '         '     ' 

overlap  from  without  Inward,  the  last  ti 
centre  of  the  joint;  while  in 
the  tesiudo  recei-»<t  the  first 
turn  passes  over  the  centre 
of  the  joint,  and  the  spirals 
diverge  tlierefrom  (see  Figs. 
462  and  463). 

Hkad.  —  Recvrrent     band- 
age.— Take  a  niller  and  make 
two  circular  turns  round  fore-    , 
bfiid;  then  at  centre  of  fore- 
head hold  bandage,   give  it 
half  ft  turn,   take  it   over  to 
occiput,    have    nn    assistant 
hold  it  there,  and  then  after 
half  alum  go  forwar<l  agiiin 
lo  fon'head.  just  overlnpping 
a  portion  of  the  previous  turn. 
I'ontinue  tills  until  the  scalp     Fio.  4fti.- 
is  covered  all  over,  and  finish 
with  two  circutiir  turns  round  the  foirln 
pins  where  I  lie  pieces  oveiliip  {we  FIl', 
proceeding  is  usi'il  for  an  amiiutalinn  sti 


Galen  '■  Miiil.ifie.  sometimes  calli'd  poor  mans  Inindage. 
or  siv-tnildl  liiindagc,  fM  verv  I'HKitv  made  unil  ujiplii'd. 
Take  a  pieii>  of  eloih  or  handkercliief  wide  enough  t.. 
riacb  from  llie  occiput  lo  the  eyelirows  and  lonir  enough 
to  come  dow  u  and  nieet  under  tlie  chin.     Eaeli  side 


^o  anterior  tails  l»rk- 
1  forward,  and  faetea 
iiem  over  the  temporal  region  (see  Fig.  465). 
FouT-lailed  bandagt  (for  scalp  and  fracture  of  Iowm 
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jaw)  (see  Pig.  466). — Fit  ibc  centre  snugly  over  the  cLiii, 
lake  the  tivo  und^r  tails  and  brin^  thcin  up  over  the  top 
of  the  head  well  forward,  and  tie  them  tightly  there: 
tlien  bring  the  upper  tallH  and  tie  them  tightly  over  the 
lambda,  Finiilly,  lie  these  two  knots  logciher.  Con- 
siderable pressure  can  be  obtained  with  this  bandage. 
Bartoii'ii  bamli'jc  tfoT  frucfure  of  lower  jaw).— Begin 


fiu,  i;u.— IHauult'i  Ilkadive,  111. 


Ht  external  occipital  protuberance,  go  outwanl,  upward 
over  right  parietal  bone,  aci'oss  vertex,  down  left  side  of 
face  in  front  of 
ear,  under  cliin, 
and  up  the  right 
sida  of  the  face 
in  front  of  ear 
to  vertex,  then 
over  left  parie- 
tal bone  lo  start- 
ing point.  Kow 
take  a  turn 
round  right  side 

cbin,  round  left 
sideof  JHW,  bcLck 
lonuclin,  andup 
to  occipiijkl  pro- 
tuberance. He. 
peat  from  begin- 
ning and  fasten 


For  Eye.- 

Iiandage  over 
head  and  let  it 

front  of  umiid 
cue;  then  over 
this  pass  a  cir- 
cular liandage 
round  bnth  eyes. 
Fasten  the  pos- 
terior end  of  the 


the 


dage.  and 

lift  tlie  anterior 
end  of   the  nar- 

fasten  It  on   it- 
self,   thus    covering    the 
Borsch's  bandage). 
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UrPBR  Extremity. — Tiike  two  circular  turns  about 
Iho  wrist,  then  go  obliquely  across  tlie  dorsum  of  tbc 
■land  to  tlic  exiremitr  of  llie  fingers,  tlieu  by  spirals  and 
Reverses  ascend  the  band  to  llie  root  of  the  thumb.     A 

few  figure -of -eight 


will  c< 


r  tbe  V 


;  the 


hy 


Via.  iT3.— Br^wt  Banilage. 


forearm 

by  a  l«s(udo  oi 
el);hC,  aad  III 
spiral  reversed 

For  a  Jinger  or  jingen 
nfp'iraffti/  use  a  roller  of 
three-quarters  of  an  inch 
thick,  take  two  or  tlirec 
circular  turns  round  the 
wrisl.  then  go  across  the 
dorsum  of  the  hand  lo 
the  root  of  the  fliigcr,  then 
take  oblique  turns  to  tiie  tip  of  tbc  finger;  here  take  a 
circular  Cum  and  then  hy  meiins  of  spiml  reverses  reach 
thobascof  the  finger  ami  finish  by  figure -of -eight  turns 
bctwet'U  finger  and  wrist,  and  a  couple  of  circular  turns 
aroimd  wrist. 

Vdpeitu't  bii  ra 

formerly  mucl 
replaced  to  a 
shown  in  Fig-  4fl 

now   fafit  disn 

three  rollers,  a 

The  pn<l  was 

large  enough  t 


agcc 


1  besi 


6N  4« 


Lower  Enti 

lar  turns   roun 

across  dorsiun  of  foot  lo  tbe  toes;  make 
a  circular  turn  here,  and  with  spiral 
reverses  cover  the  foot;  take  flgure-'if- 
I'ight  roumi  ankle,  spiral  reverse  up  leg; 
treat  knee  willi  figure-of-eiicht.  and  thij^h 
with  spiral  reverses  (see  Fig.  471).  If 
the  heel  fs  lo  be  covered  a  testudo  can  be 
employed. 

Sjiica  of  Gruiii.—l'Xnce  a  layer  of  cot- 
ton in  tlie  groin  to  prevent  irritation. 
Begin  with  a  couple  of  circular  turns 
around  the  waist  away  from  the  hip  to 
bo  bandaged,  then  down  over  tbc  front 
of  the  thigii  frinn  without  inward,  then 
around  back  of  thigh  and  up  over  the 
frout  of  the  groin  and  around  waist. 
This  pkn  is  n-pualed,  each  turn  over- 
lapping one-third  of  previous  turn;  and 
finally  a  circular  turn  Is  taken  round 
the  waist  (see  Fig.  472). 

Dinihle  tpira  of  gniiii  is  more  of  a  curi- 
osity than  of  practical  utility. 

ii(«V'H!f  iS /(« II  Wf  r.  ^T  w  o  ei  I  (' u  lar  t  urns 
andHpirot  reverses  round  up]H.Tami  from 
behind  forward,  go  over  the  slioulder 
across  front  of  the  cbcst  under  opposite 
axilla  and  return  across  the  back  to  the 
shoulder  whence  it  started;  repeat  this 
five  or  six  limes.  Thi.s  is  n  figure-of- 
eight,  the   large   limp   goir.jf   niuud  the 


iiii/'is"  "f  flr.v7.f,— Tiiki'  tiie  roller 
nd  the  wiiinl  biOow  (lie  l)rcasl.  roni- 
iieiiig  in  front  iiiul  piissiii!;  toward 
'  --'   ;  Ihi-nuKf    -'  -  ' 


of  inju. 


e  >'h«uld<'r 


returning  by  u.villa  t 
where  ii  jiasw's  round  the  wiiist  apaii 
Tlie  oblique  turuH  ovit  the  bn-asi  nr 
coniinui-d  ami  cnrrieil  up  lo  the  slinuldi' 
till  the  gland  is  eulinly  covenil  (se 
Fig.  478). 
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Another  simple  bniiihigc  of  breatt,  equally  effective  for 
compression  and  siipiiorl.  is  made  of  a  wide  strip  of 
cloth  passed  round  front  of  chest  over  one  or  both  breasts. 
underarms,  and  meeting  at  back,  where  by  means  of  eyi-- 
Itts  and  lacing  considerable  pressure  can  be  exerted. 

T  baiidiiyfn  (Fig.  4'iti)  are  ma<le  of  two  strips  fastened 
to  each  other  at  right  angles ;  this  bandage  Is  chiefly  used 
in  keepinff  dressings  in  Ihe  perineum.  Tbe  transverse  part 
is  fasteni^  round  the  body,  and  the  tail  or  tails  brought 
up  between  the  thigh  and  genitals  and  fastened  to  tbe 
transverse  pari.  Those  who  want  the  "newest  thing" 
in  bandages  can  be  referred  to  the  "new  T  bandage,"' 
desfribe<i  in  tbe  itediatl  RmoiiI  for  Februarv.  1900,  p. 
233. 

Fixed  dressings,  pi  aster -of- Paris  bandages,  and  hanil- 
kereliief  dressings  will   be   described  under  article  on  _ 
Dreidngt,  Sargkiil.  R.  J.   B.  Sfolt. 

BANFF  HOT  SPRINGS.— Location.— Rooky  Moun- 
tains. Canaila. 

P(«T-(»rKi(K— Banff,  Albcrla. 

Access.— Fr<)ni  tbe  east  or  west,  vift  (llanadian  Pacific 
Railway. 

ng  to  the  analysis  of  F.  P,  Adams,  of  the  (!eo- 
rvcy  of  Canaila, 

COXIATXS: 
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^llds.  Gnltis. 

BICVbODUi'  of  Iroa O.ISS 

jtlumlna DadetamliiHl. 

Slllni 2.7(B 

OiVUilF  mHttM' Tmev. 

70.498 
Cwbonlr  Bcld.  free 3.011 

Tlic  waters  nlmi  CDDtain  suljibureted  hjdrogen  to  ihc 
Biiiount  fit  \).S  grain,  equivalont  to  O.ii  cubic  tacb. 

These  well-kiiowD  liot  sulphur  Hpringa  we  Biluated  on 
tlie  line  of  tlie  C'aiiadiiui  Pacific  I^ailwuy  uear  the  casleni 
facL-  of  llie  Rix-ky  Mounialns.  Tbev  are  in  an  txtenaive 
rt^-.rvatiim  held  by  the  CanailiuD  Government  as  a  na- 
tliinul  purk.  The  watere  are  tlie  property  of  tlic  Oovprn- 
liient  anil  are  supplied  to  the  sanitarium  and  the  hotel. 
Al  llie  springs  the  wntem  are  free  to  the  public.  Tbe 
snriogs  are  two  in  number,  and  issue  from  the  mountain- 
aide  at  abiJut  WO  and  I.OOO  feet  above  the  Bow  River, 
which  Qows  through  the  valley,  and  4,500  feet  above  sea 
level.  Tiie  flow  of  water  is  continuous;  that  from  the 
upper  and  hotter  spring  would  form  a  cylindrical  stream 
live  inches  in  diameter.  The  lower  spring  <s  much  larger, 
and  ia.'iui's  from  a  large  cave  in  wbicb  is  tumied  a  nalu- 
ral  hasin  some  six  feet  in  depth.  The  lemperBlure  of  tlip 
'water  remains  about  the  same  all  tlie  year,  that  of  the 
Upper  spring  being  lU'  F.  and  that  of  the  lower  95'  F. 

A  large  modem  sanitarium  has  been  erecte<i.  and  every 
form  of  sieam  and  hot-walcr  bath  is  provided.  The 
proprietor  resides  on  the  premises,  and.  with  the  aid  of  a 
Btan  of  assistants,  directs  tbe  use  of  the  waters. 

A  very  large  and  comfortable  hotel  has  been  erected 
by  the  railway  company-  for  the  accommodation  of  tour* 
isis  and  visitors.  It  also  affords  every  facility  for  batba 
and  other  uses  of  the  water.  The  surrounding  country 
is  a  series  of  snow-clad  peaks,  which  possess  alt  tbe 
grandeur  of  the  mountain  range,  and  a  number  of  Sw'lss 
KUides  are  kept  lo  a.'wist  those  who  may  desire  to  explore 
the  mounlains.     Facilities  for  hunting  and  fishing  are 

Tlie  air  is  exhilarating  and  tbe  climate  very  favorable, 
the  heat  of  summer  and  the  cold  of  winter  rarely  being 
excessive.  There  are  few  places  on  this  continent  where 
the  conditions  forcarri'ing  ont  the  high-altitude  cure  are 
as  favorable  as  they  are  at  BaaB.  The  following  record 
is  taken  al  the  Government  observatory  on  tbe  spot : 

Banjt.  at.hebth.  N.  w.  t..  LAnrrm  s.  Si   Ifr.  Losurrcnit  W. 
ll.V  3a'.     UeiiiiiT  Addvk  Ska  t.EVibL.  iJA::  Fei:t. 


MonlUn.       3  £      EXTBtJJtJt. 


Niivenilic 

2i.ai  si.iB  HM 

Year  .. 

25.i«.    ffi.Tl    S4.RI   1 

S.m.     |-.,,r i:i 

BAND  DE  SAN  PABLO.— Tli.'st'  Imihs  :m-  liicntcd  ir 

111.' .ill   -i  \'w\>].,.yh-\uo.      Thi- wilr-r  cmiliiiiis   tlii' fnl 
Inwii.L.;  niiiiind  insr..,lii.nl.s:   c'hlr.riil,.  i.f  s„r|hiiii,  sMl]ilml(, 


sulphate  of  calcium,  silica,  hydrosulphuric  acid,  and  car- 
twnic  acid— a  total  of  about  100  grains  per  United  Stale* 
gallon.  The  baths  here  enjoy  a  wide  reputation  in 
Slexieo  on  account  of  the  exceptional  excellence  of  thr 
batliin.G:  establishment  and  also  on  account  of  the  locaitoo 
in  Pueblo,  which,  in  the  writer's  experience,  is  the  nxNt 
attractive  of  all  the  Mexican  cities. 

JV.  J.  /bn«  A  Uon. 

BANOS  DE  LAS  ARENAS  —Chucandim,  Hicbmna. 

Mexieo,     This  is  a  large  tbermal  spring  having  a  tan- 

ni.i-aliin.    niTiirinir    fnim     00°    tii     1IWt°     P  Tho    mliT   i* 


B  (iiumi  COn'AlKS : 


m  lulpliste 7S 

laiiriuiu  lUlpbale tM 

i^alpbuniua  sold JB 

Cwimikc  Bdd JO 

Total  wilds a^n 

The  analysis  is  evidently  incomplete.  The  spring  dis- 
charges more  or  leas  hydrogen  sulphide  and  appcsn  lo 
lie  of  the  calcic- sill pbiircled  type.  Two  balbiag  anait- 
nients  have  been  constructed.  It  is  claimed  by  renoenn 
of  the  locality  that  the  baths  are  very  beneficial  m  skindi)- 
eases  and  in  various  forms  of  neuralgia  and  riteumalism. 
-V.  J.  I\iiiee  de  Lkm. 

BANDS  EN  EL  PENDN.— These  celebrated  spriogi 
are  sitiiali'd  four  kilonietrita  northcASt  of  the  city  of 
Mexico,  and  their  birth,  according  to  the  ,lzlec  legnid, 
was  coevul  with  that  of  the  city.  The  water  fuinisbtd 
by  tlie  Bafios  en  el  Pefion  issues  from  tbe  side  of  tbe 
Penon  mountain.  The  earth  here  is  composed  cbiellr  of 
lime  deposits  interrupted  in  places  by  overflows  of  mti 
and  betis  of  sandy  clay.  The  flow  of  water  is  conaidw 
able,  and  this  may  lx>  increased  almost  indeflnitcly  bj 
means  of  pumps.  Tlie  w*ater  has  an  average  tempert- 
ture  of  114°  F..  which  never  varies  more  than  tno  or 
three  degrees  higher  or  lower.  The  physical  chanrlt^ 
areas  follows:  Perfectly  clear,  colorless,  odorless.  sU^liilj 
saline  and  pungent — reaction  at  first  slightly  acid,  aflw- 
ward  alkaline.  A  solid  residue  of  I3U  grains  per  TDilnl 
Stales  callon  remains  after  evaporation  at  100°  0.  (313' 
F.).  This  residue  has  been  found  to  consist  of  the  sul- 
phate, tlie  phosphate,  and  the  bicarbonate  of  calcium, 
the  biearbonales  of  nuignesium.  siidiuai,  potassium,  and 
iron,  the  chloride  of  siMiium,  alumina.  mangHni-w,  lilhtt 
lK>ric  acid,  iodine,  and  organic  matter.  The  wafiT  aLvi 
contains  nitm^'n.  oxygen,  and  carbonic  acid  gaiies.  the 
latter  of  wliicli  is  freely  discliargcd  as  the  water  flows 
from  the  spring 

Ceiiidihri-  fii  el  /Vflnj..— This  is  an  artesian  well  irhicli 
owes  its  nuiiu-  to  the  fact  that  it  is  located  near  id  M 
cemeHTv.  It  is  ubnut  230  feet  in  depth.  Its  walMs»re 
also  warm  like  those  of  tlie  Bailos  spring.  The  niHi'ris 
HiiniL-whiii  'ipali -M'-'ot  in  appeurunce,  has  n  markedly  jul- 
phuidiis  ■I  .1.  ,u'.  I  ,L  -..[iiiM-hut  piinKi'Ut  and  saline  tasii'. 
Tem|i.  I  ■"'         I        Ki'nction   first  acid.   afterw»i>l 

HlkHiiiii  -     1-1   ■   iUli-Dls  per  Vniriil  Slates  gallM. 

Oe.Hi  !.■■  .,ii-  .  i.;i-i-!iriL.'  (if  ealcium  Biilpliate,  rakiiuii 
plios!i)iiii<-.  cak'iiim  liiciirbonate,  nmgnesium  hifsrlxinslc 
,*H!ium  hinirlMHuile.  (lotassiuin  bicarbonate,  iron  likar- 
iHinnle.  sodium  chloride,  silica,  alumina,  and  itan*  "f 
smliiini  sulphide,  lithia,  manganese,  iodine,  liyilmjul- 
pliuricaeiil,  undoreanicnialter.  Gusi^ present :  carlnw 
acid,  nilniiren.  and  oxygen.  A  tliinl  spring. known  ii> 
llic  ".l/''"(n"nf(WiWi/o/-rto"f«rf71'nonissitiiale<liiHlif 
neiglilxirliOfKl,  This  is  a  heavily  carlionated  themw' 
spring,  lis  waters  are  very  similar  to  those  of  ihcBaii'* 
but  lire  I'videnilya  little  more  densely  inincraliz'^  »"■ 
uii'  not  (|iiile  so  fiot.  These  springs  may  he  clsssifleil « 
of  till'  111  kill  ine- saline-carbonated  tvpe.  resembline  Bnme- 
H-iiat  thORi'  of  Wii^lmden,  Kissinge'n,  and  Ems  in  Europe, 
iiiiil  not  unlike  tlie  Saratoga  waters  in  the  I'liili-d  8ifli<* 
.\econling  lo  Dr.  Liceago.  of  Mexico  City,  Ibe  liatlis  «' 
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BaBo  He  San  Pablo. 
BarlMidos. 


El  Pefion  are  useful  in  a  great  variety  of  diseased  condi- 
tions, including  particularly  subacute  and  chronic  mus- 
cular rheumatism,  gout,  migraine,  various  neuralgias, 
diabetes,  obesity,  and  chronic  affections  of  the  gastro- 
intestinal tract  and  liver.  The  springs  have  a  delightful 
location  in  the  valley  of  Mexico  at  an  elevation  of  3,000 
metres  above  the  sea  level.  This  may  be  called  a  region 
of  perpetual  spring.  During  the  writer's  sojourn  in  the 
valley  in  the  months  of  November  and  December  the 
atmospheric  conditions  were  very  similar  to  those  ob- 
taining in  New  York  in  the  month  of  May.  The  baths 
here  may  be  employed  all  the  year  round.  The  water  is 
also  highly  recommended  by  Mexican  physicians  for  in- 
ternal use.  It  should  be  sipped  hot  at  the  springs,  begin- 
ning in  doses  of  half  a  tumblerful  two  or  three  times  a 
day  and  gradually  increasing  the  quantity. 

JS.  J.  Ponce  de  Leon. 

BARBADOS.— The  island  of  Barbados  (also  spelled 
Barbadoes)  lies  farthest  to  windward,  i.e.,  to  the  east- 
ward, of  any  of  the  Windward  Islands,  in  Lat.  13*^  4'  N., 
Long.  37"  W.  For  nearly  three  hundred  years  the  island 
has  been  in  the  possession  of  the  English  Government, 
and  Bridgetown,  its  capital  and  largest  town,  is  one  of  the 
chief  commercial  centres  of  the  West  Indies.  The  an- 
nual sugar  ci*op  of  Barbados  is  estimated  at  about  forty 
thousand  hogsheads,  and  the  whole  island  is  under  culti- 
vation, the  population  being  very  dense  (nearly  a  thou- 
sand per  square  mile).  The  length  of  the  island,  from 
north  to  south,  is  about  twenty-one  miles,  and  at  its 
broadest  part  it  extends  some  fourteen  and  a  half  miles 
from  the  eastern,  or  windward,  to  the  western,  or  leeward 
shore.  "Barbados  presents  every  variety  of  scenery — 
hill  and  valley,  smooth  tableland,  and  rugged  rocks. 
From  one  point  of  view  the  land  rises  in  a  succession  of 
limestone  and  coral  terraces,  which  indicate  different 
periods  of  upheaval  from  the  sea.  From  another  there 
is  nothing  to  be  seen  but  a  mass  of  abruptly  rising  rocks. 
The  highest  elevation.  Mount  Hillaby,  is  1,104  feet  above 
the  level  of  the  sea.  The  island  contains  but  few  streams 
or  streamlets.  The  gullies  or  ravines — the  result,  no 
doubt,  of  volcanic  agency — are,  however,  very  numerous, 
radiating  from  the  high  semicircular  ridge  of  the  coralline 
formation  in  a  very  regular  manner  to  the  west,  north, 
and  south,  but  not  to  the  east,  where  the  coral  rocks  end 
abruptly.  .  .  .  The  climate  of  Barbados  is  healthy ;  the 
temperature  equable.  For  eight  months  in  the  j'ear  the 
sea  breezes  keep  it  delightfully  cool  for  a  tropical  country. 
The  extent  of  cultivation,  the  absence  of  swamps  (the 
porous  character  of  the  rock  immediately  underlying  the 
soil  preventing  accumulations  of  stagnant  water),  ac- 
count for  the  freedom  from  miasma "  (Encyclopaedia 
Britannica).  "  The  northeast  trade  wind  prevails  through- 
out three-fourths  of  the  year,  and  the  rains  also  come  for 
the  most  part  from  the  northeast ;  but  at  certain  times  of 
the  year  the  wind  shifts  to  the  southwest  and  northwest, 
bringing  showers  which,  however,  do  not  extend  across 
to  the  windward,  or  northeast,  side  of  the  island.  In- 
deed, it  is  only  exceptionally  that  rain  coming  from  any 
direction  falls  at  one  and  the  same  time  throughout  the 
entire  extent  of  the  island.  March  is  the  driest  month, 
October  the  most  rainy.  .  .  .  During  the  dry  season. 
December  to  June,  the  lowlands  on  the  leew^ard  side  of 
Ihe  island  have  a  smaller  rainfall  than  do  the  other 
districts;  but  during  the  wet  months  (July  to  November), 
when  the  westerly  winds  are  of  most  frequent  occurrence, 
the  rainfall  of  these  districts  exceeds  that  of  other  portions 
of  the  island*'  (Hann's  "Handbuch  der  Klimatologie," 
p.  356). 

The  average  rainfall  for  each  of  the  twelve  months  of 
the  year  is  given  in  a  table  to  be  found  on  p.  849  of  the 
work  just  quoted,  the  figures  being  as  follows: 


January 3.267  inches. 

February 2.fl(16     " 

March l.iW     " 

April 'i.om     '' 

May 3.543     " 

June 6.433     " 


July 5.708  Inches. 

Aui?ust 7.244     " 

September 6.221      " 

October 8.766     " 

November 7.086     " 

December 4.487     " 


Year 57.757  Inches. 


As  we  learn  from  the  figures  of  this  table,  the  total 
rainfall  in  Barbados  for  the  six  months  of  December, 
January,  February,  March,  April,  and  May  is  only  17.86 
inches,  or  an  average  amount  of  but  2.89  inches  per 
month.  The  temperature  in  Barbados,  as  in  all  other 
tropical  islands,  varies  but  little  throughout  the  year. 
According  to  the  writer  in  Appleton's  "Handbook  of 
Winter  Resorts."  the  thermometer  ranges  in  December 
from  73°  to  85°  F.,  and  in  February,  from  71°  to  84" 
F.  A  letter  from  the  Superintendent  of  the  Canadian 
Meteorological  Service,  which  was  kindly  obtained  for 
the  writer  by  the  Hon.  Beaumont  Small.*  of  Ottawa,  in 
reply  to  inquiries  concerning  the  climatological  statistics 
of  the  British  West  Indies,  alludes  to  the  climate  of  Bar- 
bados as  follows: 

"The  mean  monthlv  temperature  ranges  from  76°  F. 
in  January  to  80.8°  F.  in  August.  The  rainfall  varies 
greatly  from  month  to  month,  but  is  never  wholly  absent; 
the  total  yearly  amount,  from  an  average  of  twenty -live 
years,  was  57.74  inches.  The  average  for  March  exceeds 
2  inches,  and  in  October  reaches  nearly  11  inches, 
these  being  respectively  the  driest  and  wettest  months  of 
the  year."  The  mean  annual  relative  humidity  is  72  per 
cent.,  as  is  also  the  mean  for  the  winter. 

Uun  tington  Rich/irds. 

[There  is  no  system  of  drainage  at  Barbados  outside  of 
the  garrison,  but  it  is  said  (Hutchinson)  that  the  porous 
nature  of  the  land  renders  this  unnecessary.  The  town 
and  suburbs  are  supplied  abundantly  with  pure  drinking 
water.  Residence  in  Bridgetown  itself  is  not  to  be  rec- 
ommendeti  to  invalids,  but  one  may  safely  select  either 
Hastings  or  Fontabelle,  in  the  suburbs,  or  Scotland, 
which  is  considered  the  healthiest  residence  portion  of 
the  island.  Cases  of  typhoid  fever  are  occasionally  en- 
countered, and  yellow  fever  is  sometimes  brought  from 
the  other  islands,  but  there  is  almost  perfect  immunity 
from  smallpox,  diphtheria,  scarlet  fever,  measles,  and 
other  infectious  diseases.  "  The  records  of  the  garrison 
there  for  the  last  twenty -five  years  show  that  it  is  the 
healthiest  station  at  which  troops  are  quartered  anywhere 
in  the  world  "  (Moxly). 

The  characteristics  of  the  climate  are  those  of  an  insular 
tropical  climate,  moist,  bland,  and  equable,  with  only 
slight  variations  in  the  temperature.  The  northeast 
trade  winds  blow  steadily  during  the  day,  and  as  a  rule 
they  are  not  unpleasantly  strong.  During  the  dry  season 
from  December  to  May.  there  are  no  rains  or  heavy 
dews.  Although  sunstroke  is  said  to  be  rare,  it  is  wise 
to  follow  the  custom  of  the  natives  and  carrj'  a  sun  um- 
brella during  the  hottest  hours  of  the  day — from  eleven 
to  four. 

Such  a  climate  as  this  is  manifestly  unsuited  for  cases 
of  pulmonary  tuberculosis.  "It  is  more  than  useless," 
says  one  who  has  had  a  large  experience  with  this  climate, 
"  to  send  consumptives  to  these  islands."  There  are  vari- 
ous conditions  and  diseases,  however,  which  are  greatly 
benefited  by  a  residence  here ;  such  are  the  various  forms 
of  nervous  prostration,  or  mental  fatigue,  neurasthenia, 
chronic  renal  diseases,  the  various  cardiac  derangements 
or  diseases,  catarrhal  and  irritative  affections  of  the 
throat,  and  laryngitis.  Such  a  climate  is  also  very  suit- 
able for  old  people  or  those  possessing  little  vitality,  and 
for  weakly  children.  It  may  also  be  recommended  to 
those  who  desirc  to  avoid  the  risk  of  bronchitis  or  other 
acute  respiratory  affections  so  common  in  northern  lati- 
tudes. "Tropical  islands,"  says  Hutchinson,  "are  bad 
places  for  rheumatism ;  the  same  constant  moisture  that 
plays  so  large  a  part  in  curing  nervous  difficulties  pro- 
duces and  intensifies  all  forms  of  rheumatic  affections." 

Sea  bathing  is  one  of  the  features  of  this  island,  the 
temperature  of  the  water  being  about  78°  F.  At  Hast- 
ings there  is  a  reef  of  coral  which  protects  bathere  from 
the  sharks.  The  accommodations  are  good,  and  one 
finds  competent  medical  men  there. 

Barbados  is  reached  from  New  York  in  five  or  six 
days,  and  the  island  has  frequent  communication  with 
England  and  the  other  islands. — E.  0.  Otis.] 
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BARGER'S  SPRINGS.— Summm  County,   West  Vir- 

I'ost-Opfice.— Talcott. 

Access.  — Vift  Chesapeake  and  Ohio  Railroad  to  Talcott, 
thcDce  a  drive  of  three  miles  to  the  springs.  Private 
boarding-house. 

Barger's  springs  have  their  situation  in  a  picturesque, 
broken  region,  marked  by  ragged  cliffs  and  narrow 
niiaded  glens,  with  numerous  rapid  mountain  streams 
dasiiing  through  tbeio.  The  Greenbrier  River,  a  stream 
fHmout4  for  irs  charm  of  sceaery  and  for  the  enticements 
it  affords  to  the  angler,  flows  within  two  hundred  yards 
of  the  springs.  The  place  has  not  been  much  improved 
Asyel.and  the  only  stopping  place  for  visitors  is  a  board- 
iug-lioURc  with  a  limited  capacity.  No  analysis  of  the 
water  has  been  made,  but  it  is  evidently  thoroughly 
fliargcd  with  sulpfiureted  hydrogen.  Rcsiflents  of  the  lo- 
callly  resort  to  it  for  the  treatment  of  atonic  dvspcpsia. 
It  is  (luilo  beneficial  in  chronic  rheumatism,  and  a  num- 
ber of  verv  obstiuate  cases  of  cystitis  appear  to  have 
yielded  to  its  use.  The  water  also  possesses  Ionic  prop- 
erties, and  is  a  useful  adjunct  in  debilitated  slates  Its 
temperature  is  58"  F.  Janiet  K.  Crook. 

BARIUM.— Salts  of  barium  arc  of  more  interest  to  tlie 
jihysician  from  the  point  of  view  of  toxicology  than  from 
tliat  of  therapeutics.  Barium  compounds  are  all  poison- 
ous, the  soluble  ones,  of  course,  more  actively  so  than  the 
insoluble.  Therapeutically,  l»rium  luis  been  assumed  to 
have  a  power  over  scrofulous  conditions  analogous  to 
that  of  iodides  or  of  mercurials,  but  no  striking  results 
have  ever  been  demonstrated  from  its  use.  The  clihride 
is  the  only  barium  salt  of  medicinal  interest. 

Baiiuiii  VbUtridt,  BaCI,,  2H,0.— Barium  chloride  Is 
not  now  official  in  the  United  States  Pliannacopneia,  It 
is  a  while,  crj'stalline  salt,  occurring  in  rhombic  tab- 
lets, permanent  in  the  air.  It  dissolves  freely  in  water 
and  diluted  alcohol,  and  has  a  bitter,  disagreeable  tasle. 
It  has  been  given  medicinally  in  doses  of  from  0.03  to 
0.13  gm.  (gr.  ss.  to  ij.).  dissolved  in  an  abundance  of 

Barium  Ihoridf,  BnO,.  is  official  in  the  United  States 
Pliarmacop<Eia  for  pharmaceutical  use  in  preparing  the 
official  Aqwa  Hi/ilrogeuii  IMoiiili.  Solution  of  Hydrogen 


dioxide. 


Eklitard  On; 


BARIUM   SALTS.     {T0XIC0L0GY.>-Severa1  of  the 

Dohihlcsatltsof  liarium.  especially  the  nitrate  Bi((NOt)t  and 
the  chloride  BaCU,  arc  ustil  largely  in  the  chemical  latHjra- 
'  tory  as  tests  for  sulphuric  acid.  The  c[>nip<miid.  how- 
ever, which  is  most  laniiliar  in  commence  is  the  sulpbale 
BaSO,.  which  is  known  as  /trnfflni  or  hmry  njnir.  This  is 
u  heavy,  white,  o]iaque  sultstance.  much  eiuployed  as  a 
genemf  adulterant  on  uecouni  of  its  weight,  b'ut  espe- 
cially fur  mixing  with  and  adullernting  paints.  Its  high 
decree  of  inwiluliility  deprives  it  of  any  specirtc  poison- 
ous action,  except  iioMsibly  as  a  mi'chaliinil  irritant.  It 
has  been  staled  Ihiil  it  has  Ikh-u  used  in  Hour,  and  even 
in  butter,  but  such  uw-  must  Iw  rare. 

The  Biihible  bimuui  CDuiiimiiuls.  espJ'ciiilly  Ihosi'  above 
lueiitbtU'd,  are  irritmil  jmisr^Ms  Citsi's  of'poisiming  bv 
them  an-,  however,  rarf,  iiriil  Imvr  l»rn  miRllv  the  n'suil 
i.f  iici^ldent.  the  iNidy  havirii;  Urn  niislaken  for  one  of 
the  onlinary  saline  i-ntlmrlics. 

Barium  cnrlNinute  Ih  usi'd  as  a  rat  piiit^ui.  liut  a  case 
nil  record  mIiows  that  It  Is  not  u  very  viiulrnl  lii«iy. 

In  Ihc  recnrdiii  mws  of  poiNonin;.'  Iiy  Imriiim  sails  the 
f|uan titles  taken  haveusuallv  Ixi'u  nilher  liii'^'i^.  varviii;.' 
from  one  hm.drcd  grainfi  to'  half  an  ounce.  The  sOini.- 
i„ms— which  do  not  arise  inuucdialcly— are  W.ok-  of 
irritiiul  jioisoiiintr,  nausiii,  with  sharp  liuruiii;i  [mius  in 
the  sioiiiiich,  followed  by  voiniliii.ir  and  ]>ur<ring.  Loss 
of  muscuhtr  power  has  been  not e<i  ui  wmie  of  the  cases. 
but  most  have  exhibilL-d  convulsions  lowanl  the  i-nd. 
No  c'harucleristic  bniin  synijilonis  are  ih'veloped.  but 
giildiiiiss  and  heiidache  liiiVe  been  olwi-rveil, 

Fosl-mirrtem  e.\aminaliou  shows  Ihe  usual  apjiearances 
of  iiTiljiiit  poisiiniug.  inflammatiiiii  of  the  mucous  uiem- 
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branc  of  the  stomach  and  bowels,  and  cxtravaaatiMi  of 

hl<M>d. 
Death  has  usually  occurred  in  less  than  twenty  houra. 

The  antidote  in  poisoning  by  barium  salts  is  any  soluble 
sulphate,  such  as  Epsom  salt,  QIaubcr's  salt,  or  alum. 
These  form  at  once  the  insoluble  and  inert  barium  sulphate, 
which  can  easily  be  removed  from  tlie  stomach  by  tlie 
promotion  of  vomiting.  The  poison  will  be  completely 
neutralized  by  the  antidote,  and  the  subsequent  ti^t- 
racnt  will  be  on  general  principles. 

There  is  no  difficulty  in  recognizing  a  tiarium  salt. 
Sulphuric  acid  or  any  soluble  sulphate  produces  at  once 
an  opaque,  white  precipitate  of  barium  sulphate,  dis- 
tinguished by  its  entire  insolubility  in  water,  in  acids,  or 
in  alkalies.  Henry  LtffuMiin. 

BARIUM  SPRINGS.— Iredell  County,  North  Caroluu. 

Post -t.tFfiCE.  — Barium  Springs. 

Access.— Viil  A.  T.  and  O.  Railroad  (Southern  System) 
to  Barium  Springs  station,  thence  one-half  mile  'to  the 
springs.  The  location  is  five  miles  from  Statesvitle  and 
for^  miles  from  Charlotte.     Farmhouses  receive  vL-dlon, 

litis  spring  has  been  knownsince  1T75.  Fronrthe  fact 
that  cattle  refused  to  drink  from  it  the  spring  was  for- 
merly known  as  "  Poison  "  spring.  It  is  located  on  the  lop 
of  a  rocky  knoll,  about  fifteen  feet  higher  than  a  bmot 
not  over  forty  feet  distant,  and  eight  to  ten  feet  higher 
tlian  eight  other  springsaround  the  base  of  the  knoll  aod 
over  one  hundred  feet  distant.  The  spring  has  no  visible 
outlet,  yet  the  water  remains  at  a  constant  level.  Der« 
freezing  and  never  stagnating. 

According  to  an  analysis  by  Professor  Ledoux  itcon- 
talns  seventeen  grains  per  United  States  gallon  of  Uirium 
sulphate  ard  chloride,  phosphoric  acid  and  iron.  E^ 
fessor  Chandler's  analysis  sliows  the  presence  also  of* 
small  quantity  of  sulphuric  acid,  lime  salts,  and  nu;;- 
ncsia.  The  water  is  used  commercially,  and  is  said  to 
possess  value  in  the  incipient  stage  of  cancer,  in  syphilis, 
eczema,  indigestion,  ulceration  of  the  stomach,  etc. 

Jamn  K.  Crmt. 

BARLOW'S  DISEASE.    See  Snny. 

BARTHOLIN'S  GLAND.— An atoxt  and Phtsiolmi 
— Bartholin's  gland  was  described  by  a  number  of  Ibr 
old  anatomists,  including  Bartholin.  Duvemey.  and 
Cowper,  all  of  wliose  names  have  been  attacheii  to  it  hv 
ditferetit   writers.     In   re-  ^ 

cent    years   it    has    been  "^ 

stndii-il  more  partlcuhiriy 
by  Tiedeninnn  and  Hil- 
guier.  the  latter  of  whom 
gave.  i(  the  name  of  the 
vulvo- vaginal  gland. 

These  glands,  of  the 
com|>ound  nieemose  or- 
<ler.  are  two  in  number, 
situated  one  on  either  side 
of  the  inlruilus  vaghiie. 
unmcilifttely  Ix'low  the 
bulb  of  the  vestibule,  in 
a  sjiace  liouniled  bv  the 
su]H'rliciiil  perineal  fascia 
In  front,  the  vagina  inter- 
nally, and  the  ascending  I 
nimus  of  the  ischium  ex- 
t<Tnally.  Each  gland  is 
iN'Mii-shaiied,  usually  not 
mure  than    half   on   inch 

peciiilly  in  prostitutes)  a; 
large  as  an  almond.  When  in  Its  normal  conditio  ■' 
is  not  gi'nemlly  to  Vie  felt  on  palpation,  but  themcu'li 
of  its  duct,  of  a  ^ze  sufficient  to  admit  a  hrisilf.  nuv 
comiiionly  lie  seen  at  the  Iwttoni  of  the  furrow  arliiili 
Ri-parali's'  the  ostium  vaginie  from  the  lower  end  of  <-^' 
labium  minus.     The  duct  is  rather  move  than  liaK  m 
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B«rtlfll  SprlDca. 


Tilt  accompanyJDg  illustration  (Pig,  4T7),  from  Hu- 
guicr,  allows  a  diasectloD  of  tlie  parts  Id  the  immediate 
neighborhood  of  Burtbolio's  gland,  while  llie  second  cut 
(Fig.  4'S),  taken  from  Heole,  showa  a  front  view,  in  sec* 
lion,  of  the  external  genitals  of  a  new-born  female  Infant 


x°; 


(Alter  Honle.) 


the  posli 

labia  pudendi  {left 
half  of  the  poate- 

The  gland  ia 
considered  to  be 
the  analogue  of 
)ler}-'s  gland  iu 
the  male.  It  fur- 
nishes   a   whiliab 


riG,  478.— 1,  A  Mctlon  of  lue  lower  pari  ot  the    i„  .  1st    aa  i)ii>  r.. 

'.■--JSSfbSr  ."It  ot'SilSti™ 

_         »L»eoUon):l,  of    the   vulva   or 

tlM  nslna:  5.  fiutbollD'B  alimd:  tt,  ibe  ..vniif  i.\fttDmi-ni 

hnlboAtemouu    muKlB    (In  obllquH  uid  •'"H'- i''i"*^'"^'". 

■usectloD);  T.lbB  labium  pudendi,  ">   t"«   waking 

•  -•'•  state     or    during 

—Affections  of  the  vutvo-vaeinal  gland 
iind  those  of  its  excretory  duct,  taken  togctncr.  are  cx- 
<'cedingly  common.  In  general,  it  ia  the  duct  alone  tliat 
U  atTect«d.  at  ieaat  in  the  drst  instance.  Common  inflam- 
mation, which  is  apt  to  end  in  the  fonnation  of  pus,  ia 
line  of  these  diseases,  and  inflammation  may  be  the  cause 
or  the  consequence  of  a  dUtention  of  the  duct  due  to 
retained  secretion.  But  a  still  more  important  a&ccLion 
is  suppuration  due  to  gonorrheal  infection. 

Diliilalu/n  of  tite  E^Krettrry  iJurt.— This  condition,  the 
ao-catled  retention  cyst.  Is  undoubtedly  often  mistaken 
for  a  swelling  of  the  gland  itself,  but  its  comparatively 
Huperflclal  situation  is  aufflcient  to  distinguish  it  froni 
the  latter.  Unless  accompanied  bv  inflammation  or 
<^ema  of  the  surrounding  tissue  of  tlie  labium,  it  ought 
not  to  be  confounded  with  any  other  affection,  and,  even 
when  one  of  those  complications  is  present,  it  requires 
to  be  diagnosticated  only  from  bsmatoma  and  from  a 
sero-purulentformof  infiltration  of  the  labium  that  some- 
times takes  place  during  the  Ijing-in  period.  It  may  be 
distinguished  from  biematuma  by  the  fact  of  its  eradual 
formation,  and,  less  roadilv,  from  puerperal  inflltration 
hv  tiie  same  feature,  whicfi,  however,  becomes  verj'  sig- 
nificant when  coupled  with  the  patient's  general  condi- 
tion and  Ilie  history  of  the  case. 

The  affection  is  most  common  on  the  left  aide — its  im- 
mediate cause  being  an  obstnictiou  at  the  orifice  of  the 
duct;  the  conditiona  leading  to  the  latter  occurrence  are 
various.  It  ia  very  common  la  newly  married  women 
and  in  prostitutes,  which  fact  tends  to  show  its  frequent 
origin  in  a  sort  of  traumatism  due  to  excessive  coitus. 
Gonorrhoea,  also,  may  readily  ^ve  rise  to  it,  or  any 
catarrhal  affection  of  the  vulva,  including  eczema.  Be- 
sides, the  urine  may  l)e  of  so  irritatinga  quality  as  readily 
to  setup  quiioenougb  irritation  at  the  mouth  of  the  duct 
to  Icwl  to  obslruction.  Another  cause  mentioned  by 
writers  is  the  encroachment  of  condylomata  upon  the 
opening  of  the  duct. 

This  form  of  <lisease  tends  to  induce  acute  inflamma- 
tion, and.  if  this  docs  not  occur,  it  is  prone  to  relapse. 
The  swelling  is  not  always  painful  in  itself,  but  it  con- 
stitutes a  certain  Impediment  to  coitus,  and  is  always  a 
aourc«  of  annoyance  to  the  patient. 

Very  commonly  the  retained  secretion  may  be  squee£(il 
out  through  the  orifice  of  the  duct,  and  iu  some  inslances 


no  further  obstruction  takes  place  for  a  considerable 
length  of  time.  In  general,  however,  dilatation  by  means 
of  graduated  probesTs  required.  If  this  proves  tnelTectual 
or  unusually  dilHcult.  it  is  best  to  cut  into  the  swelling 
and  pass  the  probes  from  the  wound.  In  this  case  the 
cavity  sliould  be  dressed  antiseptically.  When  repeated 
relapses  occur,  a  portion  of  tlie  wall  may  be  cut  out  and 
the  remainder  of  the  cavity  cauterized,  with  a  view  of 
inducing  suppuration  and  obliteration.  Tincture  of  io- 
dine or  nitrate  of  silver  will  usually  answer  the  purpose, 
but  in  stubborn  cases  good  results  have  been  secured  with 
chloride  of  zinc. 

Deeper-seated  retention  cvsts,  due  to  obstruction  of 
the  radicles  of  the  duct  within  the  gland  itself,  are  much 
less  common.  In  some  instances  they  reach  a  very  great 
size,  extending  down  on  the  perineum  and  up  by  the 
side  of  the  vagina,  so  high  eveu  aa  to  press  the  uterus 
out  of  its  natural  situation. and  they  may  be  complicated 
with  an  effusion  of  blood  into  the  cavity.  In  their  treat- 
ment, it  is  best  to  remove  the  entire  eiand  and  its  duct. 

True  inflammation,  citlier  of  the  gland  or  of  its  duct, 
commonly  ends  in  suppuration,  and  the  pain  is  apt  to  be 
severe,  with  some  constitutional  reaction.  The  abscess 
usually  breaks  on  the  inner  side  of  the  labium,  giving 
exit  to  dirty,  stinking  pus.  It  is  to  be  treated  like  ordi- 
nary abscesses;  at  first  with  poultices,  and,  when  fluctua- 


antbeptie  gauze.  When  the  abscess  is  left  to  itself  sev- 
eral openings  may  form,  fistulous  tracts  may  remain  for 
a  long  time,  and  undermining  may  oct;ur,  as  Willi  buboes. 
These  features  call  for  the  same  treatment  as  in  other 
parts  of  the  body. 

Pain  and  hypenesthesia  of  the  gland  are  said  to  be  the 
occasional  result  of  the  repeated  dischargeof  itssecretlon, 
in  consequence  of  erotic  drenma,  fraitk  P.  Fotler, 

BARTLETT  SPRINGS.— Lake  County,  California. 

Pobt-Okkice. — Bartlett  Springs.    Hotel. 

Access. — Since  May  1,  1H92,  the  springs  are  reached 
from  San  Francisco  by  two  rouiea.  Firal,  vifi  San  Frau- 
ciscoand  Northern  Pacific  Railroad.  Leave  San  Francisco 
by  the  Tiburon  Ferry,  arriving  at  Pieta  at  11;60  a.m. 
Thence  by  stage  to  Ljikeport,  arriving  4: 15  p.m.  Thence 
by  steamer  Ciiy  nf  lAtkeport  across  Clear  Lake,  disem- 
barking at  Bartlett  station  at  5:45  p.m.  Thence  bya 
second  six-ln-hand  stage  to  springs,  arriving  at  8  p.m. — 
a  beautiful  and  picturesque  route  throughout.  Second, 
leave  San  Francisco  viA  Oakland  Ferry,  H  a.m.,  arriving 
at  Colusa  Junction  at  1 :  25  p.m.  Change  to  Colusa  Rail- 
road, A  ride  of  fortj--five  minutes  brings  the  visitor  to 
Bites  at  2: 10  p.m.  Thence  take  Miller  and  Long's  stage- 
coach thirty-five  miles  to  springs,  arriving  at  tl  P  " 


No  n 


vigorating  climate  can  be 


found  than  that  of  Lake  County :  and  the  ]&artlett  springs, 
being  located  in  a  cafion,  with  high  mountains  on  toe 
north  and  south,  are  particularly  well  located  to  resist 
sudden  changes  of  temperature.  The  thermometer 
shows  a  mean  of  85°  F.  in  the  summer  and  is  never  below 
2U°  F.  in  the  winter;  the  elevation  Is  twenty-three  huD' 
dred  feet  above  Ihesea  level,  and  the  surrounding  scenery 
is  grand  and  iuspiring.  On  the  springs  property,  consist- 
ing of  eight  hundred  acres,  can  1je  found  hundreds  of 
mineral  springs,  no  two  having  exactly  the  same  com- 
position. The  following  analysis  of  the  principal  spring. 
by  Mr.  George  E.  Colby,  shows  an  alkaline-carbonated 
water  of  moderate  strength,  which  possesses,  especially 
in  the  sodium,  calcium,  and  magnesium  compounds, 
active  remedial  agents. 


flodlum  McBTbonau 


C>Ji>1utn  rarboaate, . 


B.  B*  JHtneral  Springs. 
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Solids.  Grains. 

C&lclum  phosphate 0.4fl 

Calcium  sulphate .0!) 

Iron  compuunds Trares. 

Silica 3.47 

IJtbium Traof*. 

BcHTium  carbonate .06 

Strontium .00 

Boric  acid Traces. 

Organic  matter 'lYaces. 

Total 43.34 

Gases.  Cubic  inches. 

Free  carbonic  acid 'MJtil 

Ammonia Faint  tnu«*. 

Tempt*.rature  of  water iVA**  F. 

Dr.  Winslow  Anderson's  analysis  shows  slightly  more 
solids  per  gallon  ami  a  soniewliat  smaller  proportion  of 
carbonic  acid.  There  are  other  well-known  springs  here, 
including  the  '^Sfnia,"  "Iron,"  ** Sweet,"  and  **Gas" 
springs.  A  feature  of  great  interest  in  the  neighborhood 
is  the  gas  tunnel,  running  eighty  feet  into  the  mountain- 
side. A  large  flow  of  carbonic  acid  gas  isstics  steadil}' 
from  the  mouth  of  the  tunnel.  It  rises  to  a  height  of 
eighteen  feet  above  the  ground  and  by  force  of  gravity 
n)lls  down  the  mountain -side  in  considerable  volume. 
Many  small  animals  and  reptiles,  including  birds,  squir- 
rels, lizards,  etc.,  in  trj'ing  to  cross  its  path  l)ecome 
asphyxiated.  Skeletons  of  some  of  the  victims  may  be 
seen  for  quite  a  distance  from  the  tunnel's  mouth.  The 
waters  of  Bartlett  Springs  are  highly  recommended  in 
chn)nic  rheumatism,  gout,  s<>iatica,  calculous  diseases, 
dyspepsia,  and  chronic  alcoholism.  They  are  bottled 
and  have  an  extensive  sale  on  the  Pacific  cimst. 

J  a  men  K.  Cr^tok. 

BASEDOW'S  DISEASE.    See  Ejcophthalmic  Ooitre. 

BASIL  L. — (fam.  F/tihiata.)  Orttnum  B^mlinjfh  L.,  the 
common  garden  tjasil,  is  an  annual  Asiatic  mint,  culti- 
vated in  kitchen  gardens  in  Europe  and  America.  It  is 
from  30  to  50  cm.  high,  with  branched  quadrangular 
stems,  and  ovate  or  oblong  stTrated  heaves.  The  flowers 
are  usually  in  clusters  of  six,  with  an  irregular  calvx. 
having  the  upper  lol)c  large,  ovate,  and  decurrent.  1'he 
corolla  tube  is  very  short ;  the  stamens  four,  and  declined. 
In  fruit  the  calyxis  reflexed.  The  plant  has  a  mint-like 
and  agreeable  odor.  The  drug  consists  of  the  dried  herb, 
and  consequently  answers  to  the  above  description.  It 
contains  alwut  one  and  a  half  per  cent,  of  e^ntentt'al  oil, 
consisting  mostly  of  a  stearoptene,  basil  camphor,  which 
readily  crystallizes  in  the  oil  upon  standing  in  the  cold. 

The  use  of  basil  is  culinair  rather  tliau  me<licinal ;  it  has 
the  carminative  qualities  of  the  order,  and  may  be  used 
for  the  same  general  purposes.  Its  chief  use  is  as  a 
flavor.  Dose  of  an  infusion,  ad  lihitum  ;  of  the  oil,  from 
2  to  5  dgm.  (0.2  to  0.5  gm.  =  TT|,.  iij.  to  viij.). 

H'.  P.  ntUiS. 

BASSIA  OIL.    See  Palm  Oil. 

BATH,  ENQLAND.-A  town  of  58.761  inhabitants, 
beautifully  situated  in  the  valley  of  the  Avon,  on  the 
slopes  of  surrounding  hills,  one  hundre<l  and  st»ven  miles 
southwest  from  liondon.  Bath  has  been  a  town  of  much 
reputati(m  for  its  thermal  si)rings  ever  since  the  days  of 
the  Roman  o<;cupation.  and  extensive  H(mian  remains 
still  exist  there.  I'hroughout  Kngli.sh  litemturt^  frequent 
mention  is  nuide  of  I(ath.  and  it  has  had  various  vi(;issi- 
tudes  of  fortune:  having  bren  at  one  time  one  of  the 
most  fashionable  watering  places  of  England,  and  then 
degenemting  into  a  quiet  and  somewhat  neglected  resi- 
dential town  for  retired  and  invalidi'd  oflicials.  Quite 
recently,  however,  the  reputation  of  the  place  has  again 
b4*en  rising.  Owing  to  its  sheltered  position,  In-ing  sur- 
rounded by  hills.  Bath  affords  an  excellent  winter  resi- 
(h-nce,  and  a  course  of  treatment  can  Ik*  taken  at  any 
si'uson  of  the  vear;  although  May.  September,  and  Oc- 
tr)lM*r  are  considered  the  best  months. 

The   following   meteorological    data  are   taken   from 


"  Climates  and  Baths  of  Great  Britain, "  1895,  to  which 
the  writer  is  indebted  for  the  facts  contained  in  this 
article: 

Obsrrvations  for  20  Ykars  (180a-l{$85).    (Fahrenheit  scalk.) 


Seasons, 

Spring 

Hummer 

Autumn 

Winter 


Mean. 

Hlffbest. 

Lowest. 

4S.4' 

:i<».7 

41.4 

51. 2« 
40.3 

4.'i.S» 

5S.I 

4«J» 

aH.4 

Rancre. 


5.4«' 
5.4 
3.K 
9.9 


Thirteen  out  of  twenty  winters  had  a  mean  temperature 
above  40'  F.  The  mean  annual  rainfall  was  32-|-  inches. 
Autumn  is  the  wettest,  and  spring  the  drit-st  seasim. 
The  thermal  waters  are  derivwl  from  three  springs:  the 
Hot  Bath,  of  120^  F. :  the  King's  Bath,  of  117  F. :  and 
the  Cross  Bath,  of  104"  F.  They  are  the  hottest  l>aths 
of  any  in  Great  Britain,  those  of  Buxton  ctmiing  next. 
The  waters  come  under  the  head  of  ** simple  thermal." 
and  the  analysis,  according  to  Mr.  Atttield,  is  as  fol- 
lows: 

O.VE  Imperial  (Gallon'  Co.ntains: 

Solids.  fi  Fains. 

Caldum  carbonate 7.S5 

Calcium  sulphate 94.11 

("alcium  nitrate 5rt 

MaipieMlum  carbonate .W 

Magnesium  cbloriU4! I.'SJM 

8odium  chloride 15.19 

Sodium  sulphate 23.1rt 

Potassium  sulphate 6.70 

Ammonium  nitntte 1.<B 

Ferrous  (■arhonate 1.22 

8illira  carbonate 2.71 

Total l«8.aii 

Traces  of  rubidium,  lithium,  and  strontium. 

Dis»ilved  (nis 
per  imp.  plnta. 

Oxygen 0.74 

Nitrogen 4.«) 

There  are  various  establishments  for  the  application  of 
these  waters:  (1)  The  King's  and  Queen's  Public  ami 
Private  Baths  adjoining  the  Grand  Pump  Room ;  and 
adjoining  the  King's  Btith  is  the  Roman  Bath.  (2)  The 
Royal  I*rivat<i  and  Hot  I^ths.  The  hot  bathhen^isan 
open  one  holding  7,570  gallons.  (3)  The  New  Royal 
Private  and  Swimming  Baths  attacheil  to  the  Grand  Pump 
R(K)m  Hotel.  (4)  The  Cross  Bath,  a  cheap  public  one. 
All  these  establishments  belong  to  the  corporation  of  Batli. 

In  connection  with  these  Iwiths  provisions  an»  made  for 
giving  the**  massage  douches"  like  those  at  ALx-les-Bains. 
reclining  douche  baths,  Ik'rthollet's  local  vajwr  batbs, 
the  "Scottish  douche,"  sitz  Imths,  and  various  sprays  and 
pulverizations  for  nasal  and  faticial  troubles.  There  is 
also  the  umbrella  8i)rav  chamber  wherein  strong  but  thin 
streams  of  hot  mineral  water  plav  upon  a  metallic  dome 
and  are  pulverized.  The  nnmi  In  consequence  becomes 
filled  with  a  sort  of  mist,  and  is  used  for  patients  suffer- 
ing from  chronic  catarrli  of  tin*  respiratory  passages. 
There  are  also  swimming  liaths  of  vanoua  tcm|X'ratun»s. 

Originally  the  general  method  of  using  the  waters  ex- 
tenially  was  by  immersion  in  deep  cisterns,  the  patient 
standing  in  them  covered  with  water  up  to  his  neck. 
Covered  in  this  fashion  he  could  move  about  to  promote 
flexibility  of  the  joints.  These  immersion  baths  an?  still 
in  vogue,  th<'  temperature  varying  from  98"  to  1(14''  F. 
There  are  other  baths  ammged  for  patients  in  a  reclining 
instead  of  an  erect  position,  and  also  armngements 
whereby  helpless  {)atients  can  be  lowered  into  the  water, 
like  the  impotent  man  at  the  pool  of  Bethesda.  A  foun- 
tain in  the  Grand  Pumji  Room  supplies  water  for  drink- 
ing, the  amount  usually  drunk  lieing  from  four  ounces 
to  half  a  pint  twice  a  day. 

**S])ecial  virtue  is  claimed  for  the  Bath  treatment  in 
<liseases  which  involve;  the  articular  structures  (chronic 
rheumatism),  and  sufferers  from  such  diseases  constitute 
a  very  large  proportion  of  the  patients  who  8(*ek  relii-f  at 
Bath. '^    In  gout  and  gouty  affe^ctions  the  Bath  treatment 
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appears  to  be  especially  efficacious.  In  anoimia, neuralgia, 
and  many  diseases  of  the  skin  it  is  of  undoubted  value. 
It  is  also  used  in  various  other  maladies,  as  those  of  the 
digestive,  respiratory,  and  nervous  systems.  It  is  contra- 
indicated  in  all  acute  diseases  with  high  temperature,  in 
pulmonary  affections,  in  tuberculous  affections  of  the 
joints,  and  in  heart  disease. 

The  accommodations  are  abundant,  varied,  and  good. 

From  a  personal  visit  the  writer  can  attest  to  tiie  at- 
tractiveness of  Bath  as  a  place  of  tempomry  residence; 
its  situation,  as  has  been  said,  is  beautiful,  and  the  city 
itself,  with  its  crescents  and  terraces,  its  abbey  church 
and  its  fine  Victoria  Park,  and  all  its  interesting  history, 
has  much  to  divert  one.  There  are  also  pleasant  excur- 
sions in  the  neighborhood.  Edicard  0.  Otis. 

BATH  ALUM  SPRINGS.— Bath  County,  Virginia. 

Post-Office. — Bath  Alum.     Hotel  and  cottages. 

This  resort  is  situated  midway  between  Millboroon  the 
main  line  and  Hot  Springs  on  the  valley  branch  of  the 
Chesapeake  and  Ohio  Railroad,  being  ten  miles  from 
either  point.  The  location  is  at  the  base  of  Worm  Springs 
Mountain  in  a  rugged,  broken  section  of  country.  The 
weather  during  the  season  from  May  to  November  is  char- 
acteristically clear,  bracing,  and  delightful,  with  few  dis- 
agreeable days.  The  springs  arc  five  in  number.  We 
present  the  following  analysis  of  Spring  No.  2.  which  is 
fairly  representative  of  the  group,  by  Prof.  W.  H.  Taylor: 

Onk  united  states  Gallon  Contains  : 

Solids.  Grains. 

Sodium  sulphate 1.13 

Calcium  sulphate 1.71 

Lithium  sulphate Trace. 

Magnesium  sulphate 46 

Potassium  sulphate 34 

Aluminum  sulphate 29.99 

Ammonium  sulphate Trace. 

Maniranese  sulphate 03 

Iron  persulphate 26.78 

Sodium  chloride II 

Silica 1.95 

Sulphuric  acid 2.88 

Total 65.38 

Spring  No.  1  contains  4.65  cubic  inches  of  carbonic 
acid  gas  per  United  States  gallon. 

It  will  be  seen  that  the  waters  are  strongly  aluminous 
and  chalybeate  with  a  fair  proportion  of  free  acid.  They 
are  astringent  and  tonic  in  their  effects.  Thus  they  have 
been  found  useful  in  chronic  disorders  and  relaxed  con- 
ditions of  the  mucous  membranes,  in  skin  diseases,  and  in 
general  debility.  J.  K.  Crf>ok. 

BATTEY'S  OPERATION.    See  Oranotomy. 

BAYACURU. — The  root  of  Statice  BrasiUeimfi  Boiss. 
(fam.  PlurnhaginaeaB),  a  seashore  plant  of  the  southern 
Atlantic.  Containing  twelve  and  one-half  per  cent,  of 
tannin,  this  is  a  valuable  astringent.  There  is  no  good 
authority  for  its  use  in  other  directions. 

//.  U.  Rufby. 

BAYBERRY. — Candleberry.  Wax  Myrtle.  These  names 
and  various  aboriginal  and  foreign  equivalents  are  ap- 
plied to  various  species  of  the  peculiar  genus  Myrica 
(fam.  Myrica^ieof),  but  especiallv  to  the  m.  cenfera  L., 
a  very  abundant,  medium-sized  shrub  growing  on  and 
near  the  Atlantic  coast  of  the  United  States.  Its  leaves 
are  strongly  and  very  pleasantly  fragrant,  and  have  been 
used  for  their  aromatic  stimulant  properties.  The  bark 
contains  a  considerable  percentage  of  tannin,  as  well  as 
a  small  amount  of  the  volatile  oil,  some  resin,  and  an 
amaroid.  It  has  been  considerably'  used  in  tti  xxx.  doses 
as  an  astringent  and  tonic  and  also  locally  for  its  astrin- 
gent effects.  The  fruits  are  thickly  coated  with  wax,  so 
as  to  impart  a  conspicuous  bluish-white  color  to  them, 
and,  through  their  abundance,  to  the  entire  plant  when 
in  the  leafless  state.  This  wax  has  been  removed  and 
has  found  its  way  more  or  less  into  commerce. 

//.  U.  Busby. 
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BAY  LEAVES. — Under  this  name  three  distinct  leaves 
have  come  to  be  known.  One  of  them,  the  Cherry 
Laurel — Pfunus  Lauro-Cerasus  L.  (fam.  Rosacea) — is  to 
be  regarded  quite  as  a  spurious  article,  with  composition 
(\'ielding  prussic  acid)  and  properties  quite  distinct. 
These  leaves  are  about  six  inches  long,  sliarply  serrate, 
have  one  or  more  pairs  of  depressed  glands  near  the  stem 
on  the  under  side,  yield  the  bitter -almond  odor  when 
macerated,  and  have  the  same  taste.  Both  of  the  others 
properly  bear  the  name,  and  they  agree  closely  in  com- 
position and  properties.  The  Royal  Bay,  or  European 
laurel,  is  the  leaf  of  Laurus  nobilis  L.  (fam.  Lanracuf). 
It  is  usually  less  than  four  inches  in  length,  oblong,  acute 
at  both  ends,  obtusisli.  verj'  thick,  pale  green,  entire,  but 
with  the  margin  pet'uliarly  crisped  or  wavy  at  right 
angles  with  the  surface.  It  lacks  the  large  basal  glands 
of  the  last,  as  well  as  its  bitter-almond  odor  and  taste. 
This  is  the  leaf  usually  used  as  bay  in  cooking.  The 
third,  our  official  bay  leaf,  or  wild  clove  leaf,  is  from 
Myrcia  acris  D.C.  (fam.  Afyrtac^(v),  and  yields  the  oil 
a  description  of  which  follows.  These  leaves,  about  as 
long  as  the  last,  are  twice  as  broad.  They  are  of  a  dark 
green  or  brown,  somewhat  glossy,  rather  thin,  and  have 
very  numerous,  fine,  straight  parallel  secondary  veins. 

H.  II.  Rtishy. 

BAY,  OIL  OF.— Oleum  3Iyiiclk.  "  A  volatile  oil  dis- 
tilled from  the  leaves  of  Myrcia  acris  D.C.  (fam.  Myr- 
tacecp)''  (U.  S.  P.). 

The  oil  is  usually  distilled  in  the  West  Indies,  and  im- 
ported into  the  United  States  in  bottles,  although  of  late 
an  increasing  quantity  has  been  distilled  from  the  dried 
leaves,  imported  here.  The  oil  thus  obtained  is  not  quite 
so  bright  and  fragrant  as  the  best  imported,  but  is  much 
better  than  the  common  grades.  Oil  of  bay  is  thus  de- 
scribed in  the  Pharmacopoeia :  **  It  is  a  brownish  or  dark 
brown  liquid,  of  an  aromatic,  somewhat  clove-like  odor, 
a  pungent,  spicv  taste,  and  a  slightly  acid  reaction. 
Specific  gravity  about  0.975  to  O.OflS."  It  is  a  mixture 
of  light  hydrocarbons  with  evgenol  (see  Cl&res). 

Its  medicinal  qualities  are  those  of  the  stimulating  oils 
in  general  (allspice,  caiuput,  cloves,  etc.),  but  it  is  only 
employed  as  a  grateful  perfume.  Bay  rum,  which  is  the 
fonn  in  which  it  is  generally  used,  was  originally  made 
by  distilling  rum  from  the  fresh  leaves  and  branches. 
But  this  imported  perfume  is  now  generally  substituted 
by  a  simple  solution  of  the  oil  in  cologne  spirit  or  al- 
cohol, flavored  or  not  according  to  the  taste  of  the  manu- 
facturer. As  it  is  consideralHy  used  about  the  sick,  a 
formula  is  furnished  by  the  Pharmacopoeia,  as  follows: 
**Spiritus  Myrcice,  oil  of  myrcia,  16  parts;  oil  of  orange 
peel,  1  part;  oil  of  pimento,  1  part;  alcohol,  1.220 parts; 
water,  a  sufficient  quantity."  W.  P.  BdUs. 

B.  B.  MINERAL  SPRINGS.— Pike  County,  Missouri. 

Pobt-Office. — Bowling  Green.  Hotels,  etc.,  in  Bowl- 
ing Green.  ^ 

Access. — Viii  Chicago  and  Alton  and  St.  Louis  and 
nillsborough  Ilailroad  to  Bowling  Green. 

These  springs  are  two  in  number.  They  do  not  ap- 
pear to  be  used  extensively  as  a  resort,  but  their  waters 
are  widely  sold  in  the  Western  States.  The  following 
analysis  was  made  in  1887  by  Dr.  P.  Schweitzer,  Pro- 
fessor of  Chemistry  in  the  Missouri  State  University : 

Onk  u.ntted  States  Gallon  Contains: 

Solids.  Grains. 

Magnesium  nulpbate 669.47 

Sodium  sulpbato 61.04 

Calcium  sulpbate 80.17 

Aluminum  sulphate 18.31 

Silica 2.66 

Uthium  chloride .29 

Total 831.94 

This  is  a  very  strong  sulphated-saline  water,  with  ex- 
cellent purgative  properties,  containing,  as  it  does,  the 
sulphates  of  both  magnesia  and  soda.  As  a  laxative  it 
is  recommended  in  wineglassful  doses  at  bedtime,  the 
stomach  being  empty.     It  is  said  to  possess  tonic  effects 
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Solids. 

Caldam  carbonate. 
PotRssium  carbonate. 
Iron  carbonate. 
Sodium  carbonate. 


when  taken  in  wineglassful  doses  or  less  after  each  meal. 
When  heated  and  used  for  bathing  it  is  valuable  in  rheu- 
matism. Janus  K.  Crook. 

BDELLIUM. — The  bdelliums,  for  there  are  two  varie- 
ties, are  gum  resins  of  the  frankincense  type,  from  at  least 
two,  probablv  several  species  of  Balmmea.  The  East 
Indian  bdelhum  is  reputed  to  come  from  BaUamea 
(Balmmodendron)  Mvhul  Engl. ;  that  of  Africa  from  B. 
africana  Engl.  (fam.  Burseraceo').  The  latter  is  the 
variety  official  in  France;    neither  is  so  in  any  other 

country. 

Bdellium  resembles  myrrh  in  appearance  and  qualities. 
It  is  in  small  yellowish  or  reddish-brown  tears,  or  some- 
times in  larger  masses;  transparent,  fragrant,  brittle.  It 
softens  between  the  teeth,  and  crackles  in  the  flame. 
The  odor  and  tast«  resemble  those  of  myrrh,  but  are 
weaker.  It  contains  about  sixty  per  cent,  of  resins  be- 
tween thirty  and  forty  of  gums,  mostly  bassorin,  and  one 
or  two  of  TolatUe  ml. 

Bdellium  is  a  mild  local  stimulant  like  myrrh,  of  which 
it  is' almost  an  exact  duplicate,  though  inferior.  It  is 
sometimes  used  as  an  adulterant  of  myrrh.  It  is  now 
and  then  used  in  Europe  in  plasters.  W.  P.  BoUes. 

BEALL  SPRING.— Warren  County,  Georgia.  Hotels 
and  cottages. 

Access. — ViS  Macon  and  Augusta  Railroad  to  Warren- 
ton,  thence  by  hack  line  to  springs.  Location  eight  miles 
south  of  Warrenton.  This  spring  was  discovered  in  the 
early  part  of  the  present  centurj',  and  some  rude  improve- 
ments were  made  as  far  back  as  1825.  The  following 
qualitative  analysis  gives  the  principal  ingredients  of 
the  water: 

Solidtf. 

Potassium  solphate. 
Magnesium  sulphate  (trace). 
SlUca. 

Organic  matter  combined  with 
sulphur. 

Oases :  Hydrogen  sulphide,  small  quantity :  carbonic  anhydride. 

Sulphureted  hydrogen  may  be  considered  the  most 
important  ingredient.  The  combination  of  ingredients 
gives  the  waters  many  of  the  advantages  of  three  promi- 
nent classes  of  spring  waters,  viz.,  the  sulphureted,  the 
chalybeate,  and  the  calcic  waters.  The  flow  of  water  is 
about  one  gallon  per  minute.  The  spring  is  located  on 
an  eminence,  and  is  surrounded  by  a  fine  grove.  The 
improvements  are  not  extensive,  consisting  of  a  small 
hotel  and  a  few  cottages.  J.  K.  C. 

BEARBERRY.— UvA  Ursi.  ^^Tho  leaves  of  Areto- 
»Uiphylo8  Uca  Urd  (L.)  Sprengel  (fam.  Eric4ic€4X').''''  (U. 
8.  P.). 

This  little  gregarious,  evergreen  shrub,  with  reclining 
or  creeping  stems,  and  stiff,  shining,  green  leaves,  is  at 
home  on  the  dry  hills  ami  plains,  as  wt'll  as  sand}' barrens 
near  the  coast,  in  the  colder  parts  of  the  entire  north 
temperate  zone. 

The  leaves,  the  part  used,  are  nearly  sessile,  about  2 
cm.  (four-fifths  inch)  in  length;  narrowly  obovate  or 
spatulate,  with  entire,  slightly  re  volute  margins.  They 
are  very  thick,  dark  green,  and  shining  above,  pale  gr(?en 
imderneath.  The  dried  leaves  preserve  their  color  well : 
they  have  a  faint,  herby,  or  tea-like  smell,  and  a  not  un- 
pleasant bitterish-astringent  taste. 

Uca  nrsi  eontiiins  both  tannic  and  gallic  acids — the 
former  in  large  (luantity ;  also  ericolin,  to  which  part  of 
its  bitterness  is  due,  vrson,  arhiitin  and  methyl  arbuiin. 
(For  the  characters  and  properties  of  these  substances  see 
£rica<'ea'.) 

Uva  ursi  has  the  mildly  stimulating  and  antiseptic 
diuretic  action  of  arbutin,  and  is  rather  extensively  used. 

Dose  of  uva  ursi,  from  2  to  4  gm.  (3  ss.  to  i.),  or 
more  if  the  digestive  organs  are  not  disturbed  by  it. 
There  is  an  official  fluid  extract,  as  well  as  an  extract, 
but  thedeeoclion  is  probably  a  better  form  of  administra- 
tion. Arbutin  is  fretjuently  u.sed  instead,  in  Bright's 
disease,  in  doses  of  0.15  to  0.5  gm.  (gr.  iiss.  to  viij.). 


AreUmtaphylM  glauca,  a  West  AmcricaD  species,  with 
larger  roundish  leaves,  has  similar  qualities,  and  also 
contains  arbutin.  H.  U.  Busby. 

BEARSFOOT.—The  root  of  P^ymnia  Uredalia  L.. 
(fam.  ComposiUf),  a  very  coarse  perennial  herb,  conmaon 
through  most  of  the  United  States.  The  alterative 
properties  claimed  for  it  are  of  the  most  vague  character, 
and  we  have  no  good  authority  for  its  use. 

H.  n.  RuMby. 

BECK'S  HOT  SULPHUR  SPRINGS. -Salt  Lake 
Count}',  Utah. 

Post-Office. — Salt  Lake  City.     Hotel. 

This  is  a  well-known  pleasure  a.'^d  health  resort  of 
Salt  Lake  City.  It  is  fitted  with  a  sanitarium,  bath- 
houses, swimming  pool,  hotel,  restaurant,  etc.  The 
water  has  a  natural  temperature  of  138°  F.  The  fol- 
lowing analvsis  was  made  by  Professor  Hirsehing,  of  the 
Salt  Lake  3(ining  Academy : 

O.NE  U-N'ITKD  8TATK8  (iALLO.V  COVTAIXS: 

Solids.  Grains. 

Sodium  carbonate 14.63 

Sodium  sulphate 14().95 

Magnesium  sulphate 28.^ 

Potassium  sulphate 10.61 

Sodium  chloride 508.33 

Potassium  chloride S.45 

Magnesium  chloride 7.28 

Calcium  chloride 6je 

Calcium  carbonate • 23.61 

Magnesium  carbonate &.88 

Iron  carbonate 46 

Sodium  borate ^ 

Calcium  borate 12 

Silica 1.23 

Undetermined 3.67 

Total 8i&» 

Sulphureted  hydrogen  gas,  lai^e  quantities ;  carbonic  add  gat, 
large  quantities. 

In  the  author's  work  on  "Mineral  Waters"  this  is 
classified  as  a  muriated  and  sulphated  saline.  Although 
heavily  mineralized,  it  is  perfectly  clear,  and  when  taken 
cold  is  entirely  palatable.  It  has  a  diuretic  and  cathartic 
influence  when  used  internally.  The  baths  here  are  said 
to  be  highly  efficacious  in  chronic  metallic  poisoning, 
tertiary  syphilis,  obstinate  rheumatism,  gout,  and  skin 
affections.  Jam^es  K.  Crock. 

BEDFORD  ALUM,  IRON,  AND  LITHIA  SPRINGS.- 

Campbell  County,  Virginia. 

Post-Office. — Bedlonl  Springs.     Hotel. 

Access. — YiS  Norfolk  and  Western  Railroad  to  Forest 
Depot,  thence  four  miles  by  private  conveyance  to 
springs.  Also  via  Virginia  ^lidland  Railroad  to  Lawyer's 
Depot,  thence  four  miles  by  carriage  to  springs. 

These  s])rings  are  located  within  a  few  hundred  yards 
of  Bedford  Village,  one  of  the  ancient  historic  spots  of 
the  Old  Dominion,  still  redolent  with  memories  of  Patrick 
Henry,  John  Ri\ndolph  of  Roanoke,  Thomas  Jefferson, 
and  other  great  Virginians  of  bygone  days.  The  br-JilfliV 
nature  of  the  location  is  attested  by  the  longevity  of  tiV 
inhabitants,  persons  of  threescore  and  ten  and  over  being 
almost  a  rule  instead  of  a  rare  exception.  The  landscapes 
about  the  springs  are  of  great  beauty  and  interest.  The 
peaks  of  Otter,  twenty  miles  distant,  may  l)e  seen  raising 
their  loftv  crests  to  an  altitude  of  four  thousand  ft'^t 
above  the  sea.  The  Natural  Bridge  is  not  far  distant, 
and  Lynchburg,  a  city  of  20,000  inhabitants,  is  within 
ten  miles.  The  location  of  the  springs  is  about  thirteen 
hundred  feet  above  the  sea  level,  and  the  average  sum- 
mer temperature  is  60^  F.  The  following  analvsis  of  the 
water  was  made  in  1877  by  Prof.  M.  B.  Hardin,  of  the 
Virginia  Military  Institute: 

One  I'mted  States  Gallo.v  Co.vtaixs: 

Solids.  GnlDS. 

Ck)pper  sulphate 06 

Iron  pr()tt>su!phate  i  ferrous) i9 

Iron  iK?rsulphat*'*  ( ferric; 19.36 

Aluminum  sulphate 34.18 
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SoUds. 


GniJiUL 


Manganese  sulphate 19 

Zinc  sulphate 07 

Nickel  sulphate 04 

Cobalt  sulphate 07 

Calcium  sulphate 4.99 

Magnesium  sulphate 12.58 

Potassium  sulphate 71 

Sodium  sulphate 87 

Lithium  sulphate 24 

Sulphuric  acid 4.01 

Silica 1.09 

■Calcium  phosphate 30 

Magnesium  nitrate .26 

Ammonium  nitrate 24 

Sodium  chloride .20 

Calcium  fluoride Trace. 

Organic  matter 29 


Total 


70.84 


Gases.  Cubic  in. 

Carbonicadd 6.98 

Oxygen 1.32 

Nitrogen 8.33 


11.68 


Total 

Temperature  of  water,  48*>  to  56*>  F. 

This  water  is  an  acid  chalybeate  with  aluminous 
properties.  The  effects  of  the  water  are  tonic,  altera- 
tive, diuretic,  and  somewhat  astringent.  In  small  doses 
internally  it  has  been  found  useful  in  diarrhocal  disorders. 
In  larger  quantities  it  has  an  aperient  effect.  It  is  used 
in  a  w^ide  range  of  diseased  conditions.  The  spring 
water  as  well  as  the  evaporated  residue  (the  **  Bedford 
3Iass  **)  is  used  commercially  and  forwarded  to  any  point 
desired.     An  excellent  hotel  is  maintained  at  the  springs. 

James  K.  Crook. 

BEDFORD  SPRINGS.— Trimble  County.  Kentucky. 

Post-Office. — Bedford  Springs.     Hotel  and  cottages. 

Access. — Vift  Louisville  and  Cincinnati  Short-line  Rail- 
road to  Sulphur  Station,  thirty -six  miles  east  of  Louisville 
and  seventy -one  miles  west  of  Cincinnati,  thence  six  miles 
by  pike  road  to  springs. 

"  These  springs  are  located  on  a  high  ridge  between  the 
Ohio  and  Little  Kentucky  rivers.  They  are  three  in 
number,  and  yield  about  three  gallons  of  water  per 
minute.  The  following  qualitative  analysis  was  made 
by  J.  P.  Barnum,  analytical  chemist: 


Sodium  chloride. 
Magnesium  bicarbonate. 
Calcium  bicarbonate. 


Sodium  sul|^li«te. 
Lithium  carbonate. 
Sodium  carbonate. 


Reaction,  alkaline  to  test  paper. 

The  water  is  recommended  for  diseases  of  the  stomach, 
kidneys,  and  liver,  and  in  gout  and  rheumatism.  It  is 
fiold  in  Louisville  by  the  gallon  or  barrel. 

«/.  Jx..  C. 

BEDFORD  SPRINGS.— Bedford  County,  Pennsyl- 
Tania. 

Post-Office. — Bedford.    Hotel. 

Access. — The  Baltimore  and  Ohio  Railroad  transfers 
passengers  at  Cumberland,  Md.,  and  the  Pennsylvania 
Kailroad  at  Huntingdon,  Pa. 

The  Huntingdon  and  Broad  Top  Railroad  connects 
with  Pennsylvania  Railroad  trains  from  the  East  and 
West,  and  runs  an  express  train  of  parlor  cars  through 
to  Bedford  without  stop. 

The  Bedford  Mineral  Springs  have  their  source  in  a 
beautiful  valley  on  the  eastern  slope  of  the  Alleghany 
Mountains,  at  an  elevation  of  ten  hundred  and  eighty 
feet  above  tide  water.  The  location  is  one  mile  and  a 
half  south  of  the  old  historic  town  of  Bedford,  the  county 
seat  of  Bedford  County,  in  a  region  noted  for  its  pure, 
Invigorating  air,  salubrious  climate,  and  beautiful  and 
varied  scenery.  The  medicinal  virtues  of  the  springs 
"Were  known  as  early  as  the  year  1804. 

Since  those  early  days  the  resort  has  maintained  a 
st^idv  popularity  with  the  tourist,  pleasure-seeker,  and 
invalid,  and  it  may  to-day  be  ranked  among  the  best  of 
the  many  excellent  summer  watering  places  which  the 
4X>imtry  affords.    In  addition  to  the  numerous  attrac- 


tions of  climat€,  scenery,  etc.,  the  visitor  will  find  a 
very  comfortable  modem  hotel,  well  equipped  with  the 
most  recent  improvements.  A  good  orchestra  is  main- 
tained during  the  season.  The  magnesia  spring  has  been 
mainly  instrumental  in  giving  the  place  its  reputation. 
It  issues  from  an  opening  in  the  rock,  about  three  feet 
in  length  and  eighteen  inches  in  width,  and  flows  about 
two  thousand  gallons  of  water  per  hour,  without  inter- 
ruption or  intermission,  the  year  round.  A  recent  ex- 
amination of  the  hitherto  somewhat  neglected  Bowling 
Alley  Spring  shows  it  to  be  quite  as  strong  in  magnesium 
salts,  while  carrj'ing  less  lime.  We  present  analyses  of 
these  two  springs,  made  in  1895  by  Victor  G.  Bloede, 
analytical  chemist,  of  Baltimore : 

Magnesia  Spring. 

One  United  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  carbonate 2.04 

Sodium  chloride 72 

Magnesium  sulphate 32.54 

Magnesium  carbonate 6.06 

Potassium  carbonate .38 

Calcium  sulphate 107.80 

Lithium  chloride 32 

SUica 26 

Iron  oxide .05 

Alumina 11 

Ammonia 02 

Nitrates  and  nitrites None. 


Total 160J89 

Free  carbonic  acid 1.85 

Water  of  crystallization  and  volatile  matter 96.41 


Total 


188.56 


Bowling  Alley  Spring. 
One  united  states  Gallon  Contains  : 
Solids. 


Grains. 


Sodium  bicarbonate 9.70 

Sodium  chloride L12 

Magnesium  sulphate 32.96 

Magnesium  carbonate 5.28 

Calcium  sulphate 88JM) 

Silica 1,10 

Iron  oxide 04 

Alumina 09 

Nitrates  and  nitrites None. 

Ammonia Trace. 


Total 133.44 

Free  carbonic  acid 2.17 

Water  of  crystallization  and  volatile  matter 37.74 

Total 173.35 

These  analyses  show  very  potent  waters  of  the  sul- 
phated-saline'and  calcic  variety.  They  are  laxative  in 
small  doses,  purgative  in  larger.  Furthermore,  they 
have  a  considerable  diuretic  influence,  and  each  contains 
sufficient  iron  to  counteract  the  debilitating  tendencies 
often  met  with  in  waters  of  this  character.  The  Mag- 
nesia Spring  contains  also  a  small  amount  of  the  chloride 
of  lithium,  which  serves  to  widen  the  sphere  of  its  prob- 
able utility.  The  Bowling  Alley  Spring  is  quite  freely 
charged  with  that  ever-valuable  ingredient  of  saline 
waters,  the  carbonate  of  sodium,  which  renders  it  very 
useful  as  an  antacid  and  antifermentative,  in  addition  to 
its  cathartic  properties.  These  waters  may  be  counted 
upon  to  render  good  service  in  flatulent  dyspepsia,  func- 
tional disturbances  of  the  liver,  abdominal  engorgement, 
and  chronic  constipation.  They  are  also  highly  recom- 
mended by  many  well-known  physicians  for  gouty  and 
rheumatic  disorders.  They  are  used  commercially. 
There  are  several  other  valuable  springs  in  the  neighbor- 
hood. 

Bedford  Chalybeate  Spring,  Bedford  County,  Pa. 


ONE  Unffed  States  Gallon  Contains: 
Solids. 


Grains. 


Calcium  carbonate 8.85 

Magnesium  carbonate 1 JBO 

Iron  carbonate 44 

Magnesium  carbonate Trace. 

Sodium  carbonate ^ 
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Boltib.  Gralni. 

Pousslun)  nittonMe. t» 

C»lclum  Biilpli«l« 2-74 

CaU-luni  lAosphUe -CS 

sodium  r-tiloride 18 

Bydrogi^n  sulpblds Tnce. 

Mlldencld - .79 

carbonic  add  (tree)  5^ 

Total 20^ 

The  pb.yoiological  action  of  lliiR  water  t^ndn  to  increase 
tho  appi!tiU>,  jiroraotc  the  digestion  of  food,  and  im- 
prove Ilie  quality  of  llic  blood.  Tiic  predoniinuncc  of 
the  calcareous  Baits  would  seem  to  give  tliu  water  on 
BatringL'nt  and  constipating  influence.  Thi-sc  effects, 
however,  have  Dot  beeti  observed  tiy  those  nlio  liavu  used 
It  freely.  It  lioa,  in  fact,  seemed  to  esert  a  luild  laxative 
action,  and  ia  furthennore  quito  an  efficient  diuretic.  Its 
action  restiiubles  that  of  Che  well-know  a  Bocklet  Springs, 
near  Klasingen.  in  Bavaria.  The  water  is  uHoful  in  casi's 
of  auieniiii,  general  debility,  and  ameiiorrho^a,  and  in 
convalesei-ncf  fnun  acute  d'isea.'M.it.  Tliia  water  aud  the 
residual  salts  obtained  by  evaporation  are  used  commer- 
cially ;  an  extract  and  an  ointment  are  prepared  from  the 
latter.  Jama  K.  (Jrook. 

BED-SORES  {Decubitus;  Ganfrnena  per  Decuhiluml, 
a  term  app!it«l  to  gangrene  of  the  skin  and  underlying 
soft  structuroi,  resulting  from  pressure  of  the  lH>dy  upoti 
an  object,  usually  tlie  Ixil,  in  loDg-cuntiniicil  recumWney. 
The  situations  in  which  Ijed-sores  are  most  frequently 
aocn  arc  over  the  tuberosities  of  the  ischium,  over  the 
sacrum,  the  scapulie,  the  spiunl  column,  the  great  tro- 
chanters, the  tul>croBitv  of  the  os  culcis.  and  lu  other  por- 
tions of  the  body  wliieh  may  have  received  continuous 
pressure.  Sometimes  tlie^  are  the  result  of  the  pressure 
against  each  other  of  contiguous  surfaces  of  integument. 
They  are  rarely  seen  upon  the  anterior  surfaee  of  the 
body,  unless  the  patient  has  been  lying  for  a  long  time  in 
ihe  prone  position. 

Bed-Bores  ore  described  as  being  both  acute  and 
chronic.  The  acute  form  (Cliarcol)  is  met  with  in  injury 
or  disease  of  the  spinal  or  cerebral  nervous  centres,  ft 
appears  oftentimes  In  a  few  hours  after  lesions  of  these 
parta,  and  although  it  cowes  in  portions  of  tlit!  body  un- 
dergoing pressure,  tlie  rapidilj' of  itfl  establish  men  1  Bug- 
^ests  lliat  otlier  iii"ii  ""'r-'li-  li"',il  I'li^i^.u  nw  factors  in 
ita  pnnluctic>(i.  'i  ii.'  i  It.  .ii.  r  irm  .i|.i..  .n.  nt  any  liinu 
aftera  pal.ii'Til  I i,       ■  .i    .  |.||it  n-ijiJc. 

Themaniiii-  !■       ■   ,   ■    ..  :     miMTiir  varies 

with1iii-di-.r,,-..    .      ■  ■  ■■■111'.      Tlinr 

difTcni,;  !,!■    ,  ..■■,,,.. 


viduals;  (3)  bv  ii  ijhlii;iii(.iiau,s  inflaiuiiialion.  iviih  thi' 
formation  of  plis  and  undermining  of  Ihe  tisMies. 

Wliatcver  maj'  Jiave  been  the  nielIio«l  of  fomtation, 
the  issue  in  all  is  (hcBamci  as  much  of  the  Integnntent 
as  has  been  compromised  sloughs:  the  slouglis  are  cast 
oiFinshreds  or  as  a  whole;  there  remains  aii  uhvr.  oflen- 
timcs  weak  and  indolent,  witli  sloping  edges,  and  with- 
out any  tendency  to  heal.  At  times  tlie  Kloughing  docs 
not  stop  at  the  inti-gimicnt,  but  all  of  the  S'>fl  t>arlH.  anil 
even  Imnv  structun-s,  become  involved  in  the  necmlic 
process,  leaving  a  lesion  revolting  in  a|>]H'iiranci;  and 
disgusting  in  oilor. 

Etioixmit. — In  thceaHsatiimofbcd-wire.siirrKsun'pliiys 
the  must  important  role,  as  noleil  abcive,  Thosi;  silu'ii- 
lions  which  are  subjected  lo  the  ni(wl  conliimiiusiircwure 
are  the  most  frequenllyatfected.nndespeciullvlhosi'iwrts 
which  immedliilely  cover  hone.  Over  sm.'fi  places  the 
skin  is  pressi'd  close  against  the  unyielding  bone,  tile 
blood- vessels  of  the  part  are  closed  by  Ihe  |iressnre.  tin- 
nourish  iTiciit  of  Ihe  part  lieeomcs  inij>erfc'ct  or  ci-jists 
compleli'ly,  miil  asurcFiiilt  sloughing  takes ]>hici-.  TIiiti' 
are  <  eriiiiu  prnli-iposing  causes,  however,  whii'li  liiistcii 
thedeMlo|>iii,.ritofbfds(>res.     Thesi'preilIsiwisliiuM;iiis<"i 

part  or  of  i  he  whole  body;   (3)  the  preseuce  of  Iluids  or 
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Bubslanceswhicbirritatclheskin;  (3)  diseases  or  in  juries 
which  prevent  movement  of  the  patient's  body;  (t) 
trophic  disturtanccs  (?). 

In  the  first  class  of  causes  arc  included  different  forms 
of  diseases,  as  typhus  and  typhoid  fever,  phthisis,  scurvy, 
and  any  loa^-continiKHl  disease. 

Of  the  fluuls  and  sulstanccs  which  irritate  the  integu- 
ment, urine  and  freceaarethe  most  common,  either  pa^ed 
in  lied  involuntarily  In  cases  of  spinal  trouble,  or  volun 
tiirily  when  the  patient's  morale  is  lowered.  Particles 
of  food,  and  larger  substances.  Bonietimes  contribute  to 
tho  irritation  when  Ihe  patient  docs  not  receive  proper 
attention. 

The  diseases  and  injuries  which  prevent  moTement  rf 
the  patient's  twdy  arc  all  those  whiuh  cause  hemiple^a 
or  naruplegia:  in  these  cases  voluntary  motion  Ls  loai. 
and  in  many  cases  movement  of  the  body  by  attendants 
Is  extremely  painful,  so  tliat,  of  necessity,  the  same  posi- 
tion is  assumed  almost  continuously  by  the  patient. 

The  question  of  the  rfile  played  by  trophic  nervra  in 
the  rausation  of  bed-sores  cannot  be  satisfactorily  dis- 
cussed, as  their  presence  in  the  human  body  has  not  l>een 
proven.  The  rapidity  with  which  the  skin  sloughs  in 
mjuries  of  the  central  nervous  system  (acute  bed-sore  of 
Charcot)  makes  it  evident  that  nutritive  changes  have 
taken  place  in  such  parts,  which  can  be  exphiined  only 
by  u.ssuming  that  the  nervous  power  controlling  the 
nutrition  of  the  part  has  been  lost  as  an  effect  of  the  cen- 
tral lesion.  This  view  is  substantiated  by  the  tegument- 
ary  lesions  seen  in  cases  of  dementia  paralytica  (Shaw: 
St.  Barth.  Hosp.  Rep.,  vol.  liii..  18TH,  pp.  I30-IS3)  m 
the  last  stages.  In  these  cases  so-called  bed-sores  appear. 
i.e.,  supcrHeial  sloughing  of  the  skin  on  both  the  ant«rior 
and  posterior  surfaces  of  the  body,  and  without  reference 
to  Ihe  portions  of  the  body  pressed  upon. 

SvMPTOMB, — Bed-sores  so  frequently  occur  In  patients 
in  whom  the  sensibility  is  blunted  or  lost  that  subjective 
symptoms  are  wanting,  and  the  presence  of  the  sore  is 
ouly  determined,  often  aeeidentally,  by  the  attendant. 
The  patient  under  such  circumstancesappreciates  nothing 
even  though  the  sloughing  of  the  soft  parts  be  of  great 
CKtent.  In  some  instances,  however,  when  the  sensibility 
of  the  parts  has  not  been  greatly  impaired,  the  patient 
experiences  itching  or  buniing  sensations,  withsumelimes 
]iains  lancinating  through  the  parts  affected,  the  pain  at 
times  iH'ing  severe  enough  to  necessitate  the  use  of  ano- 
dynes to  quiet  it.  The  local  symptoms  of  a  bed-sore  are 
those  attending  gangrene  of  tlie  skin  and  mft  parts. 

It   i.s   iiiiji'is^ilili'  ii]  I  ■;tiiii;T[c  liiiw  much  the   general 

^  -  '   11  !"  ■■■   i  i  ■■    ■„  .'  -  1(   is  evident  that  tx- 

iji'  and  Buppuniiinn, 

— iiig  the  vital  forces. 

-.  ■■«.-.   -...,-.. 11  hiisNt-n  knowDlih 

iiecur  cither  from  pyitiiiii:  cxh.iusLiiinor  from  the  involve- 
ment of  important  organs  in  the  sloughing  jiroeess. 

TREATMi-LST.—l're  vent  ion  is  the  cardinal  rule  to  be  ob- 
served iu  the  treatment  of  bed-sores.  To  carry  this  rule 
out  successfully,  it  is  necessary  to  rccogninc  the  circiira- 
stancea  under  which  bed-sores  appear,  to  know  the  dis' 
cases  which  they  most  frequently  complicate,  and,  U'iog 
fully  aware  of  their  reailincss  to  appear  in  such  diseases, 
to  combat  their  appearance  by  constant  care  and  appro- 
priate  trcalmcnt.  In  the  large  majority  of  cases.  Iied- 
sorcs  restilt  from  the  neglect  of  this  prophylactic  tn«t- 
ment.  So  well  is  this  fact  recognize<l  that  in  the  large 
hospitals,  where  thecare  of  thesick  is  entrusted  totraineil 
attendants,  it  is  considered  a  nintler  of  personal  reproach' 
if  a  patient  contract  bi-tl-sores,  and  it  is  difllcult  to  dLi- 
sipafe  the  impression  tliat  they  are  not  the  result  of 
negligence. 

Tills  preventive  treatment,  which  is  frequently  not 
easy  to  ciirrv  out.  consists  in : 

1.  Itclieving  Ihe  prc'ssure  to  which  the  parts  arc  sub- 
jected. 

a.  The  keeping  of  tiiese  parts  clean. 

:l.  The  use  of  chemicals  to  burden  the  integuments. 

The  relief  of  jiressure  is,  perhaps,  Ihe  most  important 
of  all  in  the  treatment  of  bed-sores,  for  in  this  wav  the 
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•engorgement  or  the  anaemia  of  the  vessels  of  a  part  is  re- 
lieved. This  can  be  accomplished  by  getting  the  patient 
to  change  his  position  in  bed  from  the  back  to  one  side 
•  or  the  other.  If  a  patient's  mind  be  dulled  by  disease, 
so  that  he  has  no  desire  to  move,  or  if  some  injury  to  the 
spinal  cord  has  occurred,  so  that  the  lower  portion  of  the 
trunk  and  lower  extremities  are  paralyzed,  and  not  only 
is  voluntary  movement  impossible,  but  artificial  move- 
ment very  painful,  the  difficulties  in  the  treatment  of  the 
case  are  much  increased. 

The  patient  usually  lies  upon  the  back,  and  cannot  be 
made  to  assume  any  other  position.  The  pressure  soon 
becomes  continuous,  as  relief  cannot  now  be  afforded  by 
a  change  of  position,  and  the  weight  must  be  taken  off 
these  parts  by  appliances  so  arranged  as  to  distribute  the 
pressure  upon  other  parts  of  the  body.  This  can  be  ac- 
complished by  the  use  of  pillows,  rings,  or  air  cushions. 

The  ordinary  air  cushion,  made  in  the  form  of  a  ring 
with  an  aperture  in  the  middle,  is  of  especial  service, 
and  is  so  adjusted  that  the  part  from  which  the  pressure 
is  to  be  relieved  falls  over  the  opening  in  the  ring.  If 
no  air  cushion  can  be  obtained,  a  ring  can  l)e  made  out 
of  oakum,  jute,  or  cotton,  which  will  serve  the  purpose, 
although  not  so  well. 

Water-beds  are  of  great  assistance  in  the  preventive 
treatment  of  bed-sores,  because  they  adjust  themselves 
to  the  irregularities  of  the  body,  and  distribute  the  press- 
ure evenly  over  its  entire  surface.  In  case  such  a  bed 
cannot  be  procured,  grt^at  pains  must  be  taken  to  see 
that  the  bed  used  is  suitable.  It  must  be  springy,  but 
still  hard  enough  to  prevent  hollows  and  irregularities 
where  the  patient  lies.  The  bed-clothes  must  be  per- 
fectly smoothed  out,  no  wrinkles  must  appear  in  the 
^sheet  on  which  the  individual  lies,  and  an  important 
point  is  to  see  that  no  foreign  bodies,  as,  for  example, 
food,  fall  into  the  bed  and  get  under  the  patient.  Clean- 
liness is  a  very  important  factor  in  the  treatment. 
Especially  is  it  necessary  when  there  is  incontinence  of 
either  faeces  or  urine,  or  both.  Either  of  these  discharges 
is  irritating  to  the  skin,  and  may  set  up  inflammations 
which  are  readily  converted  into  bed-sores.  There  are 
"beds  constructed  m  such  a  manner  that  the  portion  under 
the  genitals  can  be  removed,  so  that  a  more  or  less  com- 
plete vent  for  the  discharges  is  afforded ;  but  the  best  of 
these  appliances  are  of  very  restricted  value,  and  only 
constant  care  and  watchfulness  can  prevent  the  patient 
from  being  bathed  in  these  inflammation-causing  dis- 
charges. 

Of  the  medicines  which  are  used  to  harden  the  skin, 
alcohol  is  the  most  useful,  combined  with  some  astrin- 
gent, as  tannic  acid,  lead,  or  zinc.  Bathing  the  parts 
several  times  a  day  with  a  preparation  of  this  kind  often 
ffives  a  healthy  tone  to  their  circulation,  and  averts  the 
lormation  of  a  bed-sore.  William,  L.  Wardwdl. 

BEECH  DROPS.    See  Cancer  Boot 

BELKNAP  HOT  MEDICAL  SPRINGS.— Lane  County, 
•Oregon. 

•Post-Opfick. — Belknap  Springs.  Hotel  and  camping 
grounds. 

Access. — Wt  Southern  Pacific  Railroad  to  Eugene,  one 
hundred  and  twenty -five  miles  south  of  Portland ;  thence 
sixty  miles  east  bv  stage  to  springs. 

The  location  of  these  springs  is  in  the  heart  of  the 
Cascade  Mountains,  two  thousand  feet  above  the  sea 
level.  This  is  a  very  fine  and  picturesque  region,  and 
it  presents  many  attractions  to  the  tourist  and  invalid. 
The  climate  is  equable,  the  weather  during  the  summer 
months  being  generally  clear  and  pleasant,  with  cooling 
winds. 

The  average  sununer  temperature  is  65°  P.,  while  it  is 
i3tated  that  the  average  winter  range  is  but  twenty  de- 
grees lower.  The  McKenzie  River,  near  by,  is  famous 
for  its  magnificent  trout:  and  deer  and  other  game 
4ibound  in  this  region.  There  is  only  one  spring,  but  it 
yields  about  twelve  thousand  five  hundred  gallons  per 
iour.    The  temperature  of  the  water  is  188"  F.    The  fol- 


lowing analysis  was  made  in  1894  by  Prof.  G.  W.  Shaw, 
of  the  Oregon  State  Agricultural  College,  at  Corvallis: 

One  United  States  Gallon  Contains: 
Solids.  Grains. 

Calcium  phosphate 13.91 

Caloium  chloride 62Ja) 

Potassium  chloride 7.68 

Magnesium  chloride 2.90 

Sodium  chloride 63.93 

Manganese  chloride Traces. 

Silica 4.72 

Iron  and  alumina .17 

Total 145.61 

The  bathing  facilities  comprise  medicated,  steam, 
electric,  and  shower  baths,  hot  or  cold,  with  massage. 
A  large  swimming  tank  is  an  attractive  feature.  The 
baths  are  attracting  considerable  attention  in  the  treat- 
ment of  rheumatism,  syphilis,  and  skin  diseases. 

«/.  K.  0. 

BELL ADONN A.— 7)^^rf/y Nightshade.  "  Bl^^k  Cherry."* 
(For  a  description  of  the  belladonna  plant,  see  article  on 
Poimnmis  Plants.)  The  belladonna  plant  yields  two 
official  medicinal  articles,  namely,  Belladonnm  Folia,  **  the 
leaves,"  and  BelladonncB  liadix,  "the  root  of  Atropa  Bel- 
ladanna  L.  (fam.  Solanacecp).'"  • 

Belladanmi  is  a  native  of  Europe  and  adjacent  Asia, 
where  the  drug  is  mostly  collected  from  wild  plants.  In 
Europe  it  is  also  largely  cultivated  for  medicinal  pur- 
poses. It  lias  become  naturalized  to  a  slight  extent  in 
the  United  States.  The  composition  of  leaf  and  root  is 
very  similar,  the  difference  being  rather  in  the  greater 
quantitative  irregularity  of  the  leaves  than  in  kind.  The 
leaves  do,  however,  contain  a  rank-smelling  principle 
not  present  in  the  root,  rendering  them  objectionable  for 
some  purposes,  but  possibly  of  greater  therapeutic  value. 
They  contain  also  considerable  chlorophyll,  which  enables 
their  extract  to  impart  an  objectionable  green  stain  to 
clothing,  when  used  in  plasters.  Both  articles  may  be 
regard^  as  exceptionally  irregular  and  uncertain  in 
quality.  Some  of  the  causes  of  this  irregularity  are  not 
known,  so  that  no  methods  of  physical  examination  of 
the  drug  can  eliminate  them,  a  chemical  assay  being 
requisite.  Others  are  known  and  can  be  detected  by 
careful  examination.  The  leaves  are  said  to  be  adulter- 
ated w  ith  those  of  various  other  plants,  but  an  examina- 
tion of  many  samples  by  the  writer  has  failed  to  confirm 
the  statement.  Those  of  henbane,  digitalis,  and  ver- 
bascum  are  all  hairy,  while  belladonna  is  smooth ;  those 
of  henbane  and  potato  are  toothed  or  lobed,  while  the 
margin  of  belladonna  is  entire.  The  leaves  of  datura, 
or  stramonium,  come  in  a  crumpled  mass,  closely  resem- 
bling that  of  belladonna  leaf,  and  one  is  often  mistaken, 
upon  superficial  examination,  for  the  other.  The  bella- 
donna mass  is,  however,  almost  invariably  of  a  brownish- 
green  color,  a  bright  green  indicating  an  immature  leaf, 
while  that  of  stramonium  is  of  a  clear,  usually  a  dark, 
green  color.  Upon  soaking  and  flattening  out  a  leaf,  the 
large,  angular  teeth  or  lobes  of  the  latter,  with  their  very 
unequal  ba.se,  contrast  strongly  with  the  entire  margin, 
regular  outline,  and  nearly  equal  base  of  the  former.  It 
is  probably  quite  safe  to  state  that  the  irregular  com- 
position and  strength  of  the  leaves  are  due  not  to  adultera- 
tion, but  chiefly  to  different  stages  of  maturity  when 
collected  and  to  the  varying  care  taken  in  preparing  and 
preserving  them,  conditions  which  it  is  very  difficult, 
even  if  possible,  to  determine  in  the  drug  other  than 
chemically  or  physiologically.  As  to  the  roots,  they  are 
greatly  subject  to  substitution,  adulteration,  and  imper- 
fection of  quality,  which  are  much  more  readily  detected 
by  physical  inspection  than  is  the  case  with  the  leaves. 
Scopolia  is  very  largely  substituted  for  belladonna, 
especially  in  Europe.  As  the  two  dnigs  present  not  the 
slightest  similarity,  this  action  can  be  regarded  only  as 
wilful  and  deliberate,  as  is  the  addition  of  the  roots  of 
burdock,  medicago,  and  of  one  which  appears  to  be 
wild,  un peeled  marshmallow.  The  two  last  named  are 
flexible,  while  belladonna  is  stiff  and  brittle.  Burdock 
has  a  soft  pith  or  a  hollow  centre.    The  three  last-men- 
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iioned  forms  of  adulteration  are  highly  objectionable,  as 
the  articles  have  no  properties  at  all  like  those  of  bella- 
donna. Scopolia  is  a  rhizome,  composed  of  joints,  each 
bearing  upon  its  upper  surface  a  conspicuous  circular 
scar  a  quarter  inch  or  more  in  diameter.  Its  composition 
and  properties  are  very  similar  to  those  of  belladonna, 
a  fact  which  soothes  the  consciences  of  those  who  engage 
in  this  form  of  substitution.  The  imperfection  of  genuine 
belladonna  root,  aside  from  obviously  bad  conditions  of 
mould  and  worminess,  relate  to  its  being  too  young  (when 
less  than  two-fifths  inch  in  thickness)  or  old.  thick,  and 
woody.  The  active  constituent  resides  chiefly  in  the 
bark;  hence  old  thick  pieces,  in  which  the  increase  of 
weight  is  chiefly  of  inert  woody  fibre,  must  be  inferior. 
The  two  drugs  are  described  as  follows: 

The  Leaves. — From  10  to  15  cm.  (4  to  6  inches)  long 
and  al)out  half  as  broad,  ovate,  abruptly  and  almost 
equally  narrowed  into  a  petiole  of  extn*mely  variable 
length,  the  apex  acute  or  acutish,  but  not  acuminate  or 
tapering,  entire  on  the  margin,  smooth,  thin,  drying 
brownish  green,  the  upper  surface  browner,  the  lower 
greener  and  paler,  both  surfaces  minutttly  whitish  punc- 
tate: odor  slight;  taste  bitterish,  somewhat  acrid. 

The  Root. — In  cylindrical,  but  slightly  tapering, 
coarsely,  wrinkled  pieces,  bearing  their  Imrk,  rarely  ex- 
ceeding 15  cm.  (6  inches)  in  length,  having  a  thickness  of 
10  mm.  (two-fifths  inch)  to  25  mm.  (1  inch),  often  split ; 
externally  of  a  light  brownish  gray,  much  subject  to 
abrasion,  which  reveals  a  lighter  inner  layer,  internally 
whitish ;  breaking  with  the  characteristic  emission  of  a 
puff  of  dust,  and  exhibiting  a  nearly  smooth  and  starch}'" 
fracture,  indistinctly  many-radiate  near  the  bark;  nearly 
inodorous;  taste  sweetish,  afterward  bitterisii  and  strongly 
acrid.  Portions  of  the  stem  and  of  thick,  liard,  woody 
crowns  should  not  be  included. 

Composition. — The  minor  constituents  of  the  leaves  are 
starch,  gum,  wax,  and  asparagin;  and  of  the  roots,  starch. 
The  active  constituents  of  both  are  the  mydriatic  alka- 
loids, about  one-tenth  to  one-half  per  cent,  in  the  leaves, 
one-fourth  to  three-fourths  per  cent,  in  the  root.  As 
re^rds  the  identity  and  precise  relative  amounts  of  the 
different  alkaloids,  discussion  is  in  the  present  state  of 
our  knowledge  unprofitable,  and  in  view  of  their  very 
similar  therapeutic  effects,  equally  imimportant.  BeWi- 
donnine  and  hyoscine  (if  the  latter  be  really  present  at 
all — see  Henbane)  are  in  such  small  amounts  as  to  be  ab- 
solutely unimportant.  The  only  alkaloid  other  than 
atrojnn^  which  is  present  in  appreciable  amount  ishyotict/- 
amine,  and  the  action  of  this  is  so  nearly  idrntical  with 
that  of  atroi)ine  as  to  render  its  presence  of  no  impor- 
tance. Theoretically,  the  relations  of  the  two  last  named 
are  of  great  interest.  They  are  so  closely  similar  that, 
even  when  in  the  pure  condition,  it  is  almost  im]>os.sil)le 
to  distinguish  them.  It  is  believed  that  v(  ry  young  roots 
will  yield  only  hyoscyamine,  old  ones  chiefly  atropine. 
It  is  not  by  any  means  certain,  however,  that  the  extme- 
tion  of  one  proves  that  it  so  existed  in  the  living  plant. 
It  is,  further,  very  uncertain  as  to  the  maintenance  of  their 
identity  when  the  respective  alkiiloids  are  taken  into  the 
stomach  or  the  system.  Certainly  their  pnictical  effects 
are  generally  regarded  as  identical,  so  that  therapeutic 
interest  in  the  drug  centres  finally  in  its  ])erceuttage  of 
total  alkaloid.  Since,  according  to  the  above  showing, 
the  prepamtions  of  belladonna  must  vary  .so  widely,  and 
as  the  detenninati(m  of  their  strength  is  no  longer  dilfi- 
cult.  none  should  ever  be  used  whos<'  percentage  of  total 
alkaloid  is  not  known.  It  is  altogether  probjible  that  the 
forthcoming  edition  of  the  Pharmacopceia  will  fix  this 
percentage  at  thirty  or  thirty-five  hundredths  for  the 
drug  and  its  fiuid  extract,  that  of  the  other  preparations 
in  proportion  to  their  relative  strengths.  In  considering 
the  properties  of  belladoinia,  then,  we  may  restrict  our 
attention  to  those  of  the  alkaloid  atropine. 

Atropine  oh  Atropina  (OnHaaNOa).— "An  alkaloid 
obtained  from  belladonna.  As  it  occurs  in  commerce,  it  is 
always  accompanied  by  a  small  proportion  of  hyoscya- 
mine extracted  along  with  it,  from  which  it  cannot  be 
readily  separated  "  (U.  8.  P.) .     It  occurs  in  white,  acicu- 


lar  cr}'stals,  or  as  a  fine  white  powder,  odoriess,  bitter, 
and  acrid,  becoming  yellowish  on  exposure.  It  is  soluble 
in  water  to  the  extent  of  nearly  four  grains  to  the  ounce, 
and  freely  soluble  in  alcohol,  as  well  as  in  fifty  parts  of 
glycerin.  It  readily  forms  salts.  Chemically,  it  is  a 
compound  of  the  alkaloid  tropine  (which  lacks  the  prop- 
erties of  atropine)  and  tropic  acid.  Hence  alkalies,  be- 
sides acting  as  precipitants,  as  in  the  case  of  other  alka- 
loids, take  away  the  tropic  acid  and  convert  the  atropine 
into  inactive  tropine.  Decomposition  also  occurs  if  it 
be  heated  with  water  or  acids. 

Acti4m. — Atropine  has  no  action  upon  the  unbroken 
skin  unless  absorption  occur.  Its  tendency  to  absorption 
is  ver>'  slight,  but  can  he  increased  by  inunction  or  to  an 
imcertain  extent  by  application  in  the  form  of  a  plaster, 
for  a  continuous  period,  under  the  influence  of  the  heat 
and  conflnement  and  the  friction  resulting  from  natural 
movements.  3Iixing  it  with  glycerin  or  with  alcohol  or 
other  volatile  substance  also  leads  to  its  absorption.  It 
will  then  act  both  locally  and  systemically,  and  more  or 
less  poisonous  symptoms  can  be  thus  induced.  Its  local 
action,  applied  thus  or  to  a  denuded  surface,  or  injected 
into  the  tissues,  is  that  of  a  paralyzant  of  the  nerve  end- 
ings, especially  the  sensorj-.  When  pain  is  present,  this 
sensory  depn*ssion  is  increased  by  the  iessencKi  irritation 
due  to  slightly  decrt»a.sed  muscular  movement.  The 
systemic  effects  will  be  considered  later.  The  local 
effects  ui>on  mucous  membranes  are  also  slightly  be- 
numbing, due  to  sensory  paralysis,  and  inhibitory  of  the 
secretions,  through  paralysis  of  the  nerve  endings  which 
excite  them.  The  local  effect  in  the  eve  is  to  paralyze 
the  endings  of  the  third  nerve,  thus  allowing  the  iris  to 
relax,  producing  wide  dilatation  of  the  pupil,  and  also  to 
destroy  the  power  of  accommodation. 

The  direct  systemic  effects  are  entirely  upon  the  nerve 
tiasues,  more  upon  the  periphery  than  upon  the  centres. 
The  central  effc^cts  are,  moreover,  for  the  most  part,  ren- 
dered inoperative  in  the  net  practical  results  observed,  be- 
cause the  peripheral  actions  are  antagonistic  to,  and  more 
than  sufllcient  to  ovc^rcom^  them.  Of  the  centres,  the 
highest  are  affected  most  and  the  lower  successively  less. 
The  primary  effects  upon  the  centres  are  stimulant,  the 
secondary  depressant.  The  most  prominent,  therefore,  is 
cerebral  stimulation,  excitement  or  delirium.  Even  in 
the  mildest  case,  the  stimulation  can  be  seen  to  be  of  an 
intoxicant  or  uncontrolled  character.  The  cardiac  cen- 
tres, both  vagus  and  accelerator,  are  stimulated.  The 
first  result,  through  the  vagus,  is  a  slowing  of  the  heart, 
which  almost  at  onee  yields  to  a  quickening,  at  first 
probably  through  the  accelerator  .stimulation,  afterwanl 
by  the  secondary  depression  of  the  vagus,  and  lastly,  as 
a  result  of  depressiint  action  on  the  vagal  endings.  Tho 
vaso-motor  centres  are  stimulatt*<l,  with  a  brief  rise  of 
blooil  pressure;  this  is  quickly  overcome,  chiefiy  by  the 
peripheral  effects,  but  partly  by  the  secondary  depres.si<)n 
of  the  centres.  Some  claim  also  that  the  secondary  dila- 
tation of  the  vessels  is  due  to  direct  stimulation  of  the 
dilator  centres,  but  this  action  would  probably  l>e  very 
brief.  The  respiratory  centres  are  stimulated,  with 
quicker  and  deeper  breathing  at  first,  followed  by  re- 
verse condit  ions.  The  heat  centres  are  stimulated,  and 
there  is  a  rise  of  temi)erature.  As  heat  loss  by  evapora- 
tion of  perspiration  is  wanting,  this  central  action  is  not 
fully  counteracted  at  the  periphery,  even  though  the 
superficial  vessels  are  dilated;  thus  the  rise  of  tempera- 
ture is  maintained. 

The  periph(?ral  effects  of  atropine,  for  the  most  part, 
counteract  and  overcome  the  central.  They  are  of  a  par- 
alyzing nature,  and  relate  both  to  movement  and  secre- 
tion. In  regard  to  movement,  inhibitory  endings  may 
be  i)aralyzed  so  as  to  allow  a  result  which  is  but  appar- 
ent stimulation,  as  in  the  secondary  quickening  of  the 
heart  due  to  paralysis  of  the  vagal  ends,  and  the  permis- 
sion of  an  increase  in  peristalsis,  due  to  paralysis  of  the 
splanchnic  terminations.  The  latter  action  results  in  a 
laxative  effect  upon  the  bowels. 

The  same  effect  is  produced  upon  the  eye  as  results 
locally,  as  above  described.      All  the  buco^  secretions 
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are  checked,  and  the  mouth  and  throat  are  made  dry. 
The  pancreatic  secretion  is  similarly  checked.  The  eflfect 
upon  the  production  of  respiratory  mucus  is  the  same 
as  that  upon  the  buccal,  and  the  air  passages  become 
comparatively  dry.  Thus  it  may  be  sedative  to  respira- 
tory initation ;  but  the  effect  is  apt  to  be  very  transient. 
The  same  drying  effect  is  produced  upon  the  skin.  The 
skin  is  red,  however,  from  vascular  dilatation,  resulting 
from  paralysis  of  the  motor  nerve  endings  in  the  arterial 
muscular  fibres.  This  reddening  is  sufficient  to  produce 
a  scarlatina-like  flushing  which  has  led  to  errors  of  diag- 
nosis. Atropine  has  a  strong  tendency  to  dry  up  the 
miik. 

Most  of  the  therapeutic  actions  of  belladonna  are  ex- 
plained by  the  above  pharmacodynamic  deductions. 
Some,  however,  are  still  puzzling. 

The  local  uses  of  belladonna  are  of  almost  as  great  im- 
portance as  the  internal.  Prominent  among  them  are  the 
uses  of  atropine  in  the  local  treatment  of  the  eye.  The 
dilatation  of  the  pupil  by  it  permits  of  intraocular  ex- 
amination, checks  iritic  adhesions  or  breaks  them  down 
if  formed,  and  checks  ocular  hernia.  These  results  are 
accompanied  by  a  lessening  of  pain  and  even  a  reduction 
of  inflammation. 

Many   forms  of  superficial  and  some  deeply  seated 

Sains,  as  rheumatism  and  neuralgia,  are  sometimes  re- 
eved by  the  belladonna  plaster,  or  by  the  liniment  well 
rubbed  in,  or  by  a  solution  in  chloroform  or  camphor. 
Cardiac  and  respiratory  pains  are  often  relieved  similarly. 
Toothache  is  often  relieved  by  direct  application  of  atro- 
pine to  the  nerve.  Many  forfns  of  itching  are  promptly' 
relieved  and  local  inflanunations  sctattered.  Pain  from 
hemorrhoids  is  partly  relieved.  The  checking  of  the 
milk  secretion  can  sometimes  be  produced  by  local  ap- 
plication of  the  plaster.  Application  of  a  solution  of 
atropine  will  often  check  local  perspimtion,  though  it  is 
quite  uncertain.  In  the  nature  of  local  applications  may 
be  regai*ded  the  intramuscular  or  deep  injection  of  atro- 
pine, often  combined  with  morphine,  to  relieve  pain  or 
spasms  which  cannot  be  modified  by  its  superficial  ap- 
plication. Inhalation  of  a  spray  containing  atropine,  for 
the  relief  of  asthma,  may  also  be  regarded  in  the  same 
light. 

Internally,  belladonna  is  probably  more  often  used,  in 
large  doses,  to  check  incontinence  of  urine,  and  as  an  ad- 
junct of  cathartics  or  laxatives,  than  for  anything  else. 
While  it  alone  may  act  as  a  laxative,  it  is  very  uncertain. 
Continually  used,  especially  together  with  nux  vomi(», 
it  may  overcome  chronic  constipation.  Next  in  impor- 
tance is  its  use  in  respiratory  diseases,  where  it  has  a  wide 
field  of  usefulness.  In  asthma,  it  often  gives  relief  when 
nothing  else  will,  and  by  vaiying  its  use  with  that  of  its 
related  alkaloids  permanent  benefit  may  be  secured.  A 
similar  benefit  may  result  from  its  use  in  whooping-cough. 

It  checks  excessive  secretion,  especially  from  the  nose. 
With  this  result,  irritable  cough  (of  suitable  causation) 
is  greatly  relieved.  It  is  an  excellent  remedy  for  reliev- 
ing the  sweats  of  phthisis.  Sore  throat,  unless  of  the 
excessively  dry  variety,  is  very  favorably  influenced. 
Cardiac  inflammation  or  pain  is  benefited  by  its  internal 
administration,  as  well  as  by  local  application.  Bella- 
donna is  a  useful  antidote  to  poisoning  by  morphine. 

The  official  preparations  of  belladonna  leaves  are  the 
extract,  of  which  the  dose  is  0.008  to  0.03  gm.  (gr.  i  to  i) 
and  the  15  per  cent,  tincture,  dose  0.3  to  2.0  c.c.  (ni  v.  to 
xxx).  Of  the  extract,  there  is  a  10-per-cent.  plaster  and  a 
20-per-cent.  ointment.  Of  the  root  there  is  a  fluid  extract, 
dose  0.06  to  0.2  c.c.  (Til  i.  to  iij.),  and  of  this  we  have  a 
liniment,  05  parts  with  5  parts  of  camphor.  Children 
bear  larger  doses  of  atropine  or  belladonna,  proportion- 
ally to  their  age,  than  adults. 

Commercial  belladonna  plasters  are  usually  made  either 
from  belladonna  root,  to  overcome  the  disagreeable  stain 
and  odor  of  the  leaf  extract,  or  from  the  rhizome  of  sco- 
polia.  Probably  the  very  great  bulk  of  them  are  made 
from  the  latter.  II.  IT.  Ruiby. 

BELLADONNA.    (TOX.)    ^^  Atrapic  PoUan^. 


BELL'S  PALSY.    See  FaHal  Paralysis. 

BENNE  OIL.— Oleum  Sesami;  Ted  Oil.  "A  fixed 
oil  expressed  from  the  seeds  of  Sesamnin  Iiidicum  L. 
(fam.  Pedalineay  (U.  S.  P.). 

The  benne  plant  is  an  erect,  hairy  annual,  two  to  four 
feet  high,  supposed  to  have  originated  in  Africa,  but  so 
long  and  so  widely  cultivated  that  knowledge  of  its  na- 
tivity has  been  lost.  It  has  been  grown  for  its  edible 
seeds,  and  for  their  oil,  of  which  the  yield  is  sixty  or 
seventy  per  cent.,  and  which  is  used  as  food  and  for  many 
other  purposes.  The  plant  is  grown  to  some  extent  in 
our  Southern  States.  The  oil  is  yellow  or  yellowish,  in- 
odorous, and  of  a  pleasant,  nut-like  flavor.  Its  specific 
gravity  is  0.919  to  0.923  at  15"  C.  At  -3"  C  (26.6°  F.)  it 
becomes  thick,  and  at  —5''  C.  (23°  F.)  it  congeals.  Con- 
centrated sulphuric  acid  converts  it  to  a  brownish  red 
jelly.    Its  properties  are  purely  nutritive  and  demulcent. 

n.  II.  Rusby. 

BENTLEY  SPRINGS.— Baltimore  County,  Maryland. 

Post-Office. — Bentley  Springs.    Hotel,  Glen  House. 

These  springs  are  situated  on  the  line  of  the  Northern 
Central  Railroad,  a  division  of  the  Pennsylvania  Railroad, 
about  thirty  miles  from  Baltimore  and  seventy  miles  from 
Washington.  The  elevation  above  tide  water  is  about 
six  hundred  feet.  In  addition  to  the  two  principal 
springs  there  are  perhaps  as  many  as  one  hundred  others, 
some  of  which  liave  important  chalybeate  properties. 
The  surroundings  of  the  springs  are  very  interesting  and 
attractive.  The  following  analyses  of  two  of  the  chief 
springs  are  by  Professor  Aiken,  formerly  of  the  Univer- 
sity of  Maryland : 

The  "  Nucta"  ok  "  Station  "  Spking. 
One  United  States  Gallon  Contains: 

Solids.  GfbIob. 

Calcium  carbonatfe 0.34 

Sodium  carbonAt4} 87 

Magnesium  carbonate .27 

Calcium  sulphate .30 

Sodium  chloride 19 

Silicic  acid 38 

Iron  (a  tracie)         (  /» 

Alumina  and  loss  f  

Total  mineral  contents 1.82 

Organic  matter .36 

Total  solid  contents 2.18 

The  Lower  Spring. 

Solids.  Grains. 

Calcium  carbonate 0.64 

Magnesium  carbonate 68 

Sodium  carbonate 46 

Iron  carbonate 89 

Sodium  chloride .27 

Calcium  sulphate 35 

Silicicacid 43 

Alumina  and  loss 08 

Inorganic  contents 3.75 

Organic  matter 0.91 

Total  contents 4.66 

The  water  is  a  mild  example  of  the  alkaline-saline-calcic 
class.  It  has  been  used  for  upward  of  thirty  years,  in 
kidney,  liver,  and  stomach  disorders,  and  in  chronic  bowel 
affections.     It  is  used  commercially. 

James  K.  Crook. 

BENZACETINE.  —  Acet-amido-ethyl-salicylic  acid  — 
C«H,,NHCH,CO,OC,H.,COOH.  This  occurs  in  color- 
less crystals  which  are  almost  insoluble  in  water  and 
have  a  melting  point  of  205^  C.  (401°  F.).  Frank  intro- 
duced  it  as  a  secmtive  and  antineuralgic  of  special  value 
in  cases  of  migraine.  The  dose  is  gr.  viij.  to  xv.,  which 
may  be  repeated  in  one  hour  if  necessary.  It  may  ad- 
vantageously be  combined  with  one  or  two  grains  of 
citrated  caffeine.  W.  A.  Sastedo. 
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BENZANILID.— (Phenyl  benzamide.)  This  is  one  of 
the  tlii-ee  anilids  that  have  proved  active  medicinally. 
The  others  are  salicylanilid  and  acetanilid.  In  benzanilid 
the  salicylic  acid  or  acetic  acid  of  the  others  is  replaced 
by  benzoic  acid.  It  occurs  in  small,  white,  shining  scales, 
tasteless,  odorless,  insoluble  in  water,  soluble  in  alcohol, 
1  in  60.  It  is  chemictilly  and  therapeutically  allied  to 
acetanilid.  Kahn  and  Uepp.  when  investigating  antife- 
brine,  used  it  in  a  number  of  cases  and  found  it  to  possess 
similar  properties.  The  advantages  claimed  for  it  are 
that  it  possesses  less  toxic  properties  and  after  its  use  the 
rise  of  temperature  is  more  slow,  but  notwithstanding 
these  apparent  advantages  it  has  failed  to  become  a 
popular  remedy. 

Its  antipyretic  action  begins  in  from  half  an  hour  to  one 
hour  after  it  has  been  taken,  and  its  maximum  effect  is 
reached  in  five  or  six  hours.  In  ten  or  twelve  hours  its 
effect  has  quite  passt^d  away.  It  does  not  cause  any  dis- 
turbance 01  respiration  or  of  digestion.  The  circulation 
is  slowed,  the  vascular  tension  being  reduced.  In  some 
cases  large  doses  have  altered  the  color  of  the  urine,  ren- 
dering it  of  a  greenish  tinge,  which  is  increased  after  ex- 
posure to  light.  It  is  administered  in  doses  of  ten  or 
fifteen  grains;  sixty  to  ninety  grains,  during  the  twenty- 
four  hours,  being  well  borne.  Beaumont  Small. 

BENZENE. — Benzene,  also  called  benzol,  is  the  simplest 
hydrocarbon  of  the  aromatic  series,  having  the  formula 
CgHe.  It  is  thus  a  definite  chemical  compound,  and 
must  carefully  be  distinguishe<l  ivonxbenzin,  a  composite 
substance  obtained  as  a  distillate  from  coal  oil  (see  Ben- 
tin).  Benzene  or  benzol  is  a  thip,  colorless  fluid,  very 
volatile  and  very  inflammable,  and,  when  pure,  of  a  not 
disagreeable  aromatic  odor.  It  is  practically  in.soluble 
in  water,  but  dissolves  in  four  parts  of  alcohol.  It  may 
be  obtained  by  distilling  a  mixture  of  benzoic  acid  and 
lime,  or  by  fractional  distillation  of  the  material  known 
as  coal  naphtha,  a  derivative  of  coal  tar. 

Benzene  is  of  more  value  in  pharmac}"^  than  in  medi- 
cine. For  pharmaceutical  purposes  it  is  notable  for  its 
extensive  solvent  power,  dissolving  readily  such  com- 
paratively insoluble  substances  as  india  rubber,  gutta- 
percha, sulphur,  phosphorus,  iodine,  many  resins  and 
many  alkaloids  dissolving  readily  in  it.  Physiologically, 
benzene  has  little  local  effect,  but  taken  internally  deter- 
mines intoxication,  coma,  and  anaesthesia.  It  has  been 
given  internally  in  doses  of  a  few  drops  in  dyspepsia 
as.sociated  with  fermentation  of  the  ingesta,  and  also  in 
trichinosis,  but  is  nirely  employed  and  is  not  official  in 
the  United  States  Pharmacopa*ia.  Edward  Curtis. 

BENZIN. — Under  the  title  of  Benzinum,  Benzin,  the 
United  States  Pliarmacopaia  makes  oflicial  the  substance 
commonly  known  us  jtttrolefnn  U/izin  or  pit  role  um  ether. 
It  is  thus  defined  and  described:  "A  purified  distillate 
from  Aniericau  petroleum,  consisting  of  hydrocarbons, 
chiefly  of  the  niarsli-gas  scries  [CJIia-CcllM,  and  homolo- 
gous compounds].  Henziii  should  be  carefully  kept  in 
well-stoppered  bottles  or  cans  in  a  cool  place,  remote 
from  lights  or  fire.  A  transjiarcnt.  colorless,  diffuse  li(|uid, 
of  a  strong  characteristic  odor,  sliiihlly  resem])ling  that 
of  petroleum,  but  nnich  lc>s  di^airreeable.  and  having  a 
neutral  reaction.  S]jecifi<'  gravity:  0.070  to  0.07.")  at  1.")" 
i\  {W  F).  Boiling  i)oint.  50  'to  GO  C.  {Vl'2  to  140^ 
F.).  Insoluble  in  water:  solu])le  in  al)out  six  parts  of 
alcohol,  and  rea<lilv  soluble  in  ether,  chloroform,  benzol, 
and  fixed  and  volatile  oils.  Hen/.in  is  highly  iufiannnable, 
and  its  vapor,  when  mixed  with  air  and  isinited,  explodes 
violently ''  (U.  S.  P.). 

Much  confusion  arises  from  the  similarity  in  name  and 
general  appearance  between  this  substance — a  mixture 
of  hydrocarbons  of  the  marsh-gas  series — and  the  chem- 
ical body /'^r//c< //^'  or  fje.nzol  {Vr,\\,s).  a  single  hydrocarbon 
of  the  aromatic  series  (see  Benzine).  The  two  articles 
must  carefully  be  distinguished. 

Benzin  is  not  used  in  medicine,  but  is  useful  to  the 
pharmacist  for  its  solvent  powers  over  fats,  resins,  vola- 
tile oils,  and  other  bodies  Edirard  CurtU. 


BENZOIC  ACID  AND  BENZOATES.— .BmeMV  Add, 
HCiHftOs,  formerly  known  as  flotters  of  benzoin,  is  a 
monatomic  acid  of  the  aromatic  series,  existing  ready 
formed  in  a  number  of  balsams  and  gum  resins,  notably 
in  benzoin,  and  also  easily  obtainable,  artificially,  by 
decomposition  of  hippuric  acid  or  of  derivates  of  toluene 
or  of  naphthalin.  The  benzoic  acids  of  commerce  are 
derived  from  all  these  sources.  Benzoic  acid  from  ben- 
zoin is  characterized  by  a  special  degree  of  lightness  and 
fluflSness,  and  by  a  distinct  benzoin  odor.  The  acid  de- 
rived from  liippuric  acid  is  manufactured  out  of  the 
urine  of  cows  and  horses,  and  formerly  was  distinguish- 
able by  a  urinous  odor,  but  as  at  present  made  is  quite 
pure  and  entirely  free  from  such  smell.  The  acid  from 
this  source  is  commonly  known,  commercially,  as  Otr- 
man  benzoic  acid. 

Benzoic  acid  is  official  in  the  United  States  Pharmaco- 
poea  under  the  title  Addum,  Benzoieum,  Benzoic  Acid. 
The  source  of  the  article  is  not  prescribed,  but  the  acid  is 
said  to  be  "  usually  obtained  from  benzoin  by  subhmation, 
or  prepared  artificially,  chiefly  from  toluol. "  Although  no 
mention  is  made  of  the  GU^rman  acid  manufactured  out  of 
horse  urine,  yet  it  is  proper  to  say  that  the  article  so  de- 
rived, if  free  from  smell,  is  perfectly  pure  and  decent  for 
medical  use.  A  benzoic  acid  made  from  toluene,  and  hav- 
ing an  odor  like  that  of  bitter  almonds,  is  probably  not 
pure,  and  such  a  sample  should  be  rejected.  Benzoic  acid 
is  described  officially  as  follows:  "White  or  yellowish- 
white,  lustrous  scales  or  friable  needles,  odorless,  or 
having  a  slight,  characteristic  odor  resembling  that  of 
benzoin,  and  of  a  warm,  acid  taste ;  somewhat  volatile  at 
a  moderately  warm  temperature,  and  rendered  darker  by 
exposure  to  light.  Soluble,  when  pure,  in  about  500 
parts  of  water,  and  in  2  parts  of  alcohol  at  15^  C.  (59* 
F.);  in  15  parts  of  boiling  water,  and  in  1  part  of  boiUng 
alcohol.  ALso  soluble  in  3  parts  of  ether,  7  parts  of 
chloroform,  and  readily  soluble  in  carbon  disulphide. 
benzol,  fixed  and  volatile  oils,  but  sparingly  soluble  in 
benzin.  Benzoic  acid  volatilizes  freely  with  the  vapor 
of  water.  On  heating  it  to  100"  C.  (21*^"  F.),  it  begins  to 
sublime.  At  121.4*  C.  (250.5"  F.)  it  melts,  and  at  a 
higher  temperature  it  is  consumed  without  leaving  a 
residue.  The  acid  sublimed  from  benzoin  has  a  lower 
melting  point  and  a  greater  solubility  in  water.  Benzoic 
acid  has  an  acid  reaction  "  (U.  S.  P.). 

Benzoic  acid  "  should  be  kept  in  dark  amber-colored, 
well-stoppered  bottles,  in   a  cool  place."     As  to  effects 
upon  the  animal  system,  benzoic  acid  is  locally  irritant 
to  sensitive  surfaces,  its  concentrated  vapor,  ifinlialetl 
causing  violent  sneezing  and  coughing,  and  even  bron- 
chial inflammation.     Yet,  when  swallowed,  benzoic  acid 
is  singularly  innocent.     Even  gram  doses  cause  but  a 
feeling  of  abdominal  wannth  and  increase  of  bronchial 
mucus,  and  serious  derangement  is  scarcely  possible  by 
any  likely  dosage,  intentional  or  accidental.     The  action 
of  benzoic  acid,  of  interest  in  medicine,  is  \ipon  the  urine. 
Under  the  infiui'nce  of  the  drug,  given  by  the  mouth,  an 
acid  urine  tends  to  be  of  increased  acidity,  an  alkaline  to 
l)ecome  acid,   and  a   urine  prone   to  decompose  l)efon' 
voidance  to  lose  such  tendency.     The  increas<;d  acidity 
of  urine  determined  by  benzoic  acid  is  mainlv  accounted 
for  by  the  presence  in  the  secretion  of  hippuric  acid,  un- 
doubtedly derived,  by  chemical  change,  from  the  l)onzoic 
acid  itself.     This  con  version  of  benzoic  into  hippuric  acid 
is  probably  wrought  in  the  kidneys  (Meissner  andShep- 
ard).     Arrest  of  putrefacticm  in  urines  by  l)enzoic  acid  is 
probably  simply  an  example  of   the  general  antist^ptic 
action   of   the  drug.      Opposite  statements  have  l>een 
made  by  investigators  concerning  the  influence  of  ben- 
zoic acid,  taken  medicinally,  upon  \irinary  excretion  of 
urea  and  uric  acid,  some  finding  the  proportion  of  one  or 
other  of  tliese  excreta  to  be  lessened,  and  others  observ- 
ing the  s;ime  to  be  miaflfected. 

Besides  the  action  upon  the  urine,  benzoic  acid  is  im- 
portant for  its  anti.septic  power,  in  which  it  probably 
stands  on  a  par  with  salicylic  acid. 

The  therapeutic  applications  of  benzoic  acid  are  prin 
cipally  the  internal  giving  of  the  acid  imder  its  own  form 
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for  the  acidifying  of  the  urine  in  oases  in  which  that  se- 
cretion tends  to  be  alkaline  and  unduly  phosphatic,  or  for 
the  prevention  of  decomposition  of  the  urine  in  the  blad- 
der in  cases  of  vesical  catarrh.  The  acid  may  also  lie 
used  as  an  antiseptic.  In  saline  combination,  principally 
as  sodium  benzoate,  benzoic  acid  has  also  been  em- 
ployed in  acute  rheumatism,  as  an  innocent  but  thera- 
peutically effective  substitute  for  salicylic  acid  or  the 
salts  thereof  (Senator),  and  in  pulmonary  consumption, 
diphtheria,  scarlet  lever,  and  other  diseases  of  that  cat- 
egory. In  these  applications,  however,  the  reputation 
of  the  medicine  is,  at  the  present  writing,  decidedly  on 
the  wane. 

For  its  legitimate  use  in  urinary  disonlers,  benzoic 
acid  may  be  given  several  times  daily  in  doses  of  from 
0.65  to  2.00  gm.  (gr.  x.  to  xxx.),  administered  in  jull 
form,  with  soap  as  the  excipient,  or  given  in  mixture. 
Free  solution  of  benzoic  acid  in  water  can  be  determined 
by  the  addition  of  four  parts  of  sodium  phosphate  or  one 
and  a  half  parts  of  borax.  Solutions  for  antiseptic  pur- 
poses should  range  from  two-per-cent.  strength  upward, 
solution  in  water  being  effected  by  the  atlditions  just 
cited. 

Benzoateb. — Such  of  the  benzoates  as  are  used  in 
medicine  are  employed  for  the  sake  of  the  benzoic  acid 
of  their  composition.  Their  discussion,  therefore,  be- 
longs to  this  place.  The  benzoates  ofUcial  in  the  Unite<l 
States  Pharmacopoeia  an^  the  ttoiUc,  lithie,  and  ainmomc 
salts. 

Sodium  Benzoate,  NaCiHsOo. — This  salt  is  ofticial  as 
Sodii  Bemoan,  Sodium  Beuzoate,  and  is  de.seril>ed  as  "a 
white,  amorphous  powder,  odorless,  or  having  a  faint 
odor  of  benzoin,  and  a  sweetish,  a.stringent  taste.  Per- 
manent in  the  air.  Soluble,  at  lo"  C.  (59^  F.),  in  1.8 
parts  of  water  and  in  45  parts  of  alcohol;  in  1.3  parts  of 
boiling  water,  and  in  20  parts  of  boiling  alcohol.  When 
heated,  the  salt  melts,  emits  vapors  having  the  odor  of 
benzoic  acid,  then  chars,  and  finally  leaves  a  residue  of 
sodium  carbonate  and  carbon.  To  a  non-luminous  flame 
it  imparts  an  intense  yellow  color.  The  aqueous  solu- 
tion is  neutral  to  litmus  paper"  (U.  S.  P.).  The  salt 
should  be  kept  in  well-stoppered  bottles.  Sodium  ben- 
zoate  is  made  by  treating  a  sodium  carbonate,  in  hot 
saturated  aqueous  solution,  with  benzoic  acid,  and  the 
quality  of  the  salt  will  be  determined  by  the  quality  of 
the  benzoic  acid  used  in  its  manufacture.  The  article 
described  by  the  Pharmacopeia  is  intended  to  be  made 
from  benzoin -benzoic  acid.  Specimens  made  from  hip- 
puric-benzoic  acid  and  from  toluene-l)enzoic  acid  have 
been  found  to  be  less  freely  soluble  in  water  than  the 
above,  and  to  yield  pale  yellow  and  turbid  solutions  of 
an  acrid,  bitter  taste,  and  of  an  odor  of  horse  sweat  or  of 
bitter  almonds,  according  to  the  source  of  the  benzoic 
acid. 

Physiologically,  sodium  benzoate  is  about  as  harmless 
as  a  salt  can  be,  but  has  havn  found  to  produce  fully  the 
curative  action  of  benzoic  acid  itself  in  acute  rheumatism, 
and  has  been  loudly  vaunted  as  of  wonderful  avail  in 
pulmonary  consumption,  diphtheria,  etc.  It  has  been 
given  internally  in  doses  amounting  to  from  5  to  20 
gm.  (gr.  Ixxv.  to  ccc.)aday,  without  serious  derange- 
ment, and  for  pronounced  effect  in  acute  rheumatism  the 
fullest  limit  of  such  <losiige  may  be  necessary.  In  diph- 
theria, inhalations  of  atomized  spray  and  insufflations  of 
the  powdered  salt  upon  the  diphtheritic  patch  have  also 
been  practi.sed. 

lAthiyin  Benzoate,  IaxCiWiOi. — The  salt  is  official  as 
Lithii  Benzoaa,  Lithium  Benzoate.  It  is  thus  described: 
**A  light,  white  powder,  or  small,  shining  crystalline 
scales:  odorless,  or  of  faint  benzoin-Iik(*  (xior,  and  of  a 
cooling,  sweetish  taste:  permanent  in  the  air.  Soluble, 
at  15^  C.  (59°  F.),  in  4  parts  of  water,  and  in  12  parts  of 
alcohol:  in  2.5  parts  of  boiling  water,  and  in  10  parts  of 
boiling  alcohol.  The  presence  of  sodium  benzoate  in- 
creases the  solubility  in  water  and  lessens  that  in  alco- 
hol "  (U.  S.  P.).  The  salt  reacts  to  heat  the  same  as  doi>s 
sodium  benzoate,  except  that  it  colors  a  flame  crimson 
instead  of  yellow. 


Lithium  l)enzoat€  is  made  by  direct  decomposition  of 
lithium  carbonate  by  benzoic  acid ;  and,  as  in  the  case  of 
the  making  of  sodium  benzoate,  benzoin-benzoic  acid 
should  be  used  for  the  manufacture. 

Lithiimi  benzoate  is  an  innocent  salt,  seemingly  yield- 
ing to  a  certain  degree  similar  results  to  benzoic  acid 
its<!lf  in  urinary  affections  (see  under  Benzoic  Acid,  ante). 
It  has  \wvu  used  in  such  conditions  in  the  place  of  the 
uncombined  acid,  in  doses  of  from  1  to  2  gm.  (gr.  xv.  to 
xxx.)  several  times  daily. 

Ammonium  BenzfHite,  NH4.Ct1I6(>j. — The  salt  is  official 
as  Ammonii  Bemoan,  Anmionium  Benzoate.  It  is  thus 
described:  "Thin,  white,  four-sided,  laminar  crystals, 
odorless,  or  having  a  slight  odor  of  benzoic  acid,  a  stiline, 
bitter,  afterward  slightly  acrid  taste,  and  gradually  los- 
ing ammonia  on  exposure  to  the  air.  Soluble  at  15''  C. 
(59'  F.),  in  5  parts  of  water  and  in  28  parts  of  alcohol; 
in  1.2  parts  of  boiling  water  and  7.6  parts  of  boiling  al- 
cohol. AVhen  strongly  heated,  the  salt  melts,  emits 
vapors  having  the  mlor  of  ammonia  and  benzoic  acid, 
and  is  Anally  completely  dissipated  "  (U.  S.  P.).  The 
stilt  is  made  by  adding  benzoic  acid  to  water  of  ammonia, 
and,  as  in  the  case  of  the  other  benzoate,  benzoin-benzoic 
acid  should  be  used  in  the  making.  This  benzoate  should 
be  kept  in  well-stopp(?red  bottles. 

Ammonium  benzoate  is  an  innocent  salt,  and  affects  the 
urine  after  the  manner  of  benzoic  acid  itself.  It  is  used 
in  place  of  the  acid  in  urinary  disorders  (see  Benzoic  Acid, 
above),  in  doses  of  from  1  to  2  gm.  (gr.  xv.  to  xxx.)  sev- 
eral times  daily.  It  amounts,  medicinally,  to  a  soluble 
form  of  benzoic  acid,  and  can  readily  be  made  extempo- 
raneously in  solution  by  saturating  benzoic  acid  with 
water  of  ammonia.  Let  the  amount  of  benzoic  acid  to 
be  prescribed  be  mixed  with  a  little  water,  then  neutral- 
ized with  water  of  aiumonia.  and  the  whole  brought  to  a 
desired  volume  of  solution  by  further  addition  of  water 
(Squibb).  Edward  Curtis. 

BENZOIN.— Benzoinum.  '' (jhum  Benjamin.''  "A 
balsiimic  resin  obtained  fmm  Styrax  Benzoin  Dryander 
(fam.  Sfi/raeeif)"  {V.  S.  P.).  The  tree  here  named  is 
known  to  be  the  source  of  the  Sumatra  variety  of  ben- 
zoin, but  is  probably  not  that  of  the  Siam  variety.  It  is 
a  g()<Hl-.sized  tree,  rather  widely  distributed  through  the 
East  India  Islands,  and  to  a  considerable  extent  cultivated 
in  Sumatra.  At  the  age  of  about  six  years,  when  the  tree 
is  six  to  eight  inches  in  diameter,  collections  begin.  They 
arc  continued  for  from  fifteen  to  twenty  years,  the  prod- 
uct becoming  darker  and  more  inferior  with  each  suc- 
ceeding year.  The  sap  exudes  from  incisions  made  for 
the  purpose,  as  a  milky  juicte  which  is  collected  in  tears, 
at  first  whitish,  then  becoming  yellow,  or  rust}'  brown, 
but  .still  milky  white  when  fractured.  If  this  concrete 
product  of  the  young  trees  is  packed  Sf^'parately,  it  re- 
sults in  a  more  or  less  looselv  constructed  cake,  of  excel- 
lent  (|uality.  Ordinarily,  however,  there  is  a  considerable 
(|uantity,  often  very  large,  of  a  darker  substance  which, 
run,  or  perhaps  kneaded,  into  the  interstices,  and  then 
hardening,  converts  the  conU'uts  of  the  boxes  in  which  it 
conies  packed  into  a  solid  mass  of  a  pinkish  or  reddish 
gray,  or  of  a  gray  or  sometimes  gi  ay -brown  color,  in 
which  the  white  or  vellowish  tears  a?e  firmlv  embedded. 
It  is  believed  that  this  interstitial  substance  consists  of 
the  soft  product  from  old  trees,  or  even  of  a  very  inferior 
substance  obtained  by  barking  and  scraping  the  trunks. 
Even  this  inferior  variety  may  be  regarded  as  good  in 
comparison  with  the  very  large  (juantity  of  adulterated 
benzoin  which  reaches  us.  Adulteration  was  formerly 
])racti.sed  by  embedding  large  stones  in  the  centre  or  ends 
of  the  mass,  but  the  inspection  of  the  blocks  by  splitting 
them  diaironallv  in  various  directions  checked  this,  and  re- 
course  is  now  had  to  fine  gravel,  .«iand,  or  other  earthy  mat- 
ter, for  the  purpos<:^  Benzoin  thus  adulterated  is  called 
** drossy."  Benzoin,  when  cold,  breaks  with  a  sharp, 
brittle  fracture,  and  a  shining  or  sparkling  surface,  but 
becomes  more  or  less  pla.stic  or  adhesive  in  a  warm  at- 
mos])here.  It  has  a  very  pleasant  balsamic  odor  and  a 
rather  mildly  aromatic,  somewhat  acrid  and  unpleasant 


746 


Berkeley  Sprlnffs. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


tast^.  I^nzoic  Jirid  sublimes  from  it.  Five  parts  of 
warm  alcohol  should  dissolve  nearly  all  of  it.  if  pun*. 

Siam  ftenziHii  is  packwl  in  similar  boxes,  but  consists 
of  a  porous  mass  of  t^^ars  only,  kK»sely  coherinju:  or  wpa- 
rate.  These  tears  are  known  in  trade  as  "  marbles "  or 
** almonds"  and  the  respective  grades  are  known  as 
** large  "  or  " small  marbled.*'  The  outer  surface  of  these 
tears  becomes  of  a  darker  yellow  or  brown  than  the 
Sumatra,  but  they  also  are  white  internally.  They  are 
much  more  fragnint,  remindin^r  one  somewhat  of  vanilla. 
This  variety  is  much  more  expensive  tlian  the  Sumatra, 
and  is  little  .subject  to  miulteration. 

Peiuing  benzoin  was  a  very  hi^^hly  valued  variety  of 
Sumatm.  but  is  now  ob.sr)lete  in  commerce. 

Tlw*  principal  constituent  of  lx*nzoin,  as  to  percentage, 
constituting  almiKSt  the  whole  of  it.  is  resin,  but  its  active 
constituent  is  benzoic  acid,  w  Inch  8«*e.  There  is  a  trace 
of  cinnamic  acid  and  a  little  volatile  oil. 

Art  ion  ami  (Wm. — So  far  as  the  mtMlicinal  action  and 
use  of  Umzciin  is  concerned,  it  is  identical  with  benzoic 
acid,  in  proportion  to  its  percentage.  Otherwise*  it  is 
ust^d  in  phannacy  for  perfuming  medicinal  substanc(;s  or 
for  remlering  them  anti.se])tic.  and  very  largely  in  the 
manufacture  of  perfumer}'.  The  official  preparations  are 
the  AdfijtH  B^'fizoiihttt/it,  or  ht'moinated  lorff,  whi<rh  con- 
tains 2  per  cent,  of  it.  the  tincture,  of  20-per-cent. 
strength,  which  is  the  distinctly  medicinal  preparation, 
the  dose  2  to  4  c.c.  (fl.  Z  ss.  to  i.),  and  the  compound 
tincture  or  **  Friar's  Balsam,"  containing  12  |wr  cent,  of 
Ix'nzoin,  8  per  cent,  of  storax,  4  per  cent,  of  balsam  tolu, 
and  2  per  cent,  of  puritied  aloes,  the  dose  Inking  the  stime  as 
of  the  last.  Henry  II.  Riit^nj. 

BENZO  -  lODO  -  HYDRIN.  —  Glyceryl -chlor-iodo  -  In^n- 
zoate;  chlor-iiMlo-benzoyl  glycerin  ester — ^ClI(^all6C«H»- 
Coa.  It  is  a  ])ro<luct  of  the  interjiction  of  In-nzoyl  i(Mlide 
and  epichlorhydrin.  and  is  a  yellowish-biown  fatty  mass, 
insoluble  in  water  and  glycerin,  and  soluble  in  alcohol, 
ether,  and  pc^troh^um  oils.  At  tlie  boiling  i>oint  of  water 
it  is  de(!ompos<'d,  i(Kline  being  liberated.  It  is  chiimed 
that  this  substii nc(;  posst^sses  tliestime  value  as  potassium 
iodide  without  any  tendency  to  pnnluce  i<Mlism  or  to 
denuige  the  digestion.  Two  grains  of  lH*nzo-i(Hlo-hydrin 
may  be  given  with  sixty  grains  of  sugar,  this  dose  Ixfing 
equivalent  to  tiftei-n  gmins  of  potassium  iiMJide. 

W.  A.  lifiMUrh. 

BENZO-NAPHTHOL.    BETA-NAPHTHOL    BENZO- 

ATE— (CioHiO,  CHftO.)  Obtained  by  the  miction  that 
tiiki^s  place  betw«*<'nlH»ta-naphthol  and  l)enzoic  acid.  It 
is  a  whiti.sh.  crystalline  powder,  very  slightly  soluble  in 
wat**r,  freely  soluble  in  ddoroform  and  alcohol. 

It  is  recommended  as  a  substitute  for  salol  or  betol, 
having  the  advantages  that  Inrnzoic  acid  poss<»sses  over 
carbolic  or  salicylic  acid.  When  intro<luce<l  into  the 
intestines  it  breaks  up  into  lx3ta-naphthol  and  benzoic  aci<l. 

The  former  is  not  absorbed  and  remains  in  the  intestines 
until  excreted;  the  latter  also  exerts  a  l(K'al  antiseptic  ac- 
tion, but  ultimately  is  absorbed  and  eliminated  with  the 
urine. 

This  is  one  of  the  newer  intestinal  antiseptics  that  have 
8<'cured  a  favorable  recogniti(«i.  Its  continued  use  has 
added  to  its  repute,  and  it  may  now  be  looke<l  upon  as 
a  remedy  of  decided  valu*?.  It  has  proved  of  value  in 
onlinary  f«*nnentative  changes  in  the  int<'Stine,  and  in 
the  diarrh(eas  of  chihlren  and  adults,  both  a(!Ute  and 
chronic.  Ki*ports  show  it  to  be  of  j)articular  use  in 
chronic  conditions  in  which  there  are  follicular  dis<*ase  and 
uh'eration.  In  an  epi<iemic  of  a<'ute  dysentery  in  CiiImi 
it  proved  of  markwl  value,  the  death  rate  in  tiiose  cas<»s 
in  which  it  was  employed  being  only  two  iHTcent..  while 
under  other  methmls  of  treatment  it  was  niru;  per  cent. 

The  ordinary  dose  is  given  as  from  five  to  ten  grains 
three  or  four  times  a  day.  but  when  a  more  decided  ac- 
tion is  desired  a  larger  dose  must  b(»  administen>d — forty 
grains  a  day  to  children  and  from  sixty  to  ninety  grains 
to  adults.  No  ill  effe(;ts  have  been  repc>rt(Hl  from  the 
employment  of  this  remedy.  Beaumont  titnall. 


BENZO-PHENONEID.— Tetra-methyl  diapsido-benzo- 
phenoid.  A  non-irritating  though  powerful  gennicide, 
obtained  by  the  det'omposition  of  an  aniline  uye.  It  is 
similar  to  pyoktanin,  is  soluble  in  100  parts  of  water, 
and  is  not  caustic.  Like  yellow  pyoktanin  it  lias  been 
used  in  corneal  ulcers,  pustular  keratitis,  and  various 
ulcerative  lesions  of  the  skin  and  mucous  membranes. 

W.  A.  BatUdiK 

BENZOYL-AMIDO-PHENYL-ACETIC  ACID.— CHC- 

IU('(),NHC«H5COOH.  Amido-phenyl-acetic  acid isdis- 
solved  in  a  twenty-five-|K'r-cent.  solution  of  sodium 
hydroxide,  warmed,  and  benzoyl  chloride  a<lde<l;  this 
mixture  is  then  poured  into  dilute  hydnK-hloric  acid,  and 
the  resulting  precipitate  washed  and  dried.  It  is  in  « 
white,  netKlle-shapcHl  crystals,  slightly  soluble  in  water, 
and  forming  with  the  alkalies  soluble  salts.  Both  the 
acid  and  its  salts  an*  used  as  antiseptics  in  the  alimentary 
tract,  and  they  pnnnisi*  to  Ik*  of  value  when  putrefaction 
is  taking  place  in  the  small  intestine,  with  headache,  in- 
dicanuria,  etc.     Clinical  data  are  wanting. 

\y.  A,  liitMedo. 

BENZOYL-EUGENOL  —  (\,lL,C,IU,OCH,.OCOC«H» 
— a  combination  of  benzoic  acid  and  eugenol.  combining 
the  antist*ptic  properties  of  oil  of  ch)ves  with  those  of 
iK'nzoic  acid.  It  (K:curs  in  large  colorless  prisms  or  in 
small  needle-shaped  crystals,  is  (Klorle.^s  and  tasteless,  in- 
soluble in  water,  and  freely  soluble  in  alcohol,  ether, 
chlorofonn,  and  acetone.  It  is  an  intestinal  antiscfptic, 
and  Ix'ing  to  some  extent  eliminated  by  the  lungs,  it  acts 
as  a  stimulant  and  antiseptic  to  the  n»spiratory  tract. 
So  far  its  use  has  be4*n  continwl  to  cases  of  pulmonary 
and  intestinal  tubercidosis.  Dose,  gr.  vij.  to  xv.  in 
powder  or  capsule,  or  mixed  with  milk. 

W.  A.  Bantedo. 

BENZOYL-TROPEINE.— CJImCbIUCONO.  Tropiue. 
the  mother  substance;  of  atropine,  is  healed  to  100"^  C. 
with  iK'nzoic  and  dilute  liydrrK'hloric  acids.  The  result- 
ing silky  needles  constitute  benzoyl-tro]Mrine.  They  are 
insoluble  in  water,  have  a  strongly  basic  reaction."  and 
with  acids  fonn  soluble  salts.  This  compound  seisms  to 
stand  chemically  betwe<*n  cocaine  and  atn)pine,  and  it 
partakes  of  the  natun?  of  each.  Thus  Filehne  foinid  it 
to  be  a  valuable  local  antvsthetic  when  applied  to  the 
eve,  it  at  the  same  time  cau.sing  dilatation  of  the  pupil. 
iMie  soluble  salts  may  be  used  in  one  to  four  percent,  so- 
lution. *  W.  A.  BttsMo. 

BERBERINE.~2(C,oIInN04-+-9H,0).  An  alkaloid 
obtained  chietiy  from  liei'heriH  ruhjaris  L.,  but  very  com- 
mon in  other  plants,  especially  in  the  families  Aerbcri- 
(iacfjr,  liiniHiicuhtvvip,  and  Mehis})*rmac€if.  It  occurs  in 
yellow,  needle-shapi'd  crystals,  or  as  a  yellow  crystalline 
powder,  and  is  solubh;  in  alcohol  and  hot  water.  It 
fonns  numerous  yellow  crystalline  salts.  It  is  not  poi- 
sonou.s.  Aside  from  its  eiTects  as  a  simple  bitter,  its 
ph^'siological  action  is  rather  weak.  It  is  somewhat 
stimulant  to  unstrii)ed  muscidar  fibre,  yet  it  causes  a  fall 
of  blood  pressure  and  slightly  lowers  the  tem]>crature. 
Large  dos(\s  are  irritant  and  may  prorluce  purgation.  It 
is  usually  given  as  the  sulphate.  The  dose  as  a  tonic  is 
0.03  to  O.OO  gm.  (gr.  ss.  to  i.).  Doses  of  ten  to  fifteen 
times  these  amounts  are  antiperiodic.  H,  H.  It 

BERBERIS  L.— B.vKBKRRY.  A  genus  of  the  family 
lierf^erit/acffF,  containing  more  tlian  one  hundred  species, 
very  widely  di.stributeil  thnmghout  the  north  temperate 
zone  and  extending  along  the  mountains  into  and  through 
the  tropics.  They  are  beautiful  erect  or  prostrate,  yel- 
low-flowered shrubs  or  small  trees,  the  evergreen  leaves 
mostly  pinnate  and  usually  spinidose-toothed.  All  parts 
are  permeated  by  the  alkaloid  berbenne,  the  largest  per- 
centage occurring  in  the  bark,  and  more  particularly  in 
tliat  of  the  root.  In  most  places  where  the  species  grow 
thev  have  gained  a  high  reputation  as  bitter  tonics. 

S,  imlgaria  L.  is  an  erect  species  of  Europe  and  ad- 
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jacent  Asia,  naturalized  to  some  extent  in  North  America,  ' 
its  scarlet  fruit  largely  used  in  olden  times  as  cranberries 
now  are.  Both  the  root  and  the  bark  have  long  been 
used  medicinally  as  an  antiperiodic.  febrifuge,  and  tonic. 
Besides  the  berberine,  it  contains  tlie  alkaloids  oxyacan- 
thine  and  berltamine.  Oxyacanthine  is  at  first  white, 
but  turns  yellow  on  exiK).sure  to  light.  The  two  last- 
named  alkaloids  apparently  do  not  exert  much  influence, 
as  the  action  of  berlx^ris  is  pmctically  that  of  itsberberine. 

B.  aquifoHum  Pursh.  Oregon  grape  root  or  mountain 
ffiape,  is  a  low,  diffuse,  blue- fruited  species,  very  abun- 
dant in  the  Northwestern  United  States.  It  holHs  a  re- 
markable place  in  the  e.steem  of  the  miners  and  moun- 
taineers, who  rely  chiefly  upon  this  and  the  mountain 
Mge  (Arte mma  fH(/i'da)  in  the  tn»atmeut  of  fevers.  Its 
constituents  are  about  the  same  as  those  of  Ji.  rvlgan's. 
The  root  is  used.  Ver\^  many  reports  agree  in  attribut- 
ing to  this  drug,  in  addition  to  the  ordinary'  tonic  prop- 
erties of  a  vegetable  bitter,  a  si»ecial  power  in  stimulating 
nutrition.  The  dose  of  both  species  is  0.2  to  0.6  gm.  (gf. 
iij.  to  X.).  Large  doses  are  laxative.  The  best  fonn  of 
administration  is  the  powder,  fluid  extmct,  or  tincture. 

In  India.  Ji.  an'Mtata  D.C,  B.  Lj/rium  Royle,  and  B. 
Atiatica  Hoxb.  are  similarly  employed. 

Jknry  U.  Rxu^ty. 

BERCK-SUR-MER.— A  sea-coast  village  in  the  De- 
partment of  Pas-de-Calais,  France,  lying  upon  the  shore 
of  the  English  Chaimel.  This  place  is  mentioned  only 
in  order  to  call  attention  to  the  seaside  hospital  there 
existing,  which  has  aceommo<iations  for  five  hundrtMl 
patients.  Ix)mbard  tells  us,  in  his  ^Traite  de  cliina- 
tologie  m^dicale,"  vol.  iv.,  p.  604.  that  this  hospital  was 
established  in  1870,  in  consequence  of  the  excellent  n;- 
sults  in  the  treatment  of  cases  of  scrofula  and  rickets  ob- 
tahied  at  the  hospital,  containing  one  hundred  beds,  that 
had  been  founded  at  this  place  by  the  city  of  Paris  for 
tlie  use  of  the  jKwr.  The  present  hospital  contains  eighty 
beds,  intende<i  for  the  children  of  such  parents  as  can 
affoid  to  pay  the  small  sum  of  one  franc  eighty  centimes 
(thirty-six  cents)  per  diem  for  their  board,  lodging,  and 
medical  treatment.  The  idc^  of  founding  such  establish- 
ments for  the  benefit  of  poor  children,  the  victims  of 
scrofula  and  kindred  disc>ases,  appears  to  have  originated 
wiUi  the  Italians;  and  no  less  than  thirteen  such  charita- 
ble institutions  exist  upon  the  Mediterranean  and  Adri- 
atic shores  of  the  Italian  peninsula.  The  reports  of  these 
hospitals  show  excellent  results  from  this  most  admir- 
able and  commendable  charity.  At  Biarritz,  Cette, 
Cannes,  Arcachon,  Pen  Bron,  Cap  Breton,  Hyt^res-Giens, 
and  Ver-sur-Mer,  as  well  as  at  lk*rck-sur-Mer.  the  French 
have  made  further  provision  for  this  class  of  patients. 

Jhintingtoti  itichards. 

[There  are  also  hospitals  or  sanatoria  for  s<Tofulous 
chudren  on  the  coa.sts  of  Holland,  Belgium,  Denmark, 
Austria,  Germany.  Russia,  and  England,  the  one  at  Mar- 
gate having  been  founded  in  1796. 

It  is  well  to  emphasize  here  the  great  value  of  seaside 
residence  for  scrofulous  or  tuberculous  children,  and  the 
importance  of  such  establishments  as  these  upon  the 
coasts  of  the  various  European  countries,  where  at  the 
same  time  the  children  can  receive  proper  attention  and 
nourishing  food.  In  this  country  the  example  of  Europe 
might  well  be  followed  in  this  respect,  and  many  of  our 
admirable  seaside  resorts  be  utilized  for  this  purpose. — 
B,  0,  0.] 
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BERGAMOT,  OIL  OF. — Oleum  Bergamott.«.  - 1 
volatile  oil  obtained  by  expression  from  the  rind  of  the 
fresh  fruit  of  Oitnis  Bergamia  Hisso  et  Poiteau  (fam. 
Butaeea) "  (U.  S.  P.).  The  bergamot  tree  is  a  small  ever- 
green, very  much  like  the  bitter  orange  in  almost  all  re- 
spects, but  the  leaves  are  obovate,  with  narrowly  winged 
petioles,  and  the  flowers  are  smaller  and  fewer.  It  is  not 
imown  in  a  wild  state — indeed,  it  was  not  known  at  all 
until  about  two  hundred  years  ago,  when  it  appeared  in 
the  south  of  Europe.    There  is  no  doubt  it  is  a  hybrid 


or  cross  of  some  kind,  probably  between  the  bitter  orange 
and  the  lemon  or  citron.  The  fruit  is  about  as  large  as 
a  small  orange,  and  has  the  same  general  structure.  It 
is  rounded,  pear-sliaped,  about  as  broad  as  long,  with  a 
broad,  flat,  or  even  depress<Hl  apex;  the  skin  is  soft, 
smooth,  yellow%  and  very  fragrant.  The  pulp  is  sour 
and  bitter. 

BtTgamots  are  raised  in  the  vicinity  of  Reggio,  in  the 
south  of  Italy,  and  in  Sicilv,  and  the  oil  is  exported  from 
3Ie&siua  and  Palermo,  'fhis  is  collected  metiianically 
by  rupturing  the  vesicles,  sometimes  by  the  old  sponge 
process  used  with  oninges  and  lemons  in  obtaining  their 
oils,  but  more  generally  now  by  a  sort  of  hand-mill,  into 
which  the  fruits  are  put  whofe,  and  rolled  and  rubbed 
against  a  series  of  knives,  which  cut  or  scrape  the  sur- 
face and  w)  liberate  the  oil.  It  flows  to  the  bottom  of 
the  mill,  and  out  through  suitable  apertures.  One  hun- 
dred friiits  yield  two  and  a  half  or  three  ounces  of  the 
oil  (Flttckiger). 

It  is  a  thin,  mobile,  pale-green,  or  greenish  liquid, 
with  a  very  fragmnt,  pleasant  o<lor,  and  a  bitter,  aro- 
matic taste.  Its  specific  gravity  is  0.883  to  0.886,  its 
reaction  slightly  acid.  Its  active  portion  is  linaloyl 
acetate.  Like  the  essential  oils  in  general,  it  dissolves 
readily  in  alcohol,  chloroform,  ether,  and  fats,  and  only 
very  sparingly  in  water.  The  green  color  is  due  to 
chlorophyll. 

The  medical  properties  of  oil  of  bergamot  are  those  of 
essential  otls  in  general,  but  it  is  never  used  internally. 
On  the  other  hand,  its  delicious  odor  has  made  it  a  uni- 
versal favorite  in  perfumes  and  toilet  preparations.  The 
world-renowned  Cologne  water  has  it  as  its  principal  in- 
gredient, modified  by  other  aurantiaceous  oils.  There 
are  numerous  formula?  for  making  it ;  one,  formerly  offi- 
cial as  Spirit U8  Odoratutt,  is  as  follows: 

Oil  of  Bergamot 16  parts. 

Oil  of  Lemon 8  ** 

Oil  of  Rosemary 8  ** 

Oil  of  Lavender  Flowers 4  ** 

Oil  of  Orange  Flowere 4  " 

Acetic  Ether 2  " 

Water 158  ** 

Alcohol 800  " 


1,000  parts. 
W.  P.  Bdles. 


BERIBERI.    SeeNeuntis. 


BERKELEY  SPRINGS.— Morgan  County,  West  Vir- 
ginia. 

Post-Offick. — Berkeley  Spring.s.     Hotel. 

Access. — Via  Baltimore  and  Ohio  Railroad  to  Han- 
cock Station:  thence  by  Berkeley  Springs  and  Potomac 
Railroad  direct  to  springs.  Trains  on  the  latter  road 
make  close  connection  with  all  day  trains  duringthc  sea- 
son. The  location  is  si.x  miles  southwest  of  Potomac 
River  and  Hancock  Station. 

These  historic  ohl  springs  are  situated  in  a  narrow 
valley,  about  eight  hundrcd  feet  above  the  sea  level,  and 
issue  from  the  l)a.He  of  a  steep  ridge  rising  at  this  point 
about  four  hundred  and  fifty  feet  above  the  valley. 
Tradition  has  it  tliat  the  waters  here  were  well  known 
to  the  aborigines,  who,  although  generally  at  war  among 
themselves,  established  a  standing  tnice  around  the 
springs,  that  all  might  avail  them.selves  of  their  potent 
virtues.  They  have  been  known  and  used  by  the  whites 
since  1780,  and  it  is  said  they  were  visited  by  George 
Washingtcm  while  employed  with  a  surveying  expedi- 
tion in  1748.  The  Father  of  his  country  was  so  appre- 
ciative of  the  many  attractions  of  the  neighborhood  that 
he  afterward  acquin^d  property  immediately  adjacent  to 
the  principal  spring,  on  which  he  erected  two  **  comfort- 
able and  convenient  house»s."  General  Horatio  Gates, 
Charles  Carroll  of  Carrollton,  and  other  well-known 
figures  of  Revolutionary  days  were  also  represented 
among  the  ownera  in  the  old  town  establishecl  in  1776. 
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The  location  of  Berkeley  is  in  a  beautiful  mountain 
region,  covered  for  tlie  most  part  by  primeval  forests, 
with  a  botanical  undergrowth  peculiarly  rich,  varied, 
-and  interesting.  The  scenery  is  wild  and  romantic,  and 
the  country  is  threaded  with  pleasant  walks  and  drives 
In  all  directions.  The  air  is  pure  and  wholesome,  and 
the  heat  during  the  summer  months  is  rarely  oppressive. 
The  streams  in  the  neighborhood  are  well  8to<ked  with 
fine  game-fish,  chief  among  them  being  the  black  bass. 
The  forests  also  abound  in  the  larger  game,  including 
deer,  wild  turkeys,  and  pheasants,  which  afford  good 
sport  after  8ept<;mber  1st.  The  spacious  hotel  at  Berke- 
ley, having  a  capacity  for  five  hundred  guests,  has  re- 
cently cliauged  Iiands.  and  has  been  entirely  renovated 
and  refitted.  Water  from  the  spring  is  supplied  to  each 
floor.  All  varieties  of  hot,  warm,  and  cold  baths  are  at 
hand,  and  two  large  plunge  and  swimming  pools  liave 
been  constructed.  The  springs  discharge  from  five  prin- 
cipal sources,  all  within  a  radius  of  one  hundred  yards. 
The  water  is  clear  and  sparkling,  and  tasteless.  Its  tem- 
perature is  75^  F.,  whicli  does  not  vary,  and  the  flow  is 
about  one  hundred  and  twenty  thousand  gallons  per 
hour.  The  following  analysis  was  made  by  Prof.  A. 
A.  Hayes,  of  Massachusetts,  in  1855: 

One  United  States  Gallon  Contains  : 

Solids.  Grains. 

■Calcium  carbonate 5.00 

Calcium  crenate ^ —    8.64 

Iron  crenate 06 

Sodium  chloride 89 

-Calcium  silicate 64 

Manniesium  sulphate 36 

Calcium  chloride 21 

Loss 06 

Total 10.88 

The  gaseous  contents  are  one-twenty-eighth  of  the 
volume  of  the  water,  and  are  composed  as  follows  in  one 
hundred  parts: 

Carbonlcacid 19.00 

Oxygen 16.60 

Nitrogen 64.80 

Total 99.90 

The  water  is  evidently  of  the  light  saline-calcic  variety. 
An  analysis  made  by  J.  H.  Dickson,  chemist  of  Pitts- 
burg, Pa.,  in  1892.  shows  a  total  of  13.49  grains  per 
United  States  gallon.  The  qualiUitivc  results  are  pmc- 
tically  identical  with  those  above  shown.  The  baths 
at  Berkeley  have  been  celebrated  for  many  years  in  the 
treatment  of  gout,  sciatica,  and  rheumatism.  The  in- 
ternal use  of  tlie  water  is  said  to  produce  excellent  results 
in  chronic  dyspepsia  and  diarrha'a.  Many  Virginia 
families  take  their  children  to  this  resort  on  account  of 
its  reputation  as  a  restorer  in  rachitis  and  general  feeble- 
ness and  on  account  of  its  value  in  siunnier  complaints 
during  the  periml  of  dentition.  The  baths  possess  a 
marked  cosmetic  efTect.  rendering  the  skin  soft,  fresh,  and 
elastic,  and  aiding  in  the  r<'nioval  of  tans  and  freckles. 
There  are  also  in  close  proximity  two  strong  chalybeate 
sprinirs  and  a  sulphur  si)ring.  JamoM  K.  Crook. 

BERKSHIRE  HILLS.-  The  hilly  country  lying  between 
the  nearly  parallel  ran.L'"es  of  the  Hoosac  and  Taconic 
]yiowntains,  in  the  e\trenn*  western  ])art  of  the  State  of 
^lassiichiisetts,  has  Ion;:  hec-n  noied  for  the  beauty  of  its 
scenery  and  ft>r  tiie  i^eneru!  liealtlifnlness  of  its  climate, 
and  has  become,  in  coiisecjuenee.  a  very  favorite  and 
fashionable  resort,  more  jiartieularly  for  dwellers  in  the 
cities  of  Boston  and  New  York  who  desire  to  escajie  from 
the  heat  and  vitiated  air  of  a  lar<jre  town  <Iurin.ir  the  sum- 
mer months.  Not  only  do  many  such  ])ersons  possess, 
in  and  about  the  chie^  towns  of  this  reirion.  handsome 
and  attmctive  homes,  where  they  reside  during  the 
warmer  months  of  the  year,  but  a  considerable  number 
of  the  wealthier  class  reside  in  this  neighborhood  through- 
out the  (»ntire  cours<*  ot  the  year. 

The   Hoosac  range  of  hills  vary  in  height  between 


1,200  and  1.600  feet,  while  Greylock.  the  highest  peak  of 
the  Taconics,  rises  some  3,500*  feet  above  the  sea  level 
The  summer  climate  of  the  Berkshire  country  is  cool,  and 
it  is  claimed  that  at  all  seasons  a  protection  is  here  en- 
joyed against  the  dampness  brought  by  easterly  winds 
from  the  Atlantic  and  by  westerly  winds  from  the  Great 
Lakes,  a  good  part  of  their  load  of  moisture  being  de- 
posited by  these  winds  upon  the  Hoosac  Mountains, 
which  form  the  eastern,  and  upon  the  Taconic  Moun- 
tains, which  form  the  western,  boundary  wall  of  the 
region. 

The  length  of  the  Berkshire  Hill  countrj-  is  about  fifty 
miles  fiom  north  to  south;  its  breadth  from  east  to  wot 
about  ti  f  teen  or  twenty  miles.  The  following  remarks  on 
the  healthfulness  of  the  country  are  quoted  from  a  paper 
written  by  Dr.  J.  F.  A.  Adams,  of  Fittsfield,  and  read 
before  the  Berkshire  District  Medical  Society,  December 
27,  1883:  "The  registration  reports  show  that  the  mortal- 
ity from  consumption  is  less  in  Berkshire  than  in  any 
other  county  of  the  State,  being  but  little  more  than  half 
what  it  is  in  some  of  the  maritime  counties,  and  physi- 
cians know  tliat  of  the  cases  which  do  occur  here,  "the 
great  majority  are  factory  operatives,  whose  mode  of  life 
renders  them  peculiarly  liable  to  this  disease.  .  .  .  The 
dry  atmosphere  tends  also  to  the  prevention  of  rheuma- 
tism, which  is  very  prevalent  along  the  seaboard.  For 
chil(lr(*n  the  air  is  extremely  favorable,  cholera  infantum, 
the  summer  scourge  of  cities,  being  rarelv  seen,  and 
other  summer  disease's  are  comparatively  mild.  ...  Al- 
though malaria  was  for  many  years  quite  unknown  in 
Berkshire,  it  has,  since  1877,  exist<*d  in  a  few  low  places 
adjacent  to  res<»rvoir8  or  swamps.  It  is  now,  however, 
fast  disappearing,  and  the  indications  are  that  it  will  soon 
lx*come  extinct.  Those  localities  which  under  any  cir- 
cumstances would  naturally  be  selected  for  a  healthful 
residence  have  not  been  invaded,  exci»pting  here  and 
there  in  the  immediate  vicinity  of  some  marshy  spot,  and 
we  need  not  regard  this  temporary  and  localized  preva- 
lence as  an  objection  to  taking  up  a  residence  in  Beii^- 
shire.  No  part  of  the  world  possesses  a  more  enchanting 
summer  ana  autumn  than  Berk.shire." 

The  winters  in  the  Berkshire  Hill  region  are  decidedly 
cold,  as  the  figures  given  below  will  show ;  but  they  are 
spoken  of  by  the  writer  ju.st  quoted  as  being  "delightful 
with  a  dry,  crisp,  stimulating  atmosphere,  and  plenty  of 
snow."     The  universal  testimony   borne  by  residents 
and  by  visitors  as  to  the  purity  and  the  bracing  effect  of 
its  atmosphere  would  seem  to   recommend  this  region 
as  a  place  of  summer  sojourn  not  only  for  iH?rst>us  suiTer- 
ing  from  incipient  ])hlhisis.  but  also  for  those  whose  ^d- 
eral  health  has  sufTored  impairment  by  overwork  and  by 
prolonged  residence  in  the  vitiated  air,  and  amid  the  social 
and  business  excitement,  of  a  great  city:  while  for  some 
persons  who  are  merely  "thn*atened  with."  or  who,  jht 
haps,  may  have  already  manifested  in  slight  degree  the 
commencing  lesions  of  pulmonary   phthisis,  and  who 
cannot  go  to  such  places  as  Davos.  Colorado,  etc.,  a  con- 
tinued residence  among  the  Berkshire  Hills,  winter  ami 
summer,   would   be  likely   to  check,  and,  p<'rhaps,  to 
arrest   ]>erinanently,   the   progress  of   the  disease.    For 
such  persf)ns  it  would  Ik?  a  matter  of  no  small  importance 
that,  over  and  above  its  beautiful  scenery  and  its  pure 
air  and  generally  healthful  climate,  this  particular  region 
is  superior  to  most  similar  sections  of  the  United  States. 
in  that  it  presents  throughout  the  year  the  attraction  of 
good  social  advantages,  a  good  percentage  of  its  resi- 
dent population  being  persons  of  cultivation  and  refine- 
ment. 

The  short  tables  herewith  subjoined  are  extracted  from 
those  published  in  "Smithsonian  Contributions  to  Knowl- 
edge," Xos.  '277  and  225.  Table  A  gives  the  latitude, 
longitude,  height  above  8<.»a  level,  and  average  monthly- 
seasonal,  and  yearly  temperature  of  five  of  the  chin 
towns  or  villages  of  the  Berkshire  country:  Table  B 
shows  the  extreme  ninge  of  temperature  throughout  ft 
series  of  years  at  one  of  these  places  (Williamstown); 
Table  C  presents  the  figures  for  the  average  rainfall,  in 
inches,  at  the  same  place.  Uuntington  Bicfuirdi^ 
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["Die  admirable  rcflulM  ubtaineil  at  the  MBiitiarliiiiwtts 
State  Sanatorium  (or  ConBuin]itivt^  at  Riitland.  in  tliu 
ceDtre  of  the  state,  wliure  tli't  iliiiialic  (-on<)itioiiii  and 
rieratlon  arc  similar  to  tliose  cif  tlie  Berktdiin;  Hills, 
would  indicate  that  the  cliniatc  »f  Ilic  Utter  region  is 
a  favorable  one  for  tlie  liygienit -dietetic  treatment  of 
phthisiB  during  tho  vliole  year.  We  now  know  from 
abundant  experience  that  nM  in  no  disadvontafre.  but 
rather  an  advanta^',  in  the  opi>n-air  treatmutit  of  plilhi^is 
when  there  eoexint  pure  air,  frecilom  from  hi.Lch  winds, 
abundant  snnNliine,  and  a  fairly  dry  atmospliero.  Tlie 
mortality  from  plithixis  amoni  tliu  inlmbitanis  of  the 
Berkiihires  is  more  tlinn  fltty  percent,  below  the  average 
fen- the  Stale.— F.  O.  0.] 

BERMUDAS.*— Till- Bi'rmuda  Islands  lie aboutsix  hun- 
dred mileseast  of  the  North  Anicrinun  coust.  upon  u  coral 
reef  which  rifles  fnmi  the  bed  of  the  Atlantic  Ocean. 
The  entire  group  ciiinpriMs  110  less  tlian  thn^'  hiiuilretl 
andaiity-flve  tslands,  but.  with  the  exception  of  uinic 
twelTe  or  Hfteeu,  they  are  far  lix)  small  to  be  suitulile  for 
liuman  habitation,  and  of  these  twelveor  tifteen  inlmliiled 
Islands,  only  five  or  six  are  of  any  considerable  siy.i'.  The 
largest  island  of  tlie  group  is  tlut  of  Qn-al  Bermuda, 
also  called  Long-  Island,  which  has  a  length  of  alxxit 
^zteeu  miles,  is  hut  iine  mile  and  a  hidf  broad,  and  lius 
ma  area  of  nine  and  a  quarter  square  niilen.  When  it 
ia  taken  into  account  tltat  the  whole  gnmp  of  the 
Sermudas  are  comprified  l>etween  TjOt,  32'  14'  and  I^t. 
aa-  25'  N.,  and  lietww^u  64''  :W  and  tM"  53'  W.  I.<onn., 
occiipjing.  therefore,  a  poriion  of  the  earth's  siirfaee 
only  ir  loofrliy  14'  wide,  it  in  easy  to  iiiiderstami  how 
closely  packed  and  crowelrtl  together  these  three  hundred 
Bnd  sfxty-Uve  islan<ls  iind  Islets  must  be.  The  oral  n-ef 
Qnderlyiug  this  little  nr('hi])elago.  and  of  wliieli  its  cluster 
of  Ishndsan^  mcndy  tlie  most  prominent  portions  jutting 
out  above  the  surface  tlie  iM:ean,  extends  on  tlie  west- 
ern side  for  a  distance  of  alioiit  ten  miles  beyond  the 
Umlta  of  the  islands  tliemsi'lves.  aiul  it  may  well  be 
Bndentood  tliat  the  navigation  of  these  coasts,  and  the 
■pproach  to  the  Qennmhis.  are  extremely  dangiTons  to 
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shi])s,  and  that  the  servict-s  of  skilled  pilots  are  always 
re((Uired  by  vessels  entering  or  Jeuviug  their  harbors. 
Nevertbeleiw,  tlie  art  of  scientiltc  engini-cring  has  so  far 
overcome  theiie  natural  obstacles  tlmt  tlic  island  isnov 
one  of  the  chief  naval  stations  in  the  British  empire,  to 
which  the  Bermuda  Islaixls  belong.  At  In'land  Island, 
at  the  eutranre  of  Hamilton  harlxir,  is  the  largest  float- 
ing dock  in  tlie  world,  and  Ilainilton  harbor  itself,  al- 
tliough  by  no  means  so  large  as  tliat  of  Si.  Qenrge's,  is 
nevcrtliclcss  navigable  to  v<-ssels  of  many  tons'  burden, 
and  is  the  p<irt  of  entrv  for  the  steamers  of  the  Quebec 
Steamship  t'onipany,  plying  U'tweeii  Bermuda  and  New 
York.  At  GiHssy  Bhv,  opiKisite  Ireland  Island,  is  the 
fleet  anclioragc  of  the  Britisli  North  Atlantic  fieet,  which 
makes  its  winter  headquarti-rs  here. 

The  porous  limestone  rotrk,  iinderlj'lng  the  tldn 
layer  of  surface  soil  which  c<ivers  the  islands,  rapidly 
absorbs  all  the  water  which  falls  ujioii  them  from  tite 
clouds,  so  that  no  marshes  arc  to  \k  found  auywhero 
Ihniugliout  the  extent  of  the  BimnuiUs.  Streams  of 
running  water  and  wells  are  eiinalty  absent,  ond  rain 
water  alone  constitutes  the  supjily  for  drinking  and  for 
washing  ])urposes.  Tills  water  Is  stored  in  large  tanks, 
each  house  haviuK  one,  an<l  no  new  bouse  is  allowed  to 
be  occupied  until  the  sanilary  ins|>ector  is  satisfied  that 
the  tank  has  been  consirucl«-d  as  directed!  by  law. 

Tlie  eliaracter  of  the  soil  fs  esjiecially  suited  to  tbs 
construction  of  good  rondways.  liard  and  smooth,  and 
delightful  drives  abound  in  every  direelioni  cycling  is 
also  a  favorite  amiisenieut.  and  the  roads  are  excellent  for 


the  important  naval  station  at  Ireland  Island  Insures  to 
the  Bermudas  at  all  seasiins  a  resident  ]iopulatiiiD  poa- 
si'ssing  a  larger  degn'e  of  ciilllvatinn  tliau  is  gi'nerally  to 
tie  found  in  places  having  tin  small  a  numlier  of  inliald- 
tants  and  situaiinl  so  far  from  the  gn-ater  centres  of 
civili7,aIion.  Such  being  the  eliarnelcr  of  Bcrmudii  society, 
it  is  no  surprise  to  lenm.  ns  ne  do  from  the  writer  In 
Ap])leIon's  "  llandliook  of  Winter  Resorts,"  tlial  at  tbo 
town  of  Hamilton  ■*  llu^ri'  an'  good  schools." 

The  following  table,  condetiscil  from  an  ariicle  In  the 
Hritixli  Mi^inil  Journal.  18lt7,  ii.,  p.  1283,  uimn  "Ber- 
muda OS  a  Health  Resort"  by  E.  Harvey.  H.D.,  gives 
the  meteorological  data: 
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Climate   of  Bermit)a — Latitude,  82^  17'  X. ;  Longitude,  64**  47'  W.     Period  of  Observation,  January  1, 
1898,  to  December  81,  1898.     Elevation  of  Place  of  Observation,  150  Feet.     {Fahrenheit  Scale.) 


January . . 
February. 
March  — 

April 

May 

June 

July 

Augrust 

September 
October. . . 
November 
De(reinb©r 
iipriDfr. . . . 
Summer . . 
Autumn . . 
Winter . . . 
Year 


68.5» 

«i.2 

63.9 

66.1 

71.4 

n.t 

79.8 

81.0 

78.0 

t6.i 

68.6 

61.8 

67.1 

79.6 

73.4 

63.2 

70.8 


«7.0» 

66.4 

67.8 

69.4 

76.0 

80.9 

81.5 

85.6 

83.3 

4  1.0 

73.5 
69.0 


57.5« 

56.9 

56.8 

59.2 

W.O 

70.0 

73.1 

74.0 

72.3 

69.3 

65.3 

60.8 


From  the  above  table  it  will  1m^  8een  that  the  moan 
temperature  for  the  year  isTO.H'  F. ;  for  the  winter  6;l2^ 
and  for  the  spring  67.  T  F.  The  four  mouths  of  Decem- 
ber, January,  February,  and  March  have  a  mean  monthly 
temperature  not  varying  more  than  one  or  two  degrei»8 
for  the  several  months.  The  average  mean  yearly  range 
of  temperature  is  10'  F.  The  relative  humidity  is  high, 
the  annual  mean  U'ing  80  per  cent.  The  average  rain- 
fall for  the  year  is  62.54  inches.  The  prevailing  winds 
are  fn)mthe  south  and  southwest,  and,  from  the  personal 
experience  of  the  writer,  are  frequent  and  high. 

The  average  numlxT  of  fair  days  in  the  year  is  255, 
being  about  the  same  for  each  month.  The  average 
number  of  fair  and  clear  days  is  282, considerably  over 
two-thinls.  The  winter  and  early  spring  are  the  seasons 
of  resort  to  tin?  islands;  the  summer  being  extremely 
debilitating.  The  characteristics  of  the  climate,  then, 
are  equability,  a  high  degree  of  moisture,  a  pure  atmos- 
phere free  from  malaria  and  fogs,  and  a  large  number  of 
fair  and  clear  days. 

Although,  with  the  exception  of  the  very  damp  and 
warm  period,  comprised  chietly  within  the  two  months 
of  August  and  September,  the  (fegree  of  elevation  attained 
by  the  thermomet^T  in  Bennuda  may  indicate  a  moderate 
summer  temperature,  and  although  the  combined  features 
of  its  climate  may  indeed  render  the  place  an  agreeable 
residence  for  many  persons  during  the  warmer  portion 
of  the  year,  nevertlieless,  in  view  of  its  great  humidity, 
the  summer  climate  can  hardly  l>e  considertrd  desirable 
for,  and  is  little  likely  to  he  sought  by,  invalids  dwelling 
in  the  United  States.  To  many  such  persons,  on  the 
•other  hand,  its  mildness  and  its  comparative  ecpiability 
may  well  rwommend  the  climate  of  these  islands  for 
residence  during  the  whole  or  during  a  portion  of  the 
winter  and  spring  seasons.  There  is  little  doubt  that  to 
all  persons  coming  to  I^*nnuda  from  th<;  s<'verely  cold 
and  very  changeable  wintiT  weather  of  the  Northern 
United  ?5tat(»s,  the  weather  of  the  "Isles  of  Summer" 
would  appear  by  comparison  delightfully  warm  and 
verv  free  from  sudclen  changes  of  temperature;  never- 
theless, lest  too  great  and  too  absolute  a  standard  of 
equability  should  Iw  expected  by  such  would-be  refugees 
from  our  own  inclement  winter  weather,  it  may  Ik?  well 
to  remind  them  that  the  Bermudas  are  extra*  ami  not 
in tra-t  Topical  isIancK 

Bermuda  is  connected  by  cable  with  Halifax.  Nova 
Scotia,  from  which  it  is  some  si'ven  hundre<l  miles  dis- 
tant. The  time  of  passage  fnmi  New  York,  which  is 
als4i  about  seven  hundred  miles  distant  fnmi  the  island, 
is  from  forty -eight  to  sixtv  hours,  and  generally,  on  ac- 
coimt  of  crossing  the  Gulf  Stream,  the  voyag*;  is  rough 
and  disagreeable.  Th**  population  of  lit'rinuda.  in  189(5, 
was  16,000.    The  vegetation  is  of  a  semi-tropical  char- 
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acter,  and  very  luxuriant.  In  the  season  one  sees  every- 
where the  white  lily  fields  perfuming  the  air  with  their 
fragrance.  The  oleander  bush  grows  also  in  great  pro- 
fusion, and  is  us<h1  for  hedges ;  the  banana,  guava.  pome- 
granate, avocado  i)ear,  tamarind,  arrowroot,  and  many 
other  semi-tropical  fruits  are  found  here.  The  onion, 
potato,  and  lily  bulb  are  the  principal  products  exported. 
In  the  private  gardens  many  tropical  fniits  are  also 
found.  The  houses  are  all  built  fmm  the  coral  rock, 
and  are  likely  to  be  damp.  The  acconunixlations  are 
grwKl,  especially  at  Hamilt4)n,  the  principal  town  of  the 
i.sland  au<l  the  place  generally  select^'d  by  the  visitor  for 
his  residence.  Here  there  are  8<»v(-ral  large  hotels  and 
some  boarding-houses.  Tlianks  to  the  presence,  during 
the  winter  months,  of  the  British  North  Atlantic  fleet  in 
the  harbor,  and  of  the  gairisou  on  shore,  there  is  no  lack 
of  social  attractions.  The  beautiful  coral  sea  gurdens. 
where  one  sees  this  curious  product  in  an  infinite  variety 
of  shapes  and  colors;  tlie  innumerable  excursions  by  sea 
and  by  land;  the  dingey  Inxit  sailing;  the  golf,  the 
bathing,  and  the  Ashing;  the  bicycling  and  the  yachting 
— all  tlu'se  things  afford  an  abundance  of  entertainment 
and  outthwr  exercise.  There  is  no  rainy  season,  and 
hardly  ever  an  entirely  wet  day.  The  rain  quickly  soaks 
through  the  pon)us  coral  soil.  The  inhabitants  spend 
the  greater  ])art  of  their  life  in  the  open  air. 

InconcluKion  I  would  say  that  Ik'nnuda  is  not  the  sort 
of  pljK'c  to  which  pati(>iits  suffering  frcmi  phthisis  should 
l)e  S(?nt.  Nor  is  to  Im^  selected  for  cases  of  chlorosis,  gen- 
eml  amemia,  functional  <lebility.  angina  pectoris,  or  pal- 
pitation a.**sociated  with  chlon)sis.  **  The  cla.«»s  of  invalids 
most  iKMielited  by  this  (tlimate  are  those  in  want  of  mental 
or  bodily  rest,  or  those  who  should  spend  most  of  their 
time  in  the  open  air;  cases  of  mental  disease  witli  excite- 
ment ;  the  neuralgic,  hy.sterical,  hvpochondriacal ;  those 
addicted  to  the  opium  habit,  and  those  who  are  sufferers 
from  insomnia  or  from  <^hr<mic  disease  of  brain  or  cord  " 
(Harvey:  /<>r.  rit.).  To  the  overworked  professional  or 
businesK  man  of  our  Northern  cities,  Bennuda  is  a  veri- 
table paradis*'.  Edward  O.  Otis, 

BETEL  LEAF.    See  Piper. 

BETEL  NUT.    See  Arem. 

BETHLEHEM,  N.  H.,  is  picturesquely  situated  on  the 
western  Hli)i)e  of  the  White  Mountains,  in  the  northern 
mrt  of  the  State.  It  is  seventtM.»n  miles  west  of  Mount 
Washington.  It  has  lK.'en  named  the  hub  of  the  White 
Mountains,  as  almost  all  places  of  interest  in  this  region 
are  in  close  proximity  to  it.  As  it  is  located  upon  the 
west  of  the  mountain  range  the  air  is  very  much  dryer 
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than  that  to  be  foiiud  od  tlie  eastern  side :  fur  the  humid- 
itj  from  the  Atlantic  Oceau  is  deposited  on  the  eastern 
slope,  while  the  filtered  air  is  what  we  find  in  Bethlehem. 
Then,  again,  there  is  a  scarcity  of  lakes  and  walern-ays 
of  any  exl«Dt  in  tlic  viciulty.  and  for  this  additional 
Teason,  therefore,  the  climate  contains  less  moisture  than 
that  found  in  regions  where  these  abound.  The  normal 
population  of  Bethlehem  is  about!, ."lOO  people,  but  as  the 
place  is  ft  favorite  summer  resort,  the  number  of  inliabi- 
taats  is  iDcrcased  by  from  3,U(IU  to  4,000  visitors  during 
those  months.  There  are  ample  accommodations  for  all 
classes  of  guests,  from  tlu'  mmlest  New  England  farm- 
house to  the  well -organized  hotel. 

Bethlehem  is  1,4.111  feet  above  the  sea  level.  The  pre- 
vailing wind  is  southwest,  and  tlierc  arc  an  unusually 
large  uunil)erof  clear  days,  the  average  for  both  July 
and  August  being  23:  and  out  of  21  days  hi  Septi'mber, 
IT  were  clear.  Even  during  the  ilays  that  are  called 
-cloudy,  one  can  sit  out-of-doors  most  of  the  time.  The 
mean  temperature  for  the  season  of  July,  August,  and 
^ptemberisS3.3°  F.  The  relative  humidit v.  talten  from 
the  tables  of  Dr.  W.  H.  Ueildings,  is  fll  per  cent,  for  the 


mended  as  a  substitute  for  salol  in  rheumatic  affec- 
tions, cystitis,  intestinal  catarrh,  etc.  It  has  the  advan- 
tage over  salol  of  being  composed  of  less  toxic  con- 
stituents. The  dose  is  from  five  to  eight  grains.  In 
combination  with  salicylate  of  bismuth  it  la  particularly 
recommended  in  the  treatment  of  the  summer  diarrhcea 
of  children  and  in  typhoid  fever.  Beavminil  Small. 

BETONY  MHOOD.  —  fHaehya  Betoniea  Benth.  (fam. 
Labiahf)  is  a  perennial  herb,  80  to  60  cm,  (one  or  two 
feet)  high,  with  purple-red  flowers,  and  long-stemmed, 
mostly  radical  leaves.  These  are  from  S  to  8  cm. 
(two  to  thri'e  inches)  in  lenglh,  oblong  crenate,  lieart- 
sliaped  at  the  base,  and  hairy.  The  plant  is  a  native  of 
Europe,  growing  in  pastures  and  woods.  The  leaves, 
when  fresh,  have  a  taint,  disagreeable  odor — which 
mostly  disappears  upon  drying—and  a  bitter  astringent 
and  nauseous  taste. 

Bctony  in  former  times  bad  a  high  reputation  for  & 
variety  of  troubles;  at  present  it  is  not  in  use.  Dose  of 
the  dried  leaves  as  a  "nervine,  expectoraut.  sudorific," 
etc. .  is  from  1  to  8  gm.  (gr.  xv.  to  xlv,).  The  root  is  said 
to  be  emetic.  W.  P.  BoUe*. 


€Lni4TB  OF  Bbtri.f.hf.u.  N,  II.— Latit 

AuocBT,  AND  First  Thbf.b  Wkf.ks 
1.458  Feet.    Obsbrvatio.nh  Takks 


44'  IB  ;  LoNUiTiiUK.  71'  41'.  Pkuiop  of  Obsbrva- 
ErTBMBEK.  IM1J3.  IHffiJ,  1M94,  189.-),  1898.  I8«7.  ASii  1899 
.  F.  MrGAHAN,   M.D,      {Fabreitkeit  Sealt.) 


MonUi- 

Mi!Hi|li4 

II    '    II 

1 

1 

EC 

i 

III 
m 

s 

Jf«n 

wo* 

10" 

«r7-       TB.3" 

ase       75J1 

BIS         7S.1 

38J* 

(^       BO- 
GS      tn 
at      % 

i 

.W.I    =. 
s-w.  1     St 

S.W.  1     i; 

t 

1 

3 

*  Ri^latlve  liuriil(lti>  1g  uken  Imig  ilu-  iibiwrvHltiiiis  nf  the  l*te  Dr.  v 


It  is  here  that  the  Hay  Fever  Assoeialiou  of  Ibe  United 
States  holds  its  annual  meeting,  and  its  members  state 
that  more  of  them  arc  exempiJid  from  ttiis  disease  at 
Bethlehem  than  at  any  other  place.  Even  those  who  do 
not  entirely  escape  the  cory/a  in  Bethlehem  arc  exempt 
from  the  asthma;  but  most  of  the  liay-fever  sufferei's 
pass  through  the  summer  here  without  realizing  tliat 
they  had  ever  been  victims  of  the  disease. 

For  the  amusement  of  the  visitors  there  are  two  golf 
1ia);s  of  nine  holes  each — one  at  Bf-thleln'm  and  one  at 
Haplewood   Hotel,  only  a  mile   from 
the  centre  of  the   village.     Tliere  is     ""' 
*lao  a  fine  casino  where   provision   is 
made  for  all  indoor  amusements. 

The  water  supply  is  derived  from  a 
system  of  mountain  springs  which  are 
located  upon  the  mountain  above  the 
habitations.  The  water  has  been  an- 
alyzed and  found  to  be  absolut'Oy 
pure.  The  system  of  sewerage  is  tlior 
-oughly  modem. 

ClmrUn  F.  McOnhau. 

BETOL,— The  beta-naphtliol  etlier 
■of  salicylic  acid,  analogous  t()  salol, 
which  is  the  phenyl  ether  of  salicylic 
acid.  It  is  obtained  by  the  reaction 
between  bela-naphthol  and  salicylic 
acid  in  the  presence  of  a  dehydrating 
agent.  It  forms  in  small,  white,  bril- 
liant crystals,  almost  devoid  of  taste 
and  odor.  It  is  insoluble  in  water,  but 
dissolves  in  alcohol  and  (ills.  Bctol  pos- 
aesses  antiseptic  and  antipyretic  prop, 
erties.  It  is  not  acted  on  in  the  stomach,  but  when 
It  reaches  the  alkaline  fluids  of  the  intestines  it  breaks 
aip  into  betft-naphthol  and  salicylic  acid.     It  is 


BEX.- 

?anton  o 

Location. — Bex  is  beautifully  situated  in  an  expansion 
of  the  Rhdne  valley,  and  is  at  no  great  distance  from 
Vevey,  on  the  lake  of  Geneva.  It  ia  1,427  feet  above  sea 
level.  The  little  village  is  well  known  in  Europe,  but 
only  very  slightly  in  America,  The  writer,  having 
spent  several  seasons  at  this  resort,  knows  that  it  deserves 
greater  recognition  than  liaa  been  hitherto  accorded  to 
it  in  ourcountr)-.     The  "salines"  themselves  are  of  no 


.ard  (he  Dent  du  Midi. 


importAiice,  and  the  principal  bathing  establish- 
ment is  a  modem  and  commodious  one.  As  for  milk, 
whey,  and  grape  cures,  there  are  few  places  where  these 
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ran  bi'  iiiorc  tulv8inla(;i?oiiBtT  taken  than  at  Bex.  Invalids 
luvi.'  hIh(>  Dire  iipportuiiitn.^  tliiTo  for  buiiitiful  U'ulka 
through  a  cliamiin);  country,  and.  fur  tlic  more  hartly,  dia- 
tant  niomilahi  exc-urxiuus  offer  strungthcniug  rLtrcatiim. 
AccEJw. — Ut.\  in  a  sliition  on  the  niilriHiii  runcinf; 
thmuith   Ihc-   v,ilky   of   Uu-   Rlume.      Tli.'   villa^',-   mul 


Biscay,  some  five  miles  diRtant  from  Bayoone  {Lat.  43° 
27'  N',,  Long.  1"  87'  \V,).  At  tlic  jirfstnt  day  BiarriU 
is  well  known  as  a  taahionabtu  sutsidf  reson.  jiossessing 
an  cxnliiDt  beach  with  a  good  aurf.  and  having  abun- 
dant iiuii  coiiifortublc  liotcl  acronitnodalious  anil  agri-«ablo 
cliniatc.  It  ia  much  resorted  to  by  visitore  from  all  parta 
<i[  France  and  fn>m  other  couDtrica  dur- 
ing tlio  bathing  season,  which  not  only 
ri>nipris<!3  the  aiiminiT  inonths.  but  also 
'nds  much  later  into  tlie  autumn  than 


s  tUoci 


nilar  a 


isiilc 


pio.  4tw.-'ni. 


Ilcy  lit  ilu^  lUttan: 


Grand  lloti'l  <l(-s  Salines  ant  nachwi  by  carriage  or  slage 
Id  flfti-cn  niimiti-a.     From  Pari^  the  rouU'  is  vid  Geneva. 

As.\i,vi'[». — TIic  brine  is  conilucled  in  the  bathing 
estalilishnient  from  the  distant  suit  mines.  Ten  litres  of 
the  lirine  contain  (BIschoff)  l.TOa  gm.  of  s<ilid«. 

The  prineijml  ingredients,  in  ten  thouaunit  part».  an'i 

nilcniileof  ■.Hilum l..>r:.() 

(lilortilHut  i-uUUHluni Mji 

llil»rtden|  MioKiKMlulu KI.H 

Sul|>luitij  of  ilmi' b;.u 

Ten  to  twenty  quarts  of  thin  brine  arc  uacd  for  a  tuith. 

Ti)e  diluti'cl  brine  in  also  employiil  incumally.  after 
having  Iicenchargtil  with  caTlmnin  acid  gas.  It  contains. 
in  addition  to  the  salts  nientioneil  above,  a  small  jiropor- 
tion  of  iodides  and  bromides. 

iNDtCATtoNH. — Apart  from  its  adviintagea  as  a  climatic 
resort,  specially  en ifi lias! net!  by  the  lati-  l^rofessor  Li'bert. 
Bex  is  now  recognized  to  bean  important  tmth in g  stalion. 
Tlie  climate  isalHnit  that  of  Montreiix.  ahhougb.  in  sjiile 
of  its  mountain- protected  prwition,  harsh  blasts  ocfnaion- 
atly  sweep  thn>ugh  tlie  valley.  The  annual  mean  of  the 
temperutiin;  is  about  W  F, 

Tlie  following  rlasH  of  eases  do  well  at  Bex:  The  so- 
called  scrofulous  alTtretioiis.  rheumatism  in  its  suliacule 
forms,  catarrhal  alTM^tions  of  the  air  passages,  paretic 
and  paralytic  sttitea  afler  diphtheria  and  other  infectious 
dtseascs,  asthnui,  iien  rust  hen  ia  of  tliu  milder  tvpe.  and 
the  earlier  stages  of  phthisis.  Ccrlain  uterine  affii'lions, 
such  as  inetrilis,  subinvolution,  etc..  an-  also  beneliltNl 
by  a  mild  course  of  the  Imths.  All  patients  in  whom 
even  miHlerale stimulation  of  the  nervous  syatem  is  liable 
to  do  harm  should  1h'  wiirned  against  iiainK  the  Bex 
treatment.  The  Ihernml  cslablishniint  is  thoroughly 
<:i|uipp(Nl  wiih  inlmliilicin  cubinels.  sprav.s.  douches,  anii 
the  usual  oullil  fur  Imlroihempy.  The  i|unlity  of  the 
grapes  used  for  the  cure  is  oxci-llenl. 

At'CrtMMiHuTi.iN.— The ';n-«'///.rf,/rf.».Wi«(ji  is  an  ex- 
cellent establisliment  of  ils  kind.  Hitualeilul  Home distiu ice 
from  an<l  about  one  hundred  and  fifty  fi'i-l  aliove  the  vil- 
lage proper.  In  tbir  latter  very  rensonalile  and  fairly  good 
biHirrI  it  obtainable.  The  niin'onil-i  rivWi.r  is  a  popular 
family  hatel  on  a  smiill  siale.  K-lm-n,,!  ('.   \V,,.,lt- 
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ig  farther  to  the  north.  Although,  as 
we  are  told  by  Dr.  Benni-t  (■Winter  and 
Spring  on  the  Shori's  of  the  Medit<'rta- 
nean."  fifth  <Hlitiou.  1H7.').  p.  006).  the  1<iwd 
of  Biarrii/.  •"  iias  long  Iwn  reaorl«d  lo  by 
tiie  inhabilunis  of  BayoiiDC  and  of  the 
Pi- renean  district,  in  Biimmcr,  for  its  ejc- 
cellent  sea-lialhing."  yet.  aa  this  author 
goes  on  to  say.  **  it  was  aU  but  unknown 
to  fame  until  the  Emprc-ss  Eugenie 
brought  it  into  notice  by  making  it  her 
marine  autumnal  residence."  As  an  evi- 
dence of  its  prcsi^nt  popularity  we  read 
in  the  " Encyelopiedia  Brilannica"  tli&t 
"the  permanent  population  of  BiarrilE, 
acconling  to  the  census  of  1871,  wiks 
!t,l(U  ";  white,  on  the  other  hand,  "tlie 
autumn  visitors  are  estimated  at  from 
ia.(H)0  to  ir>.(H)0."  The  const  at  Biar- 
ritit  is  decidi'dly  rocky  and  verv  iiicl.ur- 
esi|uc.  Iieing  in  this  respect  asdiffcri-nt  as  possible  fnnn 
the  low -lying  and  pun-ly  sandy  shores  of  the  Depart meni 
of  the  Iji'ndes,  which  border  the  Bay  of  Iliscay  farther  to 
the  north.  To  the  vast  extent  of  aandcoven-d  country 
constituting  the  greater  iiorlion  of  Ibis  Department 
(Ijindes),  aiid  cimprising  in  nil  an  area  of  sonte  it.  700 
sc|i]un>  miles  (Rennet,  op.  tit.),  tlie  climaie  of  BiarritE  is 
<loubtles3  Indebted  for  at  least  a  pari  of  titat  drynesa 
and  of  that  mildnesain  u'inter  for  wliich  it  is  celebrated. 
The  sliinmer  hi'at  at  Biarrilx  is  tcmiMTiil  by  the  pteviul- 
irig  westerly  w(u<ls.  which  blow  from  ili<:  Atlantic.  The 
situation  of  the  town,  directly  upon  the  shore  of  the 
ocean,  is  also  anorIi<^r  elenient  in  insuring  to  it  a  mild 
and  a  coni|Hiratively  eijuable  temperature  during  the 
wintiT  nionllis.  Its  cliniate  at  this  si-asim  is  very  similar 
to  that  of  .Vrciichon.  which  baa  alrea<ly  been  described 
'in  pn'i'uling  pages  of  this  Handbook  (sec  Areathon). 

Thi>  f'piitalirinof  Biarritz  as  a  winter  resort  is  of  Mill 
more  ni-ent  (Ute  than  is  its  great  iHipulurity  aa  a  sum- 
mer liaihing  station,  luid  doubilesa  ueiH-nds  in  a  itu-asure 
upon  lh<-  latter.  Aaexplaininl  by  Dr.  Bennet,  tlic  very 
extensive  preparations  for  tlH'  entertainment  of  suuiuicr 
ami  aulumn  giii'sis  luive  a  tendency  to  clmapcn  con- 
siderahly  the  cost  of  living  In  BiairilE  during  the  colder 
months  which  fohow;  and  this  cheapness  of  living  {» 
ofTi'reil  by  the  doctor  as  an  inducement,  and  in  many 
casi-s  a  most  iin|)ortaut  inducement,   lo  atlmct  thither 


and  eqiwhle  climato  anaceom|ianicd  by  the  high,  and 
loo  often  exorbitant,  cost  of  living  which  frcijuently 
prevails  at  such  Hioitaria.  "It  is  impossible."  says 
this  author,  "that  a  town  situat^-d  on  tlie  boisterous 
Bay  of  Biscay  can  l>e  equal  in  point  of  climaie  lo  tlie 
Itiviera  nndcnlilf.  or  to  the  east  coust  of  Spain.  In  <wn'S 
of  severe  disease  in  whii-h  the  best  climate  tliat  can  bo 
found  is  rei|tiir<'d.  But  slill  tliere  must  be  many  <'hbc& 
in  which  the  sunshine  and  mild  Icmperalure  of  the  aoulh- 
Kimern  coast  of  France  may  lie  sufficient.  Moreover, 
the  iiuestion  of  expense  is  often,  unfortunately,  a  para- 
mount eonsideralion. "  Another  class  of  persona  to  whom 
Dr.  Ik'nnet  proposes  a  sojourn  at  Biarritz  (and  in  this  in- 
HtHiiee  a  Kojourn  not  diirini;  the  winter,  but  during  the 
halhing  season)  are  such  residents  in  the  British  Isiea  as 
have  for  various  niisons  been  tillable  to  resort  to  the 
seaside  alulions  of  their  own  country  during  the  months 
of  July  and  August.     "Thoae  who  cannot  resort  to  our 
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own  coasts  iu  July  and  August,  and  to  whom  a  mild  or 
warm  temperature  is  essential,  have  thus  the  opportunity 
of  still  enjoying  at  Biarritz  summer  sea-bathing  at  a 
time  when  with  us  both  the  sea  water  and  the  external 
atmosphere  are  becoming  chilly."  (The  time  referred  to 
by  the  doctor  in  the  above-quoted  passage  is  the  autumn 
season,  the  two  months  of  September  and  October,  of 
which  he  had  just  been  speaking.) 

Full  and  detailed  statistics  for  the  climate  of  Biarritz 
the  writer  is  imable  to  present.  The  following  state- 
ments, both  general  and  particular,  respecting  the  cli- 
matic features  of  the  place  have  been  culled  from  the 
pages  of  various  authors,  and  are  herewith  presented  to 
the  reader. 

The  mean  winter  temperature  at  Biarritz  is  given  by 
Weber  (Ziemssen's  "Handbuch  der  Allgemeinen  Ther- 
apie  ")  as  6^  to  S'  C.  (=  42.8°  to  46.4^  F.).  The  '*  Diction- 
naire  usuel  des  sciences  medicales  "  gives  the  figures  of 
the  three  months  of  January,  February,  and  March  for 
a  single  year  (1808)  as  follows:  January,  40.26"  F. ;  Feb- 
ruary, 40.91^  F. ;  March,  44.62^  F.  The  mean  of  these 
would  be,  of  course,  41.98"  F.,  a  decidedly  lower  figure 
than  that  just  given  on  Weber's  authority,  and  indicating 
for  the  winter  of  1868  a  temperature  probably  below  the 
normal,  especially  if  we  take  into  account  that  this  figure 
(41.93'  F.)  is  the  mean  for  January,  February,  and  March, 
and  not  for  the  three  months  of  winter,  viz.,  January, 
February,  and  December.  The  average  spring  tempera- 
ture is  placed  by  Weber  at  from  ir  to  12"  C.  (=  51.8°  to 
53.6°  F.);  that  of  the  summer  season  at  about  64.4''  F. 
Dr.  Benuet  refers  to  observations  of  the  temperature 
made  at  Biarritz  by  the  Rev.  3Ir.  Crow  during  the  winter 
of  1862.  The  average  of  this  gentleman's  observations 
"  made  at  8  a.m.  on  a  north  wall "  during  January  of  that 
year  was  about  45^  F. ;  the  highest  temperature  being 
62''  F.,  the  lowest  30"  F.  "  In  February  there  was  some 
very  cold  weather.  During  seven  days  the  highest  tem- 
perature was  34"  F.  (at  8  a.m.),  the  lowest  24°  F.  With 
the  exception  of  that  week,  the  weather  was  glorious, 
the  thermometer  after  January  varying  from  48°  to  62" 
F."  (Bennet,  op.  cit.,  p.  612).  Lombard  speaks  of  the 
climate  of  Biarritz  as  being  a  moist  one,  and  Weber  gives 
its  relative  humidity  as  about  80.0  per  cent.  This  is  no 
more  than  we  should  naturally  expect  in  a  places  lying  so 
directly  upon  the  shore  of  the  ocean,  and  so  exposed  to 
sea  winds.  "Biarritz."  says  Dr.  J.  Burney  Yeo,  **lies 
exposed  to  all  the  fury  of  the  Atlantic  winds,  and  has  no 
protection  like  the  pine  forest  of  Arcachon  "  ("Health 
Resorts  and  Their  Us<'s,"  London.  1882,  p.  202).  "The 
wind,  when  it  blows  from  the  southwest  or  northwest, 
is  of  ten  furious"  (Bennet,  op.  cit.).  The  ann\ial  rainfall 
is  given  by  Weber  as  49.21  inches.  Concerning  the 
rainfall  during  the  winter  season,  we  read  in  Dr.  Ben- 
net's  book  that  "  Dr.  (chapman,  an  English  physician, 
who  long  practised  at  Biarritz,  states  that  the  average 
rainfall  during  three  years  for  the  seven  winter  months, 
from  the  beginning  of  Octolx'r  to  the  end  of  April,  was 
25.81  inches  on  seventy-six  days." 

The  sky  at  Biarritz  is  usuallv  clear  ("  Diet.  us.  des  sc. 
med."). 

Concerning  the  class  of  invalids  likely  to  be  benefited 
by  a  stay  at  Biarritz  during  the  winter  months,  it  may 
be  said  that  in  the  main  they  would  be  such  cases  as 
would  Ix?  improved,  or  it  may  be  even  cured,  by  residence 
at  the  not  far  distant  resort  of  Arcachon.  to  which  refer- 
ence has  already  been  made  in  this  article.  But  it  must 
be  borne  in  mind  that  Arciiehon,  lyiiig  as  it  doi»s  some 
miles  back  from  the  Atlantic^  coast,  surrounded  bv  exten- 
sive sand  dunes,  and  sheltered  in  some  measure  from  the 
severity  of  sea  winds  by  pine  forest.s,  is  necesstirily  a 
somewhat  dryer  and  a  more  protected  spot  than  is  Biar- 
ritz. Dr.  J.  Burney  Yeo  declares  {ojt.  cit.,  p.  202)  that  the 
winter  eliinate  of  Biarritz  is  "more  bracing  and  less 
mild  "  than  is  that  of  Arcachon.  and  "is  by  no  means  so 
well  suited  to  c^ses  of  (host  disease."  ll  is,  however, 
he  adds,  "well  suited  to  some  forms  of  nervo\is  exhaus- 
tion and  irritability."  Dr.  Bennet  speaks  pretty  much 
to  the  same  elTect  concerning  the  climato-therapy  of 
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Biarritz.  He  considers  the  place  far  less  suited  to 
consumptive  invalids  than  the  dryer,  milder,  and 
more  sheltered  resorts  lying  along  the  Genoese  Riviera 
and  upon  the  Alediterranean  coast  of  Spain,  but  re- 
gards it  as  probably  quite  as  well,  or  even  better 
adapted  for  such  cases  tlian  are  the  famous  resorts  of 
the  Isle  of  Wight  and  of  other  parts  of  the  Fnglish 
south  coast. 

In  conclusion,  it  may  be  remarked  that  over  and  above 
its  excellent  hotel  accommodations,  the  neighborhood  of 
Biarritz  abounds  in  comfortable  and  attractive  villas, 
often  surrounded  by  gardens,  and  situated  at  various 
points  close  to,  or  even  directly  upon,  its  picturesquely 
rocky  shores.  Huntington  liicJiards. 

BIBIRU  BkHK.—Gre^nheart  Bark,  Nectandm  C(/rtex. 
The  bark  of  Kectandra  RodicH  Schomb.  (fam.  Lau- 
rac£(r).  This  is  a  fine  forest  tree,  with  a  tall,  straight 
stem,  attaining  a  height  of  twenty-five  or  thirty  metres 
(seventy -five  to  ninety  feet).  It  has  thick,  evergreen,  cori- 
aceous, oval  leaves,  and  small  axillary  clusters  of  white 
flowers.     The  fruit  is  large,  one-seeded. 

The  greenheart  tree  is  a  native  of  British  Guiana, 
where  it  is  highly  prized  as  a  source  of  the  best  ship 
timber.  It  was  proposed  as  a  febrifuge,  and  its  alkaloid 
pointed  out  by  Dr.  Rodie,  of  Demerara,  about  fifty  years 
ago. 

The  bark  is  imported  in  large,  long,  heavy,  flat  pieces, 
from  0.5  to  1  cm.  in  thickness  (one-fifth  to  two-fifths 
inch).  It  is  hard  and  brittle,  breaking  with  a  coarse, 
fibrous  fracture;  it  is  grayish  brown  externally,  cinna- 
mon brown  and  striated  upon  its  inner  surface.  Its 
cells  are  seen  under  the  microscope  to  be  thickened,  those 
of  the  liber  curiously  dentated.  It  has  a  strong  bitter 
taste,  ttithout  iiroina — an  unusual  thing  for  any  member 
of  its  family. 

The  bitterness  of  this  substance  is  due  principally  to 
the  alkaloid  buxine  (bibirine,  bebeerine — not  berberine). 
which  it  contains  to  the  extent  of  one-half  or  one  per 
cent.  It  also  contains  nectandrine  and  one  or  two  other 
alkaloids,  and  tannin.  The  wcxxl,  which  is  also  bitter, 
contains  a  base  similar  to  that  in  the  bark.  The  seeds 
are  sometimes  made  use  of  as  a  source  of  starch.  The 
impure  buxine  of  nectandra  is  an  article  of  commerce, 
and  generally  known  as  bebeerine.  It  is  a  gray  or 
brownish,  amorphous,  bitter  substance,  permanent  in  the 
air,  and  very  insoluble  in  water  (ttj\i^)-  One  or  two  of 
its  salts,  especially  the  sulphate  and  hydrochlorate,  are 
also  to  be  had,  and  should  be  preferred  for  administration 
on  account  of  their  free  solubility. 

The  bark,  and  especially  the  alkaloid  and  its  stilts,  has 
been  offered,  and  to  some  extent  employed  as  a  febrifuge 
and  antiperiodic;  that  is,  as  a  substitute  for  quinine, 
but  in  rea.sonal)le  doses  they  fall  far  short  of  that  medi- 
cine for  the  purpose.  They  are,  however,  good  simple 
bitter  tonics  (the  bark  is  astringent  as  well).  Doses:  a 
useful  dose  of  the  bark  would  be  large  and  disagreeable. 
Buxine  or  its  stilts  may  be  given,  as  a  tonic,  in  pills  or 
solution,  up  to  2  to  4  dcgm.  (0.2  to  0.4  =  gr.  iij.  ad  vi.); 
as  a  febrifuge,  up  to  1  or  2  gm.  (gr.  xv.  adxxx.). 

W.  P.  BolUs. 

BIG  BONE  SPRINGS.— Boone  County,  Kentucky. 

AccKBS. — Via  Louisville  and  Nashville  Railroad  to 
Walton;  thence  seven  miles  by  stage  to  springs,  or  by 
steamer  on  the  Ohio  River  to  Hamilton  Landing,  thence 
one  mile  and  a  half  to  springs. 

These  springs  are  of  the  saline-sulphureted  variety. 
No  quantitative  analysis  has  been  made.  It  is  stated, 
however,  that  the  waters  contain  the  following  ingredi- 
ents: 


8<Kllum  chloride. 
Maffnesium  sulpbate. 
SfKilum  Hulphate. 
Aluminum  sulphate. 


Calcium  bicarbonate. 
Masnc^Nlum  bicarbonate. 
Sodium  carbonate. 


There  is  also  a  large  quantity  of  sulphureted  hydrogen 
gas.  James  K.  Crook. 
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BILE. — MeiJiods  of  Ohtainin/f. — Bile  may  be  obtained 
for  examination  either  from  tlie  gall  bladders  of  men  or 
animals  after  death  or  from  biliary  tistula,-. 

The  principal  methcxls  of  establishing  fistuUe  in  ani- 
mals for  experimental  purposes  are  briefly  as  follows: 

Permanent  Pi^tuUf. — An  incision  is  made  over  the  gall 
bladder.  Through  this  the  common  bile  duct  is  tiecl  in 
two  places  and  a  portion  excised  between  the  ligatures. 
The  gall  bladder  is  then  sewed  to  the  sides  of  the  ab- 
dominal wound  and  opened. 

Amphibolic  FiHtul(¥. — The  gall  bladder  is  brought  to 
the  surface  and  opened  as  in  the  preceding  method,  but 
the  bile  duct  is  left  intact.  This  method  has  an  advantage 
over  the  other  inasmuch  as  the  external  opening  may 
be  plugged  and  the  bile  allowed  to  follow  its  usual  chan- 
nels into  the  duodenum,  or  it  may  be  left  open,  when  the 
bile  will  flow  externallv,  and,  if  not  allowed  to  discliarge 
for  too  long  a  time,  will  be  more  normal  in  character. 

Tcm]X)rary  FiMul(T. — The  conunon  bile  duct  is  exposed 
and  opened,  a  gla.ss  cannula  is  tied  in,  and  the  bile  is 
drawn  off  through  a  rubber  tube  attached. 

Quantity  of  Bile  Secreted. — The  amount  obtained 
through  fistulae  is  very  variable  in  dilTerent  animals,  both 
absolutely  and  in  proportion  to  the  body  weight.  The 
rate  of  flow  varies  much  in  the  same  animal  from  hour 
to  hour.  In  human  subjects  with  biliary  tIstulaB  \\\o,  daily 
discharge  has  usually  been  between  400  and  900  c.c,  and 
the  total  amount  of  solids  between  5  and  20  gm. 

PhytdcM  Pi'opertiesi. — Human  bile  as  obtained  from  the 
gall  bladder  is  usually  of  a  yellowish  or  reddish-brown 
color,  but  when  obtained  fresh  from  a  fistula  is  frequently 
green.  Its  reaction  is  faintly  alkaline.  The  specific  grav  - 
ity  varies  from  1.005  to  1.010  orover  in  fistula  bile,  l)ut  is 
much  higher  in  bile  taken  from  the  gall  bladder  after 
death,  frequently  reaching  1.030,  or  even  1.040.  It  has 
a  bitter  taste  with  a  suggestion  of  sweet.  Human  bile 
has  little  or  no  smell ;  that  of  the  ox  and  sheep  has  a  faint 
musk-like  odor.  As  secreted  by  the  liver  cells  bile  is  non  - 
viscous;  but,  during  its  stay  in  the  ducts  and  gall  blad- 
der, it  has  added  to  it  the  secretions  of  their  mucous 
membmnes,  containing  mucin  (human),  ornucleo-albumin 
(ox),  and  it  acquires  a  certain  viscidity.  On  spectro- 
scopic examination  it  may  be  seen  to  absorb  the  violet 
and  some  of  the  blue  rays,  but  shows  no  definite  absi^rp- 
tion  bands  unless  po.st-mortem  changes  have  occurred. 

Vhemie4il  Oompontion. — The  principal  constituents  of 
bile  are  as  follows;  wat^r,  bile  stilts,  bile  pigments, 
mucin,  fats  and  soaps,  cholesterin,  lecithin,  urea  (traces), 
and  inorganic  salts.  Among  the  salts  the  most  important 
are  the  chlorides  of  sodium  and  potassium  and  the  phos- 
phates of  calcium,  magnesium,  and  iron.  The  quantiti(>s 
of  these  constituents  vary  considerably,  but  the  analyses 
contained  in  the  following  table  may  be  taken  as  fair  ex- 
amples of  a  great  number  which  have  been  published: 


In  1,000  parts  of  bile. 


Wat<»r 

Solids  

Bile  salt* 

(ilyrcvholatc 

Taunx'holati' 

Mucin  and  piemen  Us. . 

Fat 

Fatty  adds  fmni  soaps 

Choh'Mtf  rin 

Lecithin 

Inorjranic  substances  . 


Human 
I?all->»1  adder  bile. 

Frerlolw. 

Man  (.f  22  killed  by 

violence. 


859.2 
91.4 


29.8 
9.2 

'  2.6 

•  •  •  • 

7.7 


Human  fistula  bile. 

HammenKten. 

One  of  three 
published  in  Hara- 
mersten's  "Physio- 
lo^cal  Chemistry." 


974.f. 
25.4 
9.(>4 
{\M 
2.18 
i).l.) 
.01 
1.01 

1.") 

7.46 


The  ////('  lifiltfi  are  the  most  abundant  of  the  solid  con- 
stituents and  give  to  t!ie  bile  its  most  important  proper- 
ties. The  commonest  bile  sjilts,  and  those  which  have 
been  moststudie*!.  nrcsodium  f/lycochol/itf{C\(ilii-iSiiKOt), 
and  Mxlium  fi/crorhoh/fr  (C'2filI«4NaNSO:).  the  former  be- 
ing most  abundant  in  herbivorous  animals  and  man,  and 
the  latter  in  carnivorous  animals.      The  bile  stilts  are 


soluble  in  water  and  alcohol,  but  insoluble  in  ether.  If 
bile  be  mixed  with  freshly  heated  animal  charcoal  and 
evapomted  to  dryness,  the  bile  salts  may  be  dissolveil  out 
with  absolute  alcohol  along  with  several  other  biliary 
constituents.  If  an  excess  of  ether  be  now  added,  the 
bile  .salts  alone  are  precipitated,  forming  **  JHattuer'jt 
rry«tallized  hile. "  Under  the  microscope  this  may  be  seen 
to  consist  of  bell-shaped  masses,  star-like  clusters  of  fine 
necnlles,  or  four  to  six  sided  prisms.  Both  the  bile  salts 
antl  their  acids  are  dextro-rotatory  to  polarized  light. 


Sodium  glycocholate (o)  D  = 

Glyoocholic  a<'ld (o)  D  = 

Sodium  taurocholat4* (a)  n  = 

Taurocholie  acid (o)  D  = 


-f  25.7* 
-29.0 

--34.5 
-25.0 


In  the  intestines,  the  respective  acids  are  .set  free  from 
the  bile  salts  and  then  further  broken  up  into  a  complex 
non-nitrogenous  acid,  cholalic  acid,  and  either  glycocoU 
or  taurine. 

Glyc(>coll,  glycocine,  glvcine,  or  amido-acetic  acid 
(NIUCHa.COOil)  is  one  of  the  products  of  the  splitting 
up  of  sodium  glyccx'hoiate.  It  is  found  free  in  the  in- 
testines in  small  quantities,  and  may  combine  in  the  IkhIv 
with  benzoic  acid  to  form  hippuric  acid,  in  which  fonii 
some  of  it  may  leave  the  boily  by  the  urine,  especially  in 
the  case  of  lierbivorous  animals.  GlycocoU  may  be 
formed  from  the  decomposition  of  proteids.  and  is  in 
some  cases  a  precursor  of  urea.  It  is  probable,  however, 
that  glycocoU,  taurine,  and  cholalic  acid,  when  set  fnni 
in  the  intestine  from  the  decomposition  of  the  bile  salts, 
are  reabsorbed,  and  combined  once  more  in  the  liver  to 
f«)rm  a  new  supply  of  bile  wilts.  This  cycle  of  events  is 
known  as  the  ^'  rircuUUion  of  the  bile  multtt.'- 

TanHne,  amido-isi^thicmic  acid,  or  amido-oxyethylsul- 
ph(mic  acid  (NH^.C^H*, 80^,011),  is  obtained  from  sodium 
taurocholate.  It  differs  from  glycocoU  in  containing 
sulphur.  Like  glycocoU  it  is  found  fn^e  in  the  intestines 
in  small  quantities. 

Cholalic,  or  choUc  aeid,  (CaJIioOs).  is  set  free,  as 
stated  alx)ve,  when  either  sodium  glycocholate  or  s«j<lium 
taurocholate  is  split  up,  and  it  is  found  in  the  inti^stiual 
contents.  Certain  closely  allied  acids  may  noplace  it  in 
the  bile  salts,  among  which  the  most  important  are  rh^tlcic 
acid  (C'a4H4o04)  fiViiXfdlic  acid  (C'aaHioO^),  both  of  which 
have  been  obtained  from  human  bile. 

On  the  presence  of  cholalic  acid  depends  Pettenkofer's 
well-known  test  for  bile  salts  and  bile  ac-ids. 

Pt'tteukofer's  tent  for  bile  acids  is  perfonne(i  as  fol- 
lows: A  small  (luantity  of  the  solution  to  be  tested,  freed 
from  proteids,  is  placed  in  a  test  tube,  and  two  or  three 
drops  of  a  ten-percent,  solution  of  cane  sugar  are  added, 
and  the  whole  shaken.  Strong  pure  sulphuric  acid  is 
then  added  drop  by  drop,  care  being  taken  that  the  tem- 
perature of  the  mixture  does  not  rise  above  70"*  C.  If 
bile  acids  are  present  the  lluid  first  becomes  opalescent, 
then  the  opalescence  clears,  and  the  liquid  becomes  suc- 
cessively of  a  pale  cherry  red,  a  dark  cannine  red,  and 
finally  a  beautiful  purple  violet  tint.  The  reaction  some- 
times takes  a  little  time  to  develop,  and  it  is  wise  to  wait 
several  minutes  before  drawing  a  negative  conclusion. 
To  make  the  test  perfectly  reliable,  the  colored  solution 
obtained  nmst  be  examined  by  the  spectroscope,  when 
two  absorption  bands  will  be  found,  one  at  F,  and  the 
other  between  D  and  E,  near  E.  This  is  rendered  neces- 
sary by  the  fact  that  a  number  of  other  substances,  among 
which  are  proteids,  oleic  a<'id.  amyl  alcohol,  morphine, 
and  numerous  aromatic  substances,  give  a  similar  color 
reaction,  but  may  be  distinguished  by  causing  different 
absorption  bauds. 

The  Ih'le-  PiffiiuutH. — The  pigments  constantly  found  in 
human  bile  are  bilirubin  and  bilivenlin. 

Bilirubin  (CiJIj^NaOa)  has  also  been  called  chole- 
pyrrliin,  biliphiein,  bilifulvin,  and  hamiatoidin.  It  oc- 
curs in  the  biles  of  all  vertebrates,  but  is  most  abundant 
in  those  of  carnivora  and  man,  giving  them  their  yellow- 
ish or  recMish-brown  color.  It  may  be  obtainea  as  an 
amorphous  powder,  and  also  as  retidish-yellow  rhombic 
plates.     It  is  readily  soluble  in  chloroform,  less  so  in  al- 
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cohol,  and  still  less  so  in  ether.  It  is  insoluble  in  water, 
and  exists  in  bile  as  a  soluble  calcium  compound,  known 
as  bilirubin -calcium.  It  forms  a  considerable  part  of 
some  gall  stones,  and  is  present  in  tbe  blocxl  serum  of 
certain  animals  (liorse),  in  old  blood  extravasations,  and 
in  the  tissues  and  urine  of  cases  of  jaundice.  It  is  de- 
rived from  the  ha?moglobin  of  broken-down  red  cor- 
puscles, and  is  the  probable  source  of  the  stercobilin  of 
the  faeces  and  of  the  urobilin  of  the  urine,  which  are  be- 
lieved now  by  some  to  be  identical  with  each  other. 
Under  the  influence  of  oxidizing  agents  bilirubin  is  con 
verted  into  biliverdin. 

Bilirerdin  (CiflHinNjOO  is  present  in  all  green-colored 
biles,  among  which  are  to  be  included  those  of  the  her 
bivora  and  some  examples  of  human.  When  obtained 
pure,  it  usually  consists  of  a  dark  green  amorphous 
powder,  but  occasionally  crystallizes  in  green  rhombic 
plates.  It  is  insoluble  in  water,  ether,  and  chloroform, 
but  soluble  in  alcohol,  glacial  acetic  acid,  and  strong 
sulphuric  acid.  It  is  converted  by  reducing  agents  into 
bilirubin,  and  this  change  oiiAnx  occurs  in  the  human  gall 
bladder,  which  explains  the  fact  that  bile  obtained  from 
that  source  after  death  is  nearly  always  of  a  reddish- 
brown  color,  while  fresh  fistula  bile  is  frequently  green. 

IIydrobilii*vbin,  (C3aH4oN40:),  a  reduction  product  of 
bilirubin,  may  be  formed  from  it  in  the  laboratory,  and 
is  regarded  by  some  as  supplying  a  link  between  the  pig- 
ments of  bile  and  those  of  the  fa?ces  and  urine. 

Te%U  for  Bile  Pigments. — Gmillin'H  test.  Spread  out 
a  few  drops  of  the  suspected  li(}uid  on  a  white  plate. 
Let  a  drop  of  fuming  nitric  acid  (containing  nitrous  acid) 
fall  in  the  centre.  If  bile  pigments  be  present  a  ring  of 
colors,  green,  blue,  violet  red,  and  yellow,  will  appear. 
This  is  due  to  the  oxidation  of  the  pigments,  by  which 
bilirubin  is  changed  successively  into  biliverdin^green), 
bilicyanin  (blue),  bilipurpurin  (violet  red),  and  choletelin 
(yellow).  The  blue  pigment  bilicyanin,  in  acid  solution, 
gives  a  spectrum  with  two  absorption  bands,  one  on 
either  side  of  the  D  line,  which  fuse  into  one  if  the  solu  ■ 
tion  be  very  strong.  The  yellow  choletelin  gives  a  single 
band  between  b  and  F,  nearer  to  F. 

HupperVs  Test  for  bilirubin.  Add  to  the  suspecteil 
liquid,  milk  of  lime  till  a  precipitate  (bilirubin-calcium)  is 
thrown  down.  After  washing  this  precipitate  in  water, 
place  it  in  a  test  tube,  and  lialf  fill  the  test  tube  with  al- 
cohol acidified  with  hydrochloric  or  sulphuric  acid.  Boil 
for  some  time,  and  if  the  original  liquid  contained  biliru- 
bin, an  emerald  green  or  bluish-green  color  will  develop. 

Mucin. — As  already  mentioned,  the  mucin  present  in 
human  bile  is  largely  derived  from  the  secretions  of  the 
bile  ducts  and  gall  bladder.  In  many  animals  it  is  re 
placed  by  nucleo-albumin.  These  substances  resemble 
each  other  in  their  viscidity,  and  are  both  readily  pre- 
cipitated from  bile  by  acetic  acid,  but  differ  in  the  prod- 
ucts of  their  decomposition.  Mucin  splits  up  into  a 
proteid  and  a  carbohydrate;  nucleo-albumin,  on  the  con- 
trary, into  a  proteid  and  a  complex  nitrogenous  substance, 
rich  in  phosphorus,  known  as  nucleic  acid. 

Fats. — These  consist  principally  of  palmitin,  stearin, 
and  olein,  with  the  corresponding  soaps. 

ChoUsterin  is  a  complex  monatomic  alcohol.  Its  chem- 
ical formula  is  not  yet  absolutely  agreed  upon,  but  is 
probably  Ca7H4  60H  (Oberm Ciller).  It  is  present  in  nearly 
all  animal  tissues,  especially  those  of  the  central  nervous 
system.  It  is  insoluble  in  water,  but  freely  soluble  in 
ether,  chloroform,  and  hot  alcohol.  It  crystallizes  out 
from  alcoholic  solutions  in  colorless  transparent  plates. 
From  anhydrous  ether  or  chloroform  it  separates  in  the 
form  of  needles. 

Ijecithin  {C^^Wt^A^VO^)  is  found  along  with  cholesterin 
in  nearly  all  animal  tissues.     It  yields  on  decomposition 

flycerin,  a  fatty  acid,  phosphoric  acid,  and  an  alkaloid 
nown  as  cholin. 

Action  of  Bile. — Bile  is  partly  an  excretion,  and  partly 
a  secretion  playing  a  part  in  digestion  and  absorption. 
Its  digestive  properties  depend  almost  entirely  on  the 
presence  of  the  bile  salts.  In  some  animals  tmces  of 
diastatic  ferment  have  been  found,  but  never  in  suflicient 


amount  to  play  any  important  part  in  digestion.  The 
principal  action  of  bile  is  on  the  fats,  and  depends  on  the 
fact  that  solutions  of  the  bile  salts  have  the  power  of 
dissolving  free  fatty  acids.  Now  the  present  tendency 
is  Xo  the  view  that  fats  are  absorbed  as  fatty  acids  and 
soaps,  in  solution,  rather  than  in  the  form  of  emulsion. 
If  this  be  so,  the  part  played  by  the  bile  is  very  impor- 
tant. After  the  neutral  fats  are  split  up  by  the  pancreatic 
juice  into  glycerin  and  fatty  acids,  the  latter  are  dis- 
solved by  the  bile  and  partly  converted  into  soap  by  its 
alkaline  salts.  Moreover,  bile  is  able  to  dissolve  the 
soaps  of  the  alkaline  earths  (calcium)  which  would  other- 
wise be  insoluble.  There  is  an  old  view,  that  the  bile 
also  exerts  a  favorable  influence  on  the  absorptive  func- 
tions of  the  intestinal  wall;  but,  as  this  has  been  noted 
especially  in  the  case  of  fats,  there  is  little  doubt  that  it 
depends  simply  on  its  power  of  dissolving  them. 

The  function  ascribed  to  it  of  preventjug  putrefaction 
in  the  intestine  is,  no  doubt,  also  to  be  explained  by  its 
aidiu^  fat  digestion  so  that  the  fatty  fo<Ml  is  absorbed  be- 
fore it  has  had  time  to  undergo  putrefactive  change. 
Then  it  must  be  remembered  that  the  absorption  of  the 
fatty  portions  of  the  foo<l  will  expose  the  other  constitu- 
ents better  to  the  action  of  the  pancreatic  juice,  so  that 
all  the  digestive  processes  will  proceed  more  rapidly. 

lastly,  there  is  satisfactory  experimental  proof  that  the 
several  ferments  of  the  pancreatic  juice  are  most  active 
in  the  presence  of  bile,  although  just  how  it  favors  their 
action  is  not  fully  explained. 

Biliary  concretions  or  gall  stones  may  be  divided  into 
two  principal  types: 

1.  Dark-colored,  hard,  non-inflammable  stones,  con- 
sisting principally  of  calcium  compounds  of  the  bile  pig- 
ments (especially  bilirubin-calcium)  and  calcium  car- 
bonate. 

2.  Lighter-colored  soft  stones,  which  will  melt  and 
burn  in  a  flame,  and  consist  very  largely  of  cholesterin. 

Other  constituents  often  found  in  gall  stones  are:  bile 
acids,  free  bilirubin,  phosphates  of  lime  and  magnesium, 
sulphate  of  lime,  sodium,  potassium,  copper,  manganese, 
silicic  acid,  mucin,  and  epithelium.  >Iost  gall  stones  are 
intermediate  in  composition  and  properties  between  the 
two  extreme  types  given  above,  and  vary  in  color  from 
nearly  white,  through  golden  or  g;eenish  yellow,  to  red- 
dish brown  and  black.  Many  stones  vary  in  color  and 
composition  in  different  layers. 

Among  possible  causes  which  have  been  suggested  for 
gall  stones  the  following  may  be  mentioned : 

1.  Excess  of  lime  and  deficiency  of  sodium  salts  in  the 
bile,  leading  to  precipitation  of  tlie  pigments. 

2.  Presence  of  chronic  catarrh,  leading  to  excessive 
secretion  of  mucin. 

3.  Excess  of  cholesterin  in  the  blood  as  a  result  of  ex- 
cessive brain  work,  old  age,  or  other  causes. 

4.  O)ncentration  of  the  bile  from  stagnation. 

5.  Naunyn's  theory,  which  now  receives  much  support, 
combines  several  of  the  above,  and  may  be  briefly  stated 
thus: 

Gall  stones  are  the  result  of  a  pathological  alteration 
in  the  mucous  membrane  of  the  gall  bladder,  usually  ex- 
cited by  the  presence  of  microbes,  and  leading  to  an  in- 
creased excretion  of  lime  and  cholesterin. 

T.  Wesley  Mills. 
William  8.  Morrow. 

BILE  PASSAGES.    9^  OaU  Bladder  fin^  Liter. 

BILHARZIA   HyEMATOBIA.    Sec  Trematoda. 

BILIRUBIN.    See  Coloring  Matters,  Animal. 

BIOLOGY.— ^)3/oc,  life,  and  "^^oyo^,  a  discourse.) 
Definition. — "The  subjects  of  our  inquiry  will  be  the 
various  forms  and  phenomena  of  life,  the  conditions  and 
laws  under  which  this  state  occurs,  and  the  causes  through 
which  it  is  brought  about.  The  science  that  occupies 
itself  with  these  subjects  we  will  designate  by  the  name 
biology,  or  the  science  of  life.*'    This,  in  translation,  is 
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the  definition  of  biology  given  by  Treviranus  in  1802, 
and  it  applies  equally  well  to-day. 

The  term  has  not  alwavs  been  used  with  this  meaning, 
however.  The  Oxford. f)ictionary  gives  three  ways  in 
which  it  has  been  employed. 

(1)  It  was  used  in  England  for  the  first  time  by  J. 
Stanfield  *  in  its  true  etymological  meaning  to  designate 
"the  study  of  human  life  and  character,"  as  distinguished 
from  biography,  the  history  of  the  lives  of  individual 
men. 

(2)  The  unfamiliarity  rather  than  the  etymology  of 
the  word  probably  accounts  for  a  use  that  appears  to 
have  arisen  in  this  country.  The  writer  has  heard  it 
stated  by  the  president  of  the  Johns  Hopkins  University 
that  when  it  was  proposed  to  establish  there  a  biological 
laboratory  in  1876  the  name  "  biological "  was  regarded 
with  suspicion  as  suggestive  of  the  fakir.  This  was  be- 
cause, as  stated  by  W.  B.  Carpenter  :f  "About  the  year 
1850  '  the  world  was  turned  upside  down  '  by  a  couple  of 
itinerant  Americans,  who  styled  themselves  *  professors ' 
of  a  new  art  which  they  termed  electro-bidogy ;  assert- 
ing that,  by  an  influence  of  which  the  secret  was  known 
only  to  themselves,  but  which  was  partly  derived  from  a 
little  disc  of  zinc  and  copper  held  in  the  liand  of  the 
*  subject '  and  steadily  gazed  on  by  him  (whence  the 
designation  which  they  adopted),  they  could  subjugate 
the  most  determined  will,  paralyze  the  strongest  muscles, 
pervert  the  evidence  of  the  senses.  '^  etc.  "  Electro- 
biology,  or  *  biology '  (as  it  came  to  be  very  commonly 
designated)  was  not  merely  introduced  at  scientific  re- 
unions, but  became  a  fashionable  amusement  in  some 
circles,  at  ordinary  evening  parties,  and  thus  it  happened 
that  a  large  proportion  of  the  public  Iwcame  familiarized 
with  the  phenomena."  "Professed  biologists"  gave 
public  exhibitions,  and  Carpenter  himself  speaks  of  "the 
biologized  subject"  and  of  "  biological  phenomena,"  mean- 
ing thereby  what  we  now  understand  by  hypnotism. 

(3)  Fortunately  that  use  of  the  word  has  become  ob- 
solete, and  biology  is  employed  at  the  present  time  in 
both  popular  and  scientific  language  with  the  meaning 
originally  given  to  the  word  by  Treviranus  in  the  pas- 
sage quoted  at  the  beginning  or  this  article. 

History  op  Biology. — Biology  is  relatively  a  new 
science.  The  famous  Roman  naturalist  Pliny  embraced 
within  his  "  Natural  History  "  all  realms  of  nature,  includ- 
ing man  and  his  activities.  But  as  the  result  of  the  theo- 
logical ideas  of  the  Middle  Asrcs.  man  became  to  be  re- 
garded as  sonicthing  apart  from  nature.  Th\is  Lord 
Bacon  J  divides  the  descriptive  soier.ccs  into  history  of 
nature  and  history  of  man,  and  the  knowledge  of  causes 
into  divine  philosopliy,  natural  i)liil()sophy,  and  human 
philosophy;  but  all  divisions  of  knowledge,  he  Siiid,  are 
like  tlie  branches  of  a  tree  that  meet  in  a  stem. 

Gradually  as  the  mass  of  hunum  knowledge  grew  and 
became  more  classitied,  various  branches  were  split  otV 
from  natural  history,  such  as  astronomy  and  physics, 
which,  because  they  dealt  more  witli  the  eauses  than 
with  the  descriptions  of  ]ih(  in)inena,  were  called  natural 
philo.sophy,  using  liaeon's  term  in  a  somewhat  different 
sense.  Later  chemist  rv.  einaneii)ate(l  from  the  mvsticism 
of  alchemy,  became  a  disiiiiet  science,  and  the  name 
natural  history  was  restricted  to  the  sciences  that  ap- 
peared to  be  ])urely  ol>servational. 

BufFon,  writing  in  the  nnMdIe  of  the  eiirhteenth  cen- 
turv,  divided  all  science  into  civil  hisiorv  and  natural 
history.  But  his  natural  history  was  essentially  de 
scriptive  and  was  divided  into  three  .sections  dealiuir 
with  animals,  plants,  and  minerals.  He  reeoL'"ni/.e(l. 
however,  a  unitv  in  nature  so  tlait  one  mav  descend  l)v 
nearlv  insensible  deirrees  from  the  most  liiL^hlv  oriiani/ed 
animal  to  the  simplest  mineral:  and  he  reirarded  man  as 
the  animal  which  occupies  the  hiirhest  point  in  hi^  seale. 

Bonnet,  in  his''C'ontemplation  d<'  la  nature  "  (lT(>t).  iroes 
one  stej)  farther  than  Bulfon  by  si»vinL^  after  makinir  an 

♦st.inflcl.J, .!.:  "  Rioirraphv."  ISi:}.  p.  12. 

+  ('arrM'nit-r,  W.  B.:  '"  Prinriples  of  Mental  Physiology,"  New  York, 
1870,  p.  .V>o. 

X  "  Advunoement  of  Learning,"  1<X)5. 


extended  comparison,  that  animals  and  plants  are  only 
modifications  of  organized  matter.  He  described  an  ani- 
mal as  an  organized  being  which  is  nourished  by  intenuil 
roots,  and  a  plant  as  one  in  which  the  roots  are  placed 
outside.  They  are  nevertheless  essentially  the  same,  he 
says,  and  the  character  by  which  they  may  be  truly  dis- 
tinguished is  unknown  to  us. 

It  remained  for  Bichat,  in  1801,  to  draw  a  clear  dis- 
tinction between  organic  and  inorganic  beings,  between 
physiological  and  physical  sciences.  He  based  his  dis- 
tinction upon  the  possession,  by  organic  beings,  of  the 
properties  of  irritabilit)-  and  contractility. 

In  the  following  year  (1802)  the  term  biology  was 
l)roposed  by  Treviranus  and  Lamarck  to  cover  what 
Bichat  called  the  physiological  sciences.  Whether  the 
word  was  coined  independently  by  these  two  writers  as 
supposed  by  Geddes,  or  whether  it  was  borrowed  by 
Lamarck  from  Treviranus,  as  stated  by  Littre.  is  not  im- 
portant. In  any  event,  the  chief  credit  is  due  to  Tre- 
viranus, for  he  not  only  invented  the  name,  but  he  set  to 
work  earnestly  to  erect  the  science  that  it  was  intended 
to  designate,  publishing  his  results  in  a  book  of  six 
volumes  entitled  "  Biologic,  oder  Philosophic  derlebenden 
Natur."  But,  unfortunately  for  his  success,  the  founda- 
tions upon  which  he  had  to  build — systematic  zoology 
and  botany,  morphology,  physiology,  and  general  an- 
atomy— were  only  then  being  established.  Not  only 
were  these  sciences  incomplete  as  to  matter,  but,  as  he 
says,  they  were  then  as  isolated  as  the  pyramids  in  the 
sands  of  Egypt.  Nevertheless,  he  succeeded  in  produc- 
ing what  Huxley  has  well  termed  a  very  remarkable 
book,  one  that  is  essentially  modem  in  its  plan  and  ex- 
ecution ;  very  different  from  the  work  of  his  countr}'man 
Oken,  which,  although  more  highly  regarded  at  the 
time,  would  now  be  considered  mediaeval  rubbish, 

Treviranus  was  seriously  hampered  in  his  treatment  of 
the  subject  by  the  fact  that  the  two  great  generalizations 
which  were  to  furnish  the  true  scientific  bases  for  the 
unification  of  the  biological  sciences  had  not  then  been 
formulated.     These  were:  the  cell  theory,  propounded 
by  Schleiden  and  Schwann  in  1838;  and  the  theory  of 
the  origin  of  species  by  means  of  natural  selection,  pub- 
lished by  Darwin  and  Wallace  in  1858.     Thus  it  hap- 
pened that,  while  the  point  of  view  of  Treviranus  was 
appreciated  and  upheld  by  a  few  such  men  as  Auguste 
Comte  and   Isidor    Geoffrov  Saint-Hilaire,   and  others 
were  by  their  contributions  to  knowledge  helping,  per- 
haps unconsciously,  to  contirm  it,  the  great  majority  of 
zoologists,  botanists,  anatomists,  and  physiologists  failed 
to  look  beyond  the  contines  of  their  special  pn^vinces. 

By  the  publication  of  the  "Origin  of  Sp<*cics ■' a  new 
liglit  was  thrown  upon  organic  nature  which  not  onlj 
showed  the  essential  unity  of  the  animal  and  vegetable 
kingdoms,  including  mankind,  but  also,  by  climinatiog 
the  supernatural  factor,   s<»rved  to   bring   biology  into 
harmony  with  the  other  natural  sciences.      Under  tlje 
leadership  of  Herbert  Spencer  and  Huxley  in  England 
and  of  Haeckel  in  Gennany  this  new  point  of  view  has 
bcM'U  widely  propagated  until  now  in  many  colleges  and 
high  schools  a  student  may  get  his  first  introduction  to 
natural  .science  through  a  course  in  general  biolo/:y. 

TuK  LiviNo  SrnsTANCE. — Since  its  publication  in 
1S88  the  cell  theory  has  been  greatly  UKHlitled  by  the  re- 
searches of  3lax  Schultze  and  many  other  investiin»tors. 
At  the  j)resent  time  one  of  the  chief  reasons  for  the  union 
of  botany  and  zoology  in  a  single  science  calltni  biology 
is  found  in  one  of  the  generalizationsof  the  cell  theory  as 
now  accepted — namely,  that  the  physical  basis  <>f  lift'- 
the  living  substance,  or  protoplasm,  has  certain  funda- 
mental characteristics  which  are  essentiallv  the  same 
wh<*rever  it  may  be  found. 

(1)  Orrftrirnrr, — In  the  first  place,  the  living  substance 
alw.iys  occurs  in  certain  definite  aggregates,  that  wc«»ll 
ortjnnir  if^ihrifhinlfi.  To  be  sure,  many  non-living  *^'^"' 
stances  mav  also  occur  in  aggregates  wit  ha  definite  for'" 
—that  is,  in  crystals.  But  the  crystal  differs  from  the 
ortranic  individual  in  many  important  partieulars.  A 
crystal  ot  sodium  chloride  may  be  crushed,  or  evendis- 
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solved,  but  its  substance  still  remains  sodium  chloride. 
On  the  other  hand,  a  blow  on  the  head  is  sufficient  to  con- 
vert a  living  ox  into  dead  beef.  As  the  result  of  an  injury 
to  a  part,  the  whole  aggregate  has  ceased  to  be  living  sub- 
stance and  has  become  a  mei*e  mass  of  proteids,  fats,  and 
salts.  But  what  is  the  difference  between  the  living  and 
the  dead  ox?  Its  form  and  pn)portions  remain  the  same. 
It  has  not  lost  weight,  and  we  may  infer  from  this  that  a 
chemical  analysis  of  the  carcass  will  enable  us  to  ascer- 
tain the  kind  and  proportion  of  the  chemical  elements 
that  were  present  in  the  living  body ;  altlioueh  we  shall 
still  be  ignorant  as  to  what  rearrangements  of  these  ele- 
ments may  have  taken  place  in  tlie  course  of  death. 

(2)  Aettvittes. — The  great  difference  between  the  dead 
and  the  living,  then,  is  not  in  form  or  substance  but  in 
activity.  If  we  beat  the  dead  ox,  it  will  not  move  away ; 
if  we  place  hay  and  grain  in  its  stomach,  it  will  not  be 
dissolved  and  converted  into  ox -stuff.  Just  as  the  ox 
differs  from  the  salt  and  the  beef  that  I  am  to  have  for 
dinner,  so  the  living  oak  tree  differs  from  tlie  crystal 
on  the  one  hand  and  from  the  wood  of  my  table  on 
the  other.  The  wood  can  no  longer  take  in  carbon  di- 
oxide and  oxygen  from  the  air,  water  and  salts  from 
the  ground,  and  convert  them  into  oak-stuff.  Neither 
can  it  respond  to  the  stimuli  of  light  or  gravitjr.  AVhat 
is  true  of  the  ox  and  the  oak  is  true  of  animals  and 
plant^s  in  general,  and  thus  we  find  certain  powers  of  ac- 
tivity which  they  possess  in  common  and  which  distin- 
guish living  beings  from  all  other  bodies.  These  may 
be  summarized  as  follo\vs: 

(a)  Ammilatian. — This  is  defined  by  Verwom  as  "  the 
sum  of  the  processes  that  lead  to  the  construction  of 
living  substance  to  the  maximum  of  its  most  complex 
constitution,  the  synthesis  of  proteids." 

In  these  processes  various  non-living  substances  are 
brought  into  contact  with  the  protoplasm  and  are  there 
conveilcd  into  living  substance  like  itself. 

iP)  Dissimilation.  —  Hand-in-hand  with  assimilation 
goes  the  reverse  process,  dissimilation,  the  giving  off  of 
non-living  material,  waste  products,  from  the  living 
substance.  Assimilation  and  dissimilation,  anabolism 
and  katabolism,  are  two  phases  of  metabolism,  a  process 
that  is  continuous  in  a  living  organism.  Its  cessation, 
however,  does  not  necessarily  imply  death,  for  it  has 
been  shown  that  there  is  no  metabolism  in  seeds  that  are 
dried  but  which  are  still  capable  of  germination  under 
proper  conditions.  Moreover,  as  Verworn  has  pointed 
out,  the  process  is  not  without  its  analogy  in  inorganic 
chemical  processes.  In  the  manufacture  of  sulphuric 
acid,  the  nitric  acid  which  is  used,  or  rather  the  nitrovl- 
sulphuric  acid  formed  during  the  reaction,  is  continually 
being  built  up  and  broken  down,  so  that  if  fed  with  a 
continuous  supply  of  sulphurous  anhydride,  water,  and 
oxvgen  a  small  amount  of  nitric  acid  may  produce  an 
unlimited  quantity  of  sulphuric  acid,  without  any  dimi 
nution  of  its  own  substance.  Similar  phenomena  may 
be  observed  in  Deacon's  process  for  the  manufacture  of 
chlorine,  and  in  other  chemical  operations  in  which  cata- 
lytic substances  arc  used. 

Nevertheless  metabolism,  and  especially  its  construc- 
tive phase,  assimilation,  is  a  process  that  is  highly  char- 
acteristic of  a  living  being,  and  is  not  ordinarily  met 
with  elsewhere  in  nature. 

{e)  Grotrth, — Whenever  as.similation  exceeds  dissimila- 
tion, increase  in  size,  or  growth,  of  the  organism  takes 
place. 

((l)  Reproduction. — Growth  leads  to  reproduction,  or 
the  separation  from  the  organism  of  a  jiart  of  the  living 
substance  to  form  a  new  organism  like  the  parent. 

{e)  Irritability. — This  has  been  defined  as  "  the  capacity 
of  a  body  to  react  to  an  external  influence  by  some  kind 
of  change  in  its  condition,  in  which  the  extent  of  the 
reaction  stands  in  no  definite  proportion  to  the  extent  of 
the  influence."  This  highly  characteristic  property  is 
possessed  by  all  living  substances.  It  finds  its  analogy, 
however,  in  certain  non-living  substances,  the  explosives. 
But  there  is  one  difference  between  the  explosion  of  an 
unstable  chemical  compound  and  the  reaction  of  an 


organism  to  a  stimulus.  The  explosion  results  in  the  de- 
struction of  the  mass,  while  an  organic  reaction  is  nor- 
mally purposeful  in  character  and  tends  to  the  preserva- 
tion of  the  mass. 

(3)  Strvcture.  — While  it  is  possible  to  find  some  analogy 
between  the  activities  of  protoplasm  and  other  processes 
in  nature,  there  are  certain  minute  structural  features  to 
be  found  in  substance  that  is  living,  or  has  lived,  for 
which  we  may  look  elsewhere  in  vain.  The  fundamental 
generalization  of  the  cell  theory  is  that  every  animal  or 
plant  is  a  cell,  or  a  collection  of  cells  and  their  products. 
A  cell  may  be  defined  as  a  mass  of  protoplasm  with  its 
contained  nucleus.  It  is  found  by  experiment  that  if  a 
portion  of  the  protoplasm  be  separated  from  the  nucleus, 
it  may  still  respond  to  stimuli,  but  it  can  no  longer  as- 
similate food  or  repair  damage.  It  has  lost  the  power 
to  perform  some  of  the  essential  vital  functions.  Like- 
wise a  nucleus  deprived  of  its  surrounding  protoplasm, 
or  cvtoplasm,  is  incapable  of  continuing  life.  Thus  we 
are  led  to  regard  the  cell  as  the  unit  organism,  and  its 
structure  as  a  fundamental  characteristic  of  the  living 
substance. 

As  to  the  ultimate  structure  of  protoplasm,  there  has 
been  great  diversity  of  opinion.  The  best  view  appears 
to  be  the  one  recently  expressed  by  Wilson,  that  in  its 
simplest  form  the  structure  of  the  protoplasm  is  like 
that  of  an  emulsion,  in  which  the  continuous  substance 
is  the  active  living  material,  and  the  inclusions,  ranging 
in  size  from  the  largest  yolk  granules  to  bodies  at  the 
limit  of  microscopic  vision,  are  passive  materials  in  vari- 
ous stages  of  metabolism.  But,  superimposed  upon  this 
vesicular  structure,  there  may  be  also  a  fibrillar  structure 
(see  Olf).  It  may  be  nottni  that  while  the  complex  or- 
ganization of  the  cell  is  characteristic  of  the  living  sub- 
stance, the  more  minute  vesicular  structure  of  protoplasm 
has  been  shown  by  Butschli  to  have  an  analogy  in  the 
structure  of  certain  inorganic  colloidal  substances. 

(4)  Chemical  Composition. — It  is  in  their  chemical  com- 
position that  Verwom  finds  what  he  regards  as  the  one 
fundamental  character  that  all  animals  and  plants  have  in 
common  and  that  distinguishes  them  from  all  other  bodies. 
This  characteristic  is  the  possession  of  a  class  of  highly 
complex  compounds  of  nitrogen,  carbon,  hydrogen,  oxy- 
gen, and  sulphur  known  as  the  proteids.  Both  fats  and 
carbohydrates  also  occur  very  generally  in  animals  and 
plants,  and  with  the  proteids  form  their  chief  constitu- 
ents. That  all  three  classes  of  compounds  are  found  in 
the  living  as  well  as  in  the  dead  cell  is  shown,  according 
to  Verwom,  by  "a  careful  comparison  especially  of  the 
solid  bodies  that  may  be  found  as  reserve  substances  for 
a  time  unchanged  m  the  living  cell,  with  the  corre- 
sponding substances  of  the  decS  cell."  Nevertheless, 
there  are  differences  between  living  and  dead  protoplasm 
that  show  that  death  involves  a  chemical  change.  In 
the  first  place,  living  protoplasm  usually  has  an  alkaline 
reaction  or  is  neutral,  while  dead  protoplasm  is  generally 
acid.  Then  there  are  certain  proteids  that  are  fluid  in 
life  and  coagulated  at  death.  The  difference  is  again 
shown  by  the  effects  of  diamid  and  hydroxylamine. 
These  substances  are  strong  poisons,  that  is,  they  destroy 
living  protoplasm,  producing  presumably  substitution 
products;  but  thevhave  no  effect  upon  dead  protoplasm. 
Moreover,  while  alive,  protoplasm  is  continually  under- 
going change,  taking  up  oxygen  and  giving  off  various 
proflucts  of  metabolism,  but'when  dead  it  is  stable,  and 
under  certain  conditions  may  remain  unchanged  for 
years.  So  while  it  is  true  that  the  three  classes  of  com- 
pounds characteristic  of  dead  protoplasm  are  found  also 
in  that  which  is  living,  they  do  not  have  exactly  the 
same  chemical  composition.  'Tlierefore  a  chemical  analy- 
sis of  dead  protoplasm  will  not  reveal  the  exact  chemical 
constitution  of  the  living  substance. 

(5)  Origin. — Finally  tlie  living  substance,  whether  it 
be  animal  or  vegetable,  differs  from  all  other  substances 
in  its  mode  of  origin.  Other  chemical  compounds  may 
be  formed  anywhere  that  the  necessary  elements  are 
brought  together  in  favorable  combinations  and  under 
the  right  conditions  of  temperature,  solution,  etc.     We 
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know  uotliiiig  in  regard  to  the  conditions  under  wiiich 
living  matter  was  tii*st  produced,  and  we  are  equally  ig- 
norant as  to  what  future  discovery  may  bring  forth;  all 
we  know  at  present  is  that  the  living  substance  appears 
to  be  peculiar  in  that  the  only  conditions  under  which  it 
can  be  produced  are  those  found  in  the  living  organism, 
animal  or  plant  as  the  ciise  may  be.  Lifeless  material  is 
converted  into  living  substance  only  by  the  process  of 
assimilation.  This  takes  place  only  in  the  pres<'nce  of 
pre-existing  living  substance.  This  great  genemlization, 
called  bv  Huxley  the  doctrine  of  bit>qeneitiH,  is  due  to  the 
labors  of  Redi,  Pasteur,  and  their  succes.sors;  and  is  the 
fundamental  fact  upon  whicli  is  built  the  modern  prac- 
tice of  aseptic  surgery. 

Other  points  of  Agreement  h'tireen  Aiiimah  and  Plants. 
— If  the  fundamental  similarities  between  animals  and 
plants  that  liave  just  been  enumerated  are  not  deemed 
sufficient  to  establish  the  union  of  the  biological  sc^iences, 
we  may  seek  further  into  the  details  of  the  structure  and 
vital  processes  in  organisms,  and  there  we  sliall  find  still 
more  striking  evidence  of  their  es.sential  unity. 

Not  only  does  the  definition  of  a  cell  as  a  mass  of  pro- 
toplasm surrounding  a  nucleus  apply  equally  well  to 
multicelhilar  animals  and  plants  and  to  the  unicellular 
organisms,  classed  by  Haeckel  together  under  the  name 
Protista;  but  we  find"  that  certain  details  of  structure  are 
always  found  in  cells  wherever  they  may  occur.  This 
applies  more  especially  to  the  nucleus,  which  ordinarily 
in  tlie  resting  condition  is  a  rounded  sac-like  body  sur- 
rounded bv  a  delicate  membrane.  Within  these  is  a 
structure  usually  described  as  a  reticulum,  but  more 
probably  an  alveolar  structure,  consi.sting  of  two  sub- 
stances, lifiiii  and  chromatin,  while  the  spaces  within 
the  alveoli  or  reticulum  are  filled  by  a  clear  nuefear  sap. 
Even  in  bacteria  and  other  micro-organisms  which  do 
not  possess  a  well-defined  nucleus,  gmnules  are  found 
scattered  about  in  the  cell  which  are  probably  chromatin. 

Cell  division  in  both  animals  and  plants  is  always  pre- 
ceded by  the  division  of  the  nucleus,  which  usually  takes 
place  by  what  is  called  the  indirect  method  {karyokine- 
m's,  or  mitosis).  The  essential  thing  in  this  methcwl  is 
the  exactly  equal  division  of  the  chromatin  (see  article 
Chromosome). 

In  both  animals  and  plants  increase  in  the  number  of 
individuals  may  take  place  by  three  methods  of  repro- 
duction— fission,  budding,  and  sexual  repnMluction 
{gnmogencsis).  Sexual  reproduction  differs  from  the 
other  modes  in  that  the  new  individual  arises  from  a 
cell  that  is  derived  from  the  union  of  two  cells  usually 
having  origins  in  different  individuals  (see  Sfjr). 

In  both  animals  and  plants  the  cells  that  are  to  take 
part  in  sexual  reproduction  undergo  a  preparatory  change 
which  results  in  a  reduction  in  the  amount  of  chromatin  ; 
and  even  in  the  unicellular  organisms  in  which  the  .sexes 
are  not  differentiated  a  similar  process  is  found  to  occur 
(see  Redurlion  JJirision). 

In  the  union  of  two  cells  to  form  a  germ  (oospore)  the 
essential  process  is  the  union  of  the  two  n\ulei.  While 
the  details  of  this  proerss  diiiVrin  ditTerent  species,  it 
alwavs  results  in  tlie  formation  of  a  nucleus  in  which 
the  chromatin  is  derived  in  exactly  cfjual  parts  from  the 
male  and  the  female  j)anrjt.  In  the  conjugation  of  the 
unicellular  oriranisms.  (vcn  where  there  is  no  \niion  of 
the  cell  bodirs,  there  is  formed  likewise  in  eac-h  individ- 
ual a  n«\v  nucleus  to  wiii<h  eaeji  one  has  contributed 
just  half  of  the  chroniatin  (see  /in/trff/zntfioh). 

Differentiation  of  stnietnre  goes  handin  Iwiiul  with 
divisi(»n  of  ]al)or.  It  may  occur  within  a  single  cell,  re- 
sulting in  the  spcciali/.ation  of  ililTcrcnt  parts  of  the  cell 
to  pert'oiin  diJTcn'iit  functions;  or.  in  multicellular  or- 
ganisms, it  may  caus<'  whole  cells  or  large  masses  of 
cells  to  (litTcr  from  others,  forming  tissu<'S  an<l  (»rgans 
for  various  functions.  In  both  animals  and  i)lants  the 
causesof  dilTcrentiation  mav  be  divided  into  two  classes. 
One  depends  upon  the  structure  or  chemical  r-omposition 
of  the  protoplasm  itself,  the  other  depends  upon  th<*  (  x- 
tx^rnal  conditions  surroimding  the  organism  (f^cr  J>ijf'( r- 
entiation). 


In  the  developing  organi.sm  differentiation  is  followed 
by  growth,  which  takes  place  according  lo  the  same  laws 
in  both  animals  and  plants  (see  Grottth). 

In  both  animals  and  plants  the  offspring  t<'nd8  to  re- 
semble its  parents  at  the  corresponding  stiigesof  growth. 
This  is  not  merely  the  result  of  development  under  similar 
external  conditions.  A  change  in  the  environment  will 
result  in  a  change  in  the  organism ;  but  you  may  change 
the  environment  as  much  as  you  plea.se  and  still  you 
cannot  cause  the  Q^fx:  of  a  star-fish  to  develop  into  a  .sea 
urchin,  or  rice  rersft.  Embryos  of  two  species  may 
be  reared  under  perftH^tly  identical  conditions,  yet  each 
one  will  come  true  to  its  kind.  This  tendency  among 
organisms  for  like  to  produce  like,  depending  upon 
something  in  the  structure  of  the  germ,  is  what  we  mean 
by  heredity.  The  researches  of  Galton,  Pearson,  and 
others  show  that  the  laws  of  heredity  among  aninmls 
apply  equally  well  to  plants  (.s<*e  Heredity). 

Finally  we  are  indebted  to  Charles  Darwin  for  the  dis- 
covery of  the  princii)le  of  natural  seleetion,  which  is 
equally  applicable  to  animals  and  plants  as  an  explana- 
tion of  the  phenomena  of  diversity,  or  the  origin  of 
species  (see  Erolntion). 

A  measure  of  the  advance  made  in  general  biology 
during  the  last  one  hundred  and  fifty  years  may  be  ob- 
tained by  comparing  such  a  list  of  the  similarities  of  ani- 
mals and  plants  as  tliat  given  in  the  preceding  paragmphs 
with  the  di.scussion  of  the  same  subject  to  be  found  in 
the  second  part  of  Bonnet's  "  Contemplation  de  la  na- 
ture," published  in  Amstenlam  in  1764. 

Divisions  of  Biology. — Biology  has  been  divided  into 
sul)ordinate  sciences  without  number.  For  example, 
we  have  carcinology,  the  study  of  crabs;  conchology, 
the  study  of  molluscs;  mycology,  the  study  of  fungi; 
recently  cytology,  the  study  of  cells,  etc. — each  separate 
group  of  organisms  or  organs  having  its  own  special 
''ology."  These  subjects  may  be  arranged  in  groups 
from  several  different  points  of  view.  The  biological 
sciences  may  be  divided  into  two  great  groups,  botany 
and  ZfMthxfy,  dealing  respectively  with  p&nts  and  ani- 
mals. Or  we  may  distinguish  i)etween  organi.sms  now- 
living  and  those  knowp  only  by  their  fos,sil  remains. 
Then  we  have  rerent  hiolofjy  an({  'palmtntoltHjy.  Again, 
fmm  normal  biology  we  may  separate  the  study  of  the 
abnormal  conditions  of  organisms,  patholog^f.  Finally, 
and  this  .seems  to  be  the  best  aimngement,  we  may  fol- 
low Huxley  and  divide  hiUogy  \\\\o  four  great  groups. 
— moi^pholofjy,  physiohxjy.  chort}logy,  and  n'ti<*lf)ffy.  The 
relations  of  these  sciences  are  exliibited  in  the  accom- 
panying scheme  (Fig.  481). 

Morpholtpffjf  (jtop^fi,  foiTu)  is  the  study  of  the  structure 
of  organisms.  It  includes  general  anatomy,  or  histoloffy, 
the  .study  of  the  microscopic  structure  of  cells,  ti.s.sues. 
and  organs;  anatomy,  which  may  Ik*  purely  descriptive, 
as  human  anatomy  ;  or  comparative,  when*  it  has  for  its 
aim  the  di.scovery  of  homologies;  ontogeny,  including 
embryology,  the  study  of  development  within  the  cg:g. 
and  the  study  of  post-embryonic  development  and  meta- 
morphosis. The  facts  of  anatomy  and  development  fonn 
the  basis  for  the  classificati«)n  of  organisms,  which  is 
treated  vnider  t'tjonomy. 

Another  branch  of  uu>Tpho]()}:y  \s jxithologiral  anaUnny, 
dealing  with  the  histology  and  gross  anatomy  of  disea.sed 
ti.ssues  and  organs.  Pidtrontolf»f/y  uwhulvs  the  mor|)hol- 
ogy  of  fossil  organisms,  althougli  this  tenn  is  generally 
restricted  to  the  morphology  of  fo.s.sil  animals,  while 
palaM)botany  is  used  for  plants. 

Phystftlogy  {oicTic.  nature),  on  the  other  hand,  has  to  do 
with  the  functions  of  organisms,  more  especially  the  ac- 
tivities of  the  cells,  tissues,  and  organs.  These  may  be 
divided  into  gmeratire.  including  the  i)henomena  of  re- 
production; suHti  ntatire,  including  digestion,  absorption, 
circulation,  and  the  complex  j)henomena  of  metabolism 
and  si'cretion  :  eolh  ratire,  including  the  relations  iH't ween 
stinndi  and  reacti«nis.  and  the  physiology  of  themuscular 
and  nervous  systems.  Tlu;  study  of  the  pert  urinations 
of  these  functions  under  disea.sed  conditions  gives  us 
paiholofjical  phyi^iology.     Partly  physiological  and  partly 
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morphological  is  the  stud;  of  tlie  pbpDUDiena  of  growth 
difiereatiatioQ,  henfdity.  and  variation,  TlicBe  Biibjects 
may  tie  classed  togetlicr  as  morp/iolagioil  plifftioloffy,  or 
eJeperimental  morptiologji. 

Choroloj^  {x/'ifio,  (Iwi'llJDg  place,  area  of  ilistributlou) 
is  a  term  iavcDted  by  Ht^kel  lo  luclude  ail  the  plic- 
Domena  of  distribution  of  organisms.  Tliesc  may  be 
studird  from  three  points  of  view,  ^eograpbical,  topo- 
grapliical,  and  geological,  the  later  giving  an  account  of 
UiG  au(?i«BBion  of  forms  in  geological  history. 

.Etiology  (aiTio'/jiyia,  giving  a  cause)  isa  term  long  used 
by  physicians  to  designate  the  study  of  the  causes  of 
dUease.     Originally,  however,  it  bad  u  broader  mean- 


the  jihyUigfiiy,  or  history  of  the  ctianges  which  the  vari- 
ous groups  of  animals  and  plants  liave  undergone  in  the 
ages  that  arc  past. 

Ptychviogy  and  weiology  are  not  usually  regarded  aa 
parts  ot  biology,  and,  as  Huxley  has  remarked,  the  biol- 
ogist has  already  quite  enough  to  do  without  including 
these  sciences  within  his  Held  of  study.  Nevertheless 
the  mental  activities  which  form  tlie  subject-matter  of 
psychology  are  after  all  only  certain  special  functions  of 
the  brain,  and  as  such  their  study  becomes  only  a  sub- 
division of  the  physiology  of  the  nervous  system' 

Sociology  likewise  deals  with  a  series  of  phenomena 
with  which  the  biologist,  as  a  rule,  has  nothing  to  do. 


-CTIOLOGY 

Fid.  181. 


tng, — the  study  of  causation  in  general.  It  is  in  this 
sense  that  Huxley  has  borrowed  tte  term  and  used  it  to 
de^gnatc  the  group  of  biological  sciences  which  have 
for  their  aim  the  vxplaiuilion  by  general  physical  laws  of 
the  origin  and  jireseut  nindition  of  living  l>eing8  upon 
the  globe.  This  includes  ftaUigy  (oixof,  household),  the 
science  dealing  with  the  total  relations  between  organ- 
isms and  the  surrounding  outer  world;  also  called  bio- 
nomics, and  including  most  of  what  is  popularly  meant 
by  natural  history.  The  facts  of  morphology,  phy^ol- 
ogy,  and  distribution,  us  well  as  those  of  ecology,  all 
contribute  to  the  theories  of  rmtation.  wheritby  it  is 
soueht  to  explain  the  ori^n  of  species;  and  from  the 
study  of  fossil  remains,  aided  by  eoniparative  anatomy 
and  embryology,  it  Is  possible  to  form  a  conception  of 


But.  on  the  other  hand,  the  relations  of  men  In  a  com- 
monweallh  do  not  differ  essentially  from  those  of  bees  In 
a  hive;  and  from  this  more  general  point  of  view  the 
study  of  these  relations  might  be  regarded  siniply  as  a 
special  branch  of  ecology.  Reberl  I'ayne  Bigeloa. 

IJTKKATUai. 

Tbe  lll««ture!  of  blokigr  <■  already  monnaua  utd  ti  growtng  larBn' 
every  Tt«r,  It  may  b«  hcII.  bowever,  Lo  mmttuD  tiere  a  few  iiadul 
worlu  u/  reIereiK«. 

For  ■  brlet  blstury  ol  biolcary  see  J.  A.  Thomson :  "  The  Sdeace  Of 
LKe."  IWB. 

Good  elPmrnUrr  tmtlsa  on  general  bfotoRj  are  Huxley  tod 
Martin:  "■•nrllralBlolngy":  T.J.  Porter:  "LemonKlnElemeDlHT 
HloLoiry  "  ;  aud  S(idtri><rli  and  WllwHi :    "  (i^nerml  Bldoiiy,"  lecooa 
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■Dd  Inberllaoati,"  Mcond  edition ; 


. ._  ,"  iwMid  edition,  pp.  a 

»  ue  HteKe  ue  nmnled  anoually  In  L'Aoti^  Blo- 
a  br  DMiKe.  P«rt«,  •lore  ISBfi:  sod  la  "  EreebnlMP  der 
.  .. ..^ __._.......„  ..  .........  u.  Hfj^ei  u,a  Bta^ 

BIOPLASSON— B  term  introduced  by  Elsberg  for  the 

Eroto plasm.  In  conacqueDco  of  tbc  obscrvatioD  of  the 
itcrceilular  biiiiges  by  wbU-h  the;  pnitoplasm  of  adiact-nt 
cells  U  in  many  tissues  connecled.  Ileitz.nmiiii  liaa  denied 
tbc  c.Kiateucc  of  cells  and  lias  asserti.-d  tliut  the  bmly  crm- 
sists  of  a  network  of  protoplasm.  ELsbcrg  adopted  this 
Btiange  tbeoryiuid  introduced  biupluBSon  for  protoplasm, 
K  term  which  it  is  nECesnary  to  note  only  liecaiiM  it  is 
used  byasmutl  circle  of  Ainerieaii writers.  Ilcilzmaun's 
theory  Ims  also  been  advocated  by  Adam  Sedgwicit,  who 
has  attempted  accordiDgly  to  revolutjoniiic  all  morpho- 
logical conceptions.  That  IIi-itzniaDn's  theory  is  HTone- 
ous.  on  account  of  its  evident  cxasgerulion.  lianlly  needs 
demonstnttiuo.  Tliat  fine  protopMHmrklic  bands  comicct 
the  adjacent  cells  of  certnm  tissues,  biitli  In  plants  and 
animals,  is  now  well  [MtabliKhl^d :  but  this  does  not  in  auy 
war  invalidate  the  cell  doctrine.  Even  if  it  were  true, 
which  it  is  not,  that,  as  lleiTzmann  apparently  daims. 
all  tissues  consist  of  a  network,  this  would  not  do  away 
with  cells  us  the  unit  of  organization,  Tliu  fatAl  objec- 
tion to  Heitzmann's  view,  however,  is  the  fact  that  Ihe 
ui.ioQ  of  cells  is  secondary,  for  during  the  se^^cntatiun 
of  the  ovum  the  cells  arc  romplelely  separated,  and  the 
connection  between  thetn  does  not  eiist  until  consider- 
ably later  in  the  course  of  development.  What  Ilcltz- 
mann   considers  as  primary  is   therefore  secondary    '  ' 

theory,"--' ' ' ' ' "  '  - '■' 

ogista. 


Elibeis :  Notice  ol  Uic  Bloplanun  tKcUlne.    Truu.  Amer.  Med.  Ann., 
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leof  the  genus  Bttiihi  (fam. 
R  species,  several  of  which 
I.SS  oiIutwLm'  Ht"-cifiiii,  the 

I  ii'  r I  -    I i:'.  h   (inrorrecllv 


I  I  Mil.!'  r<  I'   uiid  bos  long 
wilh  limt  of  winlcrgrecn, 


of  scvrml   Bpecit'S  is  ii<u'd  as  n  source  n 
;  whk'li,  like  tiiut  of  bci'chwiiotl,  is  rirli  ii 
Jlfii-ff  II.  Hu^nj. 


BIRCHDALE      SPRINGS.- .Mir 


Alumina II 

Oixuilc  miuer XI 

Total fi-Bt 

We  have  been  unable  to  obtain  information  relating  to 
the  present  elatus  of  these  springs.  They  were  formerly 
used  both  commercially  and  as  a  resort. 

Jama  K.   Crook. 

BIRTHS,  STATISTICS  OF.    &f,t  VUai  f^tUOa. 

BISKRA — a  place  of  growing  importance — is  situated 
on  the  outskirts  of  the  Algerian  Sahara,  at  an  elevation 
of  about  three  hundred  and  sixty  feet  above  sea  level. 
in  I,at,  85°  37'  N..  and  Long.  3'  23'  E.  !t  ronsisu  of  a 
union  of  several  villages  containing  in  all  eight  thousand 
inhabitants.  It  lies  among  plantations  of  dale  palmi 
and  everfcreen  trees,  with  gardens  and  squurea  coDtain- 
ing  tropical  plants  such  as  the  yucoi.  the  false  pepper 
plant,  the  fragrant  ^um  trees  and  palms.  Nearby  are 
mountains  rapped  with  snow  for  the  greater  part  o(  the 

S:vr,  and  to  the  south  the  limitless  expanse  of  Ihe  desert 
iskra  is  reached  by  steamer  from  A^rscilles  to  Algios 
in  twenty-six  hours,  and  by  rail  from-the  latter  place 
in  two  days.  One  can  break  the  joumej'  at  Constauline, 
which  is  about  lialf-way.  There  are  good  hotel  accom- 
modations, and  one  can  And  endless  diversion  in  tlx 
Oriental  life  and  scenes  of  tlie  various  tribes  which  col- 
lect here — the  shepherd  Arab,  the  Nomads,  the  Moor, 
and  the  African,  There  arc  also  lo  be  found  nuraeront 
remains  of  Roman  occupation.  The  water  supply  is  de- 
rived from  wells,  one  of  which,  in  the  great  mosque,  la 
said  never  to  be  dry.  According  lo  Weber  and  Foster 
<Alliutt's  "System  of  Medicine."  1896),  the  water  con- 
tains too  much  salt  for  drinking  and  for  certain  cooking 
purposes. 

The  cliTnat«  partakes  of  that  of  the  de»crt.  being 
warm,  dry,  equable,  sunny,  and  rather  bracing,  "It  U 
much  drierand  sunnier  tlmn  the  neighliorhood  of  Algien 
itself:  but  it  la  subject  to  violent  winds  which  foraayi 
together  may  prevent  outdoor  exercise "  (Weber  snd 
Foster).  The  season  extends  from  October  lo  April,  and 
Ihe  lemperaturc  for  these  months,  for  llw  vears  18S7to 
IHfll,  is  given  by  Hurabielle  ("Biskra,"  Piria,  1899)  u 
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II-  niinfiill  is  sltnost  nil.  and  tlie  ndalive  humidity 
1  he  very  «iiih11,  Wi'  have  (hen  at  Biskra,  durinj; 
ivitilir -;iM--i>ii   f.r  fniin  (Iclobcr  to  April  incluiiivt'.  1 

] r I'll!  h    ;i  mild  and  very  equable  tempi'ii- 

[1  I'  :i.  iiiul  almost  constant  sunshine 

r  •■  ■  I.     \lnrray,  "the  climate  Isdelicinui 

I'-  11  li.  |.  .1  Mlj.  I  i.L  one  does  not  find  n  more  agree- 
lciii|"nitiin-,  a  elcarcr  sky,  or  more  l>eauliful  vege- 
m."  Tlie  most  consideralile  drawbacks  are  the  hi|[li 
Is  from  I h(- south  and  west,  which  arefrvquent.  One 
nwever.  partiallv  proleclert  from  them  in  the  inleriof 
ic  oasis  l>y  Uii'  forest  of  date  palms,  which  covers  U 
of  twelfe  ihoiiauid  square  metres. 
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The  diseases  which  are  relieved  by  a  residence  in  this 
climate  are  certain  cases  of  pulmonary  tuberculosis,  al- 
buminuria, rheumatism,  neurasthenia,  climacteric  dis- 
turbances, etc.  There  is  no  evidence  that  malaria  exists 
at  Biskra. 

The  writer  would  acknowledge  his  indebtedness  in  the 
preparation  of  this  sketch  to  J.  Madison  Taylor's  article 
"Biskra,"  in  the  Ciimatolo^ist  for  1891;  to  "  Au  pays  du 
bleu,**  Biskra,  par  L'Abbe  Jean  Hurabielle,  Pans,  1899; 
and  to  the  article  upon  "  Climate  in  the  Treatment  of 
Disease"  in  Albutt's  ** System  of  Medicine,"  1896. 

Edward  0.  Otis. 

BISMUTH. — 1.  General  Medicinal  Properties  op 
Compounds  of  Bismuth. — Experiments  upon  animals 
have  shown  that  impregnation  of  the  blood  with  bismuth 
produces  poisonous  effects  generally  similar  to  those 
wrought  by  other  heavy  metals.  So  far,  however,  as 
concerns  the  compounds  of  bismuth  used  in  medicine, 
these,  if  pure,  can  be  given  with  great  freedom  without 
constitutional  disturbance — a  fact  commonly,  and  prob- 
ably correctly,  accounted  for  by  the  great  insolubility  of 
these  compounds,  by  reason  of  which  absorption  of  the 
mineral  is  both  feeble  and  slow.  Poisoning,  it  is  true, 
does  occasionally  follow  a  prescription  of  bismuth,  but  in 
such  cases,  when  investigation  has  been  made,  the  article 
dispensed  has  been  pretty  surely  found  contaminated 
with  arsenic,  a  contamination  dangerously  common  with 
the  poorer  grades  of  bismuth  subnitrate.  Locally,  solu- 
ble bismuth  compounds  are  astringent  and  irritant,  and 
the  insoluble  ones  soothing,  healing,  and  antiseptic.  But 
if  applied  abundantly  to  extensive  wound  surfaces,  the 
insoluble  compounds  are  capable  of  producing  constitu- 
tional effects — acute  stomatitis,  catarrh  of  the  intestines, 
and  nephritis.  Taken  internally,  bismuth  compounds 
allay  gastric  pain  or  nausea,  and  tend  to  check  diarrhoea. 

2.  THE  Compounds  op  Bismuth  Used  in  3Iedicine. 
— The  compounds  of  bismuth  official  in  the  United  States 
Pharmacopoeia  are  basic  bismuth  nitrate  and  carbonate, 
and  a  composite  scale  preparation  containing  the  citrate, 

Basic  Bismuth  Nitrate,  BiONOs.HaO. — This  salt,  the 
magistery  of  bismuth  formerly  so'called,  or  white  bismuth, 
is  official  as  Bismuthi  Subnitras,  Bismuth  Subnitrate.  It 
is  **a  heavy,  white  powder,  of  somewhat  varying  chem- 
ical composition,  odorless  and  almost  tasteless,  and  per- 
manent in  the  air.  Almost  insoluble  in  water,  and 
insoluble  in  alcohol;  but  readily  soluble  in  nitric  or 
hydrochloric  acid.  When  heated  to  120"  C.  (248"  F.), 
the  salt  loses  water  (between  3  and  6  per  cent,  of  its 
weight);  and  when  subsequently  heated  to  redness,  it 
evolves  nitrous  vapors,  leaving  from  79  to  82  per  cent, 
of  its  weight  of  a  yellow  residue  which  is  soluble  in  nitric 
or  hydrochloric  acid,  and  blackened  by  hydrogen  sul- 
]ihide.  When  brought  upon  moistened  blue  litmus 
paper,  the  salt  shows  a  slightly  acid  reaction  "  (U.  8.  P.). 
This  salt  should  not  be  prescribed  with  potassium  iodide 
nor  with  the  carbonates  of  the  alkalies.  Specimens  of 
poor  quality  are  apt  to  contain  variable  proportions  of 
arsenic,  even  enough,  it  may  be,  to  cause  distinct  poison- 
ing in  therapeutic  doses.  To  detect  this  contamination, 
treat  the  specimen  with  sulphuric  acid,  evaporate  to 
drj'ness,  dissolve  the  residue  in  hot  distilled  water,  and 
test  the  solution  by  Marsh's  t<?st  for  arsenic. 

Bismuth  subnitrate  produces  the  effects  of  the  insolu- 
ble bismuth  compounds  already  described,  and  is  the 
principal  medicinal  preparation  of  the  metal.  The  only 
peculiarities  of  its  action  are  the  production  of  a  garlicky 
odor  to  tlie  breath  of  the  taker,  and  a  blackening  of  the 
stools.  The  salt  is  given  internally  in  doses  of  wide 
ran^e,  from  0.30  gm.  to  2.50  or  even  4.00  gm.  (from  five 
grains  to  a  drachm),  taken  as  a  powder  or  suspended  in 
mucilage.  Externally  it  is  used  as  a  dusting  powder  in 
excoriations  and  sores,  or,  suspended  in  water,  ten- per- 
cent, admixture,  in  the  so-called  antiseptic  treatment  of 
wounds. 

Basic  Bismuth  Carbonate  (BiO)aC08.HaO.— This  salt  is 
official  as  Bismuthi  Subcarbonas,  Bismuth  Subcarbonate. 
It  is  "a  white,  or  pale  yellowish-white  powder,  of  some- 


what varying  chemical  composition,  odorless  and  taste- 
less, and  permanent  in  the  air.  Insoluble  in  water  or 
alcohol,  but  completely  soluble  in  nitric  or  hydrochloric 
acid,  with  copious  effervescence.  When  heated  to  red- 
ness, the  salt  loses  wat^r  and  carbon  dioxide,  and  leaves 
from  87  to  91  per  cent,  of  a  yellow  residue  which  is  solu- 
ble in  nitric  or  hydrochloric  acid,  and  blackened  by  hy- 
drogen sulphide  ^  (U.  S.  P.). 

Bismuth  subcarbonate  is  substantially  a  duplicate  of 
the  subnitrate  in  all  its  properties,  and  may  be  used  for 
the  same  purposes  and  in  the  same  manner  as  the  latter 
salt. 

Bismuth  Citrate,  BiC.HsO?. — This  salt  is  official  under 
title  Bismuthi  Citras,  Bismuth  Citrate,  solely  for  the 
purpose  of  making  the  next -to-be-named  compound.  Bis- 
muth citrate  is  made  by  boiling  the  subnitrate  in  a  solu- 
tion of  citric  acid.  It  is  "  a  white  amorphous  or  micro- 
crystalline  powder,  odorless  and  tasteless,  and  permanent 
in  the  air.  Insoluble  in  water  or  alcohol,  but  soluble  in 
ammonia  water,  and  in  solutions  of  the  citrates  of  the 
alkalies  "  (U.  S.  P.).  By  dissolving  this  salt  in  water  of 
ammonia,  filtering,  evaporating  to  a  syrupy  consistence, 
and  spreading  the  syrupy  fluid  on  glass  plates  to  dry,  a 
dry  film  breaKing  up  into  scales  is  obtained,  analogous  to 
the  scale  preparations  of  iron.  These  scales  are  official 
under  the  title  Bismuthi  et  Ammonii  Citras,  Bismuth  and 
Ammonium  Citrate.  They  appear  as  "small,  shining, 
pearly  or  translucent  scales,  odorless,  having  a  slightly 
acidulous  and  metallic  taste,  and  becoming  opaque  on 
exposure  to  the  air.  Very  soluble  in  water,  and  but 
sparingly  soluble  in  alcohol "  (U.  S.  P.).  The  compound 
should  be  kept  in  small  tightly  stoppered  bottles,  and 
away  from  the  light,  for  on  exposure  it  loses  ammonia, 
and  then  fails  to  dissolve  wholly  in  water.  The  chemical 
composition,  as  in  the  case  of  the  analogous  preparations 
of  iron,  is  obscure ;  some  regard  the  scales  as  containing 
a  true  double  citrate  of  the  bases,  and  others  consider 
them  as  a  mere  admixture. 

This  preparation  is  unique  as  being  a  soluble  com- 
pound of  bismuth.  It  is  used  internally  for  diarrhoea, 
and,  in  medicinal  dose,  proves  astringent  and  mildljr 
irritant.  The  dose  ranges  from  0.06  to  0.20  gm.  (gr.  i. 
to  iij.).  Edward  Curtis. 

BISMUTH,  POISONING  BY.— The  two  most  impor- 
tant compounds  of  bismuth  are  the  subnitrate  (basic 
nitrate,  magistery  of  bismuth)  and  the  subcarbonate. 
These  preparations  are  extensively  used,  in  doses  of  0.65 
to  3.9  gm.  (gr.  x.  to  Ix.),  or  more,  in  the  treatment  of 
diarrhoea  and  other  forms  of  intestinal  irritation.  The 
subnitrate  of  bismuth  was  considered  an  active  poison  by 
many  of  the  earlier  writers,  who  state  that  symptoms  of 
gastroenteritis  frequently  follow  its  administration  in 
doses  of  1.9  to  7.7  gm.  ( 3  ss.  to  ij.)  daily.  A  case  is  re- 
corded in  which  7.7  gm.  of  this  substance,  administered 
to  an  adult,  caused  severe  symptoms  of  irritant  poisoning, 
followed  by  death  on  the  ninth  day.  At  the  post-mortem 
examination  the  tonsils,  uvula,  pharynx,  and  epiglottis 
were  found  gangrenous;  the  oesophagus  and  stomach 
were  very  red,  and  the  whole  intestinal  canal  was  red, 
and  here  and  there  gangrenous,  especially  at  the  rectum 
(Christison). 

As  the  subnitrate  and  subcarbonate  of  bismuth  are 
used  very  freely  without  any  bad  results,  it  is  doubtful 
if  they  can  be  considered  irritants  even  in  comparatively 
large  doses.  The  best  authorities  of  the  present  day 
generally  agree  in  attributing  the  effects  noticed  by  the 
earlier  writ<?rs  to  impurities  in  the  drug  or  to  some  other 
cause.  The  preparations  of  bismuth  have  frequently 
been  found  to  contain  arsenic  in  the  form  of  arseniate  of 
bismuth.  Dr.  Ta3ior  found  arsenic  in  three  samples  of 
subnitrate  of  bismuth  out  of  five  examined  by  him;  Dr. 
Rogers,  in  eight  samples  out  of  ten.  Herepath  examined 
fourteen  samples  and  found  arsenic  in  all.  Salisbury 
found  arsenic  in  thirteen  samples  out  of  eighteen;  he 
also  examined  five  samples  of  the  subcarbonate  of  bis- 
muth and  found  arsenic  in  all. 

There  can  be  no  doubt  that  the  symptoms  produced 


Y61 


BlMtort. 
Blackberry* 


REFERENCE  HANDBOOK  OP  THE  MEDICAL  SCIENCES. 


by  subnitrate  of  bismuth  have  been  sometimes  due  to  the 
arsenic  which  it  contains,  as  in  the  following  cases:  A 
physician  liad  occasion  to  place  himself  upon  a  treatment 
of  subnitrate  of  bismuth.  After  a  day  or  two  he  noticed 
a  pufBness  about  the  eyes  and  gastrointestinal  irritation. 
These  symptoms  disappeared  when  the  use  of  the  bis- 
muth was  discontinued,  but  reappeared  upon  the  renewal 
of  the  medicine.  The  bismuth  was  found,  upon  analysis, 
to  contain  arsenic  (Fullerton).  Twenty-six  grams '(400 
grains)  of  subnitrate  of  bismuth  was  administered  to  a 
child  ten  months  old,  over  eleven  consecutive  days,  for 
a  moderately  severe  attack  of  inflammatory  diarrhoea. 
After  one  week  there  was  pufflness  of  the  limbs  and  face; 
the  child  became  severely  ill,  fretted,  moaned,  and  was 
very  restless;  the  diarrhoea  became  suddenly  worse. 
The  conjunctivae  were  slightly  injected,  the  tongue  was 
dry,  the  pulse  rapid,  the  skin  hot  and  dry.  There  was 
no  eczema.  The  urine  wtus  free  from  albumin.  The 
symptoms  disappeared  when  the  metlicine  was  discon- 
tmued.  The  bismuth  was  found,  upon  analysis,  to  con- 
tain 0.150  per  cent,  arsenic  acid.  Another  sample  was 
found  to  contain  0.240  per  cent,  arsenic  acid  (Underbill). 
This  is  the  largest  amount  of  arsenic  which  has  been 
found  in  any  of  the  preparations  of  bismuth,  so  far  as 
the  writer  has  been  able  to  learn. 

The  presence  of  arsenic  in  these  preparations  is  ex- 
plained by  the  fact  tliat  the  ores  of  bismuth,  from  which 
they  are  manufactured,  contain  arsenic.  The  processes 
employed  for  their  manufacture  are  intended  to  remove 
all  but  the  slightest  trace  of  arsenic.  Up  to  a  compara- 
tively recent  date  this  result  was  frequently  not  at  tamed. 
At  the  present  time,  however,  greater  care  is  taken  in 
their  preparation,  and  it  is  only  rarely  that  either  the 
subnitrate  or  the  subcarbonate  of  bismuth  is  found  to  con- 
tain more  than  the  merest  trace  of  arsenic. 

It  has  been  stated  that  subcarbonate  and  subnitrate  of 
bismuth  containing  0.129  per  cent,  arsenic  did  not  pro- 
duce symptoms  of  poisoning  when  administered  to  dogs 
in  doses  of  15  to  30  gm.  (Parral  and  Gktmier).  It  is  pos- 
sible, therefore,  that  the  bad  effects  which  have  been 
caused  by  these  preparations  are  to  be  attributed,  in  some 
cases  at  least,  to  other  causes.  Idiosyncrasy  has  been 
suggested.  Monneret  thinks  they  may  be  due,  in  certain 
cases,  to  an  exacerbation  of  the  trouble  for  which  the 
bismuth  was  administered.  It  has  been  suggested  that 
an  excess  of  free  acid  in  the  stomach,  or  acid  salts,  ad- 
ministered simultaneously  with  the  subnitrate,  may,  in 
some  cases,  have  converted  the  latter  into  a  soluble  poison- 
ous salt  of  bismuth.  Sobernheim  explains  the  poisonous 
effects  in  the  fat^il  cta.se  related  by  Christison,  by  suppos- 
ing that  the  bitartrato  of  potassium,  which  was  admin- 
istered with  the  su])nitmt('  of  bi.smuth.  converted  the 
latter  into  an  acid  nitrate,  whicliis  shown  by  experiments 
on  animals  to  bo  an  irritant  poison.  Ilerbelin  has  found 
considerable  free  nitric  acid  in  siibuitnite  of  bismuth. 
The  presence  of  this  acid,  or  of  the  normal  or  acid  nitrate, 
in  specimens  which  have  been  carelessly  prepared,  may 
also  explain  some  of  the  symptoms  which  hav(^  been  ob- 
served. Lead  has  been  detected  in  subnitrate  of  bismuth 
(Carnot,  Chapins,  I^iuossicr).  but  the  amount  was  small, 
and  it  does  not  appear  that  tlic  symptoms  which  have 
been  observed  in  anv  case  can  be  attributed  to  it.  It  is 
noticeable  that,  with  iin])roved  methods  of  manufacture 
and  irivater  care  in  carrvinir  them  out,  cases  of  poi.soning 
by  tliese  prei)arations  have  become  exeeedin<rly  rare,  if, 
indeed,  they  occur  at  all.  Xo  cases  laive  been  reported 
duriiii^  the  j^ast  few  years.  This  fact  tends  to  contirm 
the  belief  that  the  cases  which  have  been  rei)ortcd  were 
due  to  some  of  the  causes  which  have  been  mentioned, 
mther  than  to  any  direct  poisonous  action  of  the  prepara- 
tions themselves. 

Preparation^  of  bismuth  are  frc(iuently  administered  in 
the  treatment  of  i:asiro enteritis  caused  by  the  metallic 
irritants.  The  di.^covery  of  arsenic  in  the  subnitrate  of 
bismuth  thus  administered  has  been  sutlicient  to  invali- 
date the  results  of  the  chemical  analysis  in  certain  cases 
of  alleged  poisoin'nir  hy  arsenic,  in  which  the  amoiuit  of 
arsenic  detected  in  the  oi -^aus  was  small  (Rogers.  Hecse). 


The  attempt  to  account  for  the  presence  of  arsenic  in  the 
body  by  suggesting  that  it  may  have  come  from  the 
bismuth  administer^,  is  frequently  made.  It  is  impor- 
tant, therefore,  whenever  these  preparations  are  given  in 
cases  of  suspected  poisoning,  to  preserve  a  sample  for 
subsequent  analysis,  if  necessary. 

The  subcarbonate  of  bismuth,  if  pure,  is  undoubtedlv 
as  free  from  irritant  properties  as  is  the  subnitrate.  ft 
is,  however,  more  soluble  than  the  subnitrate,  and  is, 
therefore,  more  liable  to  become  converted  into  a  soluble 
salt  of  bismuth  by  the  acids  of  the  gastric  juice,  or  by 
acid  salts  if  these  are  administered  simultaneously  with 
it.  As  the  soluble  salts  of  bismuth  are  pK)isonous,  the 
subnitrate  would  appear  to  be  the  safer  preparation  when 
large  doses  are  to  be  administered,  or  when  the  adminis- 
tration is  to  be  continued  for  a  long  time. 

Under  the  name  "  pearl  white  "  the  subnitrate  of  bis- 
muth is  used  to  a  considerable  extent  as  a  cosmetic.  The 
subcarbonate  and  oxy chloride  of  bismuth  are  sometimes 
used  for  the  same  purpose.  There  is  no  evidence  to  show 
that  they  are  absorbed  through  the  skin,  or  that  they 
produce,  if  pure,  any  injurious  consequences,  aside  from 
stopping  up  the  pores  and  thus  interfering  with  the 
healthy  action  of  the  skin.  Bismuth  preparations  con- 
taining arsenic  or  lead  might,  however,  produce  injurious 
effects  when  used  as  cosmetics. 

Experiments  on  animals  show  that  the  soluble  salts  of 
bismuth  are  poisonous.  The  action  of  the  following 
salts  has  been  investigated:  the  nitrate  (Orfila),  the  citrate 
of  bismuth  and  ammonia  (St efano witch,  Lebedoff,  Feder- 
Meyer,  Mory),  the  acetate  (Bricka),  and  the  tartrate  of 
bismuth  and  potassium  (Rabuteau).  The  symptoms 
which  follow  the  administration  of  these  salts  do  not 
differ  materially  from  those  produced  by  the  metallic 
irritants  generally.  The  most  constant  post-mortem  ap- 
pearances are  inflanunation  of  the  stomach  and  intestines, 
and  a  moie  or  less  extensive  fatty  degeneration  of  the 
liver,  kidneys,  and  heart.  Lebedoff  states  that  the  gly- 
cogen disappears  from  the  liver  after  the  lonff-continued 
administration  of  the  citrate  of  bismuth  and  ammonia. 
The  red  blood  corpuscles  in  animals  poisoned  by  this 
compound  present  a  finely  granular  appearance,  and 
masses  of  small  free  granules  may  be  seen  in  the  serum. 
These  appearances  point  to  the  destruction  of  the  blood 
corpuscles  (Feder-Meyer). 

Abmrptian  and  Elimination. — When  subnitrate  of  bis- 
muth is  administered,  the  greater  part  is  separated  with 
the  fajces,  either  unchanged  or  in  the  form  of  sulphide. 
A  part  is  absorbed.     Orfila  detected  bismuth  in  the  liver, 
spleen,  and  urine  of  dogs  to  which  the  subnitrate  had 
been  administered.     Bergeret  and  Mayen^on  state  that, 
when  the  subnitrate  is  administered,  bismuth  can  always 
be  detected  in  the  urine  after  a  few  hours.     They  also 
detected  it  in  the  serous  exudation  of  dropsy.     Wheua 
few  grains  are  given  to  rabbits,  it  can  be  found,  in  fn)m 
twenty  to  thirty  minutes,  in  the  urine,  spleen,  bkxxi, 
and  muscles,  and  even  eight  days  aft<*r  the  administration 
it  can  be  detected  in  all  the  tissues.      The  last-named 
authorities  detected  traces  in  the  liver  and  kidneys  of  a 
man  who  had  taken  1  gm.  of  the  subnitrate  five  days  be- 
fore death,  but  they  failed  to  find  it  in  the  body  of  a 
woman  who  died  sixty -two  davs  after  the  ingestion  of  3 
gm.  (fiuotcd  by  H.  (-.  Wood,  Jr.). 

After  the  administration  of  the  soluble  Sidts  of  bis- 
nuith,  the  metal  has  been  detected  in  the  urine.  f<TC:es, 
sjiliva,  stomach,  liver,  spleen,  and  bones.  It  am  l)e  de- 
tected in  the  liver  many  months  after  the  last  administra- 
tion (Bricka).  It  is  eliminated  with  the  urine,  f^eees. 
and,  according  to  Dubinski,  with  the  stiliva. 

William  n.  Hilh. 

BISTORT. — The  rhizome  of  Polygonum  Bidorta  L 
(f a m .  / *<'l!f(lo II  (trt'fr) . 

The  rhizome  is  covered  with  roots.  It  is  as  large  as  the 
little  linger,  from  5  to  lo  cm.  long  (2  to  (J  inches),  sonie- 
wluit  tlattened.  transversely  wrinkled,  variouslv.  often 
exc(»ssively,  once  or  twice  doubled  upon  itself  like  the 
letter  S.     When  dry  it  is  hard  and  brittle,  dark  brown 
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Bistort. 
Blackberry. 


externally,  reddish  brown  within,  with  a  single  circle  of 
well-marked  woody  bundles;  taste,  astringent;  odor, 
slight. 

Chemical  Composition. — Galli-tannic  (twenty- one  per 
cent.)  and  gallic  acids,  starch,  and  less  important  sub- 
stances. 

Use. — Bistort  has  been  a  well-known  and  considerably 
used  astringent.  The  large  proportion  of  tannic  matters 
entitle  it  to  rank  high  in  this  rather  numerous  class  of 
medicines.  Of  course  it  is  vastly  exceeded  in  this  re- 
spect by  the  various  galls,  and  has  no  advantage  over 
the  tannic  acid  so  easily  prepai-ed  from  them.  It  is, 
therefore,  now  but  little  used.  It  has  also  been  employed 
as  a  source  of  starch. 

Dose,  1  or  2  gm.  (gr.  xv.  ad  xxx.). 

W.  P.  Bolles. 

BITTERSWEET.— DUIX3AMARA.  **  The  young  branches 
of  Solanum  Dulcamara  L.  (fam.  Solanaceee)^  (U.  8.  P.). 
This  is  a  weak,  straggling,  half-woody,  hairy  perennial, 
its  stems  often  six  or  eight  feet  long  and  reclining  upon 
shrubbery.  It  has  alternate  leaves,  many  of  them  pin- 
nately  three  to  five  lobed  or  parted,  pretty  blue  star- 


Fio.482.— Blttereweet.  Plant  reduced  and  flower  enlarged.   (Balllon.) 

shaped  flowers,  in  small  cvmes,  and  bright  scarlet,  shin- 
ing, oval  fruits,  about  half  as  large  as  cranberries,  and 
somewhat  poisonous.  It  is  a  native  of  Europe  and  Asia, 
and  thoroughly  naturalized  in  this  country,  where  it  is 
abundant  along  streams  and  ditches  and  in  wet  pastures. 
The  Pharmacopa'ia  describes  the  drug  as  follows: 
"About  5  mm.  or  less,  thick,  cylindrical,  somewhat 
angular,  lon^tudinally  striate,  more  or  less  warty,  usu- 
ally hollow  m  the  centre,  cut  into  short  sections.  The 
thin  bark  is  externally  pale  greenish  or  light  greenish 
brown,  marked  with  alternate  leaf  scars,  and  internally 
green,  the  greenish  or  yellowish  wood  forming  one  or 
two  concentric  rings.  Odor  slight,  taste  bitter,  after- 
ward sweet.  ** 

Composition. — In  spite  of  a  great  deal  of  study,  our 
knowledge  of  the  composition  of  dulcamara  is  very  un- 
certain. Its  bitter  and  sweet  ta.ste  are  due  to  two  glu- 
cosides,  dulcnmarin,  similar  to  saponin,  and  jdcroglycion, 
besides  which  there  exists  a  body  called  mlanin  or  sola- 
nine.  The  latter  is  the  most  indefinite  of  all  the  constit- 
uents. It  is  said  to  decompose  after  the  manner  of  a 
glucoside,  with  which  it  is  classed  by  Merck,  yet  it  con- 
tains nitrogen  and  yields  salts,  like  the  alkaloids.  It  is  not 
even  known  if  it  be  identical  with  the  solanine  of  other 
species  of  the  genus.  For  a  full  account  of  solanin  see 
article  on  Potato,  under  Poimnons  PUinU.  Wax,  gum, 
starch,  and  resin  are  also  present. 

Solanin  exists  in  such  very  small  amount  as  to  con- 
tribute little  activity  to  the  drug,  which  has  been  used  in 
the  most  indefinite  way  as  an  alterative  and  tonic. 


Its  close  relation  to  a  number  of  deleterious  solanin - 
bearing  plants  has  made  its  reputation  suspicious,  but 
the  records  of  injury,  from  the  green  plant  even,  are 
very  few ;  from  the  dried,  almost  none.  A  large  quantity 
of  a  decoction  made  from  a  peck  of  the  stems  has  been 
taken,  followed  only  by  transient  numbness,  dryness  of 
the  mouth,  and  paralysis  of  the  tongue.  In  medicinal 
doses  it  can  scarcely  be  said  to  have  any  physiological 
action.  The  amount  of  solanin,  especially  in  old  stalks, 
is  very  small.  Given  in  copious  hot  decoction,  bitter- 
sweet is  probably  diaphoretic  and  diuretic,  and  is  still 
occasionally  used  in  chronic  rheumatism,  as  well  as  in 
psoriasis  and  some  other  chronic  skin  diseases.  Dose,  4 
to  8  gm.  ( 3  i.  ad  3  iv.).  A  fluid  extract  is  made  (Ex- 
tractum  Ihikamara  Flnidum,  U.  S.  P.),  but  an  extem- 
poraneous decoction  is  probably  a  iKJtter  form. 

//.  //.  Rusby. 

BITTERSWEET,  FALSE  OR  CLIMBING,  should  not 
be  confounded  with  the  above,  though  its  composition  is 
in  part  similar.  It  is  the  bark  of  CeUtstrus  acanden^  L. 
(fam.  Celastracta),  a  very  woody  twiner,  very  common 
in  many  parts  of  the  United  States.  This  is  the  ^  bitter- 
sweet "  whose  orange-colored  fruits,  after  bursting  open 
in  the  fall  to  display  the  handsome  scarlet -ari lied  seeds, 
is  largely  used  for  decorative  purposes.  Its  composition 
and  properties  are  even  less  known  than  those  of  the  last. 
Its  active  constituent  is  apparently  a  saponin -like  gluco- 
side, and  it  has  been  used  in  syphilis  and  hepatic  dis- 
orders. H.  JU.  Rufby. 

BLACK  BARREN  MINERAL  SPRING.— Lancaster 
County. 

Post-Opfice. — ^Pleasant  Grove.     Hotel. 

Access. — Vi&  Pennsylvania  Railroad  to  Columbia,  on 
the  Susquehanna  River;  thence  vi&  Columbia  and  Port 
Deposit  Railroad  to  Haines'  Station ;  thence  by  private 
conveyance  two  and  one-half  miles  to  springs. 

The  location  is  in  the  southern  portion  of  Lancaster 
County,  one  mile  from  the  Susquehanna  River  and  about 
three  miles  from  where  it  crosses  the  Maryland  line.  The 
springs  have  an  elevation  of  about  six  hundred  feet  above 
the  sea  level,  and  are  surrounded  by  &  picturesque,  un- 
dulating farming  country,  containing  varied  and  pleas- 
ing landscapes.  About  a  mile  to  the  south  is  an  exten- 
sive serpentine  ridge  known  as  the  "Black  Barren,"  from 
which  the  spring  receives  its  name  and  doubtless  its 
source.  An  analysis  of  the  water  by  Messrs.  B.  H.  Rand 
and  Charles  Cresson,  of  Philadelphia,  resulted  as  follows: 

One  UNrrKD  States  Gallon  Contains: 

Solids.  Grains. 

Sodium  sulphate 1.20 

Ma^esiuin  sulphate 3.24 

Silica  and  suspended  matter 1 .30 

Total 6.74 

The  water  appears  to  be  a  light-sulphated  saline.  A 
re -examination  is  desirable,  as  this  analvsis  is  evidently 
incomplete.  The  water  is  bottled  and  sold,  and  the 
spring  is  also  used  as  a  resort  from  May  to  October. 
The  water  is  recommended  in  renal  and  hepatic  disorders, 
dyspepsia,  and  rheumatism.  James  K.  Crook. 

BLACK   DEATH.    See  Bubo  PlaffV€. 

BLACKBERRY.— RuBUS.  "The  bark  of  the  root  of 
Rubiis  villosus  Ait.,  R.  Canadensis  L.,  and  R.  tritialis  Mx. 
(fam.  RosaceaY  (U.  8.  P.).  The  first  mentioned  of  these 
species  is  the  common  high-bush  blackbeny^  of  the 
Northeastern  United  States,  the  second  is  our  running 
blackberry  or  dewberry,  the  last  is  the  common  sand 
blackberry  of  our  Southeastern  coast  region,  and  this 
contributes  the  most  of  the  drug.  Experiments  with 
the  collecting  of  the  second-named  species  lead  the  writer 
to  doubt  greatly  that  it  can  be  collected  on  a  com- 
mercial scale.  The  operation  is  excessively  tedious,  and 
the  amount  collected  in  a  day  extremely  small.  Both 
the  others  are  collected  with  great  ease. 
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The  commercial  bark  is  of  a  ratUi-r  dark  gray  brown 
color,  aud  occurs  in  Blunder,  ratlicr  toiigli,  tiglilly  curved 
quills,  rarely  bo  thick  as  a  lead  jiencil.  witli  more  or  less 
adhering  rootlets.  Oecasionally  tliu  wood  la  contained  in 
tbeni,  but  they  arc  commonly  so  tightly  closed  and  cord- 
like tliat  they  appear  solid,  as  though  eonlaining  the 
wood,  when  id  reality  they  do  not.  The  bark  is  decidedly 
thick  for  so  small  a  quill.  Tlic  drug  has  little  odor,  and 
A  very  astringent,  slightly  bitter  taste. 

Riibua  contains  about  twelve  per  cent,  of  tannin  and 
nearly  oncper  cent,  of  tlie  bittergliicosidcTillosin,  whicli 
Is  soluble  in  alcohol  and  aliglitly  so  in  water.  Its  proper* 
lies  are  merely  astringent,  due  to  its  taunin.  Tbe  dose  is 
2  to  «  gni.  ( I  ss  10  ij.).  and  the  fluid  extract  is  oflleial. 
The  leaves  of  blackberry,  raspberry,  and  strawberry  are 
similarity  used.  They  combine  considerable  gum  with 
their  tannin.  U.  H.  Rutby. 

BLADDER.     (ANATOMICAL.)— The  urinary  bladder 

—  .    1.     .  .      I.   _..  gp,^  and  a  base  or  bas  fond. 

a  distmct  organ  on  ing  to  an 
arrest  in  the  dcvclop' 
ment  of  tlie  parts, 
wlicu  it  fonns  but  one 
cavit>    with    the   rec- 

doubie 

It  mn\  lioweier,  ex- 
tend in  a  constricted 
form  up  to  the  umbili- 
cus in  those  cases  of 
arrest  of  di.ielopmcnt 
in  which  the  unichus 
falls  to  tindergo  oblit- 
eration 

In  a.  general  way  it 
maj  be  said  that  when 
distended  to  its  full 
capacity  the  bladder  is 
about  tw  ice  as  large  as 
the  flst  of  the  subject. 
In  this  description  the 
organ  w  ill  be  supposed 
to  be  distended  to  its 
usual  capacity 

It  occupies  the  front 

fiartof  till  piKic  cav- 
tj  and  the  lower  part 
of  Ihi.  lit  pogaslnuiti. 

The  (Jirecuon  of  Its 
axis  Hint  IS  of  the 
hni,  extending  from 
the  a)H\  to  the  cen- 
tre of  thf,  bu.se.  is 
about  till  same  as  tlmt 
of  the  upiKT  fltrait  of 
iIk  |i(Ims  and  iherc- 
f  n  the  same  as  that 
of  till  bml}  and  neck 
of   the   finiale  uterus. 

„_.. .'  111.    dinction  of  tlie 

iji-iiiaiM  t  4  unHers  1,  ii-leai  ori  ni'(  k  Is  fiirnurd,  jiaral- 
£«''tK"U,r'i!;'i;S?S'theiirk  1' I  to  111.  line  of  the 
of  Ihi  iilHdirr  »  tiniiiuiDununi  a\iRiifth(  loutrslnilt 
iilmml  h)  Tl"  '*ill'*  t  llm  lircwlulh  oflllipilMi  Tlicline 
i.'''S,!S',V*ttH,m^t;'tR''2Il^ItiS     f"""  "«'  "I""  to  tlie 

_  Ic(     of     tlio    neck 

(»v|iirH|[iaii<lK    Unpen    wimid   l)c  n presi-nled 

.  i»  ni«»  of  (Ik- penl«    11      "*   "  ('""til  ""i'  tor- 

FPiHi^n  iKiniiin  ul  ibe  urethral  ranai     rtspondmg   to  the 

11.  N   ■'•>n»ra  niMiiKl  Rui     15,  Binm   (urn.d  a\is  of  thecav- 

iilMoTKnanl    IB  %she  (it  <iU(Tln    1       ,,.   „f  ,\,,   n.u.u 

Uma   nsMcuteHs     is   meuliu     10    '"™5'    ,.  Vi      ,    ,   ,j 

glsDB  i-eulH  TliL  liladdir  ii  lipid 

In  its  position  br  the 

I'oiinecl  I  >n  ( f  Its  n<  ek  n  itii  the  pih  14  Ihniugli  llii  sliort 

gllstf-nin^  Urns  of  Iihrous  iissui  called  the  ligament  of 

tlieliladdir    iil-ui  b\  tin  <  onncctii  n  of  the  apt  \  iMlh  the 

urachus  an  I   Ihi   umbilicus  opining      Tlie  ntlcelionof 
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the  peritoneum  from  the  abdominal  wall  to  the  rectum. 
alouK  its  posterior  surface  and  over  the  upper  part  of 
the  lateral  surfaces,  assists  in  keeping  the  orgKn  id  poai- 
tton.  The  bladder  is  also  supported  by  the  rectum  upoa 
which  the  base  rests.  Thus  fixed,  it  may  expand  and 
contract  more  or  less,  but  it  possesses  no  movement  ni 
its  entirely. 

Tlie  shape  of  the  organ  is  more  or  less  conical,  with 
the  base  situated  below.  Tbe  anterior  surface  is  in  rela- 
tion below  witb  tbe  posterior  surface  of  tbe  pubis,  voA, 


above  the  pelvis,  with  the  abdominal  walls,  i.t.,  wftb 
the  posterior  surface  of  the  rectus  abdominis  muscles.  Il 
is  almost  always  free,  in  tliis  locality,  from  peritonesl 
covering.  There  is  a  thin  layer  of  fat  between  the  wtlU 
of  tbe  bladder.  The  posterior  surface  ia  in  relation  iriUi 
the  peritoneum,  witli  coils  of  the  ileum,  and  wiih  tbe 
rectum.  The  jicritoneum  forms  there  the  reclo-veslcnl 
cul  de-sac. 

The  lateral  folds  of  this  recto. vesical  cul^le-sac  vt 
calli-d  by  some  the  posterior  ligaments  of  tlie  bladder. 
They  enclose  the  obliterated  hypogastric  arteries  and 
the  ureters.  The  lateral  surfaces  are  rovered  by  peri- 
toneum in  the  upper  and  postt-rior  half  and  are  I'lii'it  in 
rtdalion  with  the  coils  of  tlic  ileum.  But  the  lotrcrsnd 
auierior  half  of  these  surfiices  is  free  from  peritonpUB 
and  is  in  rx-lalicin  with  the  pelvic  areolar  tissue.  Tlie 
oblitcratwl  hypogastric  arteries  cross,  obliquely  down. 
ward,  the  lateral  surface:  the  peritoneum  does  not  Mtmd 
in  front  of  this  cord.  The  spermatic  <liict  cunes  lai't- 
ward  along  the  posterior  portion  of  the  lateral  gurftft. 
passing  on  the  inner  side  of  the  ureter. 

The  api'X  gives  attachment  to  the  urachus.  It  is  cov- 
ered willi  peritoneum. 

The  biise  Is  in  reliition.  on  the  middle  line  and  in  fmo'i 
with  the  priistate  and  iM'hind  with  the  niliim.  Od  Ibe 
side  it  is  in  relation  with  the  spermatic  duct,  seraioal  ved- 
cles.  and  tlie  ureters. 

The  bladder  is  of  a  white  flesh  color.  It  is  a  resisiut 
organ;  it  is  contractile.  It  presents  first  a  [leritoiii'sl 
coat  which  invests  only  its  apex,  its  posterior  surfaf, 
and  the  upper  part  of  tiic  lateral  surfaces.  Tlie  anicrinr 
surfai'e.  Hie  lower  pait  of  the  lateral  surfaces,  Ibeba*, 
and  the  neck  are  entirely  free  from  peritoneum. 

The  second  coat  is  a  muscular  coat  composed  of  ilur* 
layers  or  sels  of  fibres.  The  superficial  (ibres  are  fonned 
of  longiiiuiinal  lihres  and  are  composed  of  three  ptiup* 
The  upper  group  comes  from  the  urachus  aud  sptml 
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over  the  apex  of  the  bladder.  The  anterior  group  comes 
from  the  pubis,  to  which  they  are  attached  by  glistening 
aponeurotic  fibres  called  the  ligaments  of  the  bladder; 
they  spread  over  the  anterior  surface.  The  posterior 
group  comes  from  the  base  of  the  prostate  and  expands 
over  the  posterior  surface  of  the  organ.  The  middle 
muscular  fibres  are  more  or  less  circular.  They  are  in 
greater  number  around  the  neck,  where  they  form  the 
sphincter  of  the  bladder  or  vesical  sphincter.  They 
form  a  sort  of  elliptical  sphincter  around  the  orifices  of 
each  ureter.  The  last  and  innermost  layer  of  fibres  are 
the  plexiform  fibres,  which  have  no  definite  direction. 
These  fibres  are  not  uniformly  distributed  over  the 
organ,  but  form  bundles  more  or  less  prominent  which 
cross  one  another  in  all  directions.  Some  of  the  bundles 
make  quite  a  projection  on  the  inner  surface  of  the 
bladder,  and  may  give  rise  to  small  pouches  or  alveoles. 
The  muscular  fibres  are  all  of  the  smooth  variety. 

Tlie  submucous  areolar  layer  is  marked,  but  presents 
nothing  special. 

The  mucous  layer  presents  nothing  of  interest  except 
at  the  base.  There  the  organ  presents  posteriorly  a  slight 
depression  called  the  bas-fond.  In  front  is  seen  a  triangu- 
lar surface  called  the  trigone;  it  corresponds  to  the  pros- 
tate. The  front  angle  corresponds  to  the  urethra,  and  the 
two  posterior  angles  to  the  openings  of  the  ureters,  re- 
markable for  their  slit-like  shape.  The  surface  of  the 
trigone  is  smooth,  and  there  the  submucous  layer  is  scanty 
and  the  mucous  membrane  is  adherent  to  the  subjacent 
muscular  tissue. 

The  mucous  membrane  is  continuous  in  front  with  that 
of  the  urethra,  and  behind  with  tliat  of  the  ureters. 

The  exact  nature  of  the  glands  which  secrete  the  mucus 
of  the  bladder  is  not  w^ell  settled  as  yet,  but  they  are  more 
like  single  racemose  glands  than  anything  else. 

The  bladder  is  provided  with  three  arteries  on  each 
side,  the  upper,  middle,  and  inferior.  They  are  derived 
from  the  internal  iliac. 

The  veins  are  specially  abundant  around  the  neck  of 
the  ori^n,  where  they  form  a  marked  plexus,  the  main 
formative  branch  of  which  is  the  dorsal  vein  of  the  penis. 

The  lymphfttics  open  into  the  pelvic  glands. 

The  nerves  of  the  bodv  of  the  bladder  come  from  the 
sympathetic.  Those  of  the  base  and  neck  come  from 
the  third  and  fourth  sacral  nerves. 

The  bladder  is  developed  from  the  cloaca,  i.e.,  the 
cavity  formed  by  the  terminal  point  of  the  primary  in- 
testinal cord  and  the  pedicle  of  the  allantois.  In  course 
of  development  there  is  thrown  out  a  transverse  partition 
which  separates  it  from  the  rectum,  and  the  pedicle  of 
the  allantois  becomes  obliterated  and  is  then  known  as 
the  urachiis. 

Peculiarities  op  the  Bladder. — The  bladder  is 
the  largest  of  all  cavity  organs  and  of  all  the  receptacles 
that  are  found  in  the  course  of  the  excretory  apparatuses 
of  the  organs  of  the  body.  It  corresponds  to  the  gall 
bladder  and  to  the  seminal  vesicles.  Together  with  the 
stomach  it  is  the  only  organ  that  is  susceptible  of  con- 
siderable enlargement  within  the  bounds  of  health. 

It  encroaches  upon  two  lar^e  cavities,  the  pelvis  and 
abdomen.  When  empty  it  is  flat  against  the  pelvis. 
The  difference  of  direction  of  the  various  axes  is  worthy 
of  notice.  The  organ  is  as  it  were  suspended  by  its  two 
extremities,  the  neck  and  the  urachus;  but  the  neck  is 
the  most  immovable.  The  urachus  recalls  the  pyramidal 
process  of  the  thyroid  lx)dy.  Upon  close  examination 
the  bladder  will  be  found  to  be  really  fusiform,  the  two 
pointed  extremities  corresponding  to  the  apex  or  urachus 
and  to  the  neck. 

The  absence  of  peritoneum  on  the  anterior  surface  when 
the  bladder  is  distended  is  the  reason  why  that  surface  is 
the  spot  chosen  when  it  is  desired  to  penetrate  into  the 
bladder.  The  relation  of  the  base  with  the  rectum  makes 
the  exploration  by  way  of  the  rectum  indispensable  in 
many  bladder  troubles.  The  presence  of  the  urachus  is 
noteworthy.  The  mode  of  attachment  and  the  fixed  char- 
acter of  the  neck  are  evidently  intended  to  direct  the 
action  of  the  fibres  toward  the  orifice  of  the  urethra. 


The  presence  of  three  muscular  coats  is  noticeable; 
so  also  IS  the  triple  origin  of  the  longitudinal  fibres,  re- 
calling the  similar  arrangement  of  the  longitudinal  fibres 
of  the  stomach.  The  sphincters  formed  by  the  outer 
fibres  around  the  neck  and  around  the  orifices  of  the  ureters 
are  to  be  noticed.  The  bundle  arrangement  of  the  plexi- 
form fibres  is  unique.  The  formation  of  alveoles  on  the 
mucous  surface  by  the  projection  of  these  fibres  is  an 
arrangement  worthy  of  notice. 

The  presence  of  the  bas-fond,  of  the  trigone,  and  of  the 
slit-like  orifices  of  the  ureters  is  peculiar,  and  so  also  is 
the  indistinct  character  of  the  glands  of  the  mucous 
membrane.  That  a  small  organ  Tike  this  should  be  pro- 
vided with  six  arteries  is  remarkable.  It  is  true  that  the 
organ  is  hollow  and  tliat  the  arteries  are  small.  The 
presence  of  an  abundant  venous  plexus  around  the  neck 
of  the  bladder  is  to  be  noted.  That  the  body  and  the  neck 
possess  each  a  different  nerve  supply  is  also  striking. 

The  development  of  the  bladder  in  common  with  the 
rectum  is  to  be  remembered ;  and  so  also  is  its  common 
development  with  the  allantois.  Arrest  of  development 
by  which  the  partitioning  of  the  bladder  from  the  rectum 
does  not  take  place  accounts  for  those  cases  in  which  a 
cloaca  persists  into  adult  life.  Failure  of  obliteration 
of  the  pedicle  of  the  allantois  explains  the  persistence  ot 
umbilical  fistula.  The  fact  that  the  bladder  is  developed 
separately  from  the  urethra  accounts  for  the  cases  of  un- 
perf orated  urethra  in  w^hich  the  development  is  arrested 
before  the  proper  time.  The  arrest  of  development  before 
the  abdominal  wall  is  closed  accoimts  for  the  cases  of  ex- 
strophy of  the  bladder.  In  fetal  life  the  bladder  is  dis- 
tinctly fusiform  in  shape. 

Owing  to  the  smallness  of  the  pelvic  cavity  in  the  child 
the  bladder  encroaches  at  that  age  more  on  the  abdominal 
cavitv. 

In  old  people  the  muscular  fibres  become  more  fibrous 
and  the  glands  secrete  more  mucus. 

The  bladder  of  the  female  is  said  to  be  larger  than  that 
of  the  male.  The  transverse  diameter  is  also  more  apt 
to  be  greater  than  usual  in  the  female  sex.  The  posterior 
surface  is  in  relation  with  the  uterus,  and  the  biise  with 
the  vagina.  The  reflection  of  the  peritoneum  from  the 
bladder  upon  the  uterus  is  called  Douglas'  cul-de-sac. 
It  extends  down  to  the  upper  part  of  the  posterior  wall 
of  the  vagina.  Edmond  Sovchon. 

BLADDER  AND  URETHRA  OF  THE  FEMALE, 
DISEASES  AND  INJURIES  OF.— The  mode  of  origin 
of  the  female  bladder  and  urethra  makes  them  liable  to 
developmental  defects;  their  sitution  in  the  pelvis  and 
their  rektion  to  neighboring  organs  may  influence  their 
size,  shape,  and  mobility,  and  may  render  them  specially 
subject  to  trauma  and  to  the  introduction  of  foreign  bodies 
and  infectious  micro-organisms.  Their  connection  with 
the  kidneys  and  ureters  subjects  them  to  the  ever-chang- 
ing character  of  the  excretion  from  those  organs.  FinaHy . 
the  nature  of  their  anatomical  structures  is  such  as  lo 
afford  a  favorable  starting  point  for  benign  and  malig- 
nant neoplasms,  with  or  without  inflammatory  condi- 
tions. Either  a  single  one  or  several  of  the  above  factors 
may  be  of  clinical  importance  in  so  far  as  they  possess 
the  power  to  modify  the  function  of  the  bladder  as  a 
reservoir,  to  quality  its  power  to  expel  its  contents, 
and  to  interfere  with  the  urethra  as  a  conduit. 

Developmental  Defects  of  the  Bladder  and 

Urethra. 

For  information  in  regard  to  the  nature  and  mode  of 
origin  of  these  the  reader  is  referred  to  the  article  on 
TeraUdogy  in  a  later  volume. 

Acquired  Deformities  of  the  Female  Bladder 

AND  Urethra. 

The  anatomical  relations  of  the  urethra  and  bladder  to 
the  pelvic  and  abdominal  viscera  subject  them  to  numer- 
ous changes  in  calibre,  contour,  and  position,  and  more 
or  less  seriously  affect  their  functional  activity. 
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Dilatation  of  the  Urethra. — The  lumen  of  the  normal 
female  urethra  differs  greatly  in  diameter,  varying  with 
age  and  social  condition,  whether  single  or  married,  nulli- 
para or  multipara.  An  imperforate  hymen,  vaginal 
atresia,  or  absence  of  the  vagina  may  lead  to  coitus  per 
urethram,  and  thus  ultimately  result  in  the  greatest 
possible  dilatation  of  the  whole  canal.  In  some  this 
condition  brings  about  complete  inability  to  retain  urine ; 
in  others  the  disability  is  only  partial,  manifesting  itself 
during  coughing,  sneezing,  straining,  or  lifting ;  in  a  few 
cases,  finally,  the  control  remains  perfect.  The  condi- 
tion is  easily  recognized  by  the  readiness  with  which 
the  finger  can  be  introduced  into  the  bladder. 

forcible  Dilatation. — Kelly  emphasizes  the  fact  that 
**  with  the  cases  of  dilatation  of  the  urethra  where  a  large 
finger  has  been  bored  in  for  diagnostic  purposes  .  .  .  the 
extensive  rupture  of  the  muscular  fibres  is  then  followed 
by  an  incontinence  which  is  oft^n  permanent.  These 
cases  are  fortunately  becoming  rare,  as  this  barbarous 
way  of  examining  the  bladder  is  being  given  up.  With 
our  present  facilities  for  examination,  we  are  never 
warranted  in  introducing  the  finger  through  a  urethra 
which  is  not  already  dilated  so  as  to  admit  it  without 
resistance."  The  vestibular  end  may  be  distended  by  a 
cyst,  by  the  presence  of  pus  in  Skene's  ducts,  by  a  chan- 
cre or  chancroids  or  by  other  growths,  or  by  the  pres- 
ence of  foreign  bodies  within  the  meatus. 

Dilatation  of  the  middle  jx)rtion  of  the  urethra  (urethro- 
cele) is  the  commonest  form.  **The  anterior  (superior) 
wall  of  the  urethra  maintains  its  normal  position,  but  the 
central  portion  of  the  canal  being  distended  settles  down 
so  that  in  time  the  urethra,  in  place  of  being  a  straight 
or  slightly  curved  canal,  becomes  (nearly)  triangular:  a 
cavity  is  thus  formed  in  the  central  portion  of  the  ure- 
thra. Within  this  pocket  urine  may  collect  and  un- 
dergo chemical  changes ;  stones  are  liable  to  form  or  lodge 
therein  on  their  way  through  the  urethra;  and  new 
growths  may  be  arrested  or  may  develop  there,  inciting 
a  urethritis  and  causing  obstruction  to  the  outflow  of 
urine.  Dilatation  of  the  middle  thinl  is  most  likely  to 
be  confounded  with  thickening  of  the  urethro- vaginal 
septum  or  with  a  suburethral  abscess.  A  curved  sound 
passed  along  the  floor  of  the  urethra  will  enter  the  pocket, 
and  its  point  can  then  be  readily  felt  through  the  ante- 
rior vaginal  wall  which  will  be  of  normal  thickness. 
Pressure  upon  an  abscess  will  force  pus  into  the  urethra. 

Exrision  of  the  redundant  portion  of  the  middle  third 
can  best  be  accom])lished  after  the  method  of  Frank, 
who  places  a  small  catheter  in  the  urethra,  excises  a 
wed  ire-shaped  piece  from  the  urethro- vaginal  septum, 
includin.fi^  its  whole  thickness,  and  extending  from  the 
external  urethral  orifice  to  within  about  1  cm.  of  the  in- 
ternal orifice,  and  continuing  the  incision  as  an  ellipse 
al<)n«r  the  vaginal  wall  beyond  the  neck  of  the  bladder. 
The  whole  wound  is  then  to  be  closed  by  transverse 
sutures. 

"  By  tlatteninc:  the  outer  end  of  the  urethra  and  at  the 
winie  time  bending  it.  Pawlik  {Wien.  kJin.  Woch.,  1883, 
No*i.  '2.")  and  2(3)  relieved  several  patients  of  incontinence. 
Ills  plan  is  to  draw  the  orifice  of  the  urethra  well  for- 
ward t(>ward  the  clitoris  and  sharply  to  one  side;  then, 
inarkinirthe  point  on  the  side  to  which  it  could  be  drawn 
without  excessive  traction,  a  narrow  denudation  about  2 
cm.  (tlirce  fourth  inch)  long  is  made  in  the  sulcus  and 
sutures  [»as.<;ed  to  hold  the  urethra  in  that  position.  After 
a  week,  when  the  sutures  are  removed,  the  other  side  of 
the  urethra  is  drawn  upward  and  outward  in  the  same 
niann<'r.  and  thesulcuson  that  .side  denuded  and  sutured. 
By  this  means  tlie  urethm  receives  a  sharp  bend  forward 
and  the  post*  rior  wjill  is  stronirly  flattened  against  the 
anterior  hv  traction  on  both  sides'"  (Kelly). 

Gersuny  {<\utrnlhLf.  Chir.,  1SS9.  p.  rX\)  dis.sected  out 
the  whole  urethral  canal  as  far  as  the  n(?ck  of  the  bladder, 
twisted  the  urethra  one  and  a  quarter  times  on  it.sclf, 
formed  a  series  of  spiral  folds,  and  then  sutured  the  canal 
in  this  position. 

DiKJitrntio)!  of  (he  Urethra. — The  ])rotccted  position  of 
the  urethra  under  the  pubic  arch,  and  its  dense  fibrous 


attachments,  tend  to  prevent  injury ;  yet  in  spite  of  the«e 
conditions  dislocation  is  one  of  the  anections  frequently 
met  with  in  women  with  relaxed  pelvic  floors,  lacerated 
perineum  and  uterine  displacement,  conditions  which 
are  often  associated  with  rectocele  and  vesicocele.     Under 
these  conditions  an  examination  reveals  the  fact  that  the 
whole  urethra  has  been  displaced  outward  and  forward, 
having  rotated  around  the  symphysis,  assuming  nearly 
a  U  shape.     In  other  cases  the  upper  portion  of  tne  canal 
with  the  base  of  the  bladder  descends,  the  lower  section 
remains  in  situ,  converts  the  urethra  into  an  S-shaped 
tube,  and  renders  the  introduction  of  a  catheter  somewhat 
difllcult.     When  associated  with  complete  prolapse  of  an 
hypertrophied  cervix  uteri  the  whole  urethra  lies  outside 
the  vulva.     The  presence  of  large  subperitoneal  or  intra- 
ligamentous tumors,  or  the  existence  of  a  full  bladder 
during  pregnancy  or  labor,  may  draw  the  bladder  and 
urethra,  ch^ging  the  long  axis  of  the  latter  from  the 
horizontal  to  the  vertical,  and  often  rendering  it  very 
diflicult  to  introduce  a  catheter,  which  under  these  cir- 
cumstances should  always  be  of  soft  rubber. 

As  a  prophylactic  measure,  during  labor,  whether 
normal  or  instnimental.  the  bulging  mass  (anterior  cer- 
vical lip,  urethra,  or  both)  between  the  symphysis  and 
the  descending  head,  should  be  pushed  upward  behind 
the  symphysis  so  as  to  permit  the  occiput  to  descend 
under  the  pubic  arch. 

The  SYMPTOMS  of  dilatation  and  dislocation  of  the  ure- 
thra are  similar  to  those  of  other  urethral  diseases.  Dila- 
tation of  the  whole  canal  is  cliaracterized  by  complete  or 
partial  incontinence,  loss  of  control  on  lifting,  coughing, 
sneezing,  etc.  Dilatation  of  the  lower  portion  d«)es  not 
interfen;  with  function,  and  is  manifested  only  by  the 
symptoms  of  the  accompanying  urethritis.  Dilatation  of 
the  middle  portion,  like  dislocation  of  the  urethra,  adds 
to  the  symptoms  of  urethritis  the  need  of  making  an  in- 
creased effort,  as  in  overcoming  an  obstruction,  much 
less  marked  when  lying  down  than  when  urinating  in  the 
erect  position. 

The  DIAGNOSIS  is  made  by  the  use  of  the  curved  sound 
for  the  purpose  of  detemnning  the  exact  curve  of  the 
urethra ;  by  the  introduction  of  the  bulbous  sounds  or 
the  urethrometer  to  ascertain  any  variations  in  the  calibre 
and  the  portion  involved ;  and  the  use  of  the  urethroscope 
to  locate  the  seat  of  the  urethritis,  and  at  the  same  time 
to  facilit*ite  the  application  of  appropriate  remedies. 
The  finger  introduced  into  the  vagina  will  appreciate  any 
thickening,  the  presence  of  a  new  growth  or  foreign  b<xlT. 
and  the  point  of  greatest  tenderness. 

The  TREATMENT  of    dilatation   following  labor,  the 
recent  extraction  of  stone,  the  intrtxluction  of  an  insini- 
ment  or  finger,  consists  in  waiting  for  a  time  in  the  hope 
that  the  urethra  will  contract,  the  patient  being  kept  quiet 
in  the  mean  time,  and  vaginal  douches  being  administered 
from  time  to  time.     Urethral  dilatation  aird  dislocations 
other  than  the  acute  varieties  do  not  tend  to  spontaneous 
recovery,  but,  from  repeated  se.xual  contact  and  succeed- 
ing labors,  increase  in  size  and  importance.     In  chronic 
conditions  the  first  duty  is  to  remove  the  cause;  next, 
to  relieve  the  urethral  inflammaticm ;  and,  last  and  most 
important,  to  overcome  the  incontinence.     With  an  intact 
or  tinn  pelvic  floor  the  urethra  can  be  lifted  up  and,  to 
a  certiiin  extent,  compressed  by  a  well-fitting,  hollow- 
round,  funnel-shaped  ball,  or  by  an  Albert  Smith  pessary. 

Proldfyse  or  Emersion  of  the  Urethral  Mncom. — As  a  rare 
accompaniment  of  a  dilatation  of  the  external  urethral 
meatus,  the  mucous  membrane  of  its  low^er  third  becomes 
detached  from  its  submucous  connections  and  gradually 
protrudes  through  that  opening  as  a  pale,  deep  rcil.  or 
purplish  tumor.  As  it  increas<.*s  in  size  it  becomes  very 
sensitive,  and  o»dema,  ulceration,  and  sloughing  some- 
times intervene.  On  the  other  hand,  the  prolapse  may !« 
limited  to  one  side  and  may,  in  that  location,  resemble 
a  caruncle.  Eversion  is  an  afifection  incident  to  any 
age.  but  is  far  connnoner  in  young  strumous  ehiUiren. 
It^  ctioloijv  is  not  definitelv  known:  it  mav  follow  a 
bh>\v.  straining,  coughing,  or  ra{)e. 

Treatment. — In  a  recent  case,  cocainize  the  everted 
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membrane,  and  by  taxis  reduce  it  within  the  canal ;  keep 
the  patient  in  bed,  and  give  morphine  enough  to  prevent 
spasmodic  contraction  during  urination. 

If  reduction  cannot  be  maintained  or  proves  impossi- 
ble, cut  oflf  the  protruding  membrane  circumferentially, 
and  unite  the  edges  witli  fine  catgut  sutures.  ^  Catch 
the  edges  as  they  are  cut  to  prevent  inversion  and  exces- 
sive hemorrhage." 

CarUraction  of  the  urethra  in  any  portion  of  its  length 
is  considered  by  Skene  and  others  to  be  of  much  more 
importance  and  of  more  frequent  occurrence  than  is  usu- 
ally accorded.  Van  de  Warker  (Medical  News,  July  16, 
ISoT)  says  truly  that  **  the  lumen  of  the  normal  female 
urethra  is  not  the  same  throughout  its  length.  It  is  con- 
tracted toward  the  meatus,  expanded  in  the  middle  por- 
tion, and  narrows  again  as  it  approaches  the  bladder. 
The  use  of  the  urethrometer  proves  this.  One  must  not, 
therefore,  allow  error  to  occur  from  the  introduction  of 
too  large  a  bulb,  which  would  move  with  more  freedom 
at  one  point  than  at  another."  Van  de  Warker  believes 
that  urethral  strictures  are  both  as  frequent  and  as  impor- 
tant in  the  female  as  in  the  male,  and  he  u/gcs  the  impor- 
tance of  an  examination  with  bulbous  sounds  in  various 
urinary  difficulties  in  the  female.  Sometimes  the  con- 
strictions are  arranged  in  series,  and  bulbs  varying  from 
No.  24  to  No  27  will  slip  along  in  a  series  of  jerks  that 
offer  but  tlie  slightest  resistance  to  the  surgeon's  hand. 
More  commonly,  however,  one  or  two  of  these  bands  are 
found  located  at  the  upper  portion  of  the  urethra.  The 
sensation  of  meeting  one  of  these  bands  is  so  characteristic 
and  unmistakable  that  there  is  little  danger  of  error. 

Herman,  quoted  by  J.  W.  White,  reported  the  results 
of  his  examination  of  fifty-five  female  urethrse,  in  which 
cases  no  urinary  trouble  was  complained  of.  In  the  major- 
ity a  No.  17  catheter  would  pass,  and  in  all  but  two  a  No. 
14.  He  tabulated  six  of  his  own  cases  of  stricture  and 
collected  twenty-three  others,  and  found  that  etiologically* 
child-bearing,  the  cicatrization  of  chancres  (and  chan- 
croids), sometimes  the  so-called  lupus  of  the  vulva,  and, 
in  the  young  and  middle  aged.  gonorrhoBa  are  the  chief 
factors.  In  the  old  women  there  was  found  stricture 
due  to  general  fibrous  thickening  and  induration  of  the 
urethra,  occurring  without  any  history  of  gonorrhoea  or 
other  discoverable  local  disease. 

Contraction  of  the  meatus  extemus  (the  form  which  is 
most  frequently  observed)  is  either  produced  by  the  too 
liberal  use  of  caustics,  in  the  attempted  removal  of  new 
growths,  or  it  results  from  severe  vulvitis. 

Treatment  of  Urethral  Stricture. — "In  women 
it  is  not  safe  to  regard  every  case  of  urine  retention  as 
hysterical  until,  after  a  urethral  examination  by  the 
bulbs,  the  passage  is  shown  to  be  free  from  strictures, 
large  or  small "  (Van  de  Warker).  For  the  purpose  of 
dilatation  he  makes  use  of  the  graduated  steel  sounds, 
the  same  as  are  used  in  treating  male  strictures.  "  The 
action  is  twofold — to  dilate  and  to  cause  gradual  absorp- 
tion of  the  constricting  exudate.  In  strictures  of  large 
size,  forcible  dilatation  or  divulsion  may  be  used.  The 
treatment,  made  two  or  three  times  a  week,  extends  over 
a  considerable  length  of  time  (from  two  to  three  months), 
but  the  relief  given  to  the  patient  by  the  use  of  sounds  is 
very  satisfactory.  As  the  dilatation  of  the  urethra  which 
they  produce  is  no  more  important  than  the  absorption 
caused  by  their  use,  the  latter  implies  a  more  or  less  pro- 
longed treatment "  (Van  de  Warker).  He  believes  that 
any  one  can  verify  this  position  upon  the  living  subject 
by  the  habitual  examination  of  the  urethra  with  the  ex- 
ploratory bulbs  in  every  case  of  pelvic  disease  that  pre- 
sents itself  for  treatment. 

Herman  found  that  rapid  dilatation  was  so  successful 
that  he  preferred  it  to  any  other  method. 

Dislocations  op  the  Bladder. 

Certain  changes  in  the  position,  size,  and  relation  of 
the  pelvic  and  abdominal  contents  bring  about,  in  the 
bladder,  certain  changes  which  distort  that  organ  and 
interfere  with  the  performance  of  its  functions.     The 


bladder  being  hemmed  in  by  the  symphysis  in  front,  by 
the  uterus  and  broad  ligaments  behind,  and  by  the  small 
intestines  above,  it  is  not  surprising  that  its  transverse 
diameter  is  increased  at  the  expense  of  the  antero- posterior 
diameter.  In  extreme  distention  the  bladder  rises  verti- 
cally into  the  abdomen,  even  as  high  as  the  umbilicus; 
the  urethra  being  at  the  same  time  put  on  the  stretch. 
The  bladder  may  be  carried  upward  by  ovarian  tumora, 
fibroid  growths,  pelvic  neoph^ms,  intestinal  adhesions, 
the  anteverted  uterus  of  Alexander's  operation,  and  the 
pregnant  uterus.  The  laterally  displaced  bladder  may 
form  a  part  of  the  contents  of  the  sac  in  inguinal  or 
femoral  hernia,  and  it  has  been  found  pouching  into  the 
foramen  ovale.  Inflammatory  masses  or  large  growths 
on  one  side  force  the  bladder  in  the  opposite  direction, 
and  thus  lead  to  mistakes  in  diagnosis.  These,  however, 
can  easily  be  avoided  if  the  examiner  himself  passes  the 
catheter  in  every  case  in  which  he  is  called  upon  to  de- 
termine the  nature  of  an  abdominal  enlargement.  Ad- 
hesions between  the  fundus  of  the  bladder  and  a  uterus 
which  is  thrown  backward  will  drag  the  bladder  back- 
ward. Acute  retroversion  of  the  iit<^rus,  on  the  other 
hand,  throws  the  cervix  against  tlie  urethra,  causes  ob- 
struction, and  makes  urination  impossible.  Of  all  changes 
in  the  position  of  the  bladder,  downward  dislocation  is 
the  most  common  and  important,  often  taxing  to  the 
utmost  the  surgeon's  resources.  The  chief  etiological 
factors  are  those  which  bring  about  prolapse  of  other 
pelvic  viscera,  viz. :  the  general  lack  of  muscular  tone 
common  to  most  of  our  women,  with  relaxation  of  the 
pelvic  floor,  destruction  of  the  perineum,  malpositions 
of  the  uterus,  etc. — in  fact,  all  of  the  pathological  con- 
ditions which  involve  those  structures  included  by  Hart 
and  Barbour  in  the  **  displaceable  portion  "  of  the  pelvis. 

As  exciting  causes,  we  have  the  expulsive  efforts  of 
child-bearing,  defecation,  lifting,  and  violent  jarring. 

Downward  pouching  of  the  floor  of  the  bladder,  cystocele^ 
while  most  frequently  met  with  in  multiparse,  is  at  times 
found  in  both  young  and  old  nulliparse. 

Cystocele  presents  itself  as  a  soft,  round,  elastic  body 
projecting  into  and  distorting  the  vagina.  It  is  easily  re- 
placed, but  soon  returns,  and  it  is  enlarged  on  coughing, 
straining,  or  lifting.  In  severer  grades  the  bladder  can 
be  forced  through  the  introitus,  by  which  it  may  be 
constricted,  giving  to  it  an  hour-gla.ss  shape.  In  an  ex- 
treme case  of  cystocele,  the  vaginal  wall  with  the  blad- 
der, uterus,  and  rectum  is  extruded  through  the  vulva. 
Its  surface  then  becomes  cracked,  eroded,  ulcerated,  and 
very  sensitive;  the  uretera  are  dragged  down  and  bent  at 
an  acute  angle ;  the  outflow  of  urine  is  impeded,  and  dil- 
atation of  the  ureters  and  renal  pelvis  with  hydrone- 
phrosis intervenes. 

Extratersion  of  the  bladder  through  a  dilated  urethra, 
with  involvement  of  the  whole  thickness  of  the  bladder 
wall,  is  a  most  unusual  form  of  dislocation.  It  presents 
the  appearance  of  a  deep  red  or  purplish  tumor  emerging 
from  the  meatus,  and  very  sensitive  to  touch  and  on  con 
tact  with  the  clothing.  Careful  examination  may  deter- 
mine the  ureteral  orifices  within  the  furrowed  mass.  The 
inception  of  the  difllculty  may  be  due  to  torsion  of  a 
pedunculate  growth  which  arises  from  the  trigone  and 
makes  its  way  through  the  relaxed  meatus  intemus  and 
urethral  canal.  Under  repeated  straining  efforts,  more 
and  more  of  tlie  bladder  is  slowly  dragged  along  the  canal 
until  it  protrudes  from  the  meatus  extemus.  Infants  and 
young  children  are  the  most  frequent  victims,  while  those 
past  middle  life  rarely  suffer  from  this  form  of  dislocation. 

The  symptoms,  as  described  by  Skene,  are  as  follows: 
"  The  patients,  even  before  the  tumor  appeara,  feel  strong 
pressure  in  the  organ  on  urination,  and  may  have  stop- 
pages in  the  stream,  and  retention.  After  a  time  these 
symptoms  become  aggravated,  a  small  red  tumor  appeara 
at  the  meatus,  and  with  each  urination  enlarges.  In  some 
cases,  when  the  desire  to  urinate  is  felt,  severe  contrac- 
tion of  the  bladder  takes  place,  but  no  urine  flows.  Then 
suddenly  the  little  tumor  disappears  inside,  and  the  urine 
flows  freely.  With  each  appearance  of  the  tumor  there 
is  considerable  constitutional  disturbance,  and  after  a 
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lime  tile  uppetitt?  ia  Inst,  nni\  tbc  aulTi 
TBpltily.  From  cnntinuiU  tructinn  on  tlie  urptern  tNi-y 
nmy  become  Infiametl,  as  bIso  IIk'  kiilnej-B,  and  uncnuQ 
Hiipervenes,  Blood  is  »»inet)mea  puasul  wltli  tlie  uriiio. 
Cystitis  may  occur,  nliicli  incrcasca  tlic  BulTtTiog  unci 
d&uger.  Tlie  raumuH  niembiano  may  become  hyper- 
tropiiiHl.  cungestetl.  untl  even  (Filcmaloiis.  Tlic  cun- 
Btltulifinal  symptoms  tjear  no  relaliiin  to  tlie  amount  ol 
tissue  cxtruJeil  or  llio  area  of  mucous  surface  cuposetl." 

Tlie  DiA<iNoiii»  depciidii  upon  tlie  passage  of  a  sound 
Into  the  blatirter,  n-bidi  will  be  fiiund  abnormally  sliurl. 
At  tlie  itanic  time  it  will  lie  found  tlist  the  pediclu  of  the 
tumor-like  mnsM  is  made  up  of  the  base  of  the  blikddpr. 
The  urclcrs,  if  Incuteit  upon  the  mass,  will  confirm  the 
true  coTiiliiion. 

The  THKATUENT  of  lilttiUk-r  dislocations  calls  for  the 
Tcmoviil  of  ibecau!ic.  Ih<  it  the  Bcparalion  of  adhesions,  the 
removal  of  alwloniiiial  or  pelvic  tumors,  the  repair  of  the 
pelvic  floor,  or  the  TcjiliLccmeiit  aud  maintenance^,  in  its 
normal  poailion,  of  a  prolapged  uteruR. 

Tlieextrovcrtedliladdermustbereplaceil.  Anorsthetize 
tlie  patient,  place  tier  In  the  knce-brcnst  (Kelly)  position. 


tad  with  f^ntle  coniriresaiou  and  nuinipulation  : 

firolapsed  orjjou.     Place  the  patient  in  bed,  by  p   . 
yingupoD  tbealidomen  or  In  tlielslcnil  posit  ion.    Pack 


the  vagina  with  itcrilc  gauze  from  day  to  day  while  the 
patient  i^  in  bod,  and  insert  a  liullow-round  or  other  pes- 
sary whc-nltlHdeciiH.'dpnidentto  permit  the  patient  to  as- 
sume the  upright  posture.  If  the  bladder  iinilapses.  nar- 
row the  urethral  canal  a-i  In  the  trcatuient  of  dilatation. 


ANn  Atrophv  op 


nvp 

Il!ipi'ilf"p}iy  of  thebliiiMer  involves  chiefly  the  musciilal' 
Btriicture  mid  is  duo  to  the  presence  of  an  unnatural  slimii' 
lufl  In  rfinlniclirin,  Hui'h  as  the  pn-sence  of  foreign  bodies, 
ni.rip|:i-nw    I'.ilciiliia.  "r  nnv  iti"Mii=  hv  wliicli  llie  organ  fs 

3mi.rllr.li,.,  x,,-ii.  <..i,r.  „'il,  ,  rl,,M  W  I,,.,,  ihf  bladder 
"Willi  I-    ■■  ■   I  ■.■"■■■  'J  iti  hn«bec<ime 

diliLi,  ■ :.■.■■■  />,iiirrlivph/ ,' 

if  n,i.  k,  I.. 'I I 1  ■■■:.'-   !,',,■■  It r..,Ay.     The 

latter  is  iii^iinlly  nut  willl  in  tiilNTeiiluiis  cvstitia. 

Thickening  of  thi-  bliidder  wall  is  easily  recognized  hy 
Introducing  a  sound  Into  the  bladder  anil  estimating  the 
tliirkiiewi  hy  llie  hand  pinciii  upon  the  aUlomliial  wall, 
or  by  11"'  tiiiL'iT  iriiniilipciit  ihriinffh  the  vagina. 

"ii   I ,  ■Li,  ,1  ,1  ,  ,1   1 1,,   ,  ,1,-i  I  !!■  : iind  nfler  the  cystitis 

hiis  !"■,,.  ■  ,  (iitrir  lia.s  been  removed, 

111,,  iiv  I  ■  ■    .     i   ^  ■■   .    .     .     I  .      . 

.l/i"/,.'.  V  ••/  /■'■;  ■'  '■■■'  ;  111,,  1 1  y  pertrophy.  OTCUrs  less 
freqiicnil  y  ill  wiiiiiiiiili:iii  in  men.  and  most  often  after  tlie 
age  of  tlftv  years.  As  a  temporary  condition  it  follows 
extreme  distention.  It  is  always  ossocinti-d  witli  flKtula 
and  with  incontinence,  and  is  a  eomniiin  accompaniment 
of  tiin)i>r»  tliHi  [ircsa  ii['i>ii  the  bladder,  of  malforraalinns, 

nnd  i,r  li.>i,ini;,i  r ii.n.    If  a  deflnitc  cause  cnii  be 

friiiihi   ,  I..1  III  ilHise  iMitient-swbonreover  fifty 

yriir-  ,;ririsin.  dcHpite  tile  U8U  o(  tonlcB, 

t'll'lllUIH      ,1,        I  -  .  ;,ijii'  ili«!OUnigiug. 


Vk 


V(.  P.u 


Foreign  bodies  are  used  bv  women  and  cliildren  in  ttioir 
elTorls  to  relieve  itching  ilue  to  tlie  following  causes: 
pin-wortns  around  the  anus,  in  the  rectum,  in  the  vagina, 
or  bidden  under  tlie  clituris;  tissurc  or  flutula  in  uuo; 
vulvar  pruritus  in  diabetes;  and  irritating  vaginal  secre- 
tions. Libidinous  women,  in  order  t^i  gralify  a  natural 
po-ssion  by  unnatural  means,  intent ionully  or  unintention- 
ally intriKluec  pins,  pencils,  pamsol  handles,  catlu-ters, 
candles,  needles,  matches,  elass,  tooth-brush  liandles.  etc, . 
etc.  The  intro<luction  of  such  biKiies  is  fraught  witli 
danger  from  three  sources:  (a)  if  repeated,  the  pmcedute 
will  lead  to  dilatation  and  denudation  of  the  eanaU  (A)  if 
the  foreign  body  is  permitted  to  enter  the  bladder,  it  will 
carrry  with  it  infectious  micro-organisms,  which  an 
liable  tii  incite  cystitis:  (r)if  it  should  be  lost  in  the  blad- 
der, it  will  form  a  nidus  around  wliicli  calculous  depotdts 
take  place. 

Ciileuli. — As  the  nature  and  motlc  of  origin  of  vesienl 
calculi  will  be  treateil  in  detail  in  other  volumL'a  of  tbe 
Handbook,  no  further  mention  of  this  part  of  the  sub- 
ject will  be  requia'd  in  the  present  article.  The  treat- 
ment of  calculi  vrlU  be  dlscu^ed  in  a  Utcr  sectioii. 
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E  Bladder. 


Very  little  is  known  or  has  been  written  in  relation 
to  the  etiology  of  new  gniwths  of  the  bladder  and 
urethra. 

Age.—Ot  89  cases  of  papilloma  collected  by  F.  S.  Wat- 
son, 5B  were  males.  8(1  females.  Of  the  lutti,T  then;  were: 
between  1  and  2  years  of  age,  1  case ;  between  I"  and  40 
years,  17  cases;  over  40  yeais,  12  cases.  Of  100  coses  of 
carcinoma  in  both  sexes,  the  youngest  patient  was  SO 
years  old:  IS  cases  were  bitween  40  and  50.  and  the  rest 
were  over  SO  years.  On  the  other  baud,  of  20  cases  of 
sarcoma  collecteil  by  Hint  erst  oisiT,  the  youngest  was 
.under  2  years;  5  were  under  20 years;  3  were  between 
20  and  ao  years;  3  were  between  40  and  50;  6  were  be- 
tween GUan<l  00;  and4  were  over  60  years  of  age. 

*-.(■,— Tiiinors  Df  the  bhidrler  occur  less  frvquentlj-  in 
(»|i,«.  (ii,.  |iri-t"irii'in  being  aliout  2  to  8. 

■"  ■■'     ■  v-i  J Ill L-n>d  clinically.  lumora 

oi  me  I,     ■  .■  I   ,1    ■  ,,.■..  ,.1  ,[i-,  sessile,  or infillrat- 

iug  CI,'  i  ■,    I   ■    I-  (iiHpilloma,  flbroina. 

oderriNiii    i.,\  .,rii  I   <|. 11  :ir.|  In  ,liiiid  cysts) show  little 

or  no  ti'iiiliin'v  In  iuv  iiitc  siirl'ounding  tissue*,  this  lieing 
a  distinctive  feature  of  tim  malignant  varieties  (epitheliii- 
mata,  glandular  and  mixeil). 

It  is  ceroTMlly  HiTived  that  non-maltgnant  growths  ara 
more;  eiiiniiiiiTi  ilit.n  ilie  malignant  forms.  Of  ftlO  iiiscs 
givi'ii  li\  \\.r-,:i  ;;-"■  ..r  Wpcrcent.,  werobenigu.  "It 
isg'i"  I  ,1  <-f  Id-nigti  growths,  papilloma 

occin-^  I  iii'xt  in  order  is  myxoma. 

"Til,  ''  '  ■.  i,r  I ,  ,1.  ,il  tiimorsisshownbyFere'stahle. 
Analjirinfr  1(17  cwm-*.  y."i  involvtil  tlie  liase  only ;  13  the 
base  and  wall;  17  the  posterior  wall;  S  in  close  proximity 
to  the  h.ft  ureter.  B  the  right  ureter;  S  the  anterior  wall; 
I  the  anterior  sujierior  wall;  4  the  right  or  left  laterHl 
walls:  1  tliu  anterior  and  superior  wall;  IS  multiple,  and 
8  diffuse  tumors,  etc." 

Piiliilliirii  ti",i..rt  in  the  bladder  arc  met  with  us  pedun- 
cuhile,  tuftiHl  excrescences,  which  uiuy  be  eillier  lienign 

Ikiiinn  jmiiiUomnta  are  made  upon  a  framework  of 
connective  tissue,  more  or  less  nbiindaiit.  richly  siipplhiti 
Willi  lilooil-vessi-ls,  and  ciiven.tl  evervwhen'  wiUi  veaical 

ipiilieliiini,     Tliey  usually  haven  tufunl,  villous,  brunch- 


hy  II  iliiti  pclii'li,-  iitli-ri;  •^pniii,' sr|iamli'ly  or  in  i-lusiers 
dirirlly  Imm  ilie  mucous  memlirane,  in  ver>- delicnte. 
Ilirijiiilikc  |>ro)(  clions.  In  thcwssile  form  the  papil  lie 
nn'  aliurt  iind  iliiek,  and  clumiHsl  logether.  The  ]ie<licle 
VHrii's  in  leii;rlli  fivim  ii  frw  niillimctn's  to  3  or  4  cm. :  in 
thickness  it  may  be  a  mero  thread  or  1,  3,  or  3  cm.  in 
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diameter."  In  color  a  fresh  growth  generally  resembles 
the  inner  surface  of  the  lip. 

Fibroma  ;  Fibro-Papillomn. — It  is  in  this  class  of  neo- 
plasms that  the  connective-tissue  elements  preponderate. 
These  growths  are  less  common  than  those  of  the  former 
variety,  and  are  infrequently  met  with  in  women.  The 
pedicle  and  mucous  surface  arc  richly  supplied  with 
blood-vessels.  Myxomatous  degeneration  frequently 
intervenes. 

Malignant  PapiUomata. — "  Papillo-sarcomata  usually 
begin  as  benign  or  simple  fibroid  tumors  and  pass  over  to 
the  malignant  variety.  These  tumors  are  characterized 
by  a  dense,  fibrous  groundwork  of  very  irregular  growth, 
and  by  the  presence  in  this  groundwork  of  variously 
shaped  cells,  generally  arranged  in  different  groups.  In 
some  Uiere  are  small,  round  cells;  in  others  large,  irregu- 
lar cells.  The  surface  of  these  growths  is  covered  with 
columnar  epithelium,  resembling  that  of  the  normal  blad- 
der. The  one  feature  which  differentiates  them  from  the 
ordinary  papilloma  is  the  arrangement  of  the  ground  sub- 
stance, and  the  presence  in  it  of  the  irregularly  shaped 
cells,  which  do  not  belong  to  the  normal  tissue  on  the  one 
hand,  or  to  that  of  distinct  new  growth  on  the  other  ** 
(Gibbs  quoted  by  Watson). 

Adenoma. — The  deficiency  of  glandular  elements  within 
the  bladder  makes  the  occurrence  of  adenoid  growths  a 
rarity.  An  adenoma  is  sessile  or  pedunculate,  and  has 
a  smooth,  lobulated,  or  papillary  surface.  When  sessile, 
the  tumor  can  be  easily  enucleated  with  the  finger  with- 
out hemorrhage.  Kelly  mentions  a  case  of  papillary 
adenoma  that  was  removed  by  Kalteubach.  through  a 
vesico- vaginal  incision,  from  a  woman  forty-four  years 
old.  The  origin  of  this  tumor  was  traced  by  Professor 
Bostr5m  to  the  mucous  crypts  of  the  bladder.  Von 
Fritsch  has  also  described  a  fibroadenoma  of  the  bladder 
in  a  girl  three  years  old ;  it  was  covered  with  calcareous 
deposit  and  tilled  the  whole  bladder. 

Myoma. — This  is  one  of  the  rarest  forms  of  vesical 
tumor ;  it  is  made  up  of  hy  pertrophied  muscular  coat,  with 
more  or  less  connective  tissue,  and  is  covered  with  in- 
tensely congested  mucous  membrane.  These  growths 
vary  in  size  from  a  pea  to  a  child's  head,  completely 
filling  the  bladder.  They  may  project  into  its  lumen 
by  a  very  small  pedicle  or  be  attached  by  a  broad  base. 

Cyntit. — Follicular  cysts,  due  to  occlusion  of  the  mucous 
follicles,  are  met  with  occasionally ;  they  are  associated 
with  chronic  cystitis.  They  are  readily  opened  by  a 
spear-shaped  knife  or  by  the  sharp  point  of  a  scalpel. 
Dermoid  cysts,  as  primary  growths  of  the  bladder,  are 
almost  unknown,  but  ovarian  dermoids  have  been  known 
to  discharge  their  contents  into  the  bladder,  and  hair  be 
discharged  through  the  urethra. 

Malignant  ne/yplasms  of  the  bladder  originate  from  the 
connective  tissue  (sarcoma),  from  the  gland  tissue  and 
epithelium  (carcinoma),  and  from  degenerative  changes 
in  the  numerous  benign  growths  (myxoma). 

Carcinoma  originates  from  the  squamous  epithelium 
of  the  bladder,  (true epithelioma);  and  from  the  racemose 
mucous  glands,  (glandular-cell  carcinoma).  Both  these 
varieties  present  features  which  characterize  carcinoma 
in  other  regions:  they  extend  by  infiltrating  contiguous 
structures;  they  project  into  the  bladder  as  multiple 
nodules  or   disseminated    patches,  often    covered  with 

f)apillary  growths  or  villosities,  resembling  benign  papil- 
omata.  The  vesical  surface  may  be  covered  with  smooth 
mucous  membrane  or  it  may  present  a  raised,  rugged 
ulcerated  surface,  with  indumted  edges.  The  surroimd- 
ing  bladder  wall  (muscular  and  interstitial  coats)  is  con- 
siderably hypertrophied. 

The  disease  is  most  often  met  with  in  the  lower  third 
of  the  base  of  the  bladder;  it  tends  to  remain  confined  to 
the  bladder  wall  rarely  involving  neighboring  organs. 
According  to  Clado,  its  limitation  is  due  in  some  cases 
to  the  presence  of  a  layer  of  adipose  tissue  between  the 
cancerou s  base  and  the  sound  tissue  beneath .  Hoggan  ex- 
plains this  as  due  to  the  lack  of  direct  communication 
between  the  larger  portion  of  the  lymphatic  channels  and 
the  mucous  membrane,  and  he  thus  accounts  for  the  ab- 
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senceof  the  infection  in  neighboring  glands,  for  the  tardy 
extension  of  the  disease,  and  for  the  extraordinarily  long 
course  which  it  pursues. 

"The  carcinomatous  area  is  liable  to  inflammatory 
changes,  cystic  degeneration  on  its  surface  or  surround- 
ing wall,  interstitial  hemorrhages,  and  gangrene  in  in- 
fected cases." 

Sarcoma. — But  few  instances  of  connective-tissue 
malignant  neoplasms  of  the  bladder  have  Ix'en  recorded. 
**  Sarcoma  appears  about  one-third  oftener  in  women  than 
in  men,  at  almost  any  period  of  life  from  early  childhood 
up  to  fifty-nine  j^ears  of  age.  The  tissue  in  which  the 
neoplasm  takes  its  origin  is  probably  the  stroma  of  the 
mucosa,  which  ordinarily  contains  round  cells.  The 
tumors  arc  usually  multiple,  almost  always  sessile,  varj'- 
ing  greatly  in  size,  and  having,  as  a  rule,  a  smooth 
surface;  the  color  is  red,  violaceous,  or  even  blackish. 
The  parts  of  the  bladder  adjacent  to  the  base  are  usually 
infiltrated.  In  women  sarcoma  is  especially  prone  to 
extend  through  the  urethra,  and  appear  at  the  external 
orifice  "  (Kellv). 

Myxoma. — Myxomata  represent  the  degenerative  form 
of  neoplasms,  and  are  always  of  the  compound  variety  : 
commonly  fibro-sarcomata,  myxo-sarcomata,  or  myxo- 
fibromata.  "The  growth  is  composed  almost  entirely 
of  small,  round  cells  of  a  lymphoid  type,  embedded  in  a 
base,  homogeneous,  or  nearly  so,  on  the  surface,  but  be- 
coming more  and  more  fibrous  toward  the  pedicle,  until, 
at  the  lowest  part,  fibrous  tissue  forms  the  bulk  of  the 
growth"  (Watson). 

These  appear  most  often  in  children  as  single  or 
multiple  peaunculated  growths,  closely  resembling  nasal 
polypi.  They  are  first  noticed  as  protruding  from  the 
urethral  meatus,  or  as  having  been  expelled  therefrom. 
They  manifest  a  decided  tendency  to  rapid  return  after 
removal. 

Removal  of  Neoplasms,  Calculi,  and  Fokeion 
Bodies  from  the  Bladder. 

The  chief  indication,  when  the  presence  of  a  foreign 
body,  a  calculus,  or  a  new  growth  has  been  diagnosticat^, 
is  its  immediate  removal.  This  may  be  accomplished  (a) 
through  the  dilated  urethra;  (6)  by  colpocystotomy ;  (c) 
by  suprapubic  cystotomy;  (rf)  by  symphyseotomy ;  and 
{e)  by  cystectomy. 

In  selecting  the  mode  of  operating  heed  must  be  given 
to  the  size,  shape,  and  location  of  the  foreign  body,  or 
to  the  facts  whether  the  tumor  is  pedunculate,  sessile,  or 
infiltrating,  benign  or  malignant. 

(a)  Renumd  through  the  Urethra. — Small  calculi,  new 
growths,  and  other  foreign  bodies  which  are  not  too  large 
to  be  delivered  through  the  urethra  dilated  up  to  20  mm. 
are  suitable  for  removal  through  this  canal.  Simon  ad- 
vises nicking  the  posterior  wall  of  the  urethra  in  two 
places,  and  has  shown  that  by  gradual  dilatation  bv 
sounds  up  to  2  cm.  the  danger  of  incontinence  isavoidecl. 
Through  a  speculum  of  this  size,  delicate  forceps  or  the 
electric  wire  can  be  introduced  for  the  complete  re 
moval  of  pedunculate  growths  and  fragments  of  calculi. 

(6)  By  colpoeystotomy. — "  The  vaginal  route  is  bi^st  when 
a  limited  portion  of  the  bladder  wall  is  to  be  excised  with 
the  tumor.  It  is  easier  to  operate  in  this  way  upon  the 
upper  portion  of  the  bladder,  when  the  vaginal  outlet  is 
relaxed  and  the  anterior  wall  naturally  tends  to  drop 
down ;  it  is  awkward  and  diflflcult  to  operate  with  a  tight 
vaginal  outlet." 

"To  make  the  vaginal  incision  the  patient  is  placed  in 
the  left  lateral  (Sims')  position,  the  perineum  is  rc-tracted 
and  the  cervix  fixed  with  tenaculum  forceps;  the  base  of 
the  bladder  is  then  cut  through  on  to  a  sound  introduced 
through  the  urethra,  and  the  incision  enlarged,  if  need 
be,  forward  to  the  internal  orifice  and  back  to  the  cervix. 
The  edges  of  the  incision  are  now  drawn  apart  and  the 
foreign  body,  calculus  or  neoplasm,  already  located  cysto- 
scopically,  is  drawn  through  the  opening  mto  the  vagina, 
everting  with  it  the  contiguous  portion  of  the  bladder 
wall.    If  a  tumor,  occupying  but  a  small  space,  it  may 
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now  be  excised  piecemeal,  suturing  step  by  step,  and.  if 
the  bleeding  is  free,  tying  the  sutures  as  they  are  passed. 
If  the  area  of  excision  is  a  larger  one,  and  if  the  cut  goes 
deeply  into  or  through  the  bladder  wall,  it  will  be  best 
to  transfix  the  wall  in  several  places,  at  a  distance  from 
the  field  of  op^^ration,  to  hold  it  in  place  while  the  opera- 
tion and  suturing  are  going  on :  by  so  doing  the  great 
risk  of  hemorrhage  and  delay  from  the  open  wound  pull- 
ing back  into  the  bladder  will  be  avoided. 

**If  the  field  of  extirpation  lies  in  the  neighborhood  of 
the  intravesical  portion  of  a  ureter,  it  will  be  safer  to  in- 
sert a  bougie  beforehand  so  as  to  protect  it. 

"After  removal  accurately  close  the  opening  at  once, 
with  silkworm  gut,  including  all  the  layers  except  the 
vesical  mucosa.  Drain  the  bladder  for  four  or  five  days, 
and  primary  union  without  fistula  should  take  place:  in- 
opemble  malii^nant  di.sease  mav  neces-sitate  an  artificial 
fistula." 

(c)  Suprapubic  Route. — Hypogastric  cystotomy  is  in- 
dicated for  the  removal  of  an  extremely  large  stone;  it  is 
especially  suitable  for  children,  and  for  the  removal  of 
tumors  involving  the  extirpation  of  any  considemble  ix)r- 
tion  of  the  bladder  with  the  tumor. 

Having  filled  the  bladder  with  water,  an  incision  be- 
ginning at  the  symphysis  pubis  is  carried  upward  a  dis- 
tance of  from  5  to  8  cm.  (from  2  to  3  inches)  in  the  me- 
dian line  and  the  prevesical  space  exposed.  Care  must  be 
taken  not  to  enter  the  peritoneal  cavity,  and  the  perito- 
neum should  l)c  pushed  upward  to  avoid  infecting  that 
cavity.. 

Many  authors  lay  especial  stress  on  the  necessity  of 
avoiding  unnecessary  disturlmnce  of  the  prevesical  space 
and  its  fat.  As  a  means  of  avoiding  infection,  some 
prefer  to  displace  it  downward,  others  to  push  it  up- 
ward. 

Entrance  to  the  bladder  is  secured  by  a  vertical  in- 
cision, which  should  be  long  enough  to  afford  ample 
space  for  the  necessary  manipulations.  The  insertion  on 
either  side  of  a  heavy  silk  traction  suture,  passed  through 
the  substance  of  the  bladder  and  abdominal  wall,  will  ai<l 
in  lifting  the  organ  and  will  facilitate  access  to  its  deep- 
est recesses. 

Neoplasms  covering  a  considerable  superficial  area 
must  Iw  removed  by  careful  dissection,  including  the 
muscular  coat  if  that  portion  is  involved  by  the  disease. 
Nearly  the  whole  of  the  nmcous  membrane  can  be  ex- 
cised, and  if  strips  are  left  here  and  there  regeneration 
will  take  place  without  materially  interfering  with  the 
bladder  function.  Gu])s  in  the  mucous  membrane  should 
be  closed  up  by  continuous  catgut  sutures,  whenever  it 
is  ])ossiblc  to  do  so.  Sutures  at  the  base  should  be  tied 
within  the  bladchT,  those  at  the  fundus  on  the  outside: 
thev  should  not  include  the  nnieous  Tn<'inbrane. 

If  the  tumor  involves  one  of  the  ureteral  ()])enings, 
Kelly  reconunends  eutting  off  the  ureter  and  transplant 
ing  it  to  another  ])ortion  of  the  organ.  If  it  is  found 
impossible  completely  to  close  the  ]»ladd<'r,  a  gauze  drain 
must  be  inserted,  and  later  rejdaced  by  a  small  rul)ber 
tube. 

Ti'diisn  I'se  [nrixion. — Antal,  of  Buda-Pesth.  proposed  a 
transverse  incision  instead  of  the  perpendicular  one.  a( 
cess  to  the  hlachh'r  being  obtained  by  incising  the  wall 
layer  bv  layer.  This  mode  of  entrance  is  of  advantaire 
in  cases  in  which  the  peritoneal  fold  is  found  to  l)e  "low 
down."  lleUeiich  us<'s  the  cross  incision  in  i)reference 
to  the  vertical,  and  sometimes  adds  a  short  cut  in  that 
(lircciion.  thus  gi\ing  tr)  the  entire  incision  a  T  shape. 

((I)  SjiiupJnisintiniiii.  —  llelfrrich  has  used  and  recom- 
uicnd-"  I'oi' certain  cases  a  i)artial  resection  of  the  svni- 
I)hy>is.  as  alVonling  more  room  and  greater  facility  in 
rearhing  the  base  of  (he  blacUh-r;  but  this  method  is 
seldom  if  ever  re(|uinMl  in  the  female  subject. 

(»  )  ('!/}*tirt,,i,ii/.  —  ('((m|)l('te  remo\al  of  tlie  female*  blad- 
der has  biM-n  su( ccssfully  accom])lished  by  von  Ba- 
denhauer  four  times,  and  ])y  ]*aulik  once':  but  as  a 
rule  tlio^c  ill  need  of  so  radical  a  measure  an*  usually 
in  such  a  low  j)hysical  condition  as  to  prohiliit  such  an 
operation. 


Neoplasms  op  the  Urethra. 

New  growths  of  the  female  urethra  are  encountered  at 
all  periods  of  life.  They  appear  most  oft4?n  as  polypi, 
and  the  spot  from  which  they  originate  may  be  locited 
either  in  the  bladder  or  in  the  urethral  canal.  When 
they  originate  in  the  bladder  they  are  forced  down  by 
excessive  contractile  efforts  and  eventually  appear  at  the 
meatus  or  are  first  recognized  when  expulsion  takes 
place.  Others,  arising  from  some  portion  of  the  urethral 
tube,  lodge  therein,  and  are  expelled  in  the  same  way. 
The  large  majority,  however,  take  origin  at  or  just 
within  tlie  external  meatus.  The  marked  disproportion 
between  the  size  of  these  tumors  and  the  suffering  which 
their  presence  is  capable  of  inducing,  makes  it  imperative 
that  in  every  case  with  pain  or  discomfort  in  the  pelvis 
we  should  determine  the  exact  condition  of  the  urethra. 

Urethral  carunde,  papillary  polypoid  angionui  of  Skenr, 
the  most  painful  and  conmion  of  urethral  new  growths, 
is  found  at  or  just  within  the  meatus,  usually  attached 
by  a  slender  pedicle,  at  times  by  a  broad  base.  It  is  of 
a  bright  red  color,  spindle-shaped  or  sessile,  and  varies 
in  size  from  a  pinhead  to  a  hickory  nut.  It  is  composed 
of  connective  tissue  and  hypertrophied  papillae,  enclos- 
ing bunches  of  dilated  vessels,  and  covered  with  a  deh- 
cate  layer  of  mucous  membrane.  The  pain  and  suffer- 
ing induced  by  these  small  growths  are  at  times  so  great 
as  to  cause  loss  of  flesh  and  strength,  confine  the  sufferer 
to  bed,  and  make  life  a  burden.  In  other  cases  pain  is 
experienced  only  during  micturition,  but  the  act  is 
fraught  with  so  much  agony  as  to  compel  delay,  or  it 
makes  micturition  so  nearly  Impossible  as  to  induce  re- 
tention, relief  being  possible  only  through  a  catheter, 
introduced  when  the  patient  has  been  aniesthetized  by 
chloroform  or  ether.  Local  anaesthesia  or  any  attempt 
to  approach  the  external  genitalia  is  absolutcfy  refused 
by  the  patient.  Sensitive  girls  and  young  women,  from 
a  sense  of  false  modesty,  which  prevents  them  from  di- 
vulging the  seat  of  the  trouble,  are  the  chief  sufferers," 
and  it  is  not  a  rare  thing  for  one  to  break  down  under  the 
strain  ere  she  will  confess.  The  congestion  during  men- 
struation will  intensify  the  discomfort. 

Condylomata,  so  frequently  found  upon  the  external 
genitals,  may  invade  the  urethral  canal,  and  when  they 
are  of  recent  origin  they  closely  resemble  caruncles  in 
shape  and  color,  but  differ  from  them  in  being  insensi- 
tive, painles.s.'  Several  of  the  growths  are  usually  pn>- 
ent,  and  thev  mav  be  found  in  clusters  on  the  fioor  of  the 
vestibule,  invading  the  vagina  and  surrounding  the  anus. 
The  persons  thus  alTected  are,  as  a  ride,  imclcanly  women 
who  have  become  infected  with  the  gonococcusof  Xeiss»T. 
Condylomata  are  composed  of  a  tough  network  of  con- 
nective tissue,  with  dilated  capillaries,  covered  by  a 
more  or  less  dense  layer  of  epithelium,  the  thickness  of 
which  modifies  the  color  of  the  growths  from  a  bright 
red  to  a  whitish  hue. 

FihnniHtta  <if  the  urethra,  so-culled  urethral  polypi,  are 
connective-tissue  growths.  They  are  of  somewhat  rare 
(Kcurrence.  They  may  be  encountered  at  any  perifxl  «'f 
life.  A  fibroid  polyj)  the  size  of  a  fist,  attached  to  the 
inferior  margin  of  the  urethni,  was  removed  from  the 
vagina  by  Hoeniug  (/^<7V.  klin.   TIVW/.,  1869). 

)f>n'nuH  ('f/.y(M. — Cvsts  of  the  female  urethni  have  Ikhh 
found  in  a  ])remature  fo'tus,  and  at  all  ages.  "In  early 
life  thev  are  situated  in  the  meatal  portion  of  the  pji.^- 
sage,  but  later  in  life  near  the  vesical  neck.  They  aro 
usually  formed  by  the  occlusion  of  the  orifice  of  tlio 
nuicous  ducts,  an(l  in  some  cases  a  black  speck  upon  the 
surface  of  the  cvst  indicates  the  .seat  of  the  orifice.'' 

« 

Vurirtft:  Aiigiffiim. — Urethral  hemorrhoids  ap]H'aras 
bunches  of  worm-like,  irregularly  distended,  dark  blue 
or  bluish  re<i  v<'ins,  upon  the  floor  of  the  urethra,  at  any 
portion  of  its  length.  The  swelling,  which  is  at  tinu^ 
(edematous  in  character,  occludes  the  lumen  and  inter 
feres  with  the  outflow  of  urine.  Sometimes  rupture 
takes  phice:  the  blood  is  poured  out  beneath  the  muc«»us 
nuinbrane,  and  later  appears  at  the  meatus  asa  peduncu- 
lated mass. 
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Chancre  &Tid  chancroids  are  frequently  found  involving 
the  meatus  externus,  occasionally  both  varieties  at  the 
same  time,  and  coupled  with  gonorrha'al  infection. 
Chancre  presents  itself  as  a  liard,  indurated,  sometimes 
ulcerated  nodule,  upon  one  side  of  the  meatus,  or  ex- 
tending around  the  greater  portion  of  its  circumference, 
and,  if  neglected,  causes  destructive  sloughing  of  that 
portion  of  the  canal. 

"  Chancroids  of  the  meatus  pursue  their  usual  course, 
vesication,  pustulation,  discharge,  and  present  a  punched- 
out,  round,  irregular  or  ragged,  often  undermined  ulcer 
which  spreads  rapidly,  secretes  freely,  is  frankly  inflam- 
matory in  type,  and  exhibits  an  unhealthy  diphtheroid, 
worm-eaten  surface,  which  can  be  scarcely  confounded 
with  any  other  lesion  "  (Martin). 

Epithelioma  originating  within  the  canal  is  the  rara 
avis  of  the  urethra,  and  some  authorities  claim  that  it 
never  occurs  in  that  organ  other  than  as  an  extension 
from  the  bladder,  cervix  uteri,  vagina,  vestibule,  or  the 
clitoris.  The  writer  has  seen  three  cases  of  this  form  of 
new  growth,  which  involved  the  whole  lumen  of  the 
urethra. 

Sarcoma. — Kelly  was  able  to  find  but  four  cases  of 
sarcoma  of  the  urethra  on  record,  all  affecting  the  ex- 
ternal orifice:  Bei gel's  case,  a  woman  of  fifty  years;  and 
Ehrendorfer's  case,  a  woman  of  fifty-two  yeare;  Gala- 
bin's  case,  a  little  girl  of  three  years — myxosarcoma  of 
the  urethra;  and  Reed's  case  of  melano- sarcoma,  occur- 
ring in  a  single  woman  aged  sixty -four  years. 

The  SYMPTOMS  of  urethral  neoplasms  depend  upon  the 
size,  location,  and  sensitiveness  of  the  growth.  Small 
tumors,  other  thancanmcle,  give  rise  to  slight  irritability 
of  the  urethra,  with  a  tendency  to  frequent  micturition ; 
larger  growths  exercise  a  marked  influence  upon  the 
outflow  of  urine,  either  by  spasm  or  by  creating  an 
actual  obstruction  in  the  canal.  Ulceration  with  hemor- 
rhage, slight  in  amount  and  readily  controlled,  is  quite 
common.  Malignant  growths,  however,  break  down 
and  bleed  profusely;  sometimes  they  produce  marked 
anaemia  and  loss  of  flesh  and  strength.  The  pain  which 
is  incident  to  spasm,  and  which  is  aggravated  by  volun- 
tary or  involuntary  retention,  may  be  referred  to  the 
back,  sacrum,  hips,  thighs,  legs,  heels,  and  suprapubic 
region. 

Treatment  op  Urethral  Neoplasms. 

New  growths  in  the  urethra  offer  but  one  mode  of  treat- 
ment, viz.,  surgical  extirpation  of  the  most  complete  char- 
acter. Pedunculate  tumors  at  Dr  just  within  the  meatus 
can  readily  be  cut  off  with  scissors,  or  destroyed  by  the 
cautery,  or  ligated  with  silk  or  catgut.  Those  situated 
higher  up  within  the  tube  may  be  exposed  through  the 
endoscope,  caught  with  a  tenaculum  or  small  forceps, 
and  amputated  by  the  nasal  snare  or  electric  wire. 
Sessile  tumors  are  best  removed  by  the  knife  encircling 
the  base,  with  closure  of  the  gap  by  catgut  sutures. 
Multiple  small  growths  can  be  removed  with  a  sharp 
curette,  care  being  taken  not  to  destroy  the  mucous 
membrane  of  the  whole  circumference  of  the  canal,  for 
bj'  so  doing  stricture  might  follow. 

Removal  of  urethral  tumors  is  easilv  accomplished 
under  cocaine  anaesthesia.  A  cotton  applicator,  saturated 
with  a  ten-percent,  solution,  will,  if  placed  within  the 
canal  and  allowed  to  remain  there  for  five  minutes,  afford 
ample  an{i?sthetic  effect.  In  carrying  out  this  pr(K;edure 
the  patient  is  to  be  placed  in  the  lithotomy  position,  the 
bladder  is  to  be  emptied,  and  the  externargenitals  are  to 
be  thoroughly  scrubbed  as  for  any  other  operative  pro- 
cedure. 

Sessile  tumors  with  broad  base,  situated  high  up  within 
the  canal,  may  require  geneml  amesthesia;  and  it  may 
be  neces.sary,  before  they  can  be  reached,  to  dilate  the 
urethra  considerably.  It  is  in  this  variety  that  galvano- 
puncture,  repeated  at  intervals  of  from  seven  to  ten  days, 
has  proven  so  successful  in  destroying  these  tumors. 

Bleeding  after  removal  rarely  amounts  to  anything 
more  than  an  oozing,  but  if  the  scissors  are  used  to  re- 


move polypoid  growths  and  hemorrhage  is  active,  a  liga- 
ture must  be  applied. 

Caustics  for  the  ablation  of  neoplasms  do  not  seem  to 
affect  the  base,  recurrences  are  much  more  likely  to 
occur,  and  the  danger  of  stricture  is  one  not  to  be  over- 
looked. 

3ialignant  growths  which  do  not  involve  the  base  of 
the  bladder  can  be  removed,  with  the  larger  part  of  the 
vestibule,  and  the  labia  used  to  replace  the  deficiency ; 
but  in  two  cases  seen  by  the  writer,  incontinence,  with 
excoriation  of  the  genitals  and  thighs,  resulted,  and  gave 
rise  to  almost  as  much  suffering  as  that  caused  by  the 
growth.  Recurrence  took  place  in  both  cases  within  a 
lew  months. 

Injuiues  and  Inflammations  op  the  Bladder  Ain> 

Urethra. 

The  intimate  relations  which  exist  between  the  bladder 
and  the  urethra  on  the  one  hand,  and  the  rectum, 
vagina,  generative  organs,  parturient  canal,  abdominal 
cavity  and  kidneys  on  the  other,  render  the  former  espe- 
cially liable  to  injury  and  infection. 

Injuries. — Contusion  and  laceration  of  the  urethra  as 
the  result  of  rape,  attempted  or  accomplished;  violent 
or  too  frequent  intercourse;  intercourse  per  urethram ; 
the  intentional  or  unintentional  introduction  of  foreign 
bodies,  instruments,  or  the  finger;  prolonged  pressure  of 
the  oncoming  fetal  head ;  instrumental  labor,  especially 
if  a  calculus  lies  within  the  tube  or  the  lower  zone  of  the 
bladder;  the  introduction  of  a  hard  catheter  into  that 
organ — all  these  are  liable  to  produce  a  variety  of  dis- 
orders, and  to  be  accompanied  by  incontinence  or  par- 
tial or  total  inability  to  evacuate  the  urine.  Prolonged 
pressure  may  so  interfere  with  the  circulation  as  to  cause 
sloughing,  gangrene,  and  such  loss  of  tissue  as  to  impair 
the  structural  integrity  of  the  floor  of  the  urethra  and 
bladder.  Injury  of  so  grave  a  character,  if  associated 
with  infection,  tends  to  a  fatal  issue. 

6(morrh(ml  Urethritis. — The  introduction  into  the 
urethral  canal  of  the  gonococcus  of  Neisser  is  the  most 
frequent  exciting  cause  of  urethritis.  The  child,  during 
its  passage  through  the  birth  canal,  or  later  while  being 
bathed,  or  at  the  hands  of  a  careless  nurse  or  mother 
who  wipes  the  genitals  with  a  napkin  which  she  has 
but  recently  worn,  may  be  inoculated.  Infection  may 
also  be  conveyed  in  other  ways  too  numerous  to  be 
mentioned. 

GouorrliQ^al  urethritis  is  said  to  be  less  common  in 
women  than  in  men:  but  the  statement  must  be  accepted 
with  some  reserve,  as  the  difticulties  which  stand  in  the 
way  of  ascertaining  the  facts,  in  the  case  of  women,  are 
practically  insuperable. 

As  a  rule  the  acute  form  of  inflammation  begins  in  the 
vestibule  or  vagina,  and,  a  few  days  later,  invades  the 
urethra,  though  the  latter  may  be  the  primary  seat,  and 
rarely  the  only  point  of  infection. 

Attention  to  the  urethra  is  first  attracted  by  a  scalding 
sensation  when  passing  urine.  This  increases  in  intensity 
until  the  act  becomes  very  painful  and  ineffective.  It  is 
apt  to  be  followed  by  a  slight  discharge  of  blood  and  an 
intense  and  almost  constant  desire  to  urinate.  The 
meatus  is  covered  with  a  cream-like  or  greenish-yellow 
secretion,  very  acrid,  which,  if  the  vagina  also  is  invaded, 
excoriates  the  vulva,  thighs,  and  anus. 

Chronic  gonorrhcral  urethritis  represents  the  common- 
est form,  and  presents  characteristic  lesions  easily  noted 
through  the  urethroscope.  It  exists  in  two  forms,  de- 
scribed by  Kelly  as  follows: 

**  1.  The  diffuse  chronic  nrethntis  is  especially  apt  to 
follow  on  the  acute  when  located  in  the  anterior  part  of 
the  urethra.  It  is  marked  by  small  abscesses,  especially 
involving  Skene's  glands,  and  by  a  diffuse  chronic  swell- 
ing in  the  anterior  urethra,  'fhe  funnel  wall  in  these 
cases  is  thickened  and  pouts  into  the  speculum,  and  the 
central  figure  may  l)e  displaced  laterally.  The  vessels 
are  deeply  injected,  giving  the  mucosa  a  livid  color. 
The  mucosa  m  older  cases  presents  grayish  or  slate- 
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colored  patches,  2  or  3  mm.  in  diameter.  The  disease  is 
commonest  in  prostitutes. 

**Janovsky  states  that  diffuse  hyperplastic  processes 
extend  out  onto  the  submucosa  from  the  diseased  Skene's 
glands. " 

2.  Circumscribed  Chronic  Urethritis. — "The  subjective 
symptoms  of  circumscribed  urethritis  are  mostly  slight, 
often  amounting  to  nothing  more  than  an  itching  or 
burning  sensation.  The  discharge  is  thin  and  contains 
but  few  gonococci ;  when  the  disease  is  localized  in  the 
glands  it  is  known  as  gUnidular  urethritis  (Oberlander). 
Fatches  of  deeply  reddened  mucfisa  are  seen  for  the  most 
part  up  near  the  internal  and  down  near  the  external 
orifice.  In  these,  particularly  along  the  posterior  wall, 
groups  of  yellow  spots  alx)ut  half  a  millimetre  in  diameter 
are  seen  surrounded  by  a  reddened  area.  In  a  more  ad- 
vanced stage  ansemic  streaks  of  scar  tissue  may  be  seen, 
and  the  tissue  resists  the  passage  of  the  speculum,  even 
tearing  when  more  pressure  is  made." 

Treatment. — During  the  acute  stage,  refrain  from 
the  use  of  the  endoscope;  give  demulcent  drinks:  and 
keep  the  patient  quiet.  As  the  severity  of  the  inflam- 
mation diminishes,  and  the  discharge  decreases,  examine 
the  urethra,  determine  the  extent  of  injury  to  the  mucous 
membrane,  and,  after  cociiinization,  apply,  locally  or  over 
the  whole  canal,  pure  ichthyol,  or  silver-nitrate* solution 
(thirty  grains  to  the  ounce),  every  third  or  fourth  day ;  at 
the  same  time  applying  the  same  drugs  with  tampons 
to  the  vagina.  Inject  Skene's  ducts  with  the  same  solu- 
tion, or  if  the  inflanmiation  persists,  lay  them  open,  and 
apply  iodized  phenol  to  the  mterior  of  the  gland. 

Suburethral  Abscess. 

"  The  anterior  vaginal  wall  is  the  seat  of  a  symmetri- 
cally rounded  globular  swelling,  varying  in  size  from  a 
small  pea  to  that  of  a  hen's  egg.  The  abscess  cavity  is 
situated  in  the  urethro-vaginal  septum,  communicating 
by  a  tiny  opening  with  the  floor  of  the  urethra  about  one- 
half  to  three-quarters  of  an  inch  from  the  meatus  exter- 
nus.  The  tumor  projects  into  the  vagina,  is  smooth, 
elastic,  and  when  pressed  upon  through  the  vagina,  pus 
is  seen  to  well  up  into  the  urethra.  It  is  most  frequently 
met  with  in  married  women,  during  the  child-bearing 
peri(Kl.  who  refer  to  this  condition  as  *  something  coming 
out  of  the  front  passage.'  and  as  a  source  of  inconveni- 
ence or  pain  during  intercourse.  The  nature  of  the  en- 
largement om  lie  readily  determined  by  introducing  a  fine 
probe  through  the  urethral  oj>ening,  disclosing  t^  the  tiu- 
ger  in  the  vagina  that  only  the  thin  wall  of  the  vagina 
intervenes." 

Treatment. — The  simplest  and  most  eflicient  way  to 
eradicate  a  suburethral  abscess  is  to  excise  an  ellipse  of 
tissue,  including  the  vaginal  mucosa,  and  one-third  of 
the  sac  wall,  and  apply  tlioroughh'  to  the  int<*rior  of  the 
sac  iodized  phenol,  followed  by  a  drying  powder,  to 
prevent  excoriation  of  the  adjacent  structures. 

Hyi»er.emia  of  the  Bladder. 

The  normal  trigone  prest^nts  a  more  brilliant  red  color 
than  any  other  ]>ortion  of  the  bladder,  and  during  preg- 
nancy is  the  seat  of  increased  congestion,  with  a  flushing 
of  the  capillaries,  quite  distinct  from  hemorrhoidal  dila- 
tation of  the  veins.  In  addition  to  these  forms  of  con- 
gestion, tlie  trigonal  region  may  ])resent  a  deep  ro.sy  red 
color  which  extends  to  an<l  around  the  uret<'nd  oritices. 
rarely  beyond,  sliading  into  the  surrounding  structures. 
In  other  instances,  tlicre  are  small  ]mtches  adjacent  to 
one  or  both  ureters,  the  oritices  of  the  latter  being  puffy 
and  (edematous,  and  irregular  in  outline.  Kelly  suggests 
that  "a  mild  hifcction  lies  at  the  bottom  of  sonie  of  these 
eases,  and  that  the  affection  is  in  reality  a  iovm  of  trigo- 
nitis.  l)ut  this  remains  to  be  proved." 

Symptoms. — The  inception  of  this  process  is  usually 
([uite  without  warning.  There  is  a  sense  of  unrest,  with 
bearing  down,  burning,  or  throbbing  in  the  pelvis;  the 
desire  to  urinate  is  more  or  less  constant ;  the  act  is  un- 


satisfactory, painless,  or  painful,  and  is  followed  by  con- 
siderable distress.  The  bladder  is  tender  on  paI|»iition, 
and  the  symptoms  in  the  main  simulate  those  of  cystitis. 

Hypera^mia  is  associated  with  concentrate  urine  and 
with  gonorrheal  urethritis,  and  it  is  apt  to  follow  cathe- 
terization and  abdomino-pelvic  operations. 

Direct  inspection  through  the  urethroscope  will  at 
once  reveal  the  true  condition.  The  trigone  will  ap- 
pear red ;  at  or  near  the  oritices  of  the  ureters  there  will 
be  patches  which  are  very  sensitive  to  the  touch ;  and  at 
times  there  will  be  a  few  leucocytes  in  the  urine. 

Treatment. — Excessive  acidity  of  the  urine  calls  for 
the  use  of  demulcents  and  diluents,  the  avoidance  of  add 
fruits  and  drinks,  the  suspension  of  marital  relations; 
free  action  of  the  bowels;  and  rest.  If  the  irritation 
does  not  quickly  respond  to  the  foregoing  measures, 
topical  applications  ol  silver  nitrate  (from  ten  to  twenty 
grains  to  the  ounce)  or  of  ichthyol  and  glytn^rin  (one 
drachm  of  the  former  to  one  ounce  of  the  latter)  must  be 
made  to  the  inflamed  surface,  by  means  of  a  mop  or  by 
instillation,  every  three  or  four  days. 

Cystitis. 

In  cystitis  the  inflammation  involves  one  or  more  coats 
of  the  bladder.  It  is  brought  on  by  the  introduction  of 
pyogenic  organisms  into  a  cavity  which  has  been  pre- 
pare to  receive  and  entertain  them.  In  other  words,  in 
the  production  of  cystitis  we  must  have,  first,  a  predis- 
posing cause  to  prepare  the  soil  (bladder) ;  and,  second, 
an  exciting  cause,  micro-organisms,  to  develop  thereon. 

Predisposing   Causes. — "As  predisposing  causes  of 
cystitis  we  recognize  and  describe  such  injuries,  agencies, 
and  influences  as  arc  concerned  in  establishing  a  (cent 
minoris  resistentice  in  the  tissues  of  the  bladder  in  which 
a  sufficient  number  of  pathogenic  microbes  of  adequate 
virulence  accumulate  to  produce  those  tissue  changes 
which  characterize  inflammation.     The  injured  tissues 
or  contents  of  the  bladder  furnish  the  neces.sary  nutrieoi 
medium  in  which  the  microbes  grow.     All  of  the  pre- 
disposing cau.ses  do  one  of  two  things  or  both:  1.  Ther 
effect  tissue  changes  which  detennine  the  localization  of 
the  microbes  from  the  bladder,  adjacent  organs,  or  the 
general  circulation.     2.  They  furnish  a  nutrient  medium 
tor  the  growth  and  multiplication  of  microbes.** 

"The  most  frequent  of  all  predisposing  causes  of 
cystitis  is  retention  of  urine  from  any  cause.  Retention 
of  urine  acts  in  two  ways  in  predisposing  the  bladder  to 
infection:  (1)  The  retained  urine  serves  as  a  culture 
medium  for  some  of  the  microbes  which  are  known  to 
produce  cystitis:  (2)  the  distended  bladder  wall  is  sub- 
jected to  pressure  which  in  itself  is  a  j>otenT  pre(lisp<isiDg 
influence." 

"  It  is  time  that  the  metlical  profession  should  realize 
the  well-known  clinical  fact  that  retention  of  urine  is  one 
of  the  most  frequent  and  potent  conditions  in  incieasin^ 
the   receptivity   of  the   bladder  to  infection,  and  that 
cystitis  can  be  most  effectively  guarded  against  by  pre- 
venting the  accumulation  of  ilrine  in  the  bladder  l)eyoD(i 
the  physiological  limits.     Knowing  the  great  siisci'pti- 
bility  of  the  bladder  to  infection  when  the  urine  isre- 
tiiined,  it  becomes  the  surgeon's  duty  to  employ  a«'ptit' 
])recuutions  in  the  evacuation  of  the  organ  by  catheteriza- 
tion, puncture,  or  incision  "  (X.  Senn\ 

Foreign  bmlies,  tinnors,  and  calculi,  by  ohstructinjT 
the  outflow,  and  by  causing  retention,  irritation,  congf^- 
tion.  lilcenUion,  and  hemorrhage,  prepare  the  soil  for  the 
])roliferatiou  of  any  micro-organisms  which  may  li"'^ 
lodgment  in  the  bladder.  While  the  pres<*nce  of  foreign 
bodies,  etc.,  does  not  indicate  actual  cystitis,  and  whil«* 
they  may  for  years  tind  lodgment  in  the  bladdir  wilhouj 
giving  rise  to  actual  infection,  yet  it  is  a  well-establi"^hct 
fact  that  they  "are  productive  of  symptoms  which  If^*" 
the  surgeon  frequently  to  explore  its  interior  by  the'"* 
of  instruments,  a  method  of  examination  to  which  ^^^ 
date  of  infection  can  he  so  often  traced."  FurtluT.  *'^ 
must  not  overlook  the  fact  that  a  certain  amount  or 
tniumatism  is  necessarily  associated  with  such  instru- 
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meDtation  of  the  bladder  and  with  operations  upon  that 
organ. 

Compression  of  the  bladder  by  the  pregnant  uterus 
(both  before  and  during  labor)  and  by  pelvic  and  ab- 
dominal tumors  brings  about  venous  stasis;  disease  of 
the  kidneys,  heart,  etc.,  by  obstructing  tlie  general  cir- 
culation, also  predisposes  the  bladder  to  infection. 

Still  other  pathological  conditions  render  the  bladder 
liable,  to  an  increased  degree,  to  infection.  Among  them 
may  be  mentioned :  marked  changes  either  in  the  quantity 
of  the  urine  excreted  (as  in  diabetes  insipidus  and  mel- 
litus,  in  kidney  disease,  and  in  hysteria)  or  in  its  quality 
(excessively  acid,  or,  more  frequently,  abnormally  alka- 
line). Furthermore,  the  elimination,  through  the  urine, 
of  such  drugs  as  cautharides,  turpentine,  etc.,  and  the 
ingestion,  for  a  certain  length  of  time,  of  stimulating 
foods  and  alcoholic  beverages,  tend  to  put  the  mucous 
membrane  of  the  bladder  in  a  condition  favorable  for 
infection. 

Exciting  Causes. — "The  essential  or  exciting  cause 
of  cystitis  is  invariably  the  presence  and  pathogenic 
action  of  microbes  in  the  tissues  of  the  bladder,  the  seat 
of  the  inflammation. "  Pathogenic  organisms  reach  the 
bladder  through  the  urethra,  by  the  use  of  instruments, 
or  by  direct  extension  along  the  surface  of  the  urinary 
tract.  Accurate  clinical  observations  and  the  results  of 
examination  demonstrate  that  the  urine  from  scarlatina, 
varicella,  typhus,  typhoid,  septicemic  and  pya'mic,  and 
tuberculous  patients  contains  corresponding  bacteria, 
which  have  been  eliminated  by  healthy  kidneys,  these 
organs  being  themselves  uninjured  thereby.  Suppura- 
tive disease  of  the  kidneys,  which  so  often  precedes  that 
of  the  bladder,  greatly  enhances  the  danger  of  infection. 
Infection  may  also  take  place  by  direct  extension  from 
the  ureters.  Secondary  infection  may  take  place  from 
adjacent  organs,  by  rupture  of  an  appendicular,  tubal, 
or  pelvic  abscess  direct  into  the  bladder.  On  the  other 
hand,  infection  may  take  place  through  migration  of  the 
bacillus  coli  communis,  from  the  intestines,  indirectly 
through  the  lymphatics.  This  mode  of  infection  most 
often  results  when  lesion  of  the  rectal  mucous  membrane 
is  associated  with  retention  of  urine. 

Rarely  infection  takes  place  through  bacteria  which 
are  circulating  with  the  blood  current  and  which  become 
lodged  in  the  tissues  underneath  the  mucous  membrane, 
as  single  or  multiple  circumscribed  foci.     This  is  with-, 
out  doubt  the  mode  of  origin  of  ulcerative  cystitis. 

Classification  op  Cystitis. — N.  Senn  rightly  claims 
that  "a  rational  classification  is  essential  in  discussing 
the  etiology,  symptomatology,  diagnosis,  prognosis,  and 
treatment  of  this  disease.  The  surgeon  is  no  longer  con- 
tent simply  to  recognize  the  existence  of  the  disease. 
To  enable  him  to  estimate  the  gravity  of  the  affection 
and  to  miopt  an  intelligent  course  of  treatment,  he  must 
be  in  possession  of  accurate  knowledge  of  its  real  nature, 
location,  and  extent.  He  must  know  wliat  microbe  or 
microbes  have  produced  the  inflammation  before  he  can 
make  a  diagnosis  that  will  suggest  the  necessary  thera- 
peutic indications.  Mistaken  and  inaccurate  diagnoses 
are  largely  responsible  for  the  many  8liort<^'omings  of 
our  present  therapeutic  resources.  .  .  .  No  classification 
(diagnosis)  is  complete  which  does  not  indicate  the  ana- 
tomical location,  the  clinical  features,  pathological  charac- 
teristics, and  bacteriological  origin  of  the  disease." 

Senn's  Classification  of  Cystitis. — 1.  Anatomical. 
— (fi)  Pericystitis;  (6)  paracystitis;  (<^)  interstitial  cystitis ; 
((f)  endocystitis. 

2.  Pathological. — (f?)  Catarrhal  cystitis;  (6)  suppurative 
cystitis;  (r)  ulcerative  cystitis;  (r/)  exudative  cystitis;  (e) 
exfoliative  cystitis. 

3.  C/inirai. — {a)  Acute  cystitis;  (6)  chronic  cystitis. 

4.  Bacterioltpgical. — {a)  Bacillus  coli  communis  infec- 
tion ;  (/>)  saprophytic  (mixed)  infection  ;  {c)  staphylococcus 
infection;  {d)  strep toco<'cus  infection;  {e)  streptococcus 
erysipelatis  infection;  {f)  typhoid  bacillus  infection;  {g) 
diplobacillus  infection;  (A)  gonococcus  infection;  (i)  ba- 
cillus of  tul>erculosis  infection. 

Clinical  Diagnosis. — Acute  Cystitis. — "That  form  of 


inflammation  of  the  bladder  in  which  the  symptoms  ap- 
pear suddenly  and  reach  their  maximum  height  in  a  short 
time  is  known  as  acute  cystitis.  In  this  class  of  cases 
the  infection  is  intense,  the  constitutional  disturbances  are 
well  marked,  and  the  nature  of  the  pathological  products 
in  accordance  with  the  acuity  of  the  inflammatory  proc- 
ess. One  of  the  best  illustrations  of  wliat  is  meant  by 
acute  cystitis  is  furnished  by  cases  of  urine  retention  in 
which  mfection  occurs  by  the  use  of  the  catheter.  The 
disease  is  usually  initiated  by  a  chill  followed  by  febrile 
reaction;  the  urine  becomes  turbid  within  twenty-four 
hours,  and  in  a  few  days  contains  large  quantities  of  pus, 
and  ammoniacal  decomposition  is  developed  very  rapidly. 
It  is  not  diflicult  in  the  majority  of  cases  to  establish  the 
existence  of  acute  cystitis,  but  such  a  diagnosis  no  longer 
satisfies  the  surgeon  who  seeks  to  complete  his  diagnostic 
work  by  investigating  the  pathological  anatomy  of  the 
disease  and  by  ascertaining  the  nature  of  the  infection. 
Under  appropriate  treatment  an  acute  cystitis  may  be 
under  control  in  a  short  time,  but  in  the  presence  of  ob- 
structive or  visceral  lesions  the  acute  symptoms  subside 
in  the  course  of  time,  when  the  disease  only  too  often 
passes  into  the  chronic  form." 

Chronic  Cystitis. — "Chronic  inflammation  of  the  blad- 
der is  characterized  by  the  absence  of  acute  symptoms, 
local  and  general,  and  the  tendency  of  the  disease  to  per- 
sist i-egardless  of  the  treatment  employed.  The  suppur- 
ative form  of  chronic  cystitis  is  usually  complicated  by 
the  coexistence  of  neoplasm,  or  by  the  presence  of  stone 
or  foreign  body  in  the  bladder.  Cystitis  caused  by  in- 
fection from  a  suppurative  affection  of  the  kidneys  is 
also  very  prone  to  pursue  a  chronic  course,  as  the  constant 
irrigation  of  the  bladder  with  infected  pus  maintains  an 
uninternipted  source  of  infection.  The  best  example 
illustrating  the  clinical  aspects  of  chronic  cystitis  is  fur- 
nished by  the  tuberculous  variety.  The  disease  begins  in- 
sidiously by  the  appearance  of  isolated  symptoms  which 
point  to  the  bladder  as  the  probable  seat  of  the  inflam- 
mation. The  symptoms  gradually  increase  in  number 
and  intensity  until  the  complexus  is  complete  upon 
which  to  base  a  diagnosis  of  chronic  cystitis.  The 
symptoms  are  often  masked  by  complications  which 
served  as  predisposing  causes  or  which  ensued  in  con- 
sequence of  the  chronic  inflammation.  It  is  in  cases  of 
chronic  cystitis  that  an  early  and  correct  diagnosis  is  so 
seldom  made.  Renal  disease  is  often  mistaken  for  cys- 
titis, and  cystitis  for  renal  disease.  It  is  in  such  cases 
that  a  recourse  to  all  nnxlern  diagnostic  aids  is  indis- 
pensable for  a  correct  interpretation  of  the  symptoms  as 
they  arise.  It  is  well  to  remember  that  in  the  majority 
of  cases  of  chronic  inflammation  of  the  bladder  not  com- 
plicate<i  by  obstructive  lesions  the  disease  is  of  a  tuber- 
culous nature. 

Anatomical  Diagnosis. — (a)  Pericystitis. — Inflam- 
mation of  the  adjacent  pelvic  or  abdominal  viscera  may 
also  involve  the  peritoneum  covering  the  fundus  of  the 
blad<ler,  though  more  frequently  its  base  and  sides  are 
affecte<l.  When  the  inflammation  surrounds  the  vesical 
ends  of  the  ureters,  these  are  likely  to  become  obstructed 
by  cicatricial  contraction  of  the  inflame<l  tissues. 

Dasheux  believes  that  the  "  irritable  bladder  "  in  women 
is  due  to  localized  hypenemia  of  the  mucous  membrane, 
seen  as  patches  at  the  base  of  the  bladder,  less  often  at 
the  neck.  Congestion  of  the  uterus  and  adnexa  generally 
stands  in  a  causal  relationship  to  this  vesical  hypencmia. 
Kolischer  describes,  in  connection  with  such  cases,  a 
peculiar  form  of  cpdema  of  the  mucous  membrane  of  the 
bladder  observed  through  the  cy stoscope ;  it  appears  in 
the  form  of  circumscribed  blisters  the  size  of  a  pea,  the 
rest  of  the  membrane  l>eing  normal. 

This  pathological  condition  is  always  associated  with 
pelvic  exudates,  and  is  most  frequently  seen  in  women 
who  are  the  subjects  of  salpingitis. 

The  symptoms  which  attend  this  form  of  vesical  irrita- 
tion are  painful  urination,  tenesmus,  and  a  feeling  of 
weight  and  pressure  over  tlie  bladder. 

(/;)  ParacystitiH. — Paracystitis  is  an  inflammation  of  the 
subperitoneal  connective  tissue  in  that  part  where  the 
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bladder  is  extra-peritoneal.  At  the  base  of  the  organ 
there  is  a  paracystitis,  while  in  front  the  disease  usually 
appears  in  the  form  of  a  phlegmonous  inflammation  of 
the  loose  connective  tissue.  In  both  of  these  loc^itions 
abscess  fonnation  is  the  usual  termination  of  the  inflam- 
matory process,  an  occurrence  which  is  always  attended 
by  distressing  bkdder  symptoms.  Abscesses  in  both  of 
these  places,  unless  incised  early,  are  very  prone  to  nip- 
ture  into  the  bladder,  an  accident  which  is  often  followed 
by  an  obstinate  cystitis.  Inflammation  of  the  subserous 
connective  tissue*  following  infection  through  the  lym- 
phatic channels,  is  a  very  obscure  affection,  and  a  posi- 
tive diagnosis  is  more  frequently  made  in  the  post-mortem 
room  than  at  the  bedside.  The  formation  of  multiple 
abscesses  in  such  cases  is  not  an  unusual  occurrence.  More 
or  less  pericystitis  is  almost  always  associated  with  para- 
cystitis involving  tlie  intraperitoneal  portion  of  the 
bladder. 

(r)  Interstitutl  Ct/atitt'fi. — Interstitial  cvstitis  involves 
tlie  middle  or  muscular  coat  of  the  bladder.  Infecti(m 
reaches  this  coat,  which  is  the  seat  of  the  most  numerous 
lymph  channels,  either  by  secondary  extension  from  some 
adjacent  inflammatory  f(K'Us.  or  directly  from  the  mucous 
lining;  much  more  mrely  it  is  conveyed  by  way  of  the 
circulation.  In  either  ca.se  it  usually  leads  to  a  diffuse 
inflammation  involvhig  the  whole  middle  cojit.  which 
becomes  elevated  into  greatly  tliickened  rug:e  and  can 
be  felt  by  the  sound.  The  small  abscesses  ruptunr  into 
the  bladder,  leave  diverticula,  heal  slowly,  and  often 
form  rece.s.ses  for  stont?.  Following  this  form  of  cystitis 
the  bladder  undergoes  marked  diminution  in  size  through 
cicatricial  contraction.  In  the  embolic  form  of  inter- 
stitial cystitis,  circumscribed  inflammation  and  abscess 
formation  are  the  residts  of  inf<'Ction. 

{(f)  Endccystitis. — Cystitis  proper,  as  the  tenn  is  usu- 
ally applied,  refers  t^  an  inflammation  of  the  mucous 
membrane  of  the  bliulder.  Such  an  inflammation  mav  be 
limited  to  the  trigonum,  to  the  urethral  or  to  the  ureteral 
orifices,  from  which  points  diffuse  cystitis  has  its  origin. 
The  inflammation  may  almost  from  the  beginning  in- 
volve the  whole  mucous  surface.  Inflammation  or  the 
neck,  the  most  sensitive  portion  of  the  bhidder,  gives 
rise  to  the  most  distressing  symptoms.  In  cystitis  proper 
the  urine  contains,  almost  from  the  beginning,  the  mor- 
phological elements  of  the  inflammatory  products — blood, 
epithelial  cells,  and  pus  corpuscles — the  presence  of  which 
always  constitutes  an  im])ortant  distinguishing  feature 
between  endocystitis  and  the  other  amitoniical  varieties 
of  inflammation  of  the  bhidder. 

Patiioloctcal  Diagnosis, — "The  efTcct  of  microbes 
and  their  toxins  on  the  tissues  of  the  bladder  varies  ac- 
cording to  the  sptcitic  pathogenic  elTects  of  the  original 
bacteria,  the  number  of  microbes.  aii<l  their  degree  of 
virulence.  The  inflammatory  ]>roduct  is  also  greatly  in- 
fluenced by  the  condition  of  the  urine  and  the  nature  and 
extent  of  the  predisi)osing  causes." 

'*The  pathological  chiiisification  must  be  base<l  entirely 
on  the  character  of  the  inflammatory  product:  cystitis, 
endocystitis,  or  cystitis  proper  being  t^iken  as  the  type 
of  the  disease." 

((I)  (\i1<irrli(il  Ct/sfitis. — "From  a  modern  pathological 
stan(l]>oint  catarrhal  cystitis  is  a  term  used  to  indicate 
the  existence  of  a  superficial  inflammation  of  the  interior 
of  tlie  bladder  in  which  the  epithelial  cells  furnisli  the 
principal  jiart  of  the  nior]>hological  elements  of  the  in- 
fiaininiitory  ])n)duet.  It  is.  like  all  catarrhal  inflamma- 
tions in  other  localities,  a  surface  affection.  The  mucous 
inenibmne  is  swollen  and  red.  and  the  inflaminatory  proc- 
ess consists  in  increased  exfoliation  of  epithelial  cells  and 
the  formation  of  mucous  in  abundance.  If  the  disease  be- 
come chronic,  thickening  of  the  mucous  membrane  and 
secondary  inliltratioi)  of  the  muscular  coat  lead  to  hyper- 
tn)jdiy  of  th<'  bladder  wall.  Ketentir)n  of  urine  aggravates 
the  inllajnniation  and  increases  the  vesical  distress.  Ero- 
sions and  <uj<crficial  ulcerations  may  develop  during  the 
C(»urse  of  the  di^'-ase.  The  urine  is  usually  acid,  and  con- 
tains pus  and  an  abundance  of  Madder  epithelium,  in 
cases  in  which  the  urine  has  underiroue  alkaline  decom- 


position the  inflamed  surface  presents  a  dirty  whitish  de- 
posit of  muco-pus." 

(0)  Supiytiratice  Cystitis. — "Suppurative  cystitis  ap- 
pears clinically  as  a  diffuse  affectiou,  in  which  not  only 
the  epithelial  lining  but  also  the  deeper  structures  are 
generally  involved.  The  microbic  infection  is  of  sufficient 
intensity  to  destroy  the  protoplasm  of  the  morphological 
pnxiucts  of  the  inflammation  (white  corpuscles  purely 
epithelial,  and  connective-tLs.sue  cells),  and  transform 
them  into  pus  corpuscles.  The  urine  contains  large 
quantities  of  pus  and  bladder  epithelium.  During  the 
acute  stage  small  fibrinous  patches  ap{H^r  upcm  the  in- 
flamed surface.  Ulceration  differing  in  extent  and  depth 
is  of  common  occurrence.  Deep  necn>sis  ma\-  lead  to 
perforation.  If  the  urine  is  ammoniacal.  the  necrosed 
patches  present  a  grayish-white  color  and  are  encrusted 
with  sand-like  deposits.  The  decomposition  of  the  urine 
is  generally  due  to  other  microbes  tiian  those  which 
have  caused  the  suppurative  inflammation ;  that  is,  it  is 
generally  the  result  of  mixed  infection.  Besiiies  the 
usual  pyogenic  microbes,  the  ammoniacal  urine  contains 
some  species  of  saprophytic  bacteria  or  the  diploc<K?cus 
urea;.  Suppurative  cystitis  generally  iK'gins  as  an  acute 
inflammation,  but  is  very  likely  to  pass  into  the  chronic 
form,  and  direct  extension  of  the  infective  pnx^ess  is 
liable,  sooner  or  later,  to  implicate  the  kidneys. " 

(f)  llceratire  Cystitis ;  Simple  IHcrr  of  the  ^mhhr. — 
**  In  this  cliLss  of  cystitis  it  is  not  my  intention  to  include 
the  ca.s(?s  of  suppurative  cystitis*  which  terminate  in 
ulceration,  which  would  only  indicate  an  advanct^l  staire 
of  the  disease,  but  I  desire  to  limit  the  application  of  the 
qualifying  tenn  ulcenitive  to  a  form  of  cystitis  in  which 
ulceration  takes  place  almost  from  the  In^ginning  of  the 
inflammati(m.     In  casc\sof  this  kind  the  inf(.»cti<m  api>oars 
to  be  of  a  peculiar  kind,  limited  in  extent,  and  the  nsuli- 
ing  inflammation  knids  quickly  to  a  circuinscrilK?<l  de- 
struction of  tissue,  the  formation  usually  of  a  single  cir- 
cumscribed ulcer,  the  so-called  simple  ulcer  of  the  bladdiT. 
This  form  of  cystitis  is  quite  rare,  and  resembh's  in  many 
respects  gastric  ulc^»r  and  the  rf)und  duodenal  ulcer.'' 

{(I)  Exudative  Cystitis. — **  Inflammation  of  the  mucous 
membrane  of  the  l)ladder  accompanied  by  the  dei>osition. 
upon  the  inflamed  surface,  of  the  pnxiucts  of  coagulati«^n 
necrosis  should  be  called  exudative  cystitis.    The  de- 
scriptive   terms,    membninous,    diphtheritic,   cnMipous. 
.and  fibrinous,  are  confusing  and  misleading  and  should 
be  excluded  from  the  present  nomenclatun'  in  thft^- 
scription  of  this  pathological  fonn  of  cystitis.     TIhmv- 
udate  consists  hirijely  of  fibrin,  and  is  variously  m«»lifiid 
in  quantity  and  ai)pearance  by  the  chanicter  of  tlnMii 
feet  ion  and  the  condition  of  the  urine.     The  exii(lat<M< 
the  best  possible  proof  of  the  severity  of  the  infiHtion 
and  intensity  of  the  inflammaticm.     It  proves  tluM*\i'«t 
ence  of  a  deep  s< 'a ted  lesion  and  great  damage  to  lin' 
blood-vessels  in    the  inflamed   tissues.      This    form  <'f 
cystitis  is  most  fretjuently  observed  in  puerpend  women 
and  women  suffering  from  pelvic  tumors  large  enougii 
to  subject  the  bladder  to  harmful  pressure.-' 

"Savor  ('Cystitis  crcmposa  bei  sjiurem  Ham.'  inV'f''* 
kluiif<r7ie  Woclunarhnft^  1895,  Xo.  44)  observt^l  aciisf^'f 
exudative  cystitis  on  the  fourth  day  after  extirpjUion'^f 
the  uterus  by  the  abdominal  nnite.  The  c-jitheter  wun 
not  used  either  before  or  after  opemtion.  Meinbnine-i  a 
or  10  cm.  in  length  were  expelled  with  the  urine.  Tli<'>«^ 
membmnes  were  composed  of  fibrin  and  contained  in  tl"'''" 
mesh(>s  numerous  ])us  corpuscles.  The  urine  was  am- 
moniacal only  for  one  day.  In  the  urine  sediment  tlio 
colcm  bacillus  was  found,  and  was  regarded  hy  the  /*" 
thor  as  the  es.sential  microbic  cause  of  the  intlannimti^n. 
Savor  made  exi>eriments  with  pure  cultures  of  this l>a('ill'i> 
with  a  view  (►f  reproducing  this  spwial  form  of  inflam- 
mation upon  serous  and  mucous  surfaces  of  other  or^an-^ 
in  animals,  ])nt  the  result  of  his  endeavors  proved  m-i.^a- 
tive.  The  urine  in  exiahitive  cystitis  is  usually  alkaline, 
and  Savor  ludieved  that  in  his  case  it  remained  aHda;^'"^ 
the  first  days  owing  to  the  absence  of  a  mixed  infeeli<»p- 
In  the  majority  of  cases  exudative  cystitis  oceu^  in 
women  during  tlie  child-bearing  perioil,  and  positive  proof 
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of  the  pathological  nature  of  the  cj'atitis  is  always  fur- 
nished by  the  expulsion  of  membranes  or  shreds  of  fibrin 
with  the  urine." 

(e)  Erfoliative  Cystitu. — "Exfoliative  cystitis  is  an  in- 
flammation of  the  bladder  in  which  almost  from  the  very 
beginning  the  toxins  of  the  microbes  wliich  produce  the 
disease  destroy  the  mucoiLs  membrane  and  sometimes 
even  the  muscular  coat,  which,  if  the  patient  survive, 
become  detached  with  the  inflammatory  products  and 
are  expelled  with  the  urine,  or  in  some  instances  have 
to  be  extracted  by  the  surgeon.  This  is  the  most  danger- 
ous form  of  cystitis,  and  can  occur  only  as  the  result  of 
the  most  virulent  infection,  aided  in  most  cases  by  local 
predisposing  causes.  In  exudative  cystitis  the  toxins 
precipitate  the  inflammatory  product  by  causing  coagu- 
lation necrosis;  in  exfoliative  cystitis  the}' cause  necrosis 
of  the  mucous  lining  of  the  bladder  and  occasionally  also 
of  the  muscular  coat.  The^me  meclianical  causes  which 
are  so  influential  in  exudative  cystitis  are  usually  pres- 
ent and  active  in  the  pro<luction  of  the  exfoliative  forms. 

**The  differential  diagnosis  between  exudative  and  ex 
foliative  cystitis  can  ,be  made  only  by  a  careful  study 
of  the  membranes,  shreds,  or  masses  expelled  or  removed 
from  the  bladder,  which  often  must  necessarily  include 
the  use  of  the  microscope  as  a  diagnostic  aid  "  (Senn). 

Bacteriological  Diagnosis. — The  most  modem 
view^s  on  the  etiology  of  cystitis  place  microbes  in  the 
first  rank,  relegating  all  the  other  causes  to  the  grade 
of  predisposing  factors.  From  this  standpoint  it  be- 
hooves the  diagnostician  to  consider  well  the  identifica- 
tion of  the  particular  microbes  which  are  at  work,  not 
only  to  emphasize  his  diagnosis,  but  to  point  out  clearly 
an  appropriate  course  of  tre^itment. 

While  on  this  quest  it  is  necessiiry  to  keep  in  mind  that 
the  bladder  wall,  under  normal  conditions,  is  very  toler- 
ant of  the  presence,  even  in  large  numbers,  of  a  single 
species  of  micro-organism ;  that  it  can  for  a  long  time 
harbor  new  growths  and  foreign  bodies  w^ithout  any  or 
w^ith  but  slight  protest;  that  it  may  he  subjected  to  dis- 
turbances in  its  circulatory  apparatus,  to  traimiatic  in- 
sults, etc.,  and  give  but  temporary  evidences  thereof, 
until  there  are  added  certain  pathogenic  microbes,  the 
M«e  qua  non  of  any  form  of  cystitis.  A  brief  considera- 
tion of  these  will  now  be  in  order. 

The  bacilluJi  coU  commvitiH,  that  constant  inhabit^int  of 
the  intestinal  tract,  and  most  common  of  all  denizens  of 
the  bladder,  when  alone,  floating  in  an  acid  medium,  re- 
frains from  breaking  up  urea.  Melchior  found  that  the 
l)acillus  coli  was  present  in  every  instance  in  which  the 
urine  was  acid. 

8(iprophytic  {Mixed)  Infection. — "In  more  than  one- 
half  of  the  cases  of  acute  and  chronic  cystitis,  infection 
is  the  result  of  the  presence  and  combined  action  of  two 
or  more  kinds  of  microbes.  Pus  microbes  and  the  sapro- 
phytes decompose  urine,  rendering  it  alkaline.  Am- 
moniacal  urine  acts  as  an  irritant  to  the  mucous  membrane 
of  the  bladder,  producing  textural  changes,  and  prepares 
the  way  for  the  action  of  the  bacteria  which  are  more 
directly  concerned  in  the  'prcKluction  of  the  inflamma- 
tion, "a  mixed  infection  must  l)e  suspected  in  all  cases 
in  which  the  urine  is  ammoniacal.  Gas  formation  (pneu 
maturia)  occasionally  takes  place  from  the  presence  of 
the  bacillus  lactis  a^rogenes  (Heyse)  and  the  bacillus 
aGrogenes  capsulatus  of  Welch.  The  experiments  of 
Schnitzler  show  that  the  decomposition  of  urea  and 
the  putrefaction  caused  by  microbes  are  often  greatly  in- 
fluenced by  the  composition  of  the  urine;  gas  being  pro- 
duced only  in  those  with  diabetic  uiine.  Sai)rophytic 
infection  is  almost  alwavs  a.ssociated  with  urine  reten- 
tion,  and  may  i>recede  or  follow  infection  with  the 
microbes  which  are  the  es.sentiil  cause  of  suppurative 
cystitis.  It  is  in  such  cases  that  careful  systematic 
irrigations  of  the  bladder  prove  of  such  eminent  value 
in  correcting  the  alkalinity  of  the  urine  and  in  arresting 
the  suppurative  inflammation  "  (Senn). 

Staphyloc/pccus  Infection. — **The  staphylococcus  pyo- 
genes albus  and  aureus,  the  microbe  most  frequently 
lound  in  all  suppurative  affections,  has  been  often  de- 


monstrated as  a  solitary  microbe,  and  in  association  with 
other  pyogenic  microbes  and  saprophytic  bacteria  in  the 
urine  of  patients  suffering  from  catarrhal  and  suppui;^ti ve 
cystitis.  The  staphylococcus  is  a  comparatively  mild 
microbe,  and  its  presienceas  a  sole  microbic  cause  should 
be  suspected  in  inflammatory  affections  of  the  bladder 
in  which  the  infection  does  not  penetrate  deeplv,  and 
in  which  the  urine  shows  no  evidences  of  exfoliation. 
In  staphylococcus  infection  the  urine  may  be  ammoniacal 
without  the  presence  of  saprophytic  bacteria,  as  pus 
microbes,  when  present  in  large  numbers,  decompose 
the  urea,  besides  lighting  up  the  suppurative  inflamma- 
tion "  (Senn). 

Streptococcus  Infection. — "That  the  streptococcus  pyo- 
genes is  not  often  the  cause  of  cystitis  becomes  apparent 
from  a  bacteriological  examination  of  the  urine  from  . 
six  cases  of  inflammation  of  the  bladder  made  by  Huber  * 
{Corre»pondemblntt  fiir  Schiteizer  Aerzte,  October,  1893). 
lie  found  this  microbe  only  once:  in  the  remaining  five 
cases  the  bacillus  coli  communis"  (Senn). 

"  Melchior  found  the  urine  acid  in  all  cases  of  C3'stitis  in 
which  the  streptococcus  was  found  as  a  solitary  microbe. 
It  is  well  known  that  the  streptococcus  generally  pro- 
duces a  diffuse  form  of  inflammation,  during  which  the 
connective  tissue  is  often  destroyed  by  the  toxins  and  is 
later  eliminated  or  removed  in  the  form  of  shreds.  The 
streptococcus  invades  the  lymphatic  channels  and  con- 
nective-tissues spaces,  and  is  almost  constantly  found  in 
phlegmonous  inflammation  and  diffuse  absces.ses.  A 
streptococcus  cystitis  is  cliaracterized  by  the  intensity 
of  the  local  and*  general  symptoms  and  by  more  or  less 
destruction  of  the  tissues  of  the  bladder  wall.  The  pres- 
ence of  this  microlK?  may  be  surmised  in  cases  of  diffuse 
interstitial  and  exfoliative  cystitis  "  (Senn) , 

Erysipelatous  Cystitis. — "Infection  of  the  bladder  with 
streptococcus  erysipelatis  is  extremely  rare,  but  there  can 
be  no  doubt  of  the  pos.sibilitv  of  such  an  occurrence " 
(Senn). 

Typhoid  Infection. — Melchior  reports  a  ca.se  of  typhoid 
infection  of  the  bladder  in  a  male  convalescent  from 
typhoid ;  but  no  such  case  has  been  met  with  in  females. 
'  Diplobacillus  Infection. — "The  diplobacillus  of  Fried- 
iJlnder,  which  has  Ix^en  found  in  so  many  suppurative 
lesions  complicating  or  following  pneumonia,  in  rare  in- 
stiinces  has  been  found  as  the  only  microbic  cau.se  of 
cystitis.  The  urine  contained  pus,  a  small  quantity  of 
albumin,  and  diplobacillr"  (Senn). 

Qomtcifccus  Infection. — Infection  of  the  bladder  due  to 
the  extension  of  gonococci  from  the  urethra  as  a  solitary 
infection  does  at  times  take  place,  but  in  the  majorit}'  of 
cases  these  microln'S  are  associated  with  some  other 
species.  Gonorrha?al  cystitis  presents  itself  more  fre- 
quenth'  in  the  form  of  a  trigonitis,  as  a  localized  affection 
with  a  tendency  to  become  diffuse  and  to  extend  to  the 
kidneys.  Wertlieim,  in  a  girl  nine  3'ears  of  age.  excised, 
through  the  cystoscope,  a  piece  from  the  bladder  mucous 
membrane,  and  found  therein  an  abundance  of  gonococci, 
some  between  the  epithelial  cells,  some  having  produced 
thrombosis  in  the  capillaries  and  veins. 

Tuberculous  Cystitis. — "Tuberculous  cystitis  furnishes 
the  best  clinical  representation  of  chronic  cystitis.  With 
few  exceptions,  a  primary  chronic  cystitis  is  of  a  tuber- 
culous nature.  It  is  important  to  t)ear  this  in  mind  in  the 
examination  of  all  cases  of  cystitis  in  which  the  initial 
symptoms  point  to  a  chronic  inflammatory  process." 
"  "Tuberculosis  of  the  bladder  is  causinl  either  by  in- 
fection with  the  bacillus  of  tuberculosis  through  the 
blood,  by  extension  of  a  tuberculous  proc(»ss  by  continuity 
of  surface  from  the  kidney  or  the  genital  organs,  or  by 
the  rupture  of  a  tuberculous  abscess  into  the  bladder. 
Vesical  tuberculosis  is  found  more  frequently  in  males 
than  in  females,  and  is  usually  a  disease  of  early  and 
middle  life.  Localization  of "  tul)ercle  bacilli  in  the 
mucous  membrane  of  the  bladder,  like  that  of  pyogenic 
and  saprophytic  bacteria,  is  favored  by  antecedent 
affections  of  the  urinary  tract.  Primary  tuberculosis 
from  infection  through  the  blood  is  so  rare  that  KOnig 
doubts  its  existence.     Infection  takes  place  most  fre- 
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qiiently  from  the  kidneys.  The  resistance  of  the  mucous 
membrane  of  the  bladder  to  tubercle  bacilli  is  great.  In 
many  cases  tuberculosis  of  the  kidneys  may  exist  for 
several  ye^irs  without  affecting  the  bladder,  "fhe  mucous 
membrane  of  the  bladder  can  lxMrrigat<?d  with  urine  con- 
taining tubercle  bacilli  for  years  without  becoming 
tuberculous.  Clado  pointed  out  that  tul)erculous  granu- 
lations in  the  bladder  do  not,  as  is  claimed  by  some  au- 
thors, occupy  the  submucous  tissue,  but  the  mucous  mem- 
brane itself— that  is,  the  subepithelial  layer.  He  believes 
that  this  is  due  to  the  presence  of  a  well-developed 
capillary  network  in  the  mucous  membrane,  which  de- 
termines localization  of  the  bacilli  floating  in  the  general 
circulation.  Secondary  infection  occurs  most  frequently 
from  the  kidneys,  by  extension  along  the  urethra,  and 
from  there  to  the  bladder.  A  previous  gonorrhoeal  cys- 
titis not  infretiuently  prepares  the  .soil  for  tuberculous 
infection.  Kftnig  observed  a  case  in  which  turpentine 
intoxication  first  pnxluced  active  symptoms  in  a  cji.s<»  of 
latent  catiirrhal  tuberculous  cystitis  caused  by  a  tubercu- 
lous kidney  "  (Senn). 

**No  age  is  exempt.  The  writer  has  seen,  in  a  girl 
nine  yexirs  of  age,  a  case  of  primary  vesical  tul)erculo8is 
that  ext<*nded  to  both  kidneys  and  proved  fatal  in  less 
tlian  a  year"  (Senn). 

"The  two  places  where  tuberculosis  of  the  bladder  is 
most  likely  to  commence  are  the  ureteral  orifices  and  the 
trigone  of'the  bladder.  The  formerstiirtiug  point  of  the 
disease  is  the  rule  when  the  bladder  becomes  involved 
bv  a  descending  tuberculous  ureteritis — that  is.  when  the 
disease  is  secondary  to  renal  tuberculosis:  the  trigone  is 
usually  the  original  seat  of  the  disease  in  primary  tuber- 
culosis of  the  bladder"  (Senn). 

'*  The  tulxTculous  disease  here  as  elsewhere  is  character- 
ized by  the  same  chain  of  pathological  changes — infiltra- 
tion, caseation,  and  ulcerati(»n.  Penetration  of  the  blad- 
der w^all  frecjuently  leads  to  the  formation  of  perivesical 
al)sce.ss  and  fistula  formation,  a  part  or  all  of  the  urine 
escaping  through  the  fistulous  opening.  The  chronic 
inflammation  and  the  vesical  tenesnnis  lead  to  great 
thickening  of  the  wall  of  the  blad<ler,  sacculation,  and 
diminished  capacity  of  the  organ.  The  extension  of  the 
tuberculous  inflainmati(m  over  the  surface  and  in  the 
direction  of  the  different  tunics  of  the  bladder  wall  is 
hastened  in  ca.se  the  bladder  becomes  infected  with  pus 
microbes,  which  is  so  ofUm  the  case,  and  which  is  so 
frequently  caused  by  the  needless  us<*  of  instruments  in 
the  fruitless  search  for  stone  in  the  bladder,  which  a 
beginning  vesical  tuberculosis  often  mimics  so  clo.sely. 
The  compliaitions  most  frequently  encountered  in  j^ost- 
mortem  examinations  of  patients  who  have  died  of  the 
direct  or  indirect  effects  of  tuberculosis  of  the  bladder 
are  tuberculosis  of  the  lungs,  kidneys,  genital  organs, 
and  peritoneum,  and  i)crivesical  tuberculous  abscesses 
with  or  without  fistula  formation.  The  disease  is  initi- 
ated by  a  frequent  desire  to  urinate,  by  pain  after  empty- 
ing the  bladder,  with  slight  luLiuaturia  at  longer  or 
shorttT  intervals.  Urination  becomes  more  frecjuent  as 
the  disease  advances,  and  i\f\vr  the  neck  of  the  bladder 
has  been  reaclicd  incontincnci'  of  urine  becomes  a  con- 
spicuous clinical  symptom.  The  urine exhihits  the  sjime 
appearand^  and  contains  tin*  sjune  morphological  constit- 
uents durinur  the  ciirlv  staires  of  the  dist'ase  as  in  cases 
of  chronic  cMtarrh  of  the  bladder.  In  the  b<*ginning  of 
thi'i  <li<ease  tlic  urine  is  aci*!  and  contains  pus,  bladder 
epithclia,  and  a  small  (luantity  of  alhiunin.  if  the  ki<l- 
nevs  are  alVeetecl  at  the  same  time,  the  albumin  is  more 
abundant.  If  secondary  infection  with  pus  mierobes 
or  sjiprophytic  bacteria  has  occurred,  it  is  alkaline  in 
reaction  and  often  amnioniacal.  and  then  contains  also 
a  larger  amount  of  mucous  and  pus  cor])usc]es  and 
disintegrated  re<l  blood  corpusch's.  besides  the  large 
flat  ei)ithelial  cells  from  the  bladder.  As  soon  as  the 
cheesy  material  on  the  surface  of  the  bladder  softens 
and  disintegrates,  fragments  of  detritus  are  found  in 
the  urine.  Tul>ercle  bacilli  are  not  always  present,  and 
their  d<^tection  is  often  very  ditlicidt.  Their  presence 
can  also  be  determined  by  cultivation  on  artiticial  nutri- 


ent media  'and  by  inoculation  experiments.  If,  in  cases 
of  suspected  bladder  tuberculosis,  the  bacillus  cannot  be 
found,  the  injection  of  a  few  drops  of  the  urine  sediment 
into  the  eye.  a  joint,  the  pleura,  or  the  peritoneal  cavity 
of  a  rabbit  or  a  guinea-pig  will  often  succeed  in  repro- 
ducing the  disease,  and  upon  the  results  of  such  experi- 
ments we  must  then  base  our  diagnosis.  The  j>ositive 
results  of  such  exi)eriments  and  the  detection  of  bacilli 
in  the  urine  do  not  enable  us  always  to  locate  the  disease 
anatomically ;  in  other  words,  we  must  ascertain  further 
whether  the  disease  involves  tlie  kidney,  the  bladder,  or 
the  lowest  portion  of  the  urinary  tract.  Nitze's  cysto- 
scope  is  a  useful  diagnostic  instrument  in  the  hands  of 
experts.  Finally,  it  maybe  stated  that  in  all  chronic  in- 
flammatory affections  of  the  urinary  organs  it  is  neces- 
sary to  make  careful  and  often -repeated  examinations, 
both  of  the  general  and  local  symptoms,  for  the  purpose 
of  locating  the  disease,  as  well  as  to  determine  its  nature, 
which  often  can  be  done  in  a  satisfactory  manner  only 
by  making  a  nncroscopical  and  bacteriological  examina- 
tion of  the  urine.  If  this  should  still  leave  the  diagnosis 
doubtful,  a  resort  to  inoculation  experiments  upon  ani- 
mals su.sceptible  to  tuberculosis  becomes  necessary  as  a 
decisive  diagnostic  test"  (Senn). 

The  Di.\onosis  of  Cystitis  and  Urethritis. — The 
diagnosis  of  vesical  and  urethral  di^^ease  involves  a  care- 
ful study  of  the  whole  genitourinary  tract  and  of  the 
pelvic  organs. 

Thus  in  a  given  case,  pointing  to  trouble  in  the  blad- 
der or  urethra,  perhaps  to  both,  we  are  called  upon  to 
detennine  the  location  of  the  di.sease,  the  character  of  the 
lesion,  the  source  of  the  infection,  and  the  conditions 
which  make  the  organs  susceptible  to  such  invasion. 
These  fa(!tors  we  arrive  at  by  carefully  reviewing  the 
history,  by  a  thorough  physical  examination  of  the  pa- 
tient, and  by  an  exhaustive  study  of  the  urine. 

1.  The  history  in  most  instances  lacks  characteristic 
features,  but  pain  and  abnormal  micturition  are  common 
to  all  cases. 

Pain. — During  the  acute  stage  of  bladder  infection 
pain  is  the  one  constant  and  most  distressing  symptom, 
corresponding  to  the  intensity  of  the  disease.  It  is  located 
in  the  bladder  itself,  is  least  intense  just  after  urination, 
increasing  as  the  bladder  becomes  dist<»nded  with  fluid, 
and  reaches  its  maximum  as  the  tilled  organ  begins  to 
contract  preparatory  to  expelling  its  contents. 

As  the  acuteness  of  the  attack  subsides,  the  relations 
of  the  pain  to  the  local  condition  of  the  bladder  and  to 
micturition  are  more  marked.  Inflammation  of  the  base 
will  give  pain  when  in  the  erect  posture,  which  lying 
down  will,  for  a  time  at  least,  relieve,  until  the  bbulder 
tills,  contraction  l)egins,  the  organ  is  emptied,  and  for  a 
short  period  rest  is  seciu'cd. 

The  pain  of  urethritis  and  cystitis  is  frequently  re- 
ferred to  the  rectum,  vagina,  along  the  thighs,  and  the 
lumbar  and  siicral  regions,  and  is  si)oken  of  as  a  heavy, 
burning  pain,  not  unlike  that  of  pelvic  inflammations, 
peritonitis,  etc.  It  ofUni  puzzles  the  surgeon  to  deter- 
mine just  which  of  these  conditions  contnbutes  most  to 
bring  about  the  suffering. 

Ah  normal  Mirtuntiou. — Under  normal  conditions,  the 
average  capacity  of  the  bladder  varies,  in  adults.  fn>ni 
250  to  7()()  c.c.  ( I  viij.  to  xx.).  The  organ  empties  itself 
from  three  to  six  times  in  twenty-four  hours:  but  the 
urine  may,  within  the  limits  of  health,  be  subject  t<)  wide 
variations  in  its  chemical  constituentsand  in  thecjuantity 
excreted,  and  these  factors  motiify  the  frequency  of  ex- 
pulsion. 

Urination,  according  to  Bryant,  is  moditied  as  to  the 
length  of  time  between  the  acts,  as  to  the  length  of  time 
associat<Hl  uith  the  act.  as  to  the  effort  necessary  to  \\Qr- 
form  the  act,  and  as  to  unnatural  sensations  connected 
with  the  act. 

The  length  of  time  between  two  acts  of  urination  may 
be  shortened  by  any  influence,  direct  or  reflex,  that 
exaggerates  the  normal  sensjition  w^hich  stimidates  the 
bladder  to  contraction.  Any  source  of  intravesical  irri- 
tation, urethritis,  mental  emotions,  inflammation  of  the 
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fipinal  cord,  chronic  or  acute,  abdominal  tumors,  adhe- 
sions of  the  pelvic  viscera,  injuries,  disease,  and  opera- 
tions upon  the  rectum,  perineum,  or  pelvic  organs, 
changes  in  the  quality  and  quantity  of  the  urine— each 
and  ml  induce  undue  excitability  of  the  evacuating  centres 
or,  by  modifying  the  capacity  of  the  bladder,  shorten  the 
normal  interval  between  the  acts. 

Infrequent  Micturition. — An  abnormal  prolongation  of 
the  time  between  the  acts  may  be  brought  about  bv  any 
influence  which  blunts  or  destroys  the  normal  desire  to 
urinate,  or  impairs  or  delays  the  motor  influences  which 
accomplish  the  act.  Free  perspiration,  the  ingestion  of 
a  small  quantity  of  liquids,  tlie  stupor  of  fever,  kidney 
disease  with  diminislied  secretion,  associated  with  but 
little  change  in  the  specific  gravity  of  the  fluid  secreted, 
may  fail  to  excite  contraction  of  a  full  bladder.  In  per- 
sons of  indolent  habits,  in  those  who  are  confined  to  their 
beds,  and  in  women  who  habitually  refrain  from  respond- 
ing promptly  to  the  calls  of  nature,  the  bladder  acquires 
the  habit  of  slow  response  to  stimulus. 

Retention  of  Urine. — Retention  of  urine  may  be  defined 
as  the  accumulation  of  an  abnormal  quantity  of  urine, 
from  failure  to  empty  the  bladder  within  a  reasonable 
period.  It  is  associated  with  inability  to  micturate  volun- 
tarily, necessitating  the  use  of  artificial  stimulants,  heat  or 
cold,  amesthesia,  or  the  introduction  of  a  catheter  to  empty 
the  bladder. 

Inability  to  urinate  most  often  results  from  the  presence 
of  some  mechanical  obstruction  within  the  bladder  or 
urethra,  as  in  blocking  of  the  vesico-urethral  opening  by 
calculi,  foreign  bodies,  blood  clots,  mucous  plugs  and 
pus,  and  when  neoplasms,  urethral  stricture,  congenital 
stenosis,  compression  of  the  uretlira  by  a  pregnant  uterus, 
abdominal  tumors,  etc.,  exist. 

Acute  ovenlistention  is  characterized  by  paresis  of  the 
muscular  wall  of  the  bladder,  and  if  oft  repeated,  wheth- 
er voluntarily  or  otherwise,  it  will  lead  to  atony  of  the 
muscle  and  retention. 

The  excessive  pain  associated  with  passing  urine,  in 
inflammation  of  the  trigone  or  the  urethra,  and  especially 
when  a  caruncle  is  present  at  the  external  meatus,  will 
induce  a  patient  to  refrain  from  voluntary  urination. 
Neurasthenic  females  feign  inability  to  urinate  from  a 
morbid  desire  for  catheterization.  Fear,  fright,  severe 
mental  emotion,  and  the  stupor  and  relaxation  following 
operations  and  shock  may  cause  retention. 

Ocerftotc. — When  the  bladder  has  become  distended  to 
its  utmost  capacity,  urine  will  escape  drop  by  drop  or  as 
a  constant  dribbling  discharge.  This  overflow  is  often 
mistaken  for  incontinence. 

Uncontrollable  Micturition. — In  an  otherwise  healthy 
woman  prolonged  abstention  from  urinating,  with  over- 
distention  of  the  bladder,  will  often  provoke  such  a  de- 
mand to  urinate  as  to  be  wholly  beyond  control.  The 
hypersensitiveness  of  acute  cystitis  will  frequentlv  in- 
stigate such  unduly  active  contractions  of  the  bladder  as 
to  render  the  act  imperative.  On  the  other  hand,  al- 
though the  call  to  urinate  may  be  strong,  the  desire  is 
not  beyond  control.  This  condition  of  urgent  micturi- 
tion frequently  accompanies  cystitis.  It  more  commonly 
arises  from  causes  indirectly  connected  with  the  bladder, 
as  polyuria,  irritating  urine,  and  moderate  ovenlistention 
from  neglect  or  preoccupation ;  it  may  also  result  from 
mental  impressions,  such  as  those  caused  by  running 
water,  fear,  fright,  cold,  etc.,  all  of  which  may  excite 
reflex  contraction  of  the  viscus.  Urgent  micturition  is 
an  important  sign  of  rupture  of  the  bladder  and  also 
points  to  inflammation  of  the  urethra. 

Interrupted  Micturition. — Any  movable  foreign  body, 
neoplasm,  clot,  or  mucous  plug,  within  the  bladder,  may 
be  carried  by  the  outflowing  stream  against  the  outlet, 
and  by  a  ball-valve  action  close  it,  interrupting  the  stream. 
During  efforts  to  relieve  an  involuntarily  overdistended 
bladder,  the  current  may  be  suddenly  intercepted,  and 
then  as  suddenly  resumed,  owing  to  a  partial  restoration 
of  the  muscular  power.  Frequent  repetition  of  this  con- 
dition will  lead  to  diftlcult  micturition. 

Retardation  or  delay  **  in  starting  the  stream  "  occurs 


from  the  presence  of  an  obstruction  within  the  urethral 
canal — swelling,  (edema,  or  varices  in  the  canal  or  at  the 
outlet, — from  abrasions  of  the  mucous  membrane,  from 
tenesmus,  from  fear  of  pain  during  the  act,  from  the 
presence  of  an  obstructing  body  at  the  internal  orifice, 
and  from  atony  following  hyperdistention.  It  also  hap- 
pens as  a  result  of  diminished  vesical  power  caused  by 
special  nerve  lesions,  independently  of  local  disease ;  from 
shame,  and  also  when  the  general  sensibility  is  blunted, 
as  in  the  case  of  shock,  narcosis,  and  asthenic  disease. 

The  effort  necessary  to  perform  the  act  of  urination, 
under  nonnal  conditions,  involves  only  a  voluntary  sus- 
pension of  the  sphincter  control  in  response  to  the  com- 
mand of  a  well-filled  bladder. 

Difficult  nnctnrition  is  attended  with  and  necessitates 
an  increased  effort  to  overcome  the  coincident  fear  and 
apprehension. 

Incontinence  of  Urine. — Inability  of  the  bladder  to  re- 
strain the  escape  of  its  normal  contents  may  arise  from 
malformations  of  the  urethra,  such  as  an  abnormal  open- 
ing of  the  bladder  into  the  vagina,  direct  implantation 
of  the  ureters  (one  or  both)  into  the  urethra,  extroversion 
of  the  bladder;  it  also  accompanies  organic  disease  of 
the  central  nervous  system,  such  as  idiocy,  cerebral 
palsy,  acute  meningitis,  brain  tumors,  certain  forms  of 
myelitis  and  injuries  of  the  cortl.  Want  of  control  of 
the  discharge  of  urine  may  be  due  to  one  of  the  numer- 
ous forms  of  fistula?  communicating  with  the  vagina,  or 
to  dilatation  or  dislocation  of  the  urethra,  and  may  be 
simulated  by  the  dribbling  of  retention. 

Enuresis. — The  bed -wetting  habit  of  young  children 
may  be  classed  as  independent  of  any  disease,  and  is  usu- 
ally met  with  in  neurotic  children,  or  those  whose  early 
training  has  been  neglected.  Children  can  be  taught  to 
control  the  bladder  Ix^fore  the  first  year,  certainly  within 
the  second  year.  Holt  says:  "  If  a  child  during  its  third 
vear  cannot  control  the  evacuation  of  the  bladder  during 
Its  waking  hours,  incontinence  may  be  said  to  exist." 

Painful Mictuntion. — ^Pain  or  discomfort  before  urina- 
tion is  due  to  the  irritating  effects,  upon  an  inflamed 
vesical  mucous  membrane,  of  abnormal  urine.  Pain 
during  micturition  may  be  due  to  the  condition  just 
mentioned  or  to  some  form  of  urethral  inflammation,  to 
ulceration,  or  to  the  presence  of  neoplasms  in  the  canal 
or  at  its  meatus.  This  pain,  which  is  described  as  of  a 
burning,  smarting,  or  stinging  character,  ceases  at  the 
end  of  or  shortly  after  urination.  Pain  at  the  cloite  of 
or  after  micturition  follows  the  evacuation  of  an  overdis- 
tended bladder  or  the  impact  of  a  stone  or  new  growth 
within  the  grasp  of  the  inner  outlet,  causing  spasm  at 
that  point. 

2.  A  phynical  eJtaniimition  in  suspected  cystitis  must 
include  percussion,  palpation,  and  inspection.  Percus- 
sion of  the  suprapubic  region,  when  the  bladder  is  dis- 
tended, will  elicit  a  dull  note,  if  it  is  filled  with  urine;  a 
tympanitic  note  if  it  is  filled  with  air.  The  distended 
bladder  may  extend  to  the  umbilicus,  and  has  been  mis- 
taken for  the  pregnant  uterus,  for  cystoma,  and  for  other 
abdominal  tumors.     If  in  doubt,  pass  a  clean  catheter. 

Palpation  of  the  urethra  can  be  accomplished  by  in- 
troducing the  index  finger  into  the  vagina  and  moving 
it  from  side  to  side  while  pressing  in  an  upward  direction. 
In  this  way  it  is  possible  to  a.scertain  whether  there  is 
any  thickening  of  its  walls  or  any  appreciable  tension ; 
whether  the  pressure  causes  pain;  and  whether  a  cal- 
culus or  a  foreign  body,  a  polypus,  a  suburethral  abscess, 
or  a  prolapse  of  the  inferior  urethral  and  bladder  walls 
is  present.  The  external  urethral  orifice,  on  the  other 
hand,  can  best  be  examined  by  inspection  and  palpation. 
Separating  the  labia  minora  exposes  the  vestibule  and 
meatus.  The  latter  is  not  always  readily  distinguished, 
unless  the  vestibule  is  made  tense  laterally,  when  the 
orifice  comes  into  view,  exposing  whatever  pathological 
condition  may  be  present:  pus,  a  bright  red,  sensitive 
caruncle,  the  openings  of  Skene's  ducts  just  within  the 
canal,  on  either  side,  a  liard  infiltrating  cancer,  a  chancre, 
or,  more  frequently,  a  chancroid  involving  part  or  the 
whole  circumference  of  the  meatus.     Next  retract,  later- 
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ally,  the  labia  majora,  and  instruct  the  patient  to  strain 
clown  as  when  at  stool,  in  order  to  expose  the  anterior 
bladder  wall,  and  thus  to  make  it  possible  for  the  ex- 
aminer to  detennine  whether  or  not  a  c ystocele  is  present. 
Expose  the  clitoris,  noting  any  adhesion  of  the  preputium, 
and  release  it  if  adherent. 

By  means  of  abdomino- vaginal  palpation,  a  variety  of 
pathological  conditions,  either  of  the  bladder  or  of  neigh- 
boring organs,  can  be  ascertained.  Among  these  may 
be  mentioned  the  following:  a  calculus  or  a  foreign  body 
in  the  bladder;  thickening  of  the  walls  of  the  bladder,  as 
in  tulM3rculous  cystitis;  thickening  of  its  muscular  coat 
due  to  an  obstruction  to  the  escape  of  the  urine;  inflam- 
mation of  the  bladder,  as  shown  by  hypersensitiveness ; 
pelvic  tumors  or  collections  of  pus;  uterine  displace- 
ments, etc. 

Kelly  Fays:  "A  still  better  way  to  palpate  the  bladder 
bimanually  is  to  put  the  patient* in  the  knee-breast  posi- 
tion, and,  letting  air  into  the  vagina,  the  lingers  of  both 
hands  can  be  brought  close  together  and  the  whole  organ 
be  felt  with  wonderful  distinctness." 

Palpation  of  the  ureters  through  the  vagina  or  rectum 
determines  the  condition  of  their  vesical  extremities. 
"The  index  linger  is  carried  high  up  into  one  of  the 
vaginal  fornices,  pushing  it  upward  and  outward  toward 
the  pelvic  wall,  which  is  then  gently  stroked  downward 
and  backward.  Tlie  ureter  feels  to  the  linger  tip  like  a 
flat  cord  which  is  constantlv  slipping  away.  The  cord 
is  palpated  again  and  again,  each  time  bringing  the 
finger  nearer  tlie  outlet,  and  so  tracing  the  course  of  the 
ureter  down  the  pelvic  wall  to  the  point  at  which  it 
passes  between  the  anterior  vaginal  wall  and  the  bladder. 

"Sometimes  the  ureter  will  be  found  lying  close  to  tlie 
pelvic  wall,  and  at  other  times  in  the  loose  cellular  tissue 
several  millimetres  distant, 

"  In  palpating  its  lower  extremity  the  ureter  is  distin- 
guished by  its  direction,  its  size,  its  consistency,  and  its 
mobility.  It  may  be  confused  with  an  obturator  artery 
pursuing  a  course  parallel  to  the  vagina,  but  the  artery 
IS  small  and  round,  and  it  will  be  felt  to  pulsate.  The 
obturator  nerve  also  lies  parallel  to  the  course  of  the 
ureter  al)ove,  but  it  may  Ik;  traced  down  to  the  obturator 
foramen,  and  produces  pain  in  the  leg  on  pulling  it. 
The  sliarp  tendinous  arch  of  the  levator  muscle  may  be 
also  mistaken  for  the  ureter,  but  a  close  palpation  will 
correct  this  source  of  error,  as  well  as  the  impression 
at  first  prcKluced  by  strands  of  the  internal  obturator 
muscle. 

'*  The  normal  ureter  can  only  be  palpated  with  certainty 
through  the  intact  alxloniinai  walls  at  the  pelvic  brim 
when  tli<*  walls  an»  extremely  thin. 

"  When  making  this  examination  the  surgeon  places  the 
patient  on  lir*r  hack  with  the  shoulders  niiscd  on  a  j^illow 
and  the  tliiglis  drawn  up,  and  the  large  bowel  and  the 
bladder  empty.  The  exann'ncr  stands  on  the  side  he  wishes 
to  i)alpate  and  begins  by  making  a  gradually  increasing 
deei>  ]>rcs<;ure  tlnough  the  abdominal  walls  until  the 
])ronionto!y  of  the  sacrum  is  found;  8  cm.  (one  and  one- 
quarter  IihIk's)  to  the  right  or  left  of  this  point  and  a  little 
below  it  is  the  point  at  whieh  tlu'  ureter  crosses  the  ])el- 
vic  l)iiui.  IJy  making  deep  ]n'essure  through  the  semi- 
lunar line  over  the]»rim  at  this  ])oinl  in  anoblicjue  direc- 
tion from  a])ove  downward,  and  sliding  the  fingers  up 
and  (low  II,  the  patient  will  at  once  complain  of  pain  and 
jiossibjy  a  desire  to  urinate  if  the  ureter  is  inflamed.  A 
large  diseased  ureter — tuberculous,  for  exainjde — will 
feel  through  a  thin  abdominal  wall  like  a  stout  cord  roll- 
ing under  the  tiiig<'rs. 

"The  abdominal  ])ortion  of  an  inflamed  ureter  above 
these  points  may  be  traced  by  following  the  line  of  ten- 
derness developed  on  making  deep  pressure. 

"  By  rectum  the  ureter  can  be  felt  from  the  pelvic  brim 
to  the  pelvic  floor  through  the  empty  bowel;  the  left 
ureter  is  the  most  aeee.ssi])le.  The  pelvic  Moor  is  invagi- 
nated  by  strong  pressuie  and  the  linger  carried  u])  to  the 
bifun-ation  of  Iheconunon  iliac  artery,  hum  whieh  point 
down  the  internal  iliac  arteiy  is  <'asily  followed.  (Juided 
by  these  landmarks,  the  finger  palpates  carefully  behind 


and  close  to  the  internal  iliac  artery  until  a  flat,  yielding 
cord  (the  ureter)  is  detected,  which  can  be  tracea  at  firsi 
downward  then  forward.  A  ureter  whose  walls  are 
thickened  can  be  still  more  readily  found  and  palpateii. 
If  the  ureter  is  not  found  in  this  way,  it  can  be  palpated 
with  perfect  ease  throughout  its  pelvic  course  by  first 
placing  a  liard-rubber  bougie  or  a  catheter  withm  it  ** 
(Kelly). 

Digital  dilatation  and  examination  of  the  urethra  canmA 
too  Htrongly  be,  comlemned. 

Rectal  exploration  should  always  precede  instrumental 
examination  of  the  bladder  and  urethra,  as  not  infre- 
quently, on  removal  of  a  polypus  from  the  rectum,  or 
after  the  radical  cure  of  hemorrhoids,  fissure,  fistula  in 
ano,  or  ulceration  and  stricture,  bladder  and  urethral 
symptoms  will  at  once  disapi>ear. 

Direct  inspection  of  the  urethra  (urc»tliroscopy)  and 
bladder  (cystoscopy)  affonls  the  most  convincing  evidence 
of  the  true  nature  of  disease  within  those  organs. 

Due  precautions  must  be  exercised  to  have  the  external 
meatus  thoroughly  wiped  clean ;  all  instruments  should 
he  boiled  in  a  two-per-cent.  soda  solution ;  the  hands  of 
the  operator  should  be  prepared  as  for  an  operation ;  and 
every  means  shoidd  be  taken  to  avoid  intrcKlucing  what 
may  prove  to  be  the  spark  to  light  up  an  inflammation, 
which,  if  it  does  not  cost  the  patient  her  life,  will  require 
months  of  anxious  care  to  eradicate. 

The  intr(Kluction  of  the  spc»culum  is  contraindicated 
during  the  active  stage  of  gonorrheal  infection. 

Ci'ethrottropi/ — Endosropi/. — Direct  inspection  of  the 
urethra  is  accomplished  by  introducing  into  the  bladder 
a  cylindrical  speculum  6  to  8  or  10  mm.  in  diameter  aud 
gradually  withdrawing  it,  all  the  while  studying  the 
urethral  mucosa  as  each  portion  closes  over  the  end  of 
the  speculum,  from  within  outward.  At  first  the  .sharp 
edge  of  the  internal  orifice  is  seen  to  close  over  the  end. 
in  pupil-like  fashion;  next  the  picture  resembles  a  funm-1 
(Grunfeld)  the  apex  of  which  has  Iwen  named  t  he  "  central 
figure  " ;  the  flanging  portion  of  the  "  funnel  wall "  being 
made  up  of  from  eiglit  to  twelve  folds  which  radiate 
from  the  central  figure  to  the  margin  of  the  speculum. 
The  posterior  fold  in  the  upper  part  of  the  urethra  is  the 
largest  and  is  a  continuation  of  a  triangular  elevation  on 
the  trigonum  in  the  bladder,  named  by  Barkow  rr>//<>"- 
luft  re  r  rim  lis. 

Many  delicate  vessels  are  plainly  seen  on  the  urethral 
walls,  one  or  two  on  each  fold  running  longitudinally 
with  it.  In  the  lower  part  of  the  urethra,  near  the  ex- 
ternal orifice,  the  longitudinal  folds  are  cross<'d  by  a 
transverse  fold,  which  subdivides  the  urethral  niiieosji 
into  a  kind  of  latticework  with  shallow  pits  K'tween. 

"The  orificesof  the  urethral  glands,  Morgagni's  crypt> 
and  Littre's  acinous  glands,  appear  as  fine  points,  often 
in  groups  disjiosed  longitudinally,  or  as  larger  yellowish 
spots;  they  can  be  better  seen  by  changing  the  position 
of  the  speculum  so  as  to  displace  the  central  fig\ireainl 
brina:  one  side  of  the  urethral  wall  flat  again.st  its  einl" 
(Kelly). 

^firro«ropir  era  mi  nation  of  stained  specimens  jahonld 
be  made  in  every  case  of  purulent  urethritis,  not  only  t<> 
establish  the  diagnosis  but  to  furnish  data  upcm  winch 
to  base  a  correct  prognosis. 

Cystoscopy. 

As  representing  the  simplest  and  best  method  of  dinct 
inspection  of  the  interior  of  the  bladder  and  urethra,  w«' 
present  the  so-called  "postural  method  "  of  Prof,  llowanl 
A.  Kelly,  first  described  by  him  in  the  Johns  Hopkii»s 
Hospital  Hulletin,  XovemlHT,  1893.  The  fundamental 
principles  of  this  method  are: 

1.  The  intro<hiction  of  a  simph?  cylindrical  speculum 
into  the  bladder. 

2.  The  atmospheric  distention  of  the  bladder  induciMl 
solely  by  j)osture. 

'.\.  The  illumination  and  inspection  of  the  vesical 
mucosji,  either  by  means  of  direct  light,  such  as  a  little 
electric  light  attached  to  the  forehead  or  the  mouth  of 
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the  speculum,  or  by  means  of  s  strong  ligbl  ret1eci«(l  by 
a  heiid  mirror. 

The  view  til  Ibe  bladder  obtained  in  tbis  way  is  a 
direct  one;  aod  Uic  open  speculum  allows  llie  operator 
to  touch  any  part  of  (he  bladder  witii  a  souDd,  and  to 
introduce  various  Instruments  with  ease. 

Iiutrumentg. — Tbe  necessary  instruments  are:  a  strong 
light,  a  head  mirror,  vesical  specula  with  obturators, 
a  urethral  calibrator  and  dilator,  an  evaciiator  for 
removing  urine,  an  ureteral  searcher,  and  a  pair  of 
long  mouse-toothed   forceps. 

In  emergency  cases  a  can- 
dle for  light,  a  head  mirror, 
a  rubber  catbeier,  and  a  rub- 
tter  or  glass  pea  syringe  for 
evacuating  urine,  wiih  a  No. 
8,  8,  or  lO  cylindrical  spec- 
ulum, are  ail  the  instruments 
actually  needed. 

The  most  convenient  light 
is  a  mignon  electric  lamp, 
attachca  to  a  flexible  steel 
liead  band,  the  lamp  being 
fastened  to  the  liand  by  a 
double  ball-valve  joint.  The 
current  ia  fumisheil  by  a 
small  storage  battery. 

The  wriler  has  derived  the 
most  satisfactory  results 
from  the  use  of  an  acet\  lene 
gaa  bicycle  lamp,  wlucli 
emits  a  lieautiful  white  light 
is  easily  handled,  and  is  ton 
Ycnient  for  carrying  about 
To  concentrate  the  rays  the 
lens  must  be  reversetl, 

Spernla.  —  Kelly's  vesical 
specula  (Fig.  485, 1,  and  Fig. 
480)  are  sim|)le  cylinders.  8 
cm.  (Ihrcc  and  one-flfth  inch- 
es) long,  and  of  equal  diame- 
tertbroughout;  maitcof  Ger- 
man stiver,  and  nickel -plated. 
There  is  a  funnel-shaped  ex- 
pansion at  the  ouler  enil  of 
tbe  speculum  15  mm.  long, 
inclined  at  anan^leof  sixty 
degrees  to  the  cylmdcr.  Tbe 
vesical  end  of  t'lie  sjieculum 
must  be  rounded  In  toward 
its  lumen,  and  under  no  cir- 
cumstances must  a  ragged  or 
knife  edge  be  left  to  cut  the 

Each  instrument  has  its 
obturator,  which  is  to  be 
used  only  for  the  purpose  of 
rounding  out  the  end  of  the 
speculum  during  introduc- 
tion. To  facilitate  the  intro- 
duction of  the  cystoscope 
there  must  be  no  shoulder 
between  tlie  end  of  the  spec- 
ulum and  its  obturator,  to 
injure  the  urethra. 

Specula  arc  made  in  num- 
bers ranging  from  5  to  20, 
each  number  representing  the 
diameter  of  the  cylinder  in 
millimetres;  the  sizes  below 
No.  12  are  used  for  examina- 
tions and  those  above  to  se- 
cure a  wide  lumen  in  opera- 
tions upon  the  bladder. 

For  tlie  purpose  of  giving 
a  maximum  area  of  inspec- 
tion and  to  facilitate  trcat- 
meat,  especially  in  using  in- 


struments with  crossed  blades,  K<'11y  ha?  recently  (Johns 
Hopkins  Bulletin.  1900.  xi.,  p.  93)  presented  a  lie w  model 
of  his  speculum  (Fig.  480). 

The(fiinf0r(Fig.  485,  No.  2) Isa conical  instrument  T em. 
(three  InchcR)  long,  wiUia blunt  point  8 mm.  in  diameter, 
widening  out  to  16  mm.  at  its  base.  This  <rae  simple 
conical  dilator,  representing  an  iulinite  series  on  its  sides, 
takes  the  place  of  the  interrupted  series  of  the  Hcgar 
dilators  commonly  used,  as  the  external  orifice  is  the  only 
part  of  the  urethra  which  needs  stretching  to  admit  tbe 
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specula  commonly  used.  The  n-st  of  the  raiuil  is  so 
elastic  tbat  it  yickls  at  once  to  tlte  nbtumtor  and  opens 
up  to  the  full  size  of  the  speculum  willinut  previous 
dictation  and  without  uniltTgoing  aav  injiirv. 

The  eracuiitf/r  (Fig.  488)  is  used  to'empiy'llie  bladder 
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durinc  a  prn- 
loDged  examinn- 
tion.      Kelly's 

small  hollow 
perfomtwl     Imll 

fine  nlblicr  tub- 
iiiK.  iilioiit  35 
i.(f. 


-  rhts)  liuifT. 
a  rulilic: 
Imlistini; 
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uriDi'cosily  obscures  the  field  of  view  in  this  posture.  In 
the  knee-breast  position,  on  the  other  hand,  a  little  clear 
urine  in  a  pool  m  the  inverti'd  vault  of  the  bladder  ia 
no  way  interferes  with  a  thorough  inspection. 

The  assistant  compresses  the  bulb,  thereby  eipelline 
the  air,  while  the  examiner  drops  the  little  perforated 
ball  into  the  pool  of  urine.  When  the  a.ssistant  relaxes 
the  pressure  on  the  bulb,  it  expands  and  sucks  up  the 
urine.  The  evacuation  will  be  more  rapid  if  the  bulb  is 
held  well  below  the  lerel  of  the  bladder.    If  there  is 


only  a  linl  urine  ml* 
tukiu  up  It  mil  (SMjir 
fast  r  by  ocaisiim»ll) 
wilhdmiMnjj  tlip  liall » 
little  so  as  to  sucli  up 
SI  mi  air  mtli  the  iinKf 
1ft  long  mmm  '-■'* 
f  rrrpt  (Fl^  488)  is  » 
lipht  lustrutnent  Ucm 
(iiioe  inche<()  lone  «!•'' 
bI  iider  arms  105  "" 
(nbout  four  inches) Ion' 
and  nt  the  ends  dellcnK'. 
iyhdy  recurved  moiW 
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rflc  urethral  Marcher  (Fig,  481),  4) 
is  a  smstl  rod  Vi  rm.  (seven  Inches) 
loug  wii^  a  little  hulboiia  end 
(Sxl'finiin.)  and  a  liaadle  6  cm. 
(S.i'i  Inthes)  long  set  at  kd  angle  of 
130  degrees.  It  is  used  in  loiirluDg 
any  part  of  the  bladder  wall,  in  ex- 
ploring a  siniia,  and 
particularly  in  local- 
ing  ihe  ureteral  ori- 
flees   in  doubtful 

The  Applimtor, — 
Any  piece  of  Uexiblc 
■v,\rv  ulxiut  15  cni 
lone  ndl  do  as  an 
uppliciittir  to  Cttrr\ 
midie«red  cotton  t<i 
nil  pi  lints  na  tin 
liliidder  or  tbe  uri 


uliim 


useful    in 

gruduuted    in 
s  for  mcaa 


unnglliedi 
tneen  points  uu  tlii 
bladder  wall  (llic  ex- 
teriml  oriuterual  lire- 
tliral  orifices)  and  a 
Hutlened  searcher, 
like' wise  graduated  in 
centimetres  and  half 
centiraelres. 

The    TECHXiquE 
ov  CvsTOBConc  E:t- 
A.MiSATioK.— .daep- 
n'«,  —Asepsis  must  be 
niaiiiittincd  tlirongUout  eveir  examinatton 
by  handling  only  aaeptin  (boiled)  fnstru- 
mi'Dts,  intnidiicud  by  (surgically)  clean 
lidnds.  through  a  clininsed  ureUiral  orifice. 
All  instnimeuls  must  have   been   bolinl 
and  be  platnid  upon  a  sterile  towel.    Wipe 
Ihe  nrcthml    orifice 
with  a  piece  of  Bt«iile 
giiuze,  removing  any 
Itiicorrhenl   or  otiicr 
dischargea.     The 
hiinds  must  he  Bcruh- 
hed  surgically  clean. 


by 
cfline.  applied 
niclal  n<a    and    liitri 


wilhln  the  exWrnal 
Ix^foreliiuid,  ia  sufU- 
'ly  rlmt  any  required 


far  a 


hlo  tbe  1 

taken  to  avoid  Iijurb- 
ing  any  part  of  the 
instruments  but  the 
handles.  If  this  were 
always  done,  no  in- 
fection could  ever 
occur  even  wilh  in 
fc^eted  bands.  Every 
instrument  should  bi- 
constantly  inspected 
to  detect  any  rousli 
or  scaling  surface  li- 
able to  cut  Ibe  mu- 
nous  membrauc- 

Prepamtion  of  Iht 
Piilirut.— Be  sure 
that  the  bowel  has 
been  recently  emptied,  that  tlic 
urine  has  been  passed  immediately 
before  coming  to  the  table,  and 
that  some  lime  lias  elapsed  since 
tbe    patient    lias    takuu    her    last 


Flo.  «B.-Tlie 


Anoitlum 


gL-I 


t-ral    I 


REFERESCE  HANDBOOK  OF  THE  BIEDICAL  SCIENCES. 


Bible,  lets  the  hack  curve  in,  anil 
brings  the  side  of  the  faoe  down  on 
the  table.  If  stie  squals  a  lillle. 
dropping  the  buttocks  slightly  toir- 
ard  her  feet,  ahe  will  be   more  con- 


FlG.  4BS.— VeilcBl  Speculum  iDCroduced  with  tbe  Patient  Id  tbe  Ene«-Breast  Posture. 


dilatation   may  t>e  miutc  and  the   speculum  intruduciil 
without  ninth  discomfort"  (Kellj) 

J^liireof  the  Patient  — "Two  postnrp8  are  aiailable 
in  elevated  dorsal  and  akDcc  breast     Thedorsaljxisiti 


(Figs.  490  aud  401)  it  t1i<>  most 
least  tinng  to  the  pulKiit  biititisouli  of  senici 
in  thin  patunts  and  the  atmospheric  expansion  is 
not  so  ;;iHxl  the  bk'idir  of  ft  fat  vvonian  vilt 
rarth  di->l<nd  at  all  In  this  pusriin  The  lund 
ami  lliom\  nst  on  the  tiibk  nliilc  the  pi  hi-  is 
niis(cll)\  piitlinjT  oneorlHO  br>in  rushinnmimUr 
tht,  liiilrmU  so  an  1o  eluatt  INim  20  or  30  ini 
<nj,lit  nr  t«il\c  mehiil  or  more  8lK>^c  tin.  tnlih 
U\<1  Tlnsgnisa  pitch  1o  11k  ixlik  and  lorn  r 
■'  '  '  nhuh  nmki 


pansion,  it  is  necessary  to  push  the 
thighs  in  the  opposite  direction  be- 
yond the  vertical.  If  she  is  undtran 
aniEsIhetic,  the  best  way  to  hold  her 
in  the  knee-breast  position  is  for  two 
assistants  to  stand,  one  on  each  side, 
close  up  to  the  body  to  prevent  it 
from  fallui|r  aidewise,  each  grasping 
llic  body  with  one  arm  thrown  over 
llie  back,  and  holding  the  leg  In  tbe 
crotch  of  the  knee  with  the  other 
hand  to  keep  it  from  slipping  up  or 
down  "  (Kelly). 

An  apparatus  like  tliat  shown  in 
llie  text  (Fig.  493),  and  devised  br 
Dr.  G.  B.  Miller,  is  usi'ful  where  a^. 
sislants  are  scarce,  but  tbe  thi^ 
Imuds  must  not  be  allowed  to  cut 
into  the  femoml  fold. 

Calibrating  and  Dilating  the   Vrt- 
Ihrnl   Orifice.— " BetoTc  dilating  the 
urethra  and   introducing  the  specu- 
lum it  is  well  to  calibrate  it,  that  Is, 
to  mea.ture  its  diameter  in  millimetres 
aa  a  guide  to  the  amount  of  dilatation 
needed  to  admit  a  speculum;  for  ex- 
ample, if  the  urethral  orifice  has  a 
diameter  of  6  or  7  mm.  only,  It  can- 
not be  dilated  up  to  10  or  13  mm. 
without  a  slifiht  rupture  of  its  mar- 
gins; cnlibralion  in  this  case  would 
induce  one  to  use  a  speculum  a  size  or 
two  smaller  than  usual.     Again,  the 
eiilibration   often   shows   that   the  orifice  la  already  so 
largcthat  itnei'd^noprthminarrdilatation      A  practLse<l 
e\  e  ■«  ill  usually  be  able  to  gauge  the  size  of  the  urettital 
onflce  at  once  and  to  select  the  exact  size  of  speculum 
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"  Tn  calibrate  theoriflcp,  the  small  end  of  tbe  cnnical 

dilator  {Fig.  48.'>.  2)  ia  puslied  into  tjio  urotbra  until  it  tlla   | 
SDUgty,  when  the  index  flDger  marks  the  point  in  c 


The  smaller  sizes  are  Letter  adapti'd  to  girls  and  to 
young  women  with  small  urt'tlira'.  Beginners  in  cysto- 
scopy are  apt  to  select  a  larger  speculuiti,  using  a  ho.  10 


o  select  a      „        ,  , 

irll:  withexpericncethey  will  drop  a  SI 

"To  introduce  the  speculum,  it  is  grasped  as 
shown  in  Fig.  404  and  the  obturator  is  kept  from 
slipping  back  into  the  cylinder  by  a  decided  press- 
ure with  the  thumb,  continued  until  the  end  has 
entered  into  the  bladder.  The  urethra,  wiped 
clean  with  boric  acid  solution,  is  exposed  by  an 
assistant  holding  tlie  buttocks  and  the  labia  well 
apart,  while  the  point  of  the  npecuhim,  coaled 
with  the  boroglycerldc  solution,  is  applied  to  the 
urethral  oriflce.  and  pushed  through  the  urethn 
into  the  bladder  with  a  gentle  sweep  around  the 

Snbic  arch.  The  handle  of  the  speculum  is  now 
rmly  grasped,  while  the  obturntor  Is  witlidmwn 
with  a  slight  rotary  motion.  If  the  internal  ure- 
thral orifice  is  drawn  well  Into  tlie  pelvis  by  the 
rsture,  the  urethra  is  so  much  curvetl  that  there 
danger  of  injuring  it  by  pusliing  the  speculum 
hard  against  its  posterior  wall:  this  must  be 
avoided  by  introducing  the  speculum  in  a  de- 
cided curve.  The  moment  the  obturator  is  taken 
out  the  air  rushes  in  and  the  bladder  is  dilated 
Fio.  W.— HoldlDK  tlie  VMirai  speralum  Rradv  tor  iDtroductiaD.   Tbe  tliuiiiti    and  ready  for  the  inspection. 

«~__,K.„h,..~.«,»™i,,„  «jj  j^^  bladder  does  not  expand  in  this  way 

the  examiner   will   usually  And  that  the  patient 


ill,  in. 


tact  with  tlic  uretliral  orifice:  the  dilator  is  then  with- 
drawn and  the  diameter  in  millimetres  read  off.  If  it  is 
9  or  10.  the  speculum  of  the  same  number  is  taken  up 
and  IntnMluced  without  dilatation;  if  the  number  in- 
dicating the  diameter  is  7  or  (j.  the  urethra  must  first  be 
dilated  up  to  the  size  of  the  speculum  to  be  us«i. 

"  Boroglyceride  fofLis  the  be»t  lubrieant  for  dilator  and 

speculum  because  it  is  colorless.     Vaseline '"' 

leaves  a  film  behind  which 
looks  like  pus. 

"  To  dil'ile  the  oHfiee.  the 
dilator,   whicli  is  one  and 


lias  assumed  a  faulty  position,  and  as  soon  as  this  la 
corrected  tJie  expansion  occurs. 

"  Yieiniig  Oie  Bladder. — It  takes  far  less  time  to  view 
the  whole  interior  of  the  bladder  than  it  does  to  describe 
the  method  of  Inspection  (Fig.  495);  Indeed,  after  prac- 
tice, a  few  seconds  will  be  sufficient  to  determine  by 
actual  sight  whether  any  portion  of  the  interior  is  sound 
or  diseased. 


the  s 


with 


the  calibrator.  Is  Introduced 
into  the  urethra  in  the  di- 
rection of  its  axis,  with  a 
alight  boring  motion,  until 
the  rp(juiretl  distention  is 
reaehctl  in  a  few  seconds. 
Often  there  is  no  Injury  at 
all  fr(un  such  a  dihitatiou, 
while  at  other  times  one  or 
two  sliallow  ruptures,  1 
mm.  deep  and  from  8  to  S 
mm.  long,  are  made  at  the 
posterior    margin.     I  have 

bleetltng  nor  have  I  bad 
to  treat  the  niptures  later 
as  fissures;  only  two  or 
three  limes  have  I  had  to 
pnt  in  A  tine  suture  to  slop 
the  oosiug.  An  unusually 
small  and  rigid  orifice 
sliould  be  cut  posteriorly, 
as  Huggesteil  by  Simon; 
then,  after  the  examination, 
the  cut  is  close<l  with  one 
or  two  fine  silk  sutures" 
(Kelly). 

tutnidiir.iiig  tile  Specaliim. 
~-"A  skilful  examiner  will 
scletrt  a  suitable  speculum. 
No.  7,  8,  »,  or  10.  or  one  of 
tlie  lialf  sizes  between,  ac- 
cording to  the  case,  the  age 
of  the  patient,  or  the  pur. 
pose  of  the  examination ;  a  patient  with  n  sensilive  urc 
thm  may  often  be  treated  with  les.-i  discomfort  and 
with  eqiiu)   'acility   through   a  No.  li  or  8  speculum 


Fig.  4».— EiamlnBlkiD  ot  tbe  Bladder  witb  thp  rallent  In  the  Knee-Brraitt  Pusition. 


itient  IH  111  (Ik  knee-lireast  pnsiliim  the  ex 
jn  a  stool  with  his  eyes  a  little  below  thi 
nlhra  grasping  the  liondle  of  the  speculum 
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which  is  turned  upward,  aud  he  should  wear  the  head 
mirror  over  the  same  eye  he  uses  at  the  microscope. 

"The  assistant  now  holds  the  electric  droplight  close 
to  the  end  of  the  sacrum,  wliich  is  i)rotected  from  the 
heat  by  one  or  two  towels,  and  the  lower  margin  of  the 
head  mirror  is  drawn  away  from  the  face  and  turned 
until  the  reflect^^d  light  spot  falls  within  the  bladder. 
Men  accustomed  to  throat  and  eye  work  will  find  no  diffi- 
culty in  putting  a  gocxl  illumination  at  once  just  where 
they  want  it,  while  to  the  inexperienceil  man  the  apparent 
waywardness  of  the  light  will  Imj  his  chief  trouble 
throughout.  The  direct  ray  of  the  little  electric  head- 
light makes  the  illumination  of  the  field  an  easier  task. 

"The  inspection  of  the  bladder  naturally  lx?gins  with 
the  posterior  hemisphere  about  the  posterior  pole,  op- 
posite the  internal  urethral  orifice,  from  3  to  5  (!m.  dis- 
tant from  the  anterior  wall,  but  not  more  than  2  or  3  cm. 
from  the  end  of  the  speculum,  which  is  pushed  well  into 
the  bladder. 

"The  whole  posterior  hemisphere  is  first  examined  as 
the  end  of  the  instrument  is  direct4.*d  to  the  right  and  to 
the  left,  by  alternately  raising  and  dropi)ing  the  handle 
so  that  every  part  of  the  mucosa  is  passed  in  review  at 
least  twice. 

"  The  normal  Inickffround  of  the  inHaied  hhuhler  seen  in 
this  way  is  a  dull  white,  with  here  and  there  large  vessels 
branching  and  anastomosing  over  it  in  an  irregular  man- 
ner. The  fine  rosy  capillary  injection  seen  in  a  con- 
tracted bladder  is  not  visible  when  it  is  distended  with 
air,  for  the  minuter  vessels  are  emptied,  both  by  the  ex- 
pansion and  by  the  posture  of  the  patient.  At  a  point  1 
or  3  cm.  above  the  posterior  pole  a  rounded  red  spot  of 
capillary  injection  is  often  s(?en,  which  may  easily  be 
mistaken  for  a  localized  inflammation,  but  which  is 
merely  a  suction  hyperemia  inductni  at  this  point  by 
contact  with  the  end  of  the  speculum  during  the  with- 
drawal of  the  obturator. 

"  The  larger  blood -ves.sels  spring  out  of  the  submucosa 
where  they  are  first  seen  in  a  hazy  way,  becoming  clearer 
and  with  sharply  defined  outlines  on  the  surface,  where 
they  divide  and  subdivide  into  numerous  branches.  Oc- 
casionally an  artery  is  seen  pulsating,  and  a  large  dark 
vein  may  sometimes  be  seen  gradually  disappearing  from 
view  as  it  penetrates  the  walls  obliquely.  The  mucous 
.surface  on  the  right  and  the  left  of  the  posterior  hemi- 
sphere is  often  divided  up  by  shallow  interlacing  ridges, 
or  ugain  a  sharp  ridge  2  to  3  cm.  long  is  seen  to  cross  the 
field  obliquely ;  these  ridges  are  formed  by  the  inner 
muscular  Innidles  irregularly  arnuiged.  Numerous  little 
glistening  points  are  due  to  moisture  on  slight  inequali- 
ties of  surface  which  catch  and  reflect  the  light. 

'*  By  dropping  the  handle  of  the  speculum  decidedly, 
its  inner  end  is  niised  and  the  vault  or  suinniit  of  tlie 
bladder  is  brought  into  view,  and  every  ])art  of  the  organ 
inspected  by  moving  the  end  from  side  to  side.  By 
elevating  the  handle  decidedly,  the  floor  of  the  bladder  is 
examined  in  the  .sjime  way,  and  then  l)v  moving  it  to  the 
left  and  to  the  right,  the  right  and  left  walls  come  into 
view. 

"The  only  parts  which  remain  unexamined  are  those 
contiguous  to  the  internal  urethnil  orifice,  and  these  are 
now  seen  by  a  still  more  decided  elevation  and  dei)reasion 
of  the  handle.  With  a  marked  depres-sion  of  the  specu- 
lum the  vesical  triangle  comes  into  view,  always  a  little 
more  injected  than  the  rest  of  the  bladder,  due  to  the 
fact  that  the  mucosa  and  the  underlving  tissues  are 
intimately  connected,  which  prevents  this  part  from  ex- 
l>andinLrMii(l  becoming  aiuemic  like  the  rest  of  the  bladder. 

"Turning  the  speculum  from  tiftcen  to  twenty  degrees 
-ircncraliv  the  latter— to  the  riirht  or  to  the  left  a  little 
puiKish  ])ronnn(ii('('  is  s<'cu — the  mohs  un ten's — which 
marks  the  j)osition  of  the  urethral  orifice;  this  usually 
looks  like  a  fine  transverse  line  about  2  mm.  long  on  the 
side  of  the  nions.  It  is  sometimes  a  faint  streak,  liUea  lit- 
tle water  iiiieon  j>aper.  At  other  times  the  orifice  appears 
asa  little  pit  orainere  point.  In  some  young  nulliparous 
women,  the  ureteral  opening  is  indicated  ])yasinall  round 
black  point  which  has  not  been  observed  in  older  women 


who  had  borne  children  (Hunner  and  Lyon).  Immedi- 
ately around  the  ureteral  orifice  is  a  paler  area  about  1 
mm.  broad,  and  surrounding  this  a  rosy  area  3  or  4  mm. 
broad.  I  have  several  times  seen  a  blood-  vessel  emerging 
out  of  it  on  to  the  vesical  mucosa.  If  a  V  with  its  angle 
at  thirty  degrees  is  marked  on  the  cylinder  of  the  specu- 
lum, near  the  handle,  by  bringing  one  of  the  arms  of  the 
V  parallel  to  the  axis  of  the  urethra  the  other  arm  will 
then  point  toward  one  of  the  ureteral  orifices,  which  may 
now  be  found  at  once  on  looking  through  the  speculum* 

"  If  the  ureteral  orifice  is  watched  for  half  a  minute  or 
so  a  little  clear  urine  will  be  seen  to  spout  out  from  the 
surface,  forming  a  jet  which  lasts  two  or  three  seconds, 
to  be  repeated  again  in  the  course  of  a  minute. 

"Sometimes  the  urine  spurts  up  free  from  the  surface 
X)f  the  bladder,  shoots  into  the  lumen  of  the  speculum 
and  trickles  down  to  the  outer  edge.  By  holding  the  end 
of  the  speculum  close  up  under  the  ureter,  or  by  using 
the  oblique  speculum  adapted  specially  to  this  purpose, 
(Fig.  485,  1)  enough  urine  can  be  caught  up  with  pled- 
gets of  cotton  or  in  a  small  graduate  to  answer  the  pur- 
pose of  a  physical,  chemical,  and  micniscopic  examination. 
When  the  bladder  is  inflamed  or  ulcerated,  it  is  some- 
times of  great  advantage  to  get  a  little  urine  from  one  or 
both  sides  in  this  wav,  because  it  avoids  the  risk  of  a 
possible  infection  of  a  ureter  by  putting  in  a  catheter. 

"  The  inter-ureteric  line  is  oft^en  distinctly  seen  from  its 
having  a  little  deeper  color  than  the  bladder  behind  it, 
or  from  a  shght  elevation. 

"  In  the  process  of  the  examination  of  the  entire  blad- 
der, conducted  in  this  way,  the  field  of  vision  has  changed 
from  the  posterior  wall  perpendicular  to  the  plane  of 
vision  to  the  triangidar  area  which  lies  almost  parallel 
to  it :  at  right  angles  differences  in  color  are  best  seen, 
while  in  the  plane  of  vision  outlines  which  cross  it  come 
out  more  distinctly. 

"  The  retrosymphyseal  area  comes  into  view  on  elevat- 
ing the  handle  of  the  speculum  so  as  to  direct  the  inner 
end  toward  the  symphysis  pubis. 

"Occasionally  a  bladder  will  be  found  which  does  not 
remain  balloontil  out  with  air,  but  undergoes  periods  of 
more  or  less  rhythmic  contraction,  each  of  which  lasts 
half  a  minute  or  more.  With  the  contraction  there  is  an 
influx  of  blood  into  the  capillaries,  and  the  mucous  mem- 
bmne  as.sumes  a  rosy  hue,  becoming  more  intense  as  the 
contmcti(m  increases,  until  the  whole  organ  is  thrown 
into  small  folds  like  a  labyrinth  of  cerel>ral  convolu- 
tions. AVith  the  contraction  the  air  Ls  audibly  ex|K'lle<i 
and  often  urine  C(mies  sputtering  out  with  it.  After 
waiting  from  half  a  minute  to  a  minute  the  ccmtraction 
relaxes  and  the  bladder  expands,  and  the  examinati«)n 
can  be  continued.  The  color  and  appearance  of  the 
walls  and  of  the  vessels  of  a  normal  bladder  must  he 
well  fixed  in  the  mind  by  numerous  examination.s.  1k- 
cause  the  normal  conditions  are  the  standards  of  com- 
paris<m  in  determining  the  presence  of  areas  of  conges- 
tion, inflammation,  or  other  disi^ases. 

*' Insuflicient  expansion  of  the  bladder  will  be  notice*! 
in  advanced  pregnancy,  or  in  the  ca.se  of  a  tumor  block- 
ing the  pelvis,  or  in  ascites.  It  may  also  be  due  to  the 
fact  that  the  patient  in  taking  the  knee-breast  posture 
arches  her  liack,  aud  raist^s  her  chest  too  high  from  the 
table,  and  so  interferes  with  the  action  of  gravity  on  the 
intestines.  Often,  too.  a  little  time  must  W  allowed  for 
the  viscera  to  gravitate  slowly  towartl  the  diaphragm, 
and  so  create  the  necessary  suction  for  the  distention  of 
the  bladder. 

"Too  great  an  expansion  of  the  bladder  may  also  Ik? 
troublesome.  Thedifliculty  is  that  thetrigonumaud  the 
ureteral  orifices  are  then  lifted  up  so  high  that  the  ex- 
aminer has  to  bring  his  head  so  far  under  the  patient  that 
his  position  is  extremely  awkward  and  he  does  not  gel 
enough  light  for  inspection.  This  may  be  remedicti  in 
sevend  ways: 

"('0  Before  introducing  the  cystoscope  a  sj)eculum  is 
always  put  into  the  vagina,  which  then  balloons  out  with 
air  and  lets  its  anterior  wall  with  the  floor  of  the  bladder 
drop  in  the  direction  of  the  symphysis;  then  when  the 
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vesical  speculum  is  introduced  the  available  expaDsion 
space  of  the  pelvis,  already  partly  occupied  by  the  dis- 
tended vagina,  is  so  diminished  that  the  floor  of  the 
bladder  remains  more  nearly  in  the  plane  of  vision.  In 
parous  women  the  atmospheric  expansion  of  the  vagina 
is  usually  spontaneous.  Distention  of  the  rectum  with 
air  will  sometimes  produce  the  same  effect. 

"(ft)  By  putting  a  cotton  pack  in  the  vagina  or  by  de- 
pressing its  anterior  wall  with  a  spatula,  any  particular 
portion  of  the  base  of  the  bladder  can  held  down  in  view. 

"  (r)  Cases  where  there  is  a  tendency  to  an  excessive 
expansion  ma}',  as  a  rule,  be  easily  examined  in  the 
dorsal  posture,  when  it  is  naturally  not  so  great. 

"  The  presence  of  air  in  the  bladder  is  rarely  painful  so 
long  as  the  urethra  is  open  and  the  air  enters  and  escapes 
freely  with  each  respiratory  movement.  But  not  infre- 
quently as  soon  as  the  speculum  is  taken  out  the  patient 
^els  a  cramping  pain,  which  is  not  relieved  until  she  has 
been  able  to  seat  herself  on  a  vessel  to  expel  the  air.  To 
avoid  this  after-pain,  the  examiner  may  leave  the  specu- 
lum in  place,  or  slip  a  catheter  in,  and  then  lower  the 
patient  gently  from  the  knee-breast  posture  on  to  her 
side,  so  as  to  let  the  air  out  gradually. 

"It  is  not  necessary  to  take  any  special  precaution 
after  a  vesical  examination,  unless  it  has  been  prolonged 
enough  to  weary  the  patient,  or  unless  slie  is  feeble  or 
nervous ;  under  these  circumstances  rest  for  an  hour  or 
two,  with  a  half  teaspoonful  of  aromatic  spirits  of  am- 
monia, may  be  prescribed. 

"The  field  of  usefulness  of  the  cystoscopic  method  just 
described  is  a  large  one,  commensurate  with  the  entire 
field  of  vesical  disease,  and  the  practitioner  who  uses  it 
liberally  will  be  rewarded  by  constantly  discovering  that 
affections  hitherto  described  as  merely  functional  have 
definite  local  lesions  as  their  basis,  and  are  often  speedilj' 
amenable  to  simple  methods  of  treatment. 

"  I  wish  further  to  insist  that  a  cystoscopic  examination 
should  be  made  in  every  case  where  a  vesical  affection  is 
more  than  transient  and  the  diagnosis  is  not  absolutely 
clear  without  it,  and  that  every  part  of  the  bladder 
should  then  be  thoroughly  inspected  '*  (Kelly). 

Mensuration  of  the  Female  Bladder. 

O.  L.  Hunner  and  I.  P.  Lyon  have  recently  published 
(Journ.  Am.  Med.  AssJt.,  1899,  vol.  xxxiii.,  p.  1515)  some 
very  interesting  and  instructive  results  of  their  work  on 
bladder  capacity,  "undertaken  primarilv  to  afford  to  the 
gynecologist  some  additional  information  on  the  size, 
shape,  position,  internal  mensuration,  and  capacity  of 
the  bladder,  and  incidentally  to  furnish  the  anatomist 
with  some  of  the  same  data." 

"1.  All  measurements  were  made  on  living  women 
with  the  bladder  perfectly  healthy — most  cases— -or  so 
slightly  disturbed  from  the  normal  as  not  to  affect  the 
accuracy  of  the  results.  2.  All  examinations  were  made 
with  the  women  in  the  knee-breast  posture,  with  the 
rectum,  vagina,  and  bladder  all — with  a  few  exceptions 
—dilated  by  atmospheric  pressure,  produced  by  simply 
opening  these  cavities  to  the  outside  air  by  the  insertion 
01  a  speculum,  by  the  methods  so  well  known  from  the 
writings  of  Kelly.  .  .  . 

"  It  was  found  that  by  this  method  of  dilatation  no  dis- 
comfort was  felt  by  the  woman,  and  consequently  no  re- 
sistance, either  voluntary  or  involuntary,  was  offered  by 
her,  thus  adding  to  the  uniformity  of  the  observations. 
On  the  contrary,  it  was  found  tliat  distention  by  fluid  to 
discomfort  was  subject  to  the  peculiar  and  vaiying  irri- 
tability or  tolerance  of  the  subject,  and  thus  gave  no  uni- 
form basis  of  comparison.  .  .  . 

"The  woman  was  put  in  the  knee-breast  posture  and 
the  three  pelvic  cavities  were  each  allowed  to  dilate  by 
natural  atmospheric  pressure.  A  closely  fitting  catheter 
was  then  introduced  into  the  bladder,  attached  at  its  ex- 
ternal end  to  a  long  soft -rubber  tube.  The  tube  was  then 
closed  by  a  clamp,  and  the  woman  then  rotated  carefully 
by  assistants  from  the  knee-breast  into  the  dorsal  posi- 
tion.   The  rubber  was  then  introduced  into  a  deep  vessel 
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of  water  and  from  below  upward  into  an  inverted  glass, 
graduated  cylinder  completeljr  filled  with  water,  ana  was 
held  pointing  upward  in  this  position  by  an  assistant. 
The  clamp  on  the  tube  was  then  released,  and  the  entire 
content  of  the  bladder  was  then  expressed  by  the  ordinary 
gynecological  bimanual  method,  with  one  hand  exerting 
pressure  on  the  bladder  externally  from  the  abdominal 
wall  and  the  other  pressing  at  the  same  time  on  the  blad- 
der from  within  the  vagina  or  rectum.  .  .  . 

"The  air  thus  expressed  was  gathered  in  the  glass 
cylinder,  displacing  from  above  down  an  equal  amount 
of  water,  and  the  amount  read  off  on  the  graduated 
cylinder,  thus  determining  the  exact  air  capacity  of  the 
bladder.  .  .  . 

"In  the  25  women  examined,  the  average  bladder 
capacity  by  atmospheric  distention  was  found  to  be  303 
C.C.,  individual  cases  ranging  from  a  minimum  of  160 
to  a  maximum  of  545  c.c.  .  .  .  The  capacity  in  general 
follows  the  general  size  of  the  bladder  by  internal  men- 
suration, and  also  in  a  general  way  the  size  of  the  woman. 
Measurement  was  also  made,  in  22  cases,  of  the  fluid  con- 
tents of  the  bladder,  boric  solution  being  used  for  the 
purpose.  On  anaesthetized  patients  the  solution  was  in- 
troduced through  the  double-barrelled  catheter  until 
it  overflowed  through  the  upper  barrel ;  on  those  without 
anaesthesia,  until  discomfort  was  caused  to  the  woman. 
The  average  fluid  capacity  was  thus  found  to  be  429.7 
c.c,  varying  in  individual  cases  from  a  minimum  of  210 
to  a  maximum  of  840  c.c.  The  average  fluid  capacity  of 
the  bladder  was  thus  found  to  be  more  than  one-third 
greater  than  the  air  capacity,  a  difference  that  would  be 
expected  because  of  the  elasticity  of  the  bladder  waUs 
under  increased  pressure. 

"  With  reference  to  the  influence  of  anaesthesia  on  the 
capacity,  it  was  shown  that  the  average  capacity  of  the 
bladder  is  somewhat  greater  than  without  anaesthesia, 
explained,  doubtless,  by  the  relaxation  of  the  bladder 
during  anaesthesia." 

InstrumentcU  Menmiratian. — "The  second  chief  object 
of  study  was  to  gather  some  statistics  on  the  internal 
mensuration  of  the  bladder  under  atmospheric  dilatation 
in  the  knee-breast  posture.  The  importance  of  such 
measurements  to  the  gynecologist  is  apparent,  but  they 
have  never  before  been  accurately  ascertained." 

The  distance  of  certain  points  from  the  internal  ure- 
thral orifice  was  measured.  "The  points  chosen  were: 
1.  The  vertex,  or  summit,  the  most  prominent  and  dis- 
tant point  in  the  concavity  of  the  upward  and  anterior 
bulging  of  the  ventral  wall,  usually  placed  well  above 
the  reflexion  of  the  peritoneum  and  the  departure  of  the 
urachus.  2.  The  most  prominent  and  distant  point  in 
the  upward  and  dorsal  bulging  of  the  posterior  wall. 
This  point  is  found  a  few  centimetres  above  the  peritoneal 
reflexion,  and  is  usually  opposite  the  end  of  the  cvsto- 
scope  when  held  in  the  axis  of  the  patient's  body.  Quite 
frequently,  however,  the  cystoscope  must  be  directed 
more  posteriorly  to  bring  this  point  into  view.  3.  The 
point  of  the  greatest  outwai'd  bulging  in  the  left  lateral 
wall.  4.  The  point  of  greatest  outward  bulging  in  the 
right  lateral  wall.  .  .  . 

"The  average  measurements  obtained  for  these  four 
points  were:  to  summit,  7.14  cm. ;  to  posterior  wall.  5.77 
cm. ;  to  left  lateral  wall,  6.70  cm. ;  to  right  lateral  wall, 
5.92  cm.  .  .  . 

"  The  a^mmetry  of  the  dilated  bladder,  shown  by  the 
unequal  lateral  measurements,  is  of  interest.  In  16  cases 
the  left  lateral  measurement  is  greater  than  the  right ; 
the  reverse  is  true  in  6,  and  in  8  the  left  and  right  internal 
measurements  are  equal.  The  occasional  asymmetric 
position  of  the  bladder  has  been  noticed  by  anatomists, 
but  never  before  has  this  asymmetry  been  recorded  in  so 
large  a  proportion  of  cases.  This  tendency  of  the  blad- 
der to  be  placed  more  to  the  left  than  to  the  right,  at 
least  when  the  patient  is  in  the  knee-breast  po.sture  with 
the  pelvic  cavities  dilated  with  air,  may  be  explained  by 
the  fact  that  the  rectum  in  women  is  found  much  more 
commonly  on  the  right  than  the  left  within  the  pelvis, 
and  thus  the  distended  rectum  tends  to  displace  the  blad- 
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der  toward  the  left.  Our  observations  on  the  position  of 
the  rectum  in  women  are  directly  opposed  to  the  usual 
statements  of  text-books  of  anatomy  and  surgery.  .  .  . 

"Another  factor  producing  some  slight  asymmetry  of 
the  dilated  bladder  is  the  fact  that  the  uterus  is  usually 
placed  somewhat  to  the  left  of  the  median  line  and  en- 
croaches on  the  left  upper  posterior  (piadrant  of  the 
bladder.  The  influence  of  this  factor  is  to  lower  the 
point  of  greatest  outward  bulging  of  the  left  lateral  wall 
so  that  it  is  found  to  be  on  a  lower  level  than  on  the  right 
lateral  wall.  .  .  . 

"  With  the  patient  in  the  knee-breast  posture,  and  the 
rectum,  vagina,  and  bladder  all  dilated  by  atmospheric 
pressure,  it  was  found  tliat  the  true  pelvis  was  always 
completely  occupied  by  these  organs,  and  that  tlie  blail- 
der  and  uierus  t^*nded*  to  rise  upward  and  forward.  In 
multipane  the  uterus  was  found  to  be  displaced  so  far 
upward  and  forward  that  its  fundus  could  be  felt  within 
a  few  centimetres  of  the  umbilicus. 

"The  ballooning  of  the  rectum  and  vagina  before  the 
bladder  was  allowed  to  till  with  air  was  found  to  be  of 
great  importance  to  the  ease  of  examining  the  ureteml 
orifices,  in  the  fact  tliat  tlie  dilated  rectum  and  vagina 
press  from  behind  upon  the  ba.se  of  the  bladder,  tlius 
bringing  the  trigonum  and  ureteral  orifices  forward  and 
into  easy  view  of  the  speculum.  Neglect  of  this  point 
and  failure  to  first  allow  the  rectum  and  vagina  to  dilate 
is  accountable  in  large  mejisure  for  the  difficulty  found  by 
so  many  gynecologi.sts  in  calheterizing  the  ureters.  .   .  . 

"The  bladder,  as  a  whole,  when  dilated  with  air  and 
observed  dnn'ng  operation  mthin  the  pelric  cavity — from 
abdominal  section — was  found  to  be  ellipsoidal  in  form, 
flattened  somewhat  in  its  antero-posterior  diameter  and 
increased  transversely.  The  transverse  diameter  was  al- 
ways the  greatest  measurement.  Mathematical  calcula- 
tion of  the  cubic  content  of  an  ellipsoidal  viscus  of  the 
dimensions  of  the  bladder  corresponded  closely  with 
actual  air  capacity  obtained  by  expression  "  (Hunnerand 
Lyon). 

Abnormal  Urine;  Examination  op  the  Urine. 

Color. — The  color  of  the  urine  in  diseases  of  the  bladder 
may  vary  from  the  almost  colorless  urine  of  hysteria  to 
the  reddish-black  urine  of  hflemoglobinuria  or  of  hemor- 
rhage from  the  urinary  tract.  It  may  be  of  a  pale  yellow 
color,  or  opaque  fi-oin  admixture  of  pus. 

The  ocU>r  of  cystic  urine  is  usually  ammoniacal,  unless 
the  reaction  is  very  acid. 

The  nutrtkn  of  the  urine  in  cystitis,  when  due  to  the 
presence  of  the  coli  communis,  streptococcus,  tubercle,  or 
typhoid  bacillus  in  pure  culture,  isacid;  but  when  caused 
by  saprophytes,  pyogenic  bacteria,  or  both,  with  de- 
composition of  urea,  its  reaction  is  alkaline. 

SjU'citir  (jracitif  in  vesical  disease  is  usually  about  1.010 
-1.01").  but  responds  to  all  the  usual  fetitures  which  in- 
duce variations  in  the  quantit^y  of  the  urine. 

AfurtfM. — Mucus  in  the  urine  is  rarely  of  diagnostic  im- 
port, being  always  increased  in  any  vesical  inflammation. 

KpitheJiiirn. — E.xfoliation  of  epithelium  always  Uikes 
place  in  cystitis,  and  microscopically  we  can  determine 
from  what  layer  of  the  mucous  membmue  it  is  derived 
and  to  what  extent  the  vesical  wall  is  involved.  The 
superficial  cells  are  large,  round,  or  rectangular  pave- 
ment cells;  those  from  the  deeper  layei*s.  caudate  or 
spindle-shaped.  The  latter  varieties  resemble  cells  from 
the  uret/^r.  The  de<*p  vesical  cells  may  be  confounded 
with  cells  iriven  off  from  the  deeper  layers  of  the  ])elvis 
of  the  kidney,  though  these  are  usually  somewhat  smaller 
in  siz(Mind  lighter  in  structure  than  the  deep  bladder  cells. 

BUxhJ  (!/i(/  AUniniin. — Ihematuria  may  be  due  to  hemor- 
rhage from  any  portion  of  the  urinary  tmct.  In  acid 
urine  the  re(l  corpuscles  present  a  .shrivelled,  crenated  a])- 
pearance;  in  faintly  acid,  diluted  urine  the  corpuscles  are 
quite  full  from  endosmosis.  Ha^maturia  accompanies 
acute  congestion  and  varico.se  veins.  From  the  free  sur- 
face of  the  bladder  the  blood  escapes  either  in  a  free  state 
or  in  small  clots.     Such  hemorrhages  imply  the  presence 


of  a  calculus  or  a  foreign  body,  or  of  some  form  of  new 
growth,  in  the  bladder.  But  they  may  also  occur  in 
connection  with  an  ulcerated  condition  of  the  vesical 
mucous  membrane  or  as  a  result  of  malaria.  When  the 
blood  comes  from  the  kidneys  it  is  intimately  inter- 
mingled with  the  urine. 

From  a  study  of  nineteen  cases  of  hfematuria,  David 
Newman  {Lancet,  Jul}'  2,  9,  and  16,  1898)  concludes  that 
**  the  source  of  the  hemorrhage  is  often  determined  by 
studying  the  character  of  the  urine,  or  of  the  blood  clot 
if  such  IS  present.     The  farther  down  the  source  of  the 
hemorrliage,  as  a  rule,  the  less  is  the  alteration  of  the  ap- 
pearance of  the  blood ;  though  this  is  not  true  when  the 
liemorrliage  has  been  from  the  bladder  in  cases  in  which 
there  is  nnsidual  urine,  as  the  color  is  rapidly  changed  in 
such  instances.     Occasicmallv  the  clot  encloses  some  of 
the  tissue  from  the  source  oi  the  hemorrliage,  and  then 
microscopic  examination  makes  practically  an  absolute 
diagnosis.     If  clots  are  large,   they  cannot  have  come 
from  high  up  near  the  kidneys.     Renal  htematuria  is 
apt  to  appear  very  suddenly,  and  disappear  quite  as  sud- 
denly.    In  case  of  stone  in  any  location,  rest  causes  im- 
provement,  and  exercise  increases   the   trouble.      The 
cj'stoscope  often  gives  aid.     The  estimation  of  the  quan- 
tity of  haemoglobin  and  comparistm  with  the  amount  of 
albumin  in  the  urine  will  tell  whether  the  albumin  pres- 
ent is  due  entirely  to  the  blood  or  if  there  is  also  al- 
buminuria.    If  there  is  excess  of  albumin,  this  indicates 
a  probable  renal  source  of  the  hemorrhage.     Hemorrhage 
from  renal  calculus  is  usually  slight,  appears  at  some- 
what long  intervals,  and  is  increased  by  exercise.    Bleed- 
ing from  renal  tumors  is  i)rofuse,  is  apt  to  be  more  con- 
tinuous, and  is  very  likely  to  come  on  while  the  patient 
is  recumbent.      Tuberculous  disease  causes  hemorrhage 
which  often  occurs  at  long  intervals,  is  of  slight  severity, 
and  not  usually  increast^d  by  exercise ;  and  the  quantity 
of  albumin  is  in  excess  of  that  attributable  to  the  blood 
present.     Hiematuria  may  also  be  due  to  passive  hyper- 
ff>mia,  or  may  follow  reflex  inhibition  of  the  renal  func- 
tions, due  to  some  acute  abdominal  affection  acting  upon 
the  solar  plexus.    Cases  of  luematuria  are  ^jecoming  more 
and  more  the  subjects  of  surgical  treatment." 

Discussing  the  diagnostic  differences  between  pyelitis 
and  cystitis,  G.  Rosenfeld  {Berliner  kit n.  Woch.,  October 
4,  1898)  notes  that  an  alkaline  reaction  is  not  found  in 
uncomplicated  pyelitis ;  in  c\'stitis,  even  of  severe  grade, 
the  albumin  in  the  urine  dcn^s  not  amount  to  mon*  than 
0.1  per  cent.,  this  being  the  most  characteristic  point  of 
diiTerentiation,  for  in  pyelitis  it  is  often  as  much  as  three 
times  greater  than  this;  if  most  of  the  pus  corpus<^les 
present  are  crenated,  the  condition  is  probably  pyelitis, 
which  is  also  true  in  case  the  red  corpuscles  are  decom- 
posed; if  any  hemorrhage  occurs,  it  is  but  slight. 

Bits  of  tissue  tea.sed  in  glycerin  and  examinal  micro- 
scopically will  sometimes  lead  to  the  diagnosis  of  a  vesical 
tumor  or  an  ulcer;  pieces  of  cast-off  membrane  will  indi- 
cate an  exudative  or  exfoliative  inflammation  of  the  walls 
of  the  bladder;  and  debris  removed  from  ulcers  often 
contain  tulxTcle  bacilli  and  contirm  the  diagnosis  of  an 
invasion  of  those  microbes  as  the  cause  of  the  cystitis. 

It  is  advisable  in  many  cases  to  exci.se  a  piece  from  a 
new^  growth  and  submit  it  to  microscopical  examination, 
in  order  to  determine  the  exact  nature  of  the  growth 
and  the  best  method  for  it^  removal. 

Pyuria. — Pus  in  the  urine  may  be  derived  from  tLo 
vagina,  urethm.  ])ladder,  kidneys  or  ureters,  or  its  pres- 
ence may  be  due  to  a  rupture  of  a  pyosalpinx  or  of  an 
a]il)endiceal  abscess  into  the  bladder.  Urine  retaintti 
within  a  ])atent  urachus.  a  duplicate  or  sacculate  bliuldcr- 
a  cystocele.  or  an  urethrocele  undergoes  fermentative 
changes  and  shows  the  presence  of  pus  corpuscles.  Wlun 
they  are  present  in  large  quantity,  the  urine  presents  a 
gruel-like  appearance:  when  in  moderate  quantity,  a 
fresh-cider-like  opalescence.  In  recent  acute  infection  the 
pus  is  in  proportion  to  the  intensity  of  the  inflammation; 
in  old  cases  the  urine  is  loaded  with  bacteria,  but  contains 
little  pus. 

Fdnim'fes. — The  fllaria  sanguinis  hominis  is  occasion 
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alljr  found  in  the  bladder  and  induces  chyluria.  The 
unne  presents  a  creamy  appearance  to  the  naked  eye  and 
under  the  microscope.  The  period  of  the  parasite's  activ- 
ity is  at  night,  the  morning  urine  being  milky,  while  that 
voided  during  the  dav  is  quite  clear. 

The  heads  and  hooklets  of  the  echinococcus  have  been 
seen  in  the  urine ;  ulcerative  action  in  the  kidney  or  in  a 
prevesical  tumor  having  set  them  free. 

Treatment  op  Cystitis. 

Prophylaxis. — The  prevention  of  inflammatory  disease 
of  the  bladder  involves  the  early  recognition  of  urethral 
disorders,  and  the  immediate  employment  of  appropriate 
treatment.  If  any  vesical,  pelvic,  rectal,  ureteral,  or  renal 
disease  which  renders  the  bladder  liable  to  infection  is 
present,  this  should  be  relieved;  and  the  injunction  to 
observe  the  strictest  surgical  asepsis  in  all  manipulations 
about  the  bladder  cannot  be  given  too  often. 

Treatment  of  Acute  Cystitis. — During  the  acute  stage 
active  local  interference  is  contraindicated ;  and  the  de 
mands  of  the  patient  will  direct  our  attention  to  the  relief 
of  pain,  and  to  the  restoration  of  the  power  completely 
to  empty  the  bladder.     To  stimulate  vesical  contraction, 
apply  heat  or  cold  over  the  suprapubic  region :   failing 
these  a  sterile  catheter  must  be  introduced  and  the  blad 
der  emptied.     The  intense  pain  due  to  vesical  irritability 
and  tenesmus  must  be  relieved  by  morphine,  administered 
either  by  the  mouth  or  by  suppository.     At  the  same 
time  enough  bromide  and  chloral  sliould  be  given  to  in- 
sure ample  sleep.     Hot  poultices,  or  in  some  cases  an  ice 
bag  over  the  bladder,  affords  considerable  comfort :  con 
tinuous  rectal,  not  vaginal,  irrigation  of  ice  water  through 
a  Kemp  double-current  tube  exerts  an  almost  marvellous 
effect. 

The  Care  of  the  Patient. — Absolute  rest  in  bed;  a 
strictly  fluid  diet  of  milk  or  milk  preparations,  with 
Vichy ;  active  purgation  by  Hunyadi,  Kubinat,  or  other 
salines,  and  oleum  ricini  at  night  to  insure  complete  emp- 
tying of  the  intestinal  tract — such  are  some  of  the  simple 
measures  which  should  be  employed.  From  our  study 
of  the  urine  we  learn  what  drugs  to  administer,  correct 
ing  alkalinity  by  the  use  of  sodium  benzoate  and  boric 
acid,  aa  gr.  V.  to  x.  ter  in  die ;  or,  in  case  the  urine  is 
excessively  acid,  we  may  prescribe  the  acetate,  bicarbon- 
ate, and  citrate  of  iK)tassium,  &&  gr.  v.  to  x.,  with  ext. 
pichi  fl.,  TTj,  XXX.  to  xl.,  every  three  hours,  in  a  liberal 
quantity  of  water.  For  their  supposed  antiseptic  action 
on  the  urine,  salol  and  uro tropin  are  highly  recommended. 
When  there  is  painful,  frequent  urination,  if  the  bladder 
is  capable  of  emptying  itself,  Morton  recommends  instil- 
lations of  twenty  minims  of  a  one  or  two  percent,  silver 
nitrate  solution,  repeated  every  second  or  third  day. 
The  bladder  must  be  completely  emptied  before  the  in- 
jection is  made. 

Tlie  treatment  of  chronic  cystitis  depends  upon  the 
nature  of  the  infecting  organism,  the  character  of  the 
urine,  the  condition  of  the  bladder  walls,  the  nature  of 
the  predisposing  cause,  whether  calculus,  neoplasm,  for- 
eign body,  etc.  So  far  as  general  measures  are  concerned 
it  is  necessary  to  insist  upon  the  following:  Rest  in  bed, 
a  light  diet,  the  avoidance  of  condiments  and  of  sweet 
and  alcoholic  drinks;  regular,  periodic,  complete  evacu- 
uation  of  the  bladder;  free  movement  of  the  bowels 
through  the  use  of  salines;  moderate  exercise ;  the  avoid- 
ance of  over-heating,  and  abstention  from  intercourse; 
the  daily  use  of  hot  and  cold  baths,  or  of  sitz  baths;  and, 
finally,  seven  or  eight  hours  of  refreshing  sleep.  In  oth- 
er word.s,  everything  should  be  done  to  bring  the  patient's 
general  condition  up  to  the  highest  point. 

The  treatment  of  the  interior  of  the  bladder  is  accom- 
plished in  several  wavs:  by  intenml  medication;  by  in- 
jections into  the  bladder;  by  direct  applications;  and  by 
surgical  procedures. 

1.  Certain  drucrs  may  be  used,  such  as  sodium  ben 
zoate  or  boric  aci(l,  to  render  the  urine  acid;  others  for 
the  purpose  of  diminishing  the  growth  of  micro-organ- 
isms in  the  bladder,  notably  salol  and  salicylate  of  so- 


dium in  full  doses,  and  quinine  in  moderate  amount. 
Urotropin,  gr.  xxx.  per  diem,  has  been  recommended 
by  Morton  for  dissolving  phosphatic  concretions. 

2.  Injections  into  the  bladder  are  used  in  four  ways, 
viz.: 

(a)  Washing  out  the  bladder  after  the  manner  of 
Kelly,  by  attaching  a  glass  catheter  and  a  glass  funnel 
to  either  end  of  a  piece  of  rubber  tubing  three  or  four 
feet  long,  and  pouring  the  solution  into  the  funnel,  the 
rapidity  of  the  inflow  being  in  proportion  to  the  height 
at  which  the  funnel  is  held.  The  bladder  is  filled  to  the 
point  of  tolerance,  when  on  lowering  the  funnel  the  vesi- 
cal contents  will  run  out.  This  plan  of  irrigating  the 
bladder  has  the  advantage  of  safety  in  that  overdisten- 
tion  is  not  likely  to  be  produced,  for  the  bladder  will 
contract  and  expel  its  contents  through  the  funnel,  un- 
less it  be  held  too  high. 

The  same  method  of  making  injections  may  be  em 
ployed  when  we  desire  to  treat  the  entire  mucous  mem- 
brane of  a  bladder  which  contains  pus,  mucus,  and  non- 
coagulated  blood — that  is,  one  in  which  there  is  a 
condition  of  mixed  infection.  For  this  purpose  weak 
solutions  of  potassium  permanganate  (of  1  to  5,000),  of 
ichthyol  (1  to  50),  of  silver  nitrate  (1  to  2.000),  and  of 
a  saline  solution  (6  to  1,000)  will  be  found  useful. 

{b)  Irrigation  with  hot  (100°-110°  F.)  solutions,  by 
means  of  the  double-current  CAtheter,  will  be  found  efli- 
cient  in  allaying  bladder  inflammation,  but  for  washing 
out  thick  pus  or  debris  it  is  useless.  Great  care  must  tS 
exercised  when  pursuing  continuous  irrigation  not  to 
overfill  the  bladder,  and  to  see  that  the  outflow  is  unob- 
structed. 

For  continuous  irrigation,  two-per-cent.  boric  acid,  five 
per  cent,  ichthyol,  nonnal  saline  solution,  or  Thiersch's 
boro-salicylate  mixture  can  be  used  with  safety. 

(r)  Direct  washing  through  a  speculum  in  the  urethra 
is  of  service  when  the  bladder  contains  foreign  matter, 
clotted  blood,  thick  mucus,  or  shreds  of  tissue  which 
would  obstruct  the  outflow  of  urine  and  plug  up  a 
catheter.  Insert  a  No.  8  or  10  cylindrical  speculum,  and 
through  it  introduce  a  straight  glass  irrigating  nozzle  of 
small  calibre,  and  to  this  attach  a  rubber  douche  bag 
filled  with  a  mild  solution.  Raise  the  douche  bag  high 
enough  to  insure  a  fairly  strong  outflow;  direct  the 
stream  towaiti  any  collection  of  pus,  etc.,  and  in  this 
way  break  up  and  wash  out  through  the  speculum, 
alongside  the  nozzle,  such  material  as  will  pass  out  in  no 
other  way.  Under  no  other  circumstances  ought  hvdro- 
gen  peroxide  (two  or  three  per  cent.)  to  be  mtroduced 
into  the  bladder.  If  it  is  applietl,  however,  through  a 
speculum,  its  action  can  be  closely  observed,  and  further 
it  can  be  applied  to  any  particular  part  of  the  organ. 
This  plan  of  irrigation  commends  itself  also  in  such  cases 
as  call  for  the  use  of  the  speculum  for  direct  local  appli- 
cation to  the  diseased  mucous  membrane. 

(rf)  Instillations. — The  introduction  into  the  bladder 
of  small  quantities  of  a  medicated  solution,  which  is  to 
be  left  in  for  from  ten  to  thirty  minutes,  in  order  to  se- 
cure a  more  protracted  action,  has  been  practised  with 
success  by  Ouion,  of  Paris.  He  uses  for  this  purpose 
solutions  of  bichloride  of  mercury',  1  to  4,000  or  1  to 
5,000,  increasing  the  strength  and  quantity  of  the  solu- 
tion from  time  to  time.  From  2  to  5  gm.  are  slowly  in- 
jected from  a  rubber  syringe,  and  allowed  to  remam  in 
the  bladder  for  from  fifteen  to  thirty  minutes.  Ten  to 
twenty  minims  of  pure  ichthyol,  ora  two-per  cent,  silver 
nitrate  solution,  can  be  injected  every  fourth  day  in  the 
same  way.  This  plan  is  especially  useful  in  gonorrhoea! 
or  other  forms  of  trigonitis,  or  where  there  are  localized 
inflammatory  areas  too  large  for  local  applications. 
Emptying  and  washing  out  the  bladder  must  always 
precede  instillations. 

8.  Direct  applications  to  the  diseased  area  through  a 
speculum  in  the  urethra  affords  a  means  of  medicating 
localized  inflammatory  areas  and  circumscribed  tubercu- 
lous patches  and  ulcers.  A  pledget  of  cotton  is  wound 
upon  a  slender  applicator,  dipped  in  the  solution — moist- 
ened, not  saturated — and  applied  directly  to  the  diseased 
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spots.  Silver  nitrate,  tliirty  ^milns  to  the  ounee,  will 
often  cause  considerable  lemponiry  pain  or  tenesmus:  if 
it  does,  a  ten  or  twenty  gniin  solution  must  be  used  for 
subsequent  applications,  every  four  or  tlve  days.  l*ure 
ichthyol  applied  in  the  same  way  causes  less  burning,  in 
many  cases  promotes  more  mpid  healini?  of  ulcers.  1ms  a 
very  benetlcial  effect  \i\nn\  any  portion  of  the  nnicosa  to 
which  it  may  be  applied,  and  exhibits  a  marked  effect  in 
reducing  pus  formation. 

OrERATivE  Treatment. 

Emmefn  Button- ITnle  Oj^eration. — In  some  ca.ses  of  cys- 
titis which  persist  in  spite  of  active  treatment,  and  in 
others  in  which  such  treatment  is  impracticable,  the  blad- 
der can  ho  put  at  rest  and  perfect  dnunage  obtained  by 
the  establishment  of  an  artiticial  vesico- vaginal  fistula. 

Operation:  Inci.si*  the  bladder  in  the  manner  described 
for  the  removal  of  vesical  calculi,  and  with  a  continuous 
catgut  suture  unite  th<'  vesical  mucous  membmne  to  the 
vaginal  mucosa  around  the  whole  (rircumference  of  the 
opening.  This  will  j)revent  spontaneous  closure  of  the 
opening.  Protect  the  vulva  and  thighs  by  an  ointment, 
and  give  vaginal  douches  two  or  three  times  daily.  If 
the  thighs  become  excoriated,  avoid  the  use  of  soap,  and 
apply  a  two-per-cent.  solution  of  .silver  nitrate  once  or 
twice  daily. 

When  in  the  course  of  sevend  months  the  cystitis  has 
subsided,  the  edges  of  the  listula  should  Ik*  freshened  and 
the  fistula  closed. 

Clark's  Ventiral  Ball^Mtn  Trent meut. — Kelly  says  that  Dr. 
J.  G.  Clark's  balloon  treatment  is  applicable  to  all  chronic 
eases  in  which  the  disease  is  not  so  far  advanced  as  to  ren- 
der any  active  loc^d  interference  dangerous,  on  account  of 
the  weakened  condition  of  the  patient.  The  plan,  in  brief 
(see  Johns  Hopkins  Hospital  Bulletin,  February-March, 
1896),  consists  of: 

1.  Cocjiinization  of  the  external  urethral  orifice. 

2.  Introduction  of  No.  10  vesical  speculum.  Patient  in 
knee-ch(»st  position. 

3.  Rolling  the  rubber  bag  into  cigarette  shape,  and 
coating  it  with  ichthyol -gelatin. 

4.  Introduction  and  dilatation  of  the  bag.  to  the  point 
of  extreme  tolerance;  the  bag  to  be  alloweil  to  remain  in 
situation  for  from  ten  to  twenty  minutes. 

Preraittioni<. — The  external  meatus  must  be  carefullv 
cleansi'd.  the  hands  of  the  operator  thorouirhly  scrubbed 
and  disinfectccl.  and  tlio  S()lntioii  sterilized. 

The  introduction  and  distention  of  tlw  ba.sr  produce 
considerable  tene^^nius.  and  the  afler-pain  iiecessitales  the 
usf  of  opium  su])pf)sitories;  but  vesical  irritation  is  s-ii<l 
todiminisli  fronidav  todav  as  the  treatment  is  perscN'ered 
in,  and  the  blad<ler  nuico.sji  assumes  a  morenearlv  normal 
ap|x*arance. 

Ct/r<tftff/r  ffff/ft  hJiiihhr  through  the  larirer-si/.<'d  sjx'cu- 
luni.  througli  tlie  vaginal  incision,  or  through  a  suj)ra 
pubic  opening,  hasbc<'n  successfully  pniclis<Ml  lor  t  lie  cure 
of  a  tuberculous  ulcerandan  intraciable  cvstitisinvolving 
the  superiicial  layers  df  tli<-  nuiccxa.  It  has  also  been 
used  successfully  in  riiii<>viMLi'  a  limited  area  of  discase<l 
nnicous  nienihrane.  which  i"<  afterward  ra]>idly  re])laced 
by  healthv  ti^^u**.  Fir^^t  deicrniiiu'  bv  previous  cvslo- 
scopic  exaniination  ju-^t  what  jMiriioM  of  tlx-  bladder 
must  be  attacked.  Place  the  paiient  in  the  dor.siil 
position,  insert  tin*  sp<'culuni.  i\\u\  tliorouiihly  irrigate 
the  l)lad<ler  w  ilh  s;iline  oi"  lK»ri<'  solution.  Witjjdraw  the 
speculum,  in  tnMlucc  the  curette  into  the  bladder,  and  w  ith 
the  linirer  in  the  vaLnna  for  counter  pressure,  scr.-ipe  tin* 
hx\<v  and  otlK-r  ]iredeterniir:cd  area<.  After  cunttaL^e 
aL^'lin  irriirate  the  bhulder.  preserving:  slired<  of  tiie  tissue 
for  nii(  roscopic  siudv.  A.  Him.^f  (iiili<i,it. 

IMUNCII'AI.    HKFKUKN*  vs. 

Halt  ;m«l  IlwilMMir:  .MimhimI  of  (iyn»-»'i,i,,L'-v,  is'i],  f<.iirtlw(liti<>t).  j 

Kell>.  H<>\v;ir<l  .\.:  (»|tenitive  <i\ne«ni..ir\.  l'^!'*^.  v<>l.  i,  ; 

Bryant,  .l.   |>. :  .M<»rin\v'.^  Sv>t«Mii  (ii-iiiiel"riri:ij  \    I)iN«'a>e>.  etr..  l>'i.;,  ; 

V(»l.  i.  ■  ■  I 

Wat.soi),  F.  S. :  ////'/. 
White,  J.  W. :  lhi,l. 


skoiip,  A.  J.  (\:  Diseast«  of  tbe  Bladder  and  Tretbra  in  W<imen. 

1SH2. 
Senn.  N. :  Tbe  Etiology  and  riaaiflcation  of  ('ystitls.    Intematiooal 

cilnlcH,  ?ol.  11.,  elETlitb  series. 

BLADDER  OF  THE  MALE.  (PATHOLOGICAL  AND 
CLINICAL.) — Malformations. — The  development  of 
the  bhulder  may  Ik?  arrested  at  various  stages  in  iis 
progres.s.  Oetrisionally  the  septum  which  divides  the 
rectum  from  the  bladder  is  wholly  or  partially  wantins:. 
so  that  they  freely  communicate  with  each  other,  or.  in 
extreme  ca,s(*s,  form  together  a  large  pouch  (cloaca)  info 
whi(rh  the  intestine  and  ureters  open.  This  condition  (»f 
things  niav  l>e  as.sociatc*d  with  imperforate  anus.  Entire 
absence  of  the  bladder  has  l)een  reiK>rte(i,  in  which  case 
the  ureters  opened  din'ctlv  into  the  urethra. 

The  most  common  fault  of  development,  however,  is 
the  absi'uee  of  the  anterior  vesical  wall.  This  deformitv. 
known  as  ejctttrophy  of  the  bladder^  is  far  more  common  in 
males  than  in  females.  It  consists  in  a  failure  of  union 
of  the  two  halves  of  the  body  along  the  abdominal  sur- 
face. The  anterior  wall  of  the  bladder,  and  the  abdominal 
wall  over  it,  are  wanting,  and  the  pubic  bones  are  gener- 
ally separated  by  a  considerable  interval.  The  posterior 
vesical  wall  is  consequently  exposed  to  the  air,  and  is 
pres.sed  forward  by  the  intestines  beliiud  it,  thus  forming 
a  prominent  tumor  which  may  reach  the  size  of  the  pahn 
of  the  hand.  This  bulging  bladder  wall,  owing  to  tbe 
constant  irritation  to  which  it  is  subjected,  is  muc^  red- 
dened and  inflamed,  and  is  usually  covered  with  stringy 
alkaline  mucus.  In  the  lower  part  of  this  protruding 
mass  may  be  seen  the  openings  of  the  ureters,  which  are 
n*vt»aled  by  the  constant  little  jets  of  urine  escaping  fhmi 
them.  Tliey  are  sometimes  much  dilated.  The  nidi- 
mentary  p(>nis.  which  is  always  in  a  condition  of  com- 
I)lete  epispadias,  usually  exists  merely  as  a  slight  promi- 
nence, but  may  be  of  considerable  size.  It  sometimes 
even  retains  a  considerable  power  of  erection,  a  point  to 
be  considered  in  the  fitting  of  an  apparatus.  In  connec- 
tion with  exstrophy  are  associated  not  infrequently  hemiK 
of  one  or  both  sides.  In  the  female,  exstrophy  is  gener- 
allv  complicated  with  prolapse  or  procidentia  uteri. 

If  the  fault  of  development  be  not  so  extensive  as  in 
complete  exstrophy,  the  abdominal  walls  may  unite  en- 
tirely up  to  the  umbilicus,  which  fails  to  close  "and  leaves 
a  t1stuh)us  communication  with  the  blaihler  through  the 
still  patent  urachus.  An  even  lesser  degree  of  the  same 
doforniity  is  rcpresentiMl  by  a  prolongation  <^f  the  bladder 
up  into  th«'  lowiT  i)ortiou  (►f  the  urachus.  Sometinn-s 
tlie  cannl  may  be  shut  off  from  the  bladder  and  fonn  a 
cyst,  or  a  series  of  cvsts. 

Thesutfi'iini^  in  ii  casrof  complete  exstrophy  is  usually 
very  ^rreat. 

The  treatment  uiav  Im*  ])rietlv  summarized  under  thriN* 
heads: 

1.  Tmitiin  lit  A//  Aju^nuitux. — This  metluKl  isappliejd)le 
to— 

I.  All  eases  in  whieli  the  <lefeet  is  nuxlemte  and  the  otui- 
<]iiion  of  tlie  patient  is  not  sutticientlv  distressinir  to  lead 
hiiu  to  desire  o]M'ration. 

•J.  ('as(  s  in  wliieh  i>lastic  operiitions  have  IxM-n  trie<l  and 
have  failfMl. 

ii.  Cases  in  which  the  c(K'xistence  of  other  disease.- 
makes  any  opemtion  inadvisiible. 

Tlie  rublxr  urinals  manufactured  f(»r  thes(»  ca<4S  are 
unsjitisfaetory.  as  they  press  upon  and  irritate  tbe  nuiemis 
niend)raiie.  Tlie  best  appamtus  is  a  silver  or  (n-rnian 
silver  sliicld.  whieh  arches  over  and  protects  the  bbuhhr. 
\\\\\\  a  (hpeiideiit  i)ortion  into  which  the  urine  ruiw.  and 
which  eonunuiiieates  by  a  tube  with  a  rubUr  bottle 
stnii)ped  airainst  the  leir.  In  order  to  irel  a  weil  tittiiiL: 
apparatus,  it  is  a  irood  j)lan  to  have  tirst  made  a  tir.xibli-. 
luetallie  rinir.  larire  eiiouixh  to  eneirdethe  bladder.  This 
is  tlhii  belli  ainl  adapt<'d  to  the  inetpialities  of  the  »*iir 
tae<'.  and.  finally,  the  edire  of  the  shield  is  titted  an^l 
snl<l<'red  to  it.  The  whole  is  held  in  place  by  ix  belt  anl 
perineal  straps. 

II.  l'rt,itiin  lit  Inf  l*hiMt{r  OperntioiiM. — The  utmost  that 
we  (-ui  reasonably  expect  to  ginn  by  any  plastic  opera- 
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Hon  for  the  relief  of  exstrophy  is  the  greater  comfort  of 
the  patient  aod  greater  ease  la  fitting  apparatus.  A 
truly  retentive  bladder  cannot  be  obtained,  and  while 
the  mortality  of  tlicse  operations  is  commonly  supposed 
lo  be  insigniflcant,  Martin  and  Tajlot  believe  it  to  be  as 


class.     Plastic  operations  maybedivided  intotwoclasses: 
1.  Tliusc  ID  which  the  skin  of  the  abdomen  ia  used  in 

making  the  anterior  bladder  wall. 
Tlic  flaps  may  be  taken  from  a  variety  of  sources,  but 


operations  and  the  discomfort  incident  to  all  forms  of 
apparatus  have  led  to  attempts  at  radical  cure  of  tb» 
condition  by  the  removal  of  all  that  remains  of  the  blad- 
der wall  and  suturing  the  ureters  Into  the  bowel.  The 
advantage  of  such  an  operation  is  the  entire  relief  from 
the  discomforts  incident  to  the  condition.  The  bowel 
soon  bceonios  aeciistomed  to  its  new  function  and  the 
urine  is  passed  at  intervals  closely  approaching  the 
normal.  The  dangers  are  twofold:  those  arising  from 
the  inmiediate  effects  of  the  operation  and  those  resulting 
from  itifectionof  the  kidneys  by  intestinal  bacteria.  The 
immediate  mortality  of  the  operation  is  by  no  means 
RinatI,  and  though  the  statistics  on  the  subject  are  ton 
meagre  lo  warrant  a  definite  opinion,  it  is  probably  not 


rts.  tM.~Exi 


and  stitched  in  jiosition.  The  raw  surface  of  this  flap 
may  be  covered  bv  flaps  drawn  over  it  from  the  sid<!S. 
by  skin  grafts,  or  left  to  granulate. 

Theolijectionstoall  operations  in  which  the  skin  is  used 
to  restore  the  defect  are  the  great  tendency  lo  calculus 
formation  and  tiie  danger  of  liritHtion  from  liair  growing 
into  the  bladder. 

2.  Those  in  which  the  nineoua  membrane  alone  Is  util- 
ized. These  operations  depend  on  the  possibility  o( 
getting  enough  mucous  meinltrane  to  make  a  continuous 
canal  from  tho  openings  of  the  ureters  to  the  base  of  the 
penis.  The  urethra  is  then  restored  by  an  operation  for 
epispadias,  and  thus  in  some  cases  the  problem  of  lilting 
a  uniial  may  be  greatly  simplified  and  the  discomfort  of 
the  patient  proportionately  lessene<l.  In  selected  cases 
this  is  an  excellent  procedure. 

III.  liiiiliMl  Ciirr.  by  ImpUinlationiif  the  fretert into  l/ie 
Boael. — The  imsatisfactory  results  obtained  by   plastic 


I  far  from  that  of  other  operations  involving  resection  of 
!  the  bowel.  The  more  remote  effects  arc  those  resulting 
I  fmm  infection  of  tho  kidneys,  and  it  is  upon  this  issue 
IliHt  the  ultimate  value  of  thcoperation  must  be  decided. 
The  protectiim  of  the  normal  ureter  from  infection  from 
the  bladder  is  largely  due  to  the  anatomical  arrangement 
bv  which  the  distention  of  the  bladder  closes  the  orifices 
<it  the  ureters.  This  cannot  be  n'produced  artificially 
and  it  lias  proved  the  most  scriousstuniblin^  block.  The 
tendencyuf  theoperetion  to  pnMJucestenosisof  the  lower 
end  of  the  ureter,  resulting  in  dilatation  of  the  uretcre 
nnd  pelves  of  the  kidneys,  probably  favors  infection  In 
the  sunie  way  in  which  retention  of  urine  favors  the  oc- 
currence (if  cystitis. 

The  procedure  is  still  loo  much  in  the  experimental 
stage  lo  pennit  of  a  positive  opinion  being  given,  but  we 
cannot  hut  regard  it  as  an  operation  so  dangerous  as  to 
be  applicable  only  to  a  limited  class  of  coses.     Children 
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who  will  Ifller  be  obliged  to  work,  antl  adults  who  arc 
ConipnU^nt  U>  decide  the  qurslion  for  themselves,  would 
seem  to  be  the  most  favorable  subjects  for  this  opcratinn. 

The  limits  of  this  paper  will  not  permit  of  an  extended 
discussion  of  the  various  forms  of  opcrarion  that  have 
been  proposed,  for  as  yet  no  one  method  has  attained  a, 
stable  position. 

Besides  the  malformations  due  to  defective  develop- 
ment, there  are  sacculated  bladders  in  which  occasion- 
allj  the  saccul!  may  even  exceed  the  bladder  in  siie. 
They  are  formed  by  heroi®  of  the  mucous  coat  through 
the  interstices  of  the  muscular  fibres,  and  may  be  recog- 
nized bv  the  absence  of  a  muscular  coat  over  them. 
The  bWder  may  also  be  divided  into  chambers,  by  parti- 
tions springing  out  from  the  walls. 

Hernia  of  the  Bladder. — This  displacement  may 
be  con^nltal  or  acquired.  Like  other  hernite.  it  is 
sometimes  brought  about  by  violence  or  over-exertion. 
It  mayappearat  any  of  theoriflcesin  the  lower  abdomen 
through  which  other  hemiiB  occur.  Tlie  most  c<)mmon 
forms  are  inguinal  in  men,  and  TBginal  or  femoral  in 
women.  The  hernial  nac  usually  contains  also  portions 
of  intestineand  omentum,  but  may  be  occupied  by  a  part 
of  the  bladder  alone.  The  portion  of  the  bladder  in  the 
aac  is  usually  not  covenii  by  peritoneum,  although  ex- 
ceptionally it  may  be.     The  presence  of  the  bhidder  in  a 


openine-  Some  days  lati^r  a  fistula  fonned.  which  dis- 
charged urine  intermittently,  and  closed  spontaneously 
at  the  end  of  two  months. 

The  diagnotU  Is  to  be  made  by  the  aid  of  the  catheter. 
the  tumor  being  emptied  when  the  urine  ia  drawn  from 
the  bladder.  Pressure  on  the  tumor,  too,  hastens  the 
flow  of  the  urine. 

The  irfalmtni  of  bemia  of  the  bladder  is  essentially 
that  of  hernia  of  other  viscera  except  in  so  far  as  its  ex'- 
istcnce  brings  with  it  additional  dangers  if  treated  pallia- 
tively — namely,  those  incident  to  the  presence  of  cystitis; 
for  infianimation  may  occur  In  a  sacculation  as  the  result 
of  stagnation  and  consequent  fermentation  of  the  urine. 
Unless  some  concomitant  disease  forms  a  dtstiD<-t  contra. 
indication,  an  attempt  should  be  made  to  cure  the  condi- 
tion by  radical  operation.  If  this  cannot  be  done,  the 
SHC  should  be  supported  by  a  pressure  bandage,  and  the 
escape  of  urine  should  be  aided  by  pressure  durinr  mic- 
turition. If,  in  spite  of  these  precautions,  the  bladder  is 
still  incompletely  emptied;  the  dangers  arising  from  the 
constant  presence  of  residual  urine  may  to  some  extent 
be  obviated  by  the  routine  use  of  the  catheter,  emptying 
the  bladder  al  least  onceaday,  preferably  in  the  evening. 
WouKDB  OF  THK  Blaoder. — The  protected  mtnalion 
of  the  bladder  renders  it  little  liable  to  injury.  In  frac- 
of  the  pelvis,  asharp  point  or  freement  of  bone  may 
^^^  _  ^^^^^^  penetrate  its  wall,  or  it  may  be  In- 
~^^~  ~  ^^^BB  jired  by  gunshot  wounds,  or  by 
^H  ^^^^H  puncture  with  a  sliarp  instrument. 
^L  ^^^H  The  treatment  of  this  class  of  cases 
^^^  ^^^H  will  be  considered  more  at  length 
^^^^^H  under  Rupture  of  the  Bladder. 
'  ^^^^H      The  bladder  may  also  be  wounded 

^^^H      by  the  unskilful  use  of  instruments 
^^H      in   lithotrity,  or  may  be  incised  by 
.  ^      accident  during  ovariotomy,  hyster- 

ectomy, or  other  abdomirial  opera- 
tion. In  this  latter  case,  if  at  once 
carefully  stitched  up,  the  wound 
usually  heals  without  serious  trou- 
ble. 

The  question  of  the  advisability 
of  closing  openings  in  the  bladder 
intentionally  made,  as  ia  suprapu- 
bic lithotomy,  must  be  decided  in 
each  individual  case  aceoiding  to 
circumstances.  While  tlie  idtal 
procedure  is  to  close  the  bladder  bv 
immetliate  suture,  the  palieut.  U 
often  subjected  to  fewer  risks  if  the 
wound  is  left  open.  The  question 
must  be  decided  by  taking  into  con- 
sideratioa  the  general  eondiiion  of 
Ihe  patient,  the  local  condition  of 
the  bladder,  and  the  trauma  to 
which  the  bladder  walls  have  beeu 
subjected  during  the  openition. 

HL-mnB  OF  THE  Bladder.— 
Ruptures  of  the  bladder  are  either 
idiojiathic  or  traumatic.  Acroidin^ 
to  llu'ir  location,  they  may  be  also 
cliissi'd  as  intniperiloiieal  aud  extra- 
pcritniiciil.  Among  the  extraperi- 
toneal an' to  l>e  reckonetl  the  [Hirtiul 
uiid  the  sub  peri  loneal. 

Idlopiithie  rupturi's  usiudlv  occur 
in   liliidilvrs  alten-il  hy  disi-Ase.     A 
lotig-couIinuiHl  ohst ruction  to  the 
passage   of   the    urine,  as  from  >i 
stricture  or  cidarge^l  priislale.    fa- 
vors the  foniuition  of  little  heniiii^ 
membrane   througli  the   lut-slii's  of  the 
and  an  over-violent  strain  during  s>im>- 
lie  ilTort  to emply  the  blailder.  inav  rup 
■  lililc  thin  diverticula.    The  vwlcal  wall 
rx   Hiiikcni'd    by    ulceration,    simple  or 
i-i  tlnm  rendered  esi>ecially  liable  l>i  give 
Lbiir,  the  distended  bladder  may  be  rup- 
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tuted  by  compression  betwc-en  Itie  abdominal  wall  and 
some  part  of  the  child  or  instrument  used  in  the  birtli. 
The  rent  in  this  case  niay  be  into  either  the  vagina  or 
the  peritoneal  cavity. 

Rupture  of  the  healthy  bladder  is  rarely  produced,  ex- 
cept 6y  external  violence  in  llie  form  of  a  blow  or  crush. 
Probably  it  is  soiuelinifS  also  brought  about  by  great 


in  Into  vMch  ttae  urlae  ruTU.  i 
fU  fitrupn  wtilcli  tagten  to  the  tnJ 
De  connecUng  Hut  Bbleld  wlUi  tt 


muscular  exertion  when  the  bladder  is  distended,  even 
though  it  be  healthy.  In  traumatic  ruptures,  the  blad- 
der is  almost  always  full  at  the  time  of  the  traumatism. 

Great  violence  to  the  liypogaatriiim  is  capable  of  pro- 
ducing a  tear  in  the  anterior  wall  of  an  empty  b bidder. 
This  accident  is  to  bo  explained  as  follows:  The  force 

X plied  to  the  liTpogastiium  carries  the  upper  portion  of 
i  bladder,  which  is  attached  to  the  abdominal  wall  by 
the  peritoneum  and  urachus.  violuutiy  backward.  Tile 
lower  part  of  the  bladder  is  held  by  the  proslale.  which 
is  fixed  by  the  pelvic  fa-sciot,  and  consequently  a  rent  oc- 
curs in  the  anterior  vesical  wall  just  above  the  prostate. 
This  is  often  accompanied  by  a  considerable  stripping  up 
of  the  peritoneum.  Intraperitoneal  nipture  uiicompli- 
cate<l  can  occur  only  when  the  bladder  is  full, 

Sgiaiilinas. — When  a  rupture  occurs  a  feeling  of  giving 
way  or  of  a  tear  is  often  experienced.  If  the  bladder  Ims 
been  painfully  Btretcbcd  by  kin^  retention,  the  Urst  feel- 
ing may  be  of  relief.  Soon,  however,  pain  fullim's.  and 
is  referreil  to  the  whole  Bb<lonii>n  or  to  the  pelvic  n-giou, 
Tliis  is  followed  in  the  majority  of  cases  by  shock  an<l 
inability  to  walk.  There  nviy  l>c  ilesire.  6ul  want  of 
ability,  to  miclnrHte.  ('HtheCerisni  in  upiiially  easv.  but 
obtains  only  a  little  blooily  urine:  not  infri'iiueuily,  on 
puslilng  tlie  catheter  further,  a  "  si'cond  escape  "  of  Huid 
IS  obtained. 

Many  of  these  symptoms  may,  however,  l>e  wanting. 
The  pain  is  Roniclimcsuoi  vi-ry^reat:  micturition  may 
be  possible,  (hough  even  then  usually  dlBleutt.  The 
catheter  may  draw  clear  urine. 

The  principles  of  treatment  in  rupture  of  the  bladder 
may  be  summarized  by  the  following  rules: 


1.  When  an  intraperitoneal  rupture  is  made  out,  an 
immediate  laparotomy,  with  suture  of  the  bladder  wound 
and  Bubsc<iueDt  drainage  of  the  bhuiiler,  sliould  be  done. 

2.  When  a  reasonable  doubt  exists  as  to  whether  the 
rupture  is  Intraperitoneal  or  not,  an  immediate  lapa- 
rotomy sliould  be  done. 

3.  If  an  extraperitoneal  rujiture  is  made  out,  and  un- 
certainty exists  as  to  the  direction  in  which  the  urine  is 
extravasated,  a  laparotomy  stioukl  be  done  for  explora- 
tion to  ascertain  how  the  orainare  may  best  Ih'  placed. 

4.  In  the  case  of  fracture  of  the  pubcs.  with  evidence 
that  urine  is  extravasated  in  the  prevesical  space,  an  in- 
cision sliould  be  made  In  tlie  suprapubic  re^on,  a  tube 
should  be  carried  to  the  bottom  of  the  effusion,  and  a 
median  or  lateral  lithotomy  should  be  done  for  drainage 
of  the  bladder. 

Exception:  Occasional!)-,  in  cases  of  severe  injury 
with  mucb  shock,  when  a  long  operation  could  not  bo 
home,  a  median  lithotomy  may  be  hastily  done  for  drain- 
age, and  the  opportunity  may  be  taken  for  exploration 
or  the  position  of  the  rent,  to  serve  as  a  guide  for  further 
interference  in  case  the  patient  rallies  sulHcientlv. 

In  sliort.  a  laparotomy  should  be  done  in  h)I  cases  of 
bladder  rupture  except  in  those  which  come  under  liiile 
4,  or  those  of  such  severity  that  tbey  cannot  bear  more 
than  the  median  operation. 

Tumors  of  the  Bladdgu. — Tumors  of  the  bladder 
may  be  classified  as  follows,  in  the  order  of  their  fre- 
quency: Papilloma,  carcinoma  (carcinoma  papillosum, 
epithelioma),  myoma,  fibroma,  sarcoma. 

PapUUiry  tumort  form,  accordiug  to  Professor  Ouyon, 
nine-sixteenths,  according  to  Sir  Henry  Thompson,  six- 
tenths,  of  all  the  new  growths  of  the  bladder.  They  are 
made  up  of  very  vascular  branching  papillK,  clothed 
with  irregularly  cylindrical  epithelium.  They  arc  either 
pedunculated  or  sessile,  and  upon  their  character  in  this 
respect  depends  the  difficulty  of  their  removal.  Their 
favorite  scat  is  in  the  neighborhood  of  the  trigonum,  and 
tbey  may  a  ttaln  the  size  of  a  pigeon's  egg,  or  even  larger. 

They  give  rise  to  Intermittent  hematuria,  and  gener- 
ally there  is  no  pain  in  (he  early  stages.  Pain  generally 
appeare  later,  however,  and  may  finally  become  quite 
constant  and  severe.  Occasionally,  by  their  pressure, 
they  cause  obstruction  to  micturition  or  to  the  entrance 
of  the  urine  through  the  ureters.  Finally,  cystitis  is 
usually  associated  with  them.  The  hieinaturia  may, 
however,  exist  for  a  number  of  yeara  before  other  symp- 
toms appear.  Although  benignant  in  their  character, 
they  finally  cause  death  by  the  changes  Iliat  tlic)'  bring 
in  their  train.  That  tlicy  may  take  on  a  carcinomatous 
character  seems  also  borne  out  by  facts. 

Tlie  dingii0»i»  of  papillary  growths  may  be  confirmed 
by  means  of  the  cystoscope,  but  the  procedure  is  often 
cumplicuted  by  the  tendency  of  these  tumors  lo  bleed 
and  render  the  fluid  in  the  bladder  turbid.  This  may  lo 
Slime  extent  be  obviated  by  tlie  use  of  an  irrigating 
eyslosc'opu  through  which  the  fluid  in  the  bladder  may 
he  ciiuslanlly  renewed,  but  even  then  the  view  obtained 
is  often  unsatisfactory. 

The  trtiitmtnt  shoi^d  consist  in  radical  removal  If  pos- 
sible. The  suprapubic  route  is  the  best,  as  it  gives  a 
far  better  view  of  the  bladder  and  enables  the  operator 
to  plan  his  procedure  with  greater  precision.  If  possi- 
ble, the  whole  tumor,  ineluditig  its  base,  should  be  re- 
inoverl  down  to  the  muscular  layer  or  even  including  it. 
In  the  latter  caxe  an  immediate  suture  of  the  hole  should 
be  lione.  The  suprapubic  woiiiiil  in  the  bladder  may  in 
some  cases  lieclosed,  bi[t  Ibis  is  pos.sibleoiily  in  favorable 
cu.se3  and  when  the  liO'niciHtasis  is  complete.  In  any 
iiiHc  it  will  be  well  to  jinivide  constant  drainage  witli 
an  inlying  catheter  or  {H'rineal  tiilic. 

I'ri'iiifin/  f'liriniwiii  of  the  Idadder  o<*urs  either  in  the 
form  of  papillary  cancer,  in  whicii  an  induratetl  cancer- 
ous Imisi!  is  covered  by  papilhc  resembling  those  of  the 
simple  papilloma,  or  as  an  cpitheliomaloua  ulcer  with 
hard  indurated  base  and  edges.  Scirrliiis  is  rarely  met 
with,  as  is  also  an  eiieeplialoid  form  of  the  disease. 

The  fyiiiiil'-iiii   resemble  those  of    ]Mipilloma.  but  are 
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sooner  or  later  associated  with  severe  lancinatiDg  pains 
in  the  bladder  and  its  neighborhood.  The  cancerous 
cachexia  is  often  very  marked. 

The  very  noticeable  tendency  to  late  metastasis  has  led 
many  operators  to  try  to  extirpate  the  growth.  Recently, 
several  attempts  have  been  made  to  obtain  radical  cure 
by  the  removal  of  the  whole  or  a  large  part  of  the  blad- 
der. This  promises  success  only  when  the  growth  is 
confined  to  the  fundus  and  has  not  invaded  the  surround- 
ing tissues.  In  case  the  whole  bladder  has  to  be  removed 
the  ureters  should  be  implanted  in  the  vagina  in  the 
female  and  in  the  sigmoid  flexure  in  the  male. 

In  less  promising  cases  much  relief  may  be  afforded 
the  patient  by  suprapubic  cystotomy  and  curetting  the 
growth.  This  procedure  may  be  repeated  if  necessary, 
and  may  decrease  the  suffering  and  lengthen  the  life  of 
the  patient  considembly.  Death  ultimately  takes  place 
from  generalization  of  the  disease  with  symptoms  which 
vary  according  to  the  organs  implicated,  the  liver  being 
almost  invariably  the  seat  of  secondary  deposits. 

The  myomata  and  fibromnta  can  hardly  be  considered 
separately,  as  they  usually  occur  in  a  mixed  form,  myo- 
fibroma or  fibromyoma  containing  both  fibrous  and 
muscular  elements.  They  are  very  rare.  Gussenbauer, 
Volkmann,  and  the  writer  have  removed  tumors  of  this 
character.  Gussenbauer's  and  the  writer's  patient  re- 
covered, while  Volkmann's  died.  Tumors  of  this  class 
may  give  rise  to  symptoms  of  obstruction,  but  do  not 
as  a  rule  cause  ho^maturia  or  cystitis. 

The  writer  has  called  attention  to  the  condition  known 
as  pachydermia  vesicae,  in  which  the  mucous  membrane 
of  the  bladder  is  changed  into  a  membrane  consisting  of 
epidermoid  cells.  The  relation  to  carcinoma  appears  to 
be  close,  and  in  the  case  reported  *  death  ultimately  oc- 
curred from  that  cause. 

Primary  sarcoma  is  extremely  rare.  The  author  has 
seen  tumors  of  the  prostate  and  bladder  secondary  to  a 
round-celled  sarcoma  of  the  testis. 

Besides  the  regular  tumors  mentioned  above,  cysts  may 
rarely  occur.  They  are  sometimes  congenital  and  con- 
tain hair,  bones,  etc. 

Neurosis  of  the  Bladder. — Spasm  of  the  bladder, 
when  not  due  to  inflammation,  is  probably  in  the  great 
majority  of  cases  dependent  upon  an  increased  sensibility 
of  the  prostatic  urethra  (neuralgia  of  the  neck  of  the 
bladder),  causing  by  reflex  action  an  excessive  contrac- 
tion of  the  detrusor  urinae  muscle  (see  Prostate,  Diseases 
of  the). 

Ill  this  connection  wo  may  mention  the  retention  of 
urine  which  not  uuconiniouly  follows  surgical  opemtions, 
especial]}^  those  involving  the  region  of  the  perineum. 
It  is  duo  apparently  to  a  reflex  inhibition,  the  stimuli 
starting  from  the  seat  of  the  oi)eration.  This  condition 
can  often  he  relieved  by  the  use  of  hot  applicMitions  to 
the  hypogastriiini  or  perincfum,  and  in  women  hv  spray- 
ing the  vulva  with  warm  water.  If.  however,  all  elTorts 
to  induce  the  i)jitieiit  to  pass  his  urine  fail,  the  catheter 
must  l)e  used  before  the  distention  of  the  bladder  heeonies 
extreme,  and  when  once  staite<l  the  use  of  the  catheter 
may  have  to  lie  eoutinuc*!  for  sevenil  days  before  the 
power  of  vohnitary  micturition  returns. 

Pauaia'sis  of  THI-:  r.i.ADDKK  is  usually  conseciuent 
upon  sonie<lisease  or  injury  of  the  nervous  system.  The 
lesion  may  exist  in  periplierai  nerve  trunks,  or  may  be 
located  either  in  tlie  rellex  or  in  the  motor  centre  (sj)inal 
cord  or  brain). 

Tlie  loss  of  power  may  1)0  total  or  partial.  When  the 
paralysis  is  complete  (which  occurs  usually  in  connection 
with  pai";ipIe,Lria),  the  sphincters,  both  V()iuntary  and  in- 
voluntary, are  also  paralyzed,  and  after  the  accumulation 
of  the  urine  produces  a  tension  in  the  bladder  great 
eno\i;rh  to  overcome  the  resistance  in  the  urethra,  a  leak- 
ing of  the  overflow  commences.  As  sensation  is  lost  in 
these  cases  the  distention  of  the  bladd<'r  and  escape  of 
the  urine  are  often  not  perc<'ived  by  the  patient. 

If  the  paralysis  comes  on  slowly,  as  it  may  do  in  cases 
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of  spinal  sclerosis,  tabe»  dorsalis.  and  in  Pott's  disease,  it 
first  makes  itself  known  by  the  diminution  in  the  forre 
of  the  stream,  and  the  increase  in  the  time  occupied  in 
urination.  When  the  paralysis  is  extreme,  the  pressure 
of  the  abdominal  muscles  furnishes  almost  the  only  driv- 
ing power,  and  the  stream  dribbles  perpendicularly  from 
the  meatus. 

As  the  act  of  urination  becomes  more  and  more  incom- 
plete the  amount  of  residual  urine  slowly  increases  until 
Anally  the  bladder  becomes  distended  and  the  over^w 
l)egins  to  escape,  either  intermittently  or  constantly.  lo 
either  case  a  partial  power  of  urination  may  be  preserved. 
When  the  distention  becomes  extreme,  the  pressure  is 
transmitted  back  to  the  kidneys,  and  may  be  so  great  as 
to  cause  suppression  of  urine  and  uraemia 

Besides  this  true  paralysis,  dependent  on  nervous 
lesions,  there  is  also  occasionally  a  partial  or  temporary 
loss  of  power,  dependent  upon  general  disturbances  of 
the  nervous  system,  such  as  h3'steria,  ner\'ous  prostration, 
and  the  debility  following  sexual  excesses. 

Atony  of  the  bladder,  by  which  is  understood  a  weak- 
ness or  loss  of  contractile  power  of  the  muscular  coat,  is 
not  infrequently  seen  as  a  result  of  overstretching, 
which  may  be  brought  about  by  voluntary  retention,  or 
may  be  the  result  of  obstruction  in  the  prostate  or  ure- 
thra. It  is  considered  in  this  connection,  not  because  it 
is  due  to  any  nerve  lesion,  but  because  the  local  condition 
and  its  treatment  are  closely  allied  to  paralysis.  The 
condition  is  closely  analogous  to  the  enfeebled  condition 
induced  in  any  voluntary  muscle  which  is  persistently 
kept  upon  the  stretch. 

The  diagnosis  of  paralysis  or  of  atony  of  the  bladder, 
when  existing  in  any  marked  degree,  is  usually  not  diffi- 
cult, although  sometimes  the  constant  escape  of  urine 
from  an  overfilled  bladder  leads  to  the  erroneous  idea 
that  true  incontinence  exists.  This  mistake  will  be 
avoided  by  an  examination  of  the  hypogastrium.  where 
the  bladder,  if  full,  will  be  easily  detecteil.  Any  doubt 
as  to  the  character  of  a  central  tumor  above  the  pubes 
should  lead  to  the  passage  of  a  catheter. 

Atony  of  the  bladder,  if  dependent  upon  some  condi- 
tion that  can  be  relieved,  may  be  recovered  from.  The 
chance  of  a  favorable  termination  is,  however,  much 
more  doubtful  in  old  and  worn-out  subjects. 

True  paralysis  occasionally  depends  upon  some  nerve 
lesion  (meningitis,  apoplexy,  syphilitic  inflammation, 
fracture  of  spinal  column),  which  admits  of  more  or  less 
complete  recovery.  In  the  majority  of  cases,  however, 
the  loss  of  power  is  permanent.  The  cystitis,  which  is  its 
most  uncomfortable  accompaniment,  inay  Ik?  kept  under 
control  by  proper  care. 

The  treat nunt  in  cases  of  ]iaralysis  and  aton}'  sh<^uld 
consist,  flrst.  in  the  systematic  use  of  a  catheter.  The 
bladder  ought  to  be  emptied  at  least  as  often  as  onct*  in 
the  twenty -four  hours  when  the  loss  of  power  is  parti:il. 
while  in  com]>lete  paraly.sis  this  should  be  done  four  or 
five  times  a  day.  In  addition  to  this,  irrigation  should  l>e 
regularly  employed,  especially  when  cjstitis  ha.s  already 
started.  If  th(»  loss  of  ])ower  be  partial,  the  washinir 
may  be  done  with  cold  solutions,  which  have  a  stimulat- 
ing influenc(»  upon  the  detrusor  muscle.  The  system- 
atic u.se  of  urotropin  in  do.ses  of  gr.  v.  to  x.,  three  times 
a  day,  appears  to  have  a  distinct  influence  in  postponing 
the  advent  of  cystitis  and  in  rendering  it  less  seven\ 
Cold  bathing  of  the  abdomen  and  Siicral  reirion  may  also 
be  u.^icful. 

Electricity  is  sometimes  used  with  advantage.  One 
electrode*  should  bo  plaee<lover  the  sacrum,  and  the  other 
just  above  the  symphysis  pubis,  in  the  perineum,  or 
within  the  bladder  itself. 

Besides  these  local  measures  of  treatment,  the  stR'ngth 
of  the  patient  should  be  supported  as  far  as  possible  by 
regulation  of  the  diet,  by  exercis(\  and  even  by  change 
of  climate  if  it  seem  wise. 

Strychnine  and  ergot  are  both  thought  to  have  a  bene- 
ficial elTect  up<m  the  muscular  wall  of  the  bladder,  and 
genenil  tonics  are  of  use  b}'  their  effect  upon  the  general 
svstem. 
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When  the  power  of  retention  is  lost,  a  urinal  becomes  a 
necessity. 

Inflammation  op  the  Bladder  (Cystitis). — If  we 
could  confine  the  term  cystitis  to  those  cases  only  in 
which  true  inflammation  exists,  the  task  of  making  a 
clear  and  concise  statement  with  regard  to  the  etiology 
would  be  much  simplified ;  but  there  are  many  cases  in 
which  some  of  the  symptoms  are  present  and  which  have 
long  been  considered  as  a  variety  of  cystitis  in  spite  of 
the  fact  that  the  process  never  goes  farther  than  an  ac- 
tive hypersemia.  The  more  recent  methods  of  examining 
the  female  bladder  have  shown  that  congestion  may  and 
does  exist  without  true  inflammation,  and  it  is  probable 
tliat  the  same  causes  may  act  on  the  male  bladder  and 
cause  the  cases  of  transient  cystitis  which  are  so  difficult 
to  classify. 

The  etiology  of  cystitis  has  been  the  subject  of  much 
careful  bacteriological  study  of  late  years,  as  a  result  of 
which  the  importance  of  the  rdle  played  by  infection  has 
been  more  and  more  appreciated.  Many  varieties  of 
cystitis  which  have  long  been  believed  to  be  the  result  of 
"irritating  urine,**  "taking cold,"  "gout,"  etc.,  have  been 
shown  to  be  due  to  infection,  and  while  we  are  as  yet 
hardly  in  a  position  to  deny  that  certain  conditions  of  the 
urine  may  cause  an  aseptic  inflammation,  the  number  of 
cases  properly  referable  to  this  cause  is  comparatively 
few. 

There  are  five  routes  by  which  bacteria  may  reach  the 
bladder : 

I.  By  the  urine  from  the  kidneys. 

n.  Through  the  uretbra  on  instruments. 

m.  Through  the  blood. 

IV.  From  the  rectum  and  sigmoid  flexure,  either  by 
passing  through  the  peritoneum  or  through  retroperi- 
toneal ly  m  phatics. 

V.  By  direct  extension  from  adjoining  areas  of  sup- 
puration, e.g.,  infected  urethra,  prostate,  or  pelvic  abscess. 

A  discussion  of  the  comparative  frequency  of  these 
various  sources  of  infection  would  exceed  the  limits  of 
this  paper,  but  a  few  interesting  observations  may  be 
noted. 

Posner  and  Lewin  found  that  after  ligation  of  the  rec- 
tum in  animals,  intestinal  bacteria  soon  appeared  in  the 
urine  and  disappeared  when  the  ligature  was  removed. 
Werden  succeeded  in  producing  cystitis  by  causing  an 
artificial  retention  and  making  an  abrasion  on  the  rectal 
mucous  membrane. 

The  constant  presence  of  the  typhoid  bacillus  in  the 
urine  of  typhoid  fever  is  now  generally  accepted  and  is 
doubtless  the  cause  of  many  or  the  cases  of  cystitis  oc- 
curring in  this  disease ;  but  the  discovery  is  even  more 
valuable  as  suggesting  the  pos.sibility  that  a  similar  con- 
dition exists  in  other  acute  infectious  diseases,  as  the 
acute  exanthemata,  acute  polyarthritis,  etc.,  with  the  bac- 
teriology of  which  we  are  less  familiar. 

The  bacteria  most  commonly  foimd  in  cystitis  are : 

I.  The  group  of  bacteria  of  which  the  bacillus  coli 
communis  is  the  type  and  which  are  found  in  more  than 
one-half  of  all  cases  of  cystitis. 

II.  The  proteus  vulgaris  of  Hauser,  a  common  intes- 
tinal saprophyte. 

III.  The  staphylococcus  aureus,  albus,  and  citreus. 

IV.  The  streptococcus  pyogenes. 

V.  The  tubercle  bacillus. 

All  of  the  above-mentioned  bacteria  are  capable,  under 
favorable  circumstances,  of  decomposing  urea,  but  the 
colon  group  and  the  tubercle  bacilli  do  so  much  less 
rapidly,  and  in  the  cases  in  which  they  occur  the  urine  is 
more  likely  to  be  found  acid. 

In  rare  instances  the  gonococcus  causes  a  true  cystitis, 
but  it  is  probable  that  most  of  the  caseij  occurring*^  in  the 
course  of  a  gonorrhoea  are  due  to  pyogenic  organisms  or 
that  the  true  condition  is  one  of  postcnor  urethritis  rather 
than  cystitis. 

Of  late  years  several  observers  have  called  attention  to 
a  condition  which  they  have  called  bactinuria,  in  wiiich 
bacteria  are  constantly  present  in  the  urine  without, 
however,  causing  any  cystitis,  showing  that  under  normal 


conditions  the  bladder  is  not  very  susceptible  to  infection. 
The  injection  into  the  bladder  of  pure  cultures  of  viru- 
lent bacteria  has  also  failed  to  cause  cystitis  in  all  but  a 
very  small  proportion  of  cases,  showing  that  some  pre- 
disposing cause  is  necessary  in  order  to  allow  the  bacteria 
to  obtain  a  foothold,  and  this  cause  is  to  be  found  in  the 
presence  of  hyperemia,  which  is  a  very  constant  pre- 
cursor of  cystitis. 

Causes  of  Hyperamia. — White  and  Martin  have  sum- 
marized the  causes  of  hypersemia  as  follows:  (1)  Reten- 
tion of  urine ;  (2)  trauma ;  (3)  muscular  contractions  of 
abnormal  frequency;  (4)  abnormal  conditions  of  the  urine; 
(5)  tumors  or  calculi;  (6)  surface  chills;  (7)  sexual  ex- 
cesses; (8)  heart  lesions;  (9)  lesions  of  the  central  ner- 
vous system. 

Hyperaemia  may  be  considered  a  predisposing  cause  of 
cystitis;  and  of  the  various  causes  of  hypersemia,  reten- 
tion of  urine  is  by  far  the  most  common.  It  is  the  con- 
stant precursor  of  the  cystitis  associated  with  hypertrophy 
of  the  prostate,  stricture  of  the  urethra,  paralysis  of  the 
bladder,  and  many  of  the  cases  of  cystitis  occurring  in 
acute  infectious  aiseases  and  after  surgical  operations. 
In  all  these  cases  the  use  of  a  catheter  may  lead  the  way 
to  infection,  but  it  must  not  be  forgotten  that  in  many 
cases  the  urine  itself  contains  the  infectious  agent,  even 
before  the  catheter  has  been  used. 

Under  trauma  we  may  include  all  cases  following  frac- 
ture or  injury  to  the  pelvis,  injuries  to  the  bladder  dur- 
ing childbirth,  or  surgical  or  gynecological  operations. 

Abnormal  conditions  of  the  urine  may  produce  a  hy- 
peraBmia  by  the  presence  of  drugs,  as  cantharides,  turpen- 
tine, cubebs,  and  copaiba.  A  very  acid  urine  may  act  in 
the  same  way,  more  especially  if  it  contains  minute 
crystals  of  uric  acid  or  oxalate  of  lime.  Here  we  may 
include  the  obscure  cystitis  occurring  in  gout  and  chronic 
rheumatism,  provided  always  that  another  cause,  suc^ 
as  obstruction  to  the  flow  of  urine,  does  not  exist. 

Tumors  and  calculi  by  their  very  presence  cause 
hyperaemia,  and  it  is  indeed  surprising  how  long  one  of 
the  above  conditions  may  exist  without  the  occurrence 
of  cystitis. 

Surface  chills  may  cause  acute  pelvic  congestion  and 
in  this  way  lead  to  congestion  of  the  bladder,  but  except 
in  the  case  of  old  men  with  enlarged  prostates,  this  cause 
is  probably  not  of  frequent  occurrence. 

Sexual  excesses,  by  giving  rise  to  congestion  of  the 
neck  of  the  bladder,  may  in  some  cases  cause  true  vesical 
hyperaemia;  but  in  many  cases,  at  least,  it  is  only  the 
lighting  up  of  an  old  posterior  urethritis  that  causes  the 
symptoms. 

Heart  lesions,  by  producing  a  chronic  passive  conges- 
tion of  the  whole  venous  system,  may  readily  be  a  pre- 
disposing cause  of  cystitis. 

We  may  summarize  the  etiology  of  cystitis  as  follows: 

1.  Infectious  cystitis,  due  to  the  action  of  bacteria  on 
the  mucous  membrane  of  the  bladder,  already  rendered 
susceptible  by  the  presence  of  hyperemia.  This  class 
includes  the  vast  majority  of  all  cases,  and  we  are  tempted 
to  suppose  that  when  our  knowledge  of  the  bacteriology 
of  the  bladder  becomes  more  complete,  the  number  of 
cases  properly  ascril>ed  to  other  causes  will  be  found  to 
have  dwindled  still  more. 

2.  Aseptic  cystitis  due  to  the  action  of  irritants  the 
nature  of  which  is  uncertain.  To  this  class  we  may  refer 
some  cases  occurring  in  gout,  but  we  are  inclined  to 
question  the  soundness  of  the  classification,  and  also 
some  cases  of  so-called  idiopathic  cystitis  the  etiology  of 
which  cannot  be  defined. 

8.  Cases  of  mild,  transient  cystitis  in  which  it  is 
questionable  whether  true  inflammation  exists  and  which 
are  probably  akin  to  the  vesical  hypenemias  which  we 
see  in  women. 

Pathology. — The  pathological  appearances  vary  with 
the  severity  of  the  inflammation.  In  simple  catarrhal 
cystitis,  the  mucous  membrane  is  more  or  less  swollen 
and  reddened,  with  the  minute  vessels  sometimes  visibly 
injected.  This  redness  is  usually  most  marked  on  the 
summits  of  the  folds  or  rugte,  which  may  be  studded 
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with  punctate  hemorrhages  if  the  inflammation  has 
been  of  considerable  intensity.  Streaks  of  viscid  mu- 
cus cover  to  a  greater  or  less  degree  the  inflanuKl 
surfaces.  These  appearances  may  be  cont1ne<l  to  the 
neighl)orhoo<l  of  the  urethral  opening  (partial  catarrh, 
catiirrh  of  the  neck  of  the  bladder),  or  may  be  dif- 
fused over  the  whole  mucous  membrane  (universal 
catarrh).  Even  in  this  latter  case,  however,  the  evi- 
dences of  inflammation  arc  usually  most  marked  alx»ut 
the  urethra  and  trigone. 

A  loss  of  the  superficial  epithelium  (erosion)  sometimes 
occurs,  and  this  is  occasionally  associated  with  the  for- 
mation of  false  membrane  (croupous  inflammation).  A 
severe  inflammation  sometimes  leads  to  ulceration  which 
may  be  diphtheritic  in  character,  Rtirely  sloughing  of 
considerable  portions  of  the  mucous  membrane,  and  also 
of  the  muscular  coat,  follows  long  retention.  When  in- 
flammation extends  to  the  deeper  layers  of  the  bladder, 
the  tissues  are  much  thickened  and  infiltrated  with  pus. 
which  may  lead  to  the  formation  of  abscesses.  These 
may  extend  outward  through  the  surrounding  cellular 
tissue,  and  open  spontaneously  into  the  vagina,  rectum, 
neighboring  coil  of  intestine,  or  into  the  peritoneal  cavity. 
Occasionally,  however,  they  perfonUe  the  mucous  mem- 
brane, and  open  into  the  bladder  itself. 

Dr.  Sanuiel  Alexander  has  described  a  condition  known 
as  nodular  or  follicular  cystitis.  It  is  chamctcrized  by 
intense  congestion  and  the  ai)pearance,  especially  in  the 
region  of  the  trigoninn,  of  hyperplasia  of  lymph  nodes, 
somewhat  resembling  the  condition  of  the  ileum  in  typhoid 
fever. 

A  long-standing  catarrh  causes  a  brown  or  gray  dis- 
coloration of  the  mucous  membrane,  often  with  consider- 
able dilatation  of  the  veins,  especially  about  the  urethral 
opening.  The  surface  is  covered  with  muco-pus  which 
is  often  extremely  viscid  and  adherent.  The  mucous 
membrane  and  parts  l>eneath  are  much  thickened  and  in- 
filtrated. If  an  obstruction  lias  been  the  primary  cause 
of  trouble,  the  muscular  coat  of  the  bladder  is  greatly 
hypertropliied  and  forms  interlacing  bands  which  stand 
out  like  thecolumnaj  camcjr  of  the  heart  {ressie  d  coionue). 
At  the  same  time  that  the  bladder  is  thus  thickened,  it  is 
often  also  dilated  (eccentric  hypertrophy).  Little  hernias 
of  the  mucous  membrane,  between  the  fibres  of  the  mus- 
cular coat,  are  not  infrequent.  Lastly,  inflammation  of 
the  bladder  may  be  tuberculous  in  character,  in  which 
c»se  the  mucous  membmne  of  the  bladder,  the  prostate, 
ureters,  and  even  the  pelves  of  the  kidneys  may  be  the 
seat  of  characteristic  ulceratic^iis. 

Clihir/fl  lliston/. — In  cystitis  the  most  ]>rnnunent.  al- 
most unfailing,  symptom  is  \x  fnfjnuit  (iffc/rr  to  i/ruoifc. 
This  varies  greatlv  in  dejrree.  from  ji  sliL^htlv  increased 
frecpieney  of  niietiirition  which  escapes  notice*  to  an  al- 
most constant.  i)ainful  tenesmus  of  the  bladder.  coni])ell- 
ing  straining  etTorts  which  accomplish  only  the  voidinir 
of  a  few  drops  at  a  time.  This  symptom  is  in  no  sense 
])athognonionic,  as  it  is  connnon  to  all  alVe<tions  which 
incn*a^e  tiie  irritahilitv  of  the  neck  of  the  bla(Mer.  The 
syni])t()ni  next  in  importance  is/;f///y.  This  may  he  very 
sliL'iit.  and  felt  onlv  just  before  and  at  the  end  of  mic- 
turitinii.  It  may.  however,  be  almost  constant  and 
severe  in  cliMraeter.  The  pain  is  ordinarily  referred 
either  to  ilie  ii\  pnnastrium.  \\w  perineum,  or  the  end  of 
the  jjeiii-^.  Init  when  severe  assumes  a  lancinatinir  <har- 
acter.  ^jin. iii?iir  ddw  11  i|i(.  Uiiir|is,  thronirh  the  lumi)arand 
sjicial  r«  LMons.  and  t<»  the  testicles.  Pain  referred  to  the 
hy])(>Lra«^ninni.  especially  if  acconii);inied  by  tenderness 
in  that  n-iiion.  In  usually  indicative  of  intlannnation 
airectinir  iIh'  l-ody  of  the  bladder.  Wlu'n  the  neck  of 
the  bladder  is  especially  alTe<  ted.  the  pain  is  referred  to 
the  pcrin(  inn  and  to  tlie  end  of  the])enis.  These  two 
prominent  symptoms  arc  n<nally  accompanied  by  some 
/r/"f /•  in  cases  of  acute  nni\crs;il  cystitis.  In  inllamma- 
tion  of  the  neck  of  the  bladder  l»'\er  niav  be  i)resent.  but 
IS  often  sliirht  or  entirely  wantinL^  In  chr«)nic  cystitis 
there  is  ordinarily  no  fe])ri1e  reaction,  lut^ntimi  i,f  nrinr 
occurs  rarely  as  a  complication:  it  is  imxt  common  in 
cystitis  following  i:onorrh<ea.  when  a  de<'p  nnfhritis  ex- 


ists, and  it  is  then  due  to  a  spasmodic  contraction  of  the 
constrictor  urethrae  muscle. 

Constipation  is  almost  always  present,  and  not  only  do 
the  difllcult  movements  of  the  bowels  greatly  aggmvate 
the  pain  in  the  hladder,  but  experiments  woiild  suggest 
that  the  condition  may  favor  a  ireah  supply  of  infectious 
organisms  from  the  intestine. 

Cases  of  chronic  cystitis,  dependent  upon  couditiomi 
which  cannot  be  removed,  run  a  protracted  course  with 
many  ups  and  downs.  Errors  in  diet,  exposure  to  cold, 
over-exercise,  or  any  excess  in  alcoholic  liquors  or  in 
sexual  excitement,  bring  fresh  accessions  of  inflammation, 
which  are  recovered  from  with  ever-increasing  diflBculty. 
especially  at  an  advanced  age.  Finally,  some  serioiw 
complications,  such  as  inflammation  of  the  pelvis  ami 
secreting  portion  of  the  kidney,  ulceration.  poR.<iibly  diph- 
theritic, of  the  bladder  wall,  formation  of  an  absces.'*, 
septicaemia  or  uraemia,  appeara  and  quickly  closes  the 
scene. 

The  character  of  the  urine  is  of  great  impf»rtance  in 
supplying  information  as  to  the  condition  of  the  bladder. 
In  a  mild  case,  the  urine  may  be  acid  and  but  slightly 
cloudy.  When  the  urine  is  allowed  to  stand  for  some 
time  a  light  sediment  separates,  consisting  of  muco-pus. 
with  usually  a  considerable  number  of  flat  epithelial  celk 
As  the  cystitis  increases  in  severity,  the  urine  becomes 
more  and  more  turbid,  from  the  increasing  amount  of 
pus;  and  in  addition  to  the  squamous  surface  epithelium, 
rounded  cells,  derived  from  the  deeper  layers  of  the  blad- 
der mucous  membrane  and  from  the  prostatic  urethra, 
make  their  appearance.  If.  finally,  alkaline  fermenta- 
tion occurs,  the  urine  acquires  a  pungent  ammoniacal 
smell,  and  the  pus  assumes  a  thick  ropy  consistency. 
Bacteria  are  also  present  in  great  number,  giving  a  cloudy 
appearance  to  the  urine  even  after  the  pus  has  sett  led  out 
of  it.  Strongly  ammoniacal  urine  causes  the  pus  cells  to 
swell  to  several  times  their  natural  size,  and  finally  to 
dissolve.  Casts,  if  present,  are  similarly  dissolveid.  a 
fact  which  should  be  borne  in  mind  when  examining  for 
evidence  of  coincident  kidney  disease.  Blood  corpuscles 
may  be  prest»nt  in  cases  of  cystitis  of  some  severity,  hut 
in  ammoniacal  urine  are  quickly  dissolved.  The  blood- 
pigment  in  this  case  imparts  a  brown  or  smoky  ct^lor 
to  the  urine,  which  is  quite  characteristic. 

Occasionally  blood  in  considerable  quantities  may  be 
passed  and  easily  recognized.  Besides  these  cellular  ele- 
ments many  crvstals  are  found  in  the  urine  of  cystitis. 
In  strongly  aciri  urine,  crystals  of  uric  acid  or  oxalate  of 
lime  are  not  infre(nu*nt.  If  they  an*  in  considemhle 
(luantity,  and  especially  if  of  large  size,  they  may  Ik* 
suspected  as  the  possible  predisposing  niuse  of  the  in- 
flanunation.  In  anunoniacal  urine,  the  crystals  usually 
f(mnd  are  those  of  triplepho>;phale  and  urate  of  ammonia, 
with  w  hieh  are  often  associated  amorphous  phosphates 
in  a  tinely  irranular  form.  If  the  bladder  inflamnmti<ni 
takes  on  a  diphtheritic  character,  bits  of  discoloreil  dipli- 
theritie  mend)r;uie  may  appear  in  the  urine.  Oan'rnnous 
intlannnation  of  the  bladder  wall,  which  is  usually  the 
result  of  severe  injury,  long-continued  pressure,  or  of  the 
breakinir  down  of  a  new  growth,  gives  the  urine  an  e\ 
eessively  fetid  charaeter.  The  admi.xture  of  bl(^)d  ni<»r»' 
or  less  decomposed  gives  it  a  brownish,  smoky,  or  irntii 
color,  and  the  sediment  contains  much  granular  matter 
and  lari^e  «rranular  corpuscles.  ]>esid<'s  the  various  cflU 
and  crystals  found  in  severe  cystitis.  Occasionally 
especially  as  a  residt  of  loncf-continued  pnssure.  c«ir.- 
siderable  port i<nis  of  the  mucous  mem])rane  arethroun 
otr,  and  may  be  recoirnized  as  such  in  the  sediment.  In 
the  case  of  a  slouirhin.ur  new  growth.  characteri<tie  fnnns 
(villi)  can  frecjuently  l)e  found  under  the  microscope. 

Interstitial  (jiarenchymatous)  cystitis  caus«*s  a  train  <»f 
symptoms  much  more  severe  tlian  those  occ:isi<>ne<l  hy 
a  simple  catarrhal  inflammation.  There  is  oniinariiy 
hiirh  fever,  sometimes  accompanied  by  chills.  The  in 
tlammatory  infiltration  of  the  bladder  walls  .stitTenstlHni. 
and  by  hindering  their  ccmtractions  makes  compK'te 
ex])nlsion  (»f  the  urine  impossible.  The  ureters,  or  the 
urethra,  may  be  obstructed  bv  ab.scess(\s.  or  bv  inflam- 
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matory  swelling  about  the  orifices.  If  an  abscess  breaks 
into  the  bladder,  the  appearance  of  a  greatly  increased 
quantity  of  pus  in  the  urine  is  followed  by  a  decided 
improvement  in  symptoms.  If  the  opening  takes  place 
into  the  intestine,  the  symptoms  also  improve,  although 
they  may  speedily  resume  their  serious  character  if  the 
intestinal  contents  get  into  and  infect  the  abscess  cavity. 
If  the  pus  finds  its  way  into  the  perivesical  connective 
tissue,  it  may  work  outward  and  point  either  above  the 
pubes  or  in  the  perineum,  in  which  case  its  approach  to 
the  surface  is  heralded  by  preceding  oedema  and  in- 
duration. Occasionally,  perforation  takes  place  into  the 
peritoneal  cavity,  and  speedy  collapse  and  death  is  the 
consequence.  Infiltration  of  urine  is  a  verv  rare  conse- 
quence of  inflammatory  rupture  of  the  bladder  wall,  and 
its  spread  is  limited  by  the  attachment  of  the  pelvic 
fascia  along  the  brim  of  the  pelvis.  A  localized  pelvic 
abscess  may  thus  be  formed  and  require  drainage. 

Diagnosis. — The  diagnosis  of  a  cystitis  is  usually  a 
matter  of  tolerable  ease,  if  the  symptoms  and  the  condi- 
tion of  the  urine  arc  carefully  inquired  into. 

Pure  neuroses  of  the  neck  of  the  bladder,  which  may 
cause  similar  subjective  symptoms,  do  not  cause  the 
alterations  in  the  urine  which  accompany  inflanmiation. 

Pyelitis,  which  also  gives  rise  to  pus  in  the  urine,  is  to 
be  aistinguished  by  pain  and  tenderness  in  the  kidney 
region  and  by  a  temperature  higher  than  that  of  an  un- 
complicated cvstitis.  The  presence  in  the  urine  of  small 
caudate  cells  from  the  pelvis  of  the  kidney  is  important, 
but  their  identification  is  a  matter  of  some  difficulty. 
Tlie  discovery  of  casts  is  always  extremely  suggestive, 
especially  in  the  presence  of  other  symptoms  of  pyelitis. 
Cystitis  occurs,  however,  not  uncommonly  with  pyelitis, 
so  that  the  symptoms  of  the  two  diseases  may  complicate 
each  other. 

Urethritis  is  usually  to  be  distinguished  by  the  symp- 
toms and  bv  the  presence  of  a  urethral  discharge.  Oc- 
casionally, however,  an  inflammation  in  the  deep  urethra 
may  present  features  of  similarity  with  cystitis.  If,  in 
such  cases,  the  urine  is  passed  in  two  portions,  which 
are  received  in  different  vessels,  the  pus  will  be  contained 
in  the  first  part  if  the  urethra  alone  be  affected. 

Prostatitis  resembles  in  many  symptoms  a  partial 
cystitis.  The  pain  of  prostatitis  is,  however,  referred  to 
the  rectum  more  than  is  the  case  in  cystitis.  The  test  of 
passing  the  urine  in  two  or  even  in  three  portions  shows 
that  the  inflammation  is  interior  to  the  bladder,  and, 
finall}',  palpation  of  the  enlarged  hot  and  tender  prostate 
through  the  rectum  completes  the  diagnosis.  The  coin- 
cidence of  prostatitis  with  cystitis  is  not  uncommon  and 
should  always  be  considered. 

The  diameter  of  the  urine  gives,  as  has  been  shown, 
valuable  information  as  to  the  severitv  and  character  of 
the  inflammation.  Croupous,  diphtheritic,  and  gangren- 
ous cystitis  can  generally  be  merely  suspected,  al- 
though shreds  of  tissue  may  sometimes  be  obtained  and 
put  the  matter  beyond  doubt.  Interstitial  cystitis  may 
sometimes  be  detinitelv  made  out  when  the  posterior 
bladder  wall  is  affected  and  can  be  felt  through  the  rec- 
tum. The  bladder  may  even  form  a  defined  tender  tumor 
which  Clin  be  felt  from  without.  Usuallv.  however,  this 
condition  can  be  sunnised  onlv  from  the  historv  and  the 
severity  of  the  general  symptoms.  The  formation  and 
opening  of  an  abscess  would  be  confirmatory. 

Progn/mn. — Acute  cystitis,  when  not  dependent  upon 
some  previously  existing  chronic  condition,  may  with 

f ►roper  care  run  its  courst^  in  from  two  to  three  weeks, 
t  is  rarely  seven?  enough  seriously  to  threaten  life. 
Chronic  cystitis,  if  dependent  on  some  curable  condition 
(stone,  stricture,  etc.),  may  be  recovered  from  after  the 
removal  of  the  predisposing  cause,  provided  that  the 
long  duration  of  the  malady  has  not  induced  permanent 
organic  changes  in  the  bladder  wall. 

Advanced  age  and  a  weak  constitution  render  the 
prognosis  mucli  less  favorable.  When  the  diseast^  is  the 
result  of  some  condition  which  cannot  be  removed  (en- 
larged prostate,  tuberculosis,  inoperable  tumor,  etc.), 
recovery  cannot  be  expected,  although  a  considerable 


amelioration  of  symptoms  may  be  accomplished  by  ap- 
propriate and  thorough  treatment.  The  appearance  of 
phlegmonous,  diphtheritic,  or  gangrenous  inflammation, 
with  or  without  the  formation  of  abscesses,  makes  the 
prospect  of  recovery  extremely  doubtful. 

Prophyhtoris. — Many  cases  of  cystitis  could  no  doubt 
be  avoided  by  intelligent  care.  Careful  management  of 
an  acute  gonorrhoea,  or  of  a  stricture  or  enlarged  pros- 
tate, would  often  enable  the  patient  to  escape  the  cystitis 
which  they  so  frequently  induce.  The  most  important 
prophylactic  measure,  however,  is  a  thorough  observance 
of  aseptic  precautions  in  any  and  all  operative  procedures 
upon  the  bladder.  All  metal  and  rubber  instruments 
should  be  thoroughly  cleaned  and  boiled  immediately 
after  using,  and  should  then  either  be  kept  in  an  aseptic 
case  or  cleaned  again  immediately  before  using.  The 
problem  of  cleaning  gum  elastic  and  webbing  catheters 
is  more  difllcult,  and  they  can  rarely  be  used  with  safety 
more  than  a  few  times.  They  should  be  cleaned  with 
soap  and  Avater  to  remove  the  oil  and  then  washed  care- 
fully with  corrosive  sublimate  1  to  1,000.  Recent 
methods  of  sterilizing  catheters  with  formaldehyde  va- 
por appear  to  be  satisfactory  and  if  further  experience 
proves  such  to  be  the  case,  it  will  add  much  to  the  safety 
of  urethral  surger}'. 

In  all  cases  in  Avhich  there  is  any  doubt  as  to  the  healthy 
condition  of  the  urethra  it  is  wise  to  give  it  a  preliminary 
washing  with  some  mild  antiseptic,  and  in  cases  in  which 
urethritis  exists,  it  is  w^ell  to  repeat  this  after  the  use  of 
any  instniment. 

Of  the  great  variety  of  lubricants  one  should  be  selected 
which  is  aseptic  and  non-iiTitant.  Most  of  the  antiseptic 
lubricants,  and  especially  those  containing  carbolic  acid 
or  eucalyptus  oil,  are  imtating.  Simple  vaseline  put  up 
under  aseptic  precautions  in  collapsible  tubes  is  perhaps 
as  useful  as  any.  If  it  is  desired  to  have  a  lubricant 
which  will  remain  sterile  even  though  exposed  to  the 
air,  boric  acid  may  be  added  in  the  proportion  of  31.  to 

Treatment. — In  acute  cystitis,  whether  universal  or 
partial,  the  thing  of  first  and  greatest  importance  is  rest. 
Rest  should  be  absolute  in  bed,  in  a  horizontal  position, 
or  with  the  hips  slightly  raised.  The  bladder,  irritated 
and  intolerant  of  its  contents,  should  be  soothed  by  full 
doses  of  some  anodyne  to  lessen  as  much  as  possible  its 
over-excitability,  and  to  quiet  its  constant  spasmodic 
activity.  The  anodyne  is  usually  best  administered  in  the 
form  of  a  suppository,  a  favorite  combination  being 
opium  or  morphine,  with  either  hyoscyamus  or  bella- 
donna. Not  infrequently,  however,  it  will  be  found 
wise  to  give  the  anoilyne  by  the  mouth,  as  rectal  absorp- 
tion is  slow  and  sometimes  unsatisfactory.  If  the  pain 
is  due  mainly  to  the  spasmodic  action  of  the  bladder, 
hyoscyamus  or  belladonna  sometimes  suffices  to  relieve  it, 
and  when  either  of  these  is  efficient  it  is  preferable  to 
opium,  which  is  objectionable  from  its  constipating 
properties,  even  when  it  does  not  disagree  with  the. 
stomach.  Codeine  Avill  also  be  found  u.seful,  especially 
in  the  less  severe  cases.  If,  however,  hyoscyamus,  bella- 
donna, or  codeine  do  not  control  the  pain,  opiates  should 
at  once  be  resorted  to;  and  these  should  be  given  in  full 
doses,  as  a  really  curative  effect  is  to  be  expected  from 
the  relief  of  spasm. 

Heat,  wet  or  dry,  over  the  hvpogastrium  and  perineum 
will  often  be  of  use,  and  if  well  applied  will  accomplish 
more  than  a  hot  hip-bath,  which  is  commonly  u.sed,  but 
which  has  only  a  transient  effect.  A  hip-bath,  if  given, 
should  be  very  hot,  and  the  patient  should  be  in  it  but  a 
few  minutes  (four  or  five  at  the  outside),  as  the  necessary 
position,  if  maintained  for  any  length  of  time,  favors 
congestion  of  the  pelvic  organs,  and  to  a  great  extent 
counteracts  the  otherwise  good  effects  of  the  heat. 

Medicinal  treatment  intended  to  modify  the  condition 
of  the  urine  may  be  beneficial  in  two  ways:  first,  by  in- 
creasing the  am(>unt  and  consequently  diluting  the  urine; 
and,  second,  by  affecting  the  reaction  and  rendering  it  a 
less  favorable  medium  for  the  growth  of  bacteria. 

The  most  simple  and  generally  an  eflftcient  method  of 
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increasing  the  amount  of  urine  is  to  urge  the  patient  to 
drink  at  least  two  quarts  of  water  or  milk  in  the  twenty- 
four  hours;  if  more  can  be  taken,  so  much  the  better. 
To  this  may  be  ad(ied  cream  of  tartar  water,  or  (ritrato  of 
potassium,  both  of  which  are  mild  diuretics  and  tend  to 
stimulate  the  action  of  the  kidneys.  In  this  way  the 
amount  of  urine  can  generally  be  kept  sufficiently  large 
markedly  to  dilute  it.  The  vegetable  diuretics,  buchu, 
triticum* repens,  uva  ursi,  etc.,  are  less  used  now  than 
formerly,  and  they  are  not  notably  more  efficient  than  the 
milder  ineasures  above  mentioned. 

Of  the  drugs  which  owe  their  power  to  the  fact  that 
they  are  excreted  in  some  form  in  the  urine,  beiizoate  of 
sodium,  boric  acid,  sandalwood  oil,  and  urotropin  are 
the  most  valuable.  If  the  urine  is  ammoniacal,  as  is  not 
infrecpiently  the  case,  its  irritating  pn>pertiesan'  thereby 
much  increased,  and  the  use  of  some  drug  to  render  the 
urine  acid  is  distinctly  indicated.  The  most  efficient  are 
benzoate  of  sodium  and  boric  acid  in  doses  of  from  gr. 
v.  to  X.  every  three  to  four  hours,  according  to  the 
reaction  of  the  urine  and  the  tolerance  of  the  patient. 
Sandalwood  oil  has  a  soothing  effect,  especially  when 
the  inflammation  is  most  marked  al)out  the  neck  of  the 
bladder,  but  it  is  taken  with  difficulty  by  some  patients 
and  should  always  be  given  in  capsules.  " 

The  introduction  of  urotropin  is  so  recent  that  a 
definit^^  opinion  in  regard  to  its  value  cannot  be  given. 
It  owes  its  value  to  the  fact  that  it  is  excreted  in  the 
urine  as  formaldehyde  and  thus  inhibits  the  growth  of 
bacteria. 

The  work  of  M.  W.  Richardson  has  shown  that  it  is 
very  efficient  when  used  against  the  typhoid  bacillus  in 
the  urine,  and  a  somewhat  limited  clinical  experience 
suggests  that  it  may  prove  a  valuable  addition  to  the  list 
of  urinary  antiseptics. 

Besides  this  strictly  medicinal  treatment,  the  diet 
should  be  carefully  regulated,  only  bland,  unirritating 
articles  of  food  being  allowed.  Alcohol  in  every  form 
should  be  interdicted,  and  tea  and  coffee  should  be 
avoided  or  taken  very  much  diluted.  The  bowels  are 
to  be  kept  gently  open,  and  especial  care  in  this  direction 
is  need(!d  when  opiates  are  being  used. 

When  the  inflammatory'  process  is  being  combated  in 
this  manner,  the  predisposing  cause  of  the  cystitis  should 
be  sought  for  and  if  possible  removed.  If  an  irritating 
diuretic  is  being  taken  it  should  be  stopped.  A  rheu- 
matic or  other  constitutional  cause  should  receive 
appropriate  treatment.  Retention  of  urim*.  if  it  exists, 
should  l)(*  relieved  bv  tlie  use  of  a  eatlietcr.  When, 
however,  the  cause  of  the  cystitis  is  one  wliicli  retjuires 
an  openition  for  its  removal  (rriiculus.  stricture,  ete.\  it 
is  usually  best,  unless  in  case  of  emergency,  to  defer  in- 
terference until  the  aeute  stage  of  the  <liseas(^  is  past. 

If  tlu'  intlanunation  is  so  severe  as  to  involve  surround- 
ing parts  and  to  give  rise  to  pericystitis,  the  ap]>eanince 
of  abscesses  must  ]>e  watched  for  with  great  care,  as 
their  earlv  detection  and  evacuation  is  of  cardinal  im- 
portance. 

Ordinarilv  an  a('Ute  cvstitis  vields  to  careful  treatment, 
and  recovery  is  complete.  If.  however,  the  acut«'  condi- 
tion <lors  not  sul)sid(r  under  treatment  an  examination 
should  ]»('  made  to  discover  whether  there  is  not  some 
underlyiiii^  cause,  as  calculus,  tumor,  stricture,  or  en- 
larirc<i  prostate,  which  must  then  receive  the  appropriate 
trr.itnicnt. 

Almost  all  cases  of  subacute  or  chronic  cxstitis,  espe- 
cially wht'U  associated  with  foul,  decomposing  urine,  are 
to  he  <:rcatlv  bcnctited  bv  thorouirh  irriiration:  and  this 
measure  may  even  l)eem]^loyed  inacut<'  cases  if  the  urine 
assumes  a  tVtid  character. 

When  ]uo])erly  performed  this  washing  out  of  the 
bladder  usually  does  much  goo<l.  but  if  dont*  carelessly 
or  im})roperly  it  may  cause  .serious  harm. 

Sir  Henry  Thom}>s<)n  din-cts  that  no  more  than  two 
ounces  of  fluid  shall  be  thrown  into  the  bladder  at  one 
time.  This  rule  is  a  .L'"ood  one  in  cases  of  acute  cystitis, 
or  when  the  bhuldcr  is  ;:reatly  contracted  or  especially 
irritable.     In  many  clironic  cases,  however,  it  is  not  only 
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safe,  but  wise  to  somewhat  distend  the  bladder  with  the 
injected  fluid,  the  object  being  to  spread  out  the  foklsof 
the  mucous  membrane  so  as  to  insure  the  thorough  re- 
moval of  fermenting  mucus  and  the  contact  of  the  irri- 
gating^ fluid  with  all  parts  of  the  bladder  wall.  If  the 
injection  is  made  slowly,  the  bladder  ordinarily  tolerates 
the  distention  well. 

With  regard  to  the  injecting  apparatus,  a  syringe 
forces  the  fluid  in  with  irregular,  intermittent  force,  and 
imperfections  in  the  valves  make  it  often  a  matter  of 
uncertainty  whether  the  proper  amount  has  tiowed  into 
the  bladder  or  not.     These  disadvantages  are  avoided  by 
the  use  of  a  fountain  syringe ;  and  if  a  clear  jiclass  bottle 
is  used  as  the  reservoir,  it  can  be  easily  kept  clean,  and 
the  exact  amount  of  the  fluid  which  flows  into  the  blad- 
der can  be  readily  seen  and  exactly  measured  bj  a  scale 
fastened  upon  the  side  of  the  bottle.     The  force  of  the 
stream  is  to  be  regulated  by  adjusting  the  height  of  the 
reservoir  above    the  bladder.      This  should   never  be 
greater  than  from  one  to  two  feet,  or  the  bladder  may 
be  subjected  to  a  dangerous  strain.     It  is  also  important 
to  stop  injecting  the  moment  the  patient  feels  the  least 
desire  to  micturate. 

The  simplicity  of  this  apparatus  is  of  great  advantage 
in  point  of  cleanliness,  and  patients  quickly  learn  to 
manage  it  for  themselves. 

The  catheter  used  should  be  of  soft  rubber,  if  such  can 
be  introduced;  if  not,  that  form  which  passes  with  least 
irritation  is  tlie  best,  whether  bulb-pointed  or  coudee. 
gum-elastic  (English)  or  silver.  A  double-current 
catheter  is  less  good  than  one  with  single  calibre,  for  the 
continuous  stream  does  not  cleanse  the  bladder  so  quickly 
as  is  done  by  alternate  filling  and  emptying,  and  the 
necessarily  small  size  of  the  escape  tube  in  a  double  in- 
strument prevents  the  ready  exit  of  thick  pus  or  mucusw 
The  bladder  may  also  be  irrigated  without  the  use  of  a 
catheter  by  means  of  a  fountein  syringe  with  an  olive- 
tipped  nozzle.  This  is  held  tightly  against  the  meatus 
and  the  fluid  allowed  to  distend  the  urethra,  which  will 
^balloon  "  out  as  far  as  the  triangular  ligament.  In  this 
way  the  anterior  urethra  may  be  thoroughly  washed,  and 
then  by  raising  the  douche  bottle  higher,  suflScient  press- 
ure may  be  obtained  to  overcome  the  resistance  of  the 
compressor  muscle  and  the  fluid  will  nm  back  into  the 
bladder.  The  whole  operation  is  carried  out  without  in- 
troducing any  instrument  beyond  the  meatus,  and  this 
methcHl  of  irrigation  has  of  late  found  considerable  favor 
among  surgeons  in  some  parts  of  the  country.  Many 
drugs  are  added  to  the  injection  fluid,  either*  with  the 
object  of  disinfecting  the  contents  of  the  bladder  or  of 
acting  topically  upon  the  mucous  membrane. 

The  most  useful  s(dutions  with  which  to  irrigate  the 
bladder  are  a  solution  of  bora.x  (bibonite  of  sodium),  a 
dnichm  to  tlie  pint ;  boric  acid  one  per  cent.,  and  chloride 
of  sodium  two  drachms  to  the  pint.  The  stronger  antisep- 
tics, as  corro.sive  sublimate  and  carbolic  acid,  are  t<v>  irri- 
tating to  be  often  useful.  Occasionally  when  the  st'cn- 
tion  of  pus  and  mucus  is  very  abundant,  and  especially 
in  chronic  cases,  permanganate  of  potassium  1  to  it.inn)  to 
1  to  It), (MM)  will  be  found  useful  for  its  astringent  action. 

In  pliospbaturia  very  dilute  hydro<'hloric  or  nitric  acid 
(one  or  two  drops  of  .strong  acid  to  the  fluidounce  of 
water)  mav  assist  by  their  solvent  and  astrinsreut  acti«>n. 

Lastly,  we  come  to  speak  of  nitrate  of  silver,  which 
if  properly  used  is  productive  of  much  goml,  but  if 
abused  or  improperly  employed  may  do  decided  harm. 

An  obstinate  chronic  cystitis  which  does  not  yield  to 
milder  measures  is  sometimes  greatlv  benefited  bv  the 
use  of  a  weak  solution  (one-tenth  to  one-tifth  percent.) 
of  nitr*ate  of  silver.  This  gives  the  iH'st  results  when  it 
;  is  used  every  secrmd  or  third  day,  some  milder  injection 
being  substituted  on  the  intermediate  days.  The  amount 
of  pns  is  usually  very  decidedly  diminished  by  thest^  ap- 
plications. 

Occasionally,  it  happens  that  adhesive  mucus  so  does 
the  eve  of  the  catheter  as  to  prevent  the  esca]>e  of  the 
urine.  This  may  be  removed  by  attaching  a  rubber 
tube  full  of  water  to  the  catheter  and  then  dropping  its 
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free  end  into  a  vessel  upon  the  floor.  The  weight  of  this 
column  of  water  usually  exerts  sufficient  suction  to  draw 
out  the  obstructing  mucus. 

In  chronic  cystitis,  the  local  treatment  is  more  to  be 
relied  upon  than  medication. 

In  the  majority  of  cases  the  measures  that  have  been 
suggested  will  accomplish,  if  not  a  cure,  at  least  a  pallia- 
tion of  symptOHLS  which  brings  comparative  comfort  to 
the  patient;  occasionally,  however,  a  case  is  met  with  in 
which  the  bladder  has  suffered  such  decided  organic 
changes  that  the  passage  of  urine  through  it.  with  its 
alternations  of  expansion  and  contraction,  is  sufficient  to 
keep  up  an  aggravated  inflammation.  In  spite  of  ever}'- 
care  the  patient  begins  to  suffer  from  septic  absorption, 
and  death  seems  imminent. 

Under  such  circumstances,  constant  drainage  by  means 
of  a  catheter  should  be  tried.  This  will  often  have  the 
effect  of  giving  the  bladder  the  desired  rest  and  allowing 
the  reparative  process  to  begin.  If  this  is  not  success- 
ful, cystotomy  holds  out  a  last  hope.  An  opening 
through  the  perineum,  by  providing  drainage  and  rest 
to  the  bladder,  allows  it  time  and  opportunity  to  recover 
itself.  This  treatment  was  first  applied  to  a  case  of  this 
sort  by  the  late  Dr.  Willard  Parker,  of  New  York,  in 
the  year  1850. 

The  necessary  opening  may  be  made  either  laterally 
through  the  prostate,  as  in  lithotomy,  or  may  enter  the 
membranous  urethra  through  the  middle  line,  and  through 
this  opening  the  prostatic  urethra  may  be  readily  dilated 
with  the  finger  so  as  to  admit  the  introduction  of  a  good- 
sized  tube.  The  latter  method  has  the  advantage  of  in- 
juring no  important  structures,  whereas  the  former  pro- 
motes more  thorough  drainage.  Whenever  an  incision 
through  the  perineum  is  practised  it  should  be  made  the 
opportunity  for  a  thorough  exploration  of  the  bladder, 
as  an  unsuspected  cause  for  the  cystitis  may  sometimes 
be  found. 

Stone  in  the  Bladder. — The  stones  which  are  com- 
monly found  in  the  bladder  may  be  roughly  divided  into 
uric  acid,  oxalate  of  lime,  and  phosphatic  calculi.  A 
stone  composed  wholly  of  any  one  of  these  constituents 
is,  however,  not  common,  the  usual  condition  being  a 
mixed  form,  in  which  a  uric  acid  or  oxalate  of  lime 
nucleus  is  covered  by  a  phosphatic  crust ;  sometimes  a 
succession  of  layers  may  be  formed  by  alternating  de- 
posits of  different  components.  The  phosphates  are 
almost  always  combined  with  alkaline  urates  and  carbon- 
ates. Other  substances,  such  as  cyst  in  and  xanthin,  in 
rare  instances  form  concretions  in  the  bladder. 

For  purposes  of  surgical  classification,  calculi  may  be 
divided  into  those  which  form  in  an  acid  and  tliose 
which  form  in  an  alkaline  urine.  The  former  class  in - 
eludes  the  uric  acid  and  oxalate  of  lime  stones,  while  the 
soft  concretions,  composed  mainly  of  phosphates,  belong 
to  the  latter. 

"The  researches  of  Rainey,  Harting,  Ord,  Ebstein, 
and  others,  indicate  that  the  formation  of  stone  is  not  a 
simple  process  of  deposition  of  salts  existing  in  excess  in 
the  urine.  Indeed,  instances  are  of  everj^day  occurrence 
in  which  uric  acid,  the  urates,  oxalate  of  lime,  or  the 
phosphates  are  present  in  solid  form  for  long  pericnls  of 
time  in  the  urine  without  leading  to  stone  formation. 
The  investigations  of  these  observers  have  shown  the 
crystalline  substances  of  thp  urine  to  follow  the  law  of 
*  molecular  coalescence  '  laid  down  by  Rainey  and  elabo- 
rated by  later  observers:  which  is  briefly,  that  'in  the 
presence  of  colloid  or  albuminoid  substances  crystalline 
materials  become  spheroidal  in  shape  and  coalesce  in 
rounded  form.'  Following  this  law,  in  the  urinary 
pas.sages  crystals  of  uric  acid  in  their  usual  rhomboidal 
shape  may  for  long  periods  be  thrown  down,  washed 
along,  and  pas.sed  out  with  the  urine  without  showing 
any  tendency  to  form  concretions.  Finally,  the  irrita- 
tion of  the  urinary  tract  leads  to  the  exudation  of  albu- 
minoid material,  which,  acting  cm  the  crystals,  changes 
their  molecular  form  and  creates  in  them  the  tendency 
to  coalesce.  The  necessary  albuminoid  material  may  be 
supplied  in  other  ways.     I^ecrotic  bits  of  tissue  are,  as  is 


well  known,  likely  to  be  encrusted  with  lime  salts. 
Masses  of  bacteria  and  bits  of  blood  clot  are  also  found 
in  stones,  but  what  part  they  play  in  the  formation  of 
the  stone  is  not  clear.  The  concretion,  once  started, 
continues  to  act  as  an  irritant  to  the  wall,  and  so  con- 
tinues to  be  supplied  with  an  albuminoid  envelope,  in 
which  successive  layers  of  spheroidal  crystals  are  de- 
posited."* 

The  formation  of  phosphatic  stones  is  almost  invariably 
the  result  of  inflammatory  conditions  in  the  urinary  tract 
leading  to  alkaline  fermentation  of  the  urine. 

Calculi  may  form  in  any  part  of  the  urinary  apparatus. 
When  they  originate  in  the  kidney  they  usually  find 
their  way,  sooner  or  later,  into  the  bladder.  This  may 
be  accomplished  painlessly,  or  may  be  accompanied  by 
severe  pain  (nephritic  colic). 

After  reaching  the  bladder  they  either  pass  out  through 
the  urethra  and  cause  no  further  trouble,  or  they  remain 
and  gradually  increase  in  size  until  their  presence  is  re- 
vealed by  the  symptoms  to  which  they  give  rise.  Their 
detention  in  the  bladder  is  rendered  extremely  probable 
when  some  obstruction  to  micturition  has  caused  dilata- 
tion with  residual  urine,  or  when  sacculation  of  the  blad- 
der exists.  A  stone  thus  retained  in  the  bladder  continu- 
ally grows  by  accretion.  So  long  as  the  urine  remains 
unchanged,  the  character  of  the  stone  continues  the 
same ;  when,  however,  the  urine,  formerly  acid,  becomes 
alkaline  from  the  occurrence  of  fermentation,  the  soft 
salts  (phosphates,  etc.)  are  deposited  on  the  hard  basis  of 
calcic  oxalate,  or  uric  acid. 

Stones  usually  occur  singly,  but  sometimes  many,  up 
to  several  hundreds,  are  found  in  one  bladder. 

Single  calculi  are  moulded  into  a  more  or  less  oval  form 
by  attrition  of  the  vesical  walls.  The  surface  may  be 
tolerably  smooth,  as  is  often  the  case  with  uric  acid  cal- 
culi, or  rough  and  granulated,  as  is  more  commonly  seen 
in  phosphatic  stones;  and  finally,  those  composed  of 
oxalate  of  lime  are  usually  covered  with  rough,  oft**n 
sharp  projections,  giving  tliem  a  knobby,  irregular  out- 
line, which  has  suggested  their  distinctive  name  of  mul- 
Ixjrry  calculi.  When  many  calculi  exist  together  in  the 
bladder,  they  are  usually  smoothed  and  faceted  by  mu- 
tual attrition. 

Stones  vary  greatly  in  size  and  consistency.  Very 
large  concretions  were  much  more  common  formerly  than 
now.  when  they  come  earlier  to  operation. 

Phosphatic  stones  are  usually  soft  and  friable,  though 
they  may  sometimes  have  considerable  hardness.  Uric 
arii\  makes  firmer  calculi,  which  are,  however,  tolerably 
brittle.  The  hardest  stones  are  those  made  of  oxalate  of 
lime,  and  they  may  occasionally  resist  any  but  the  most 
powerful  lithotrites. 

Stone  in  the  bladder  is  often  hereditary.  A  gouty  or 
rheumatic  diathesis,  by  favoring  the  production  of  acid 
urine,  fosters  the  tendency  to  stone. 

The  habitual  use  of  liquids  or  articles  of  food  that  easily 
ferment  and  give  rise  to  acidity  may  increase  the  cliances 
to  stone  formation.  Tliat  the  quality  of  the  drinking 
water  (presence  of  lime  salts)  has  any  influence,  is  not 
proved. 

The  geographical  distribution  of  stone  seems  to  be  in- 
dependent of  any  climatic  or  geologic  influences. 

Dr.  Keyes  believes  that  the  prevalence  of  stone  in  cer- 
tain localities  is  to  be  in  great  measure  accounted  for  by 
the  hereditarv'  nature  of  calculous  disease,  fostered  by 
more  or  less  close  intermarriage. 

Thompson  states  that  stone  is  common  in  the  children 
of  the  poor,  but  rare  among  old  persons;  whereas  among 
the  rich  this  state  of  things  is  reversed  and  the  children 
are  exempt,  while  their  elders  are  oftener  aflflicted. 

S(/mptom4i. — The  symptoms  of  stone  in  the  bladder  are: 
First,  pain.  This  is  especially  severe  at  the  end  of  mic- 
turition, when  the  bladder  wall  closes  down  upon  the 
rough  surface  of  the  calculus.  The  pain  is  referred 
either  to  the  end  of  the  penis,  or  to  the  perineum  and 

♦  From  author's  article  in  Morrow's  "  System  of  Genlto-Urlnary  Dis- 
eases, Syphilolo^,  and  Dermatology/'  vol.  1. 
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rectum.  It  is  usually  much  increased  by  violent  move- 
ments or  jolting,  as  *in  riding.  8<*condfy,  frequency  of 
micturition,  which  may  or  may  not  lx»  diminished  by 
rest  in  bed.  Thirdly,  hamaturia.  The  presence  of 
blood  in  the  urine  is  intermittent.  The  water  may  be  of 
a  wine-red  or  smoky  color,  or  the  blood  mav  be  contained 
in  the  last  few  drops  of  urine  passed.  Hemorrhage  is 
likely  to  appear  after  exercise  or  jolting.  When  these 
important  symptoms  are  present,  inquiry  will  often  dis- 
cover a  history  of  previous  attacks  of  renal  colic,  or  of 
the  appearance  of  gravel  in  the  urine. 

As  conflnnatory  sympt^)ms  may  be  mentioned,  sudden 
stoppage  of  tiie  stream  in  the  midst  of  micturition,  caused 
by  the  stone  falling  against  the  urethral  opening,  and  in 
children  an  elongated  pn'puce.  owing  to  constant  pulling 
in  the  effort  to  relieve  pain  felt  at  the  head  of  the  penis. 

A  bimanual  examination  between  the  hand  over  the 
pulM>s  and  the  finger  in  the  rectum  will  often  reveal  the 
presence  of  a  stone  of  any  size. 

The  diagnosis  is  rendered  complete  bv  a  thorough  ex- 
plonition  of  the  bladder  with  a  sound,  ^or  this  purpose 
a  metallic  instrument  should  be  used,  with  a  short  beak 
curv(»d  to  an  angle  of  about  V^y ,  which,  by  allowing 
free<h)m  of  motion  in  the  bladder,  nmkes  a  much  more 
thorough  examination  possible  than  with  an  ordinary 
curved  catheter.  Sometimes  a  stone  that  evades  the 
sound  may  be  caught  with  the  lithotrite  and  its  presi-nce 
thus  (iemonstnited.  The  lithotrite  also  affords  the  most 
accumte  method  of  determining  the  size  of  a  stone;  and 
by  dropping  it  and  s<'izing.  it  again  seveml  times  the 
dimensions  may  be  measured  in  several  diameters.  When 
a  stone  is  caught  in  the  lithotrite,  it  should  be;  firmly  held 
and  the  instrument  with  the  stone  in  it  should  then  be 
used  for  a  further  search,  to  detcnnine  whether  more  than 
one  stone  be  present. 

It  is  well  during  an  exploration,  especially  in  a  diffi- 
cult case,  to  vary  the  amount  of  water  in  the  bladder,  as 
a  concretion,  dimcult  of  detccticm  in  a  full  bladder,  may 
be  easily  found  in  an  empty  one,  and  rice  rermt. 

Occasionally  it  happens  that  in  a  sacculated  or  other- 
wise; misshappen  bladder  a  calculus  will  evade  detection 
by  most  thorough  and  skilful  sounding.  For  these  cases 
Professor  Bigelow  has  pointed  out  the  value  of  the  iitho- 
lapaxy  ])ump  and  tube.  The  current  of  wat<'r  searches 
out  and  brings  the  calculus  to  the  tube  with  a  character- 
istic click  which  cannot  hv  mistaken  or  overlooked. 

Examination  bv  tlu;  sound  mav  be  rendered  diflicult 
by  stricture  of  the  urethra,  which  if  not  passable  for  an 
instrument  of  fair  size  will  require  dilatation,  divulsion, 
or  urethrotoniv. 

Enlarged  ])rostate  may  greatly  increase  the  difficulties 
of  sounding,  both  by  the  resistance  it  offers  to  the  en- 
tmiice  of  the  instrument  and  bv  reason  of  the  Siicculation 
of  the  ])la(l(ler  behind  the  prostate  in  which  the  stone  may 
escape  detection.  This  source  of  <'rror  is  usually  to  be 
avoided  if  a  sound  with  a  short  beak  be  used  and  so 
rotated  that  the  point  sweeps  the  base  of  the  bladder. 
To  accomplish  this  manoMivn*  the  handle  of  the  sound  or 
searcher  must  be  well  depressed  between  the  thighs,  as 
otherwise  its  point  catches  on  the  floor  of  the  bladder. 
The  finger  in  the  rectum  may  materially  a.ssist  in  this 
investigation.  A  bar  at  the  internal  urethral  orifice  may 
ejuise  difiiculties  similar  to  those  incident  to  an  enlarged 

S,M<s  jind  diverticula  of  the  bladder  occasionallv  make 
the  (jcticf  ion  of  a  stone  bv  the  sound  alone  very  difficult, 
tlioiiLrh  ot'icn  a  careful  search  will  finally  carry  the  in- 
stnim.iii  ini,,  {oniaet  with  soni<'  part  of  the  calculus. 

KMicme  sensitiveness  will  often  make  an  examination 
iinimssiljlr  without  the  aid  of  an  anieslhetic. 

Tin'  sonicj's  of  error  wliieli  must  be  considered  in 
soundjnir  are  prostatic  concretions,  rough  ])rojections  of 
the  ])l!i(lder  wall.  \vlii<li  may  be  covered  with  i)hos})liatic 
deposits,  and  new  growths  which  may  be  similarlv  in- 
crusted. 

Apni(ti<ed  touch  will  usually  lead  to  a  decision  b<>- 
tween  thes,.  conditions.  The  grating  over  a  prostatic 
concretion  is  telt  before  the  bladder  is  reached,  and  in  a 


case  in  which  the  doubtful  sensation  is  felt  within  the 
bladder,  a  conclusion  mav  usually  be  reached  bv  the 
passage  of  a  lithotrite  and  grasping  of  the  stone  ii  ooe 
exists. 

ProphylaxtM. — Soft  phosphatic  stones  are,  as  has  been 
said.  de(>endent  usually  upon  a  local  condition  of  inflam- 
mation of  the  bladder,  and  any  treatment,  by  irrigation 
or  otherwise;,  which  reduces  this  inflammation  lessens 
the  chances  of  stone  formation.  Uric  acid  and  oxalate  of 
lime  stones,  on  the  other  hand,  are  of  constitutional 
origin,  and  indicate  faults  of  assimilation  and  tissue 
change  which  are  in  a  degree  amenable  to  constitutional 
treatment. 

When  a  tendency  to  uric  acid  formation  is  evinced  by 
the  appearance  of  crystals  in  the  urine,  or  by  any  symp- 
toms indicating  a  gouty  diathesis,  eflforts  should  be  made 
to  counteract  this  tendency  bv  strict  attention  to  the 
patient's  habits  with  regard  to  food  and  exercise.  Sugar 
in  every  form  is  harmful  in  these  ca.ses,  as  are  also  all 
fatty  articles  of  food,  and  these  should  acct>rdingly  be 
avoided.  Over-indulgence  in  stimulating,  highly  seasoned 
dishes  should  be  interdicted.  Wine  should  begiven  up, 
and  if  the  stimulant  effect  is  needeii,  spirits,  largelv 
diluted,  should  be  prefern*d.  Systematic  excrc-ise  should 
be  taken — if  possible,  sufficiently  violent  to  excite  mod- 
erate perspiration,  and  the  skin  should  be  cared  for  by 
regular  bathing  and  vigorous  rubbing.  If  the  patient  lip 
constipated,  his  bowels  should  be  regulatetl.  and  this 
may  well  be  done  by  a  morning  glass  of  Friedrichi^hall 
or  i^arlsbad  water.  Thompson  recommends  a  long  c<^urse 
of  saline  waters  for  these  patients  with  uric  acid  tenden- 
cies, and  regards  their  effect  as  due  to  a  stimulant  action 
on  the  liver.  Whatever  the  rationale  of  their  u.<5e,  they 
are  of  undoubted  benefit  when  a  constipated  habit  exists. 

Lastly,  general  tonics,  such  as  strychnine  and  quinine, 
may  be  of  great  service  when  the  general  health  is  de- 
bilitated. Alkaline  diuretics,  by  contacting  the  over- 
acidity  of  the  urine,  relieve  local  symptoms;  but  without 
the  addition  of  general  treatment  the  acidity  returns 
quickly  upon  their  disuse. 

Treatmint. — After  the  formaticm  of  a  stone  too  large 
to  pass  through  the  urethra,  its  removal  can  be  accom- 
plished only  by  some  mechanical  expedient.  The  sr>l  vent 
action  of  alkaline  or  other  remedies  has  never  been  shown 
to  destroy  a  stone  that  had  been  proved  to  exist. 

The  choice  of  the  operation  appropriate  to  each  case  i< 
to  ])e  decided  both  by  the  character  of  the  stone  and  by 
tlie  condition  of  the  urinary  organs. 

(Miildren  stand  the  opemti<m  of  litholapaxy  very  well. 
Occasirmally  the  small  siz(;  of  the  urethra*  makes  ibis 
operation  impossible,  but,  except  in  these  cases,  it  is  to 
be  preferred  to  lithot(miy. 

The  crushing  of  stone — lithotrity — became  a  recog- 
nized operation  in  1824  through  the  efforts  of  Civiale. 
who,  although  operating  with  inferior  instruments,  ob- 
tained successes  which  demonstrated  the  pc^sibility  of 
pulverizing  stones  with  instruments  introduced  through 
the  urethni. 

After  that  time  the  operation  was  greatly  impn>veil  in 
technique,  and  largely  displaced  the  earlier  o|H*nitiou  of 
lithotomy.  (For  the  history  of  its  development,  set* 
under  the  head  of  lAthotriiy.) 

In  1H79  Prof.  Henry  J.  Bigelow  publislunl  a  ]>ap(T  in- 
troducing the  opemtion  of  litholapaxy  (lithotrity  at  one 
sitting,  rapid  lit hotritv).  and  so  quickly  did  thisppxTfiiirr 
gain  in  favor  that  within  a  year  or  two  of  the  publira- 
tion  of  his  tirst  article  it  was  a  genemlly  established 
practice:  and  the  old  operaticm  of  lithotrity.  without 
conij)lete  evacuation,  had  become  a  thing  of  the  pa.<t. 

Professor  Bigelow  showed  that  the  tolenmce  of  the 
Madder  to  instrumentation  is  much  greater  than  hadlHtu 
supiM)sed,  and  denionstmted  the  fact  that  there  is  K'^"^ 
danger  in  an  operation,  even  long  and  tedious,  which 
results  in  the  complete  evacuation  of  a  stone,  than  in  ih«^ 
usual  short  and  repeated  sittings  for  its  more  gradu.il 
removal.  In  short,  he  proved  that  the  greatest  <lang('rof 
lithotrity  is  not  from  the  use  of  instruments,  but  fr«Mn 
the  subsequent  irritation  of  the  mucous  membrane  by 
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the  fragments  left  in  the  bladder.  To  facilitate  the  rapid 
crushing  and  removal  of  stones,  he  also  introduced  im- 
proved instruments,  which  will  be  described  under  the 
head  of  Litholapaxy. 

With  these  instruments  it  is  now  possible  to  dis- 
pose of  many  stones  that  would  formerly  have  been 
thought  beyond  the  reach  of  lithotrity,  and  it  suffices 
to  say  that  litholapaxy  should  be  employed  in  all  stone 
patients,  except  in  cases  falling  under  the  following 
exceptions: 

1.  A  very  large  and  hard  stone  may  resist  every  at- 
tempt at  crushing. 

2.  A  stone  may  have  as  a  nucleus  a  foreign  body,  such 
as  a  piece  of  necrosed  bone  or  a  bullet,  too  hard  to  crush 
and  too  large  to  come  through  a  tube. 

3.  An  encysted  stone  may  be  out  of  reach  of  the  litho- 
trite. 

4.  Some  writers  consider  that  stricture  of  the  urethra 
may  prohibit  litholapaxy.  This  cannot  often  happen,  for 
strictures,  however  close,  yield  readily  to  divulsion, 
which  may  be  immedialelv  followed  by  the  crushing  and 
evacuation  of  the  stone.  \Ve  have  so  often  seen  these  two 
operations  successfully  done  together  upon  an  etherized 
patient  that  we  cannot  but  think  this  the  best  practice. 
While  it  economizes  time,  it  saves  the  patient  much 
needless  manipulation.  When  an  impassable  stricture 
exists,  perineal  section  followed  by  perineal  lithotrity 
must  be  done. 

5.  The  small  size  of  the  urethra  in  children  may  pre- 
vent the  passage  of  iiLstruments. 

6.  Hypertrophy  of  the  prostate  may  occasionally  ren- 
der the  pas.sago  oi  the  lithotrite  impossible  and  render 
lithotomy  neces.sar)'. 

7.  False  passages  may  exist,  which  so  interfere  with 
the  introduction  of  instruments  that  the  dangers  of  the 
operation  are  greatly  enhanced,  and  the  question  of 
lithotomy  is  to  l)e  entertained. 

8.  The  hip  may  be  anchylosed  in  a  position  which  in- 
terferes with  the  use  of  instruments. 

In  any  of  these  exceptional  cases,  a  cutting  operation 
may  be  required,  and  a  consideration  of  the  various 
methods  of  performing  such  operations  will  be  found 
under  the  head  of  Lithotomy, 

Arthvr  T.  Cabot. 

Hugh  Cabot. 

BLADDER-WRACK.--iS^a-trra<?A;.  Kelp-ware.  Bla^k- 
tang.  The  plant  Fiicus  vmetiloms  L.  (fam.  Fueacta). 
This  peculiar  coarse  sea-weed  ^rows  in  the  greatest 
abundance  on  the  rocky  Atlantic  shores  of  both  this 
country  and  Europe.  At  low  tide  it  covers  the  rocks 
thickly  with  its  prostrate  greenish-yellow  fronds,  while, 
when  the  tide  is  full  and  the  plant  is  enabled  to  float  b^ 
the  aid  of  its  numerous  air  vesicles  or  "bladdera,"  it 
covers  the  bottom  with  a  forest  of  weeds.  This  is  one  of 
the  plants  which  liave  been  most  extensively  employed 
in  the  manufacture  of  kelp.  It  has  also  been  consiaer- 
ably  used  in  medicine  as  a  deobstnient  and  alterative. 
Neither  its  composition  nor  its  properties  have  been 
made  well  known,  and  its  value  is  problematical.  It 
contains  one-fifth  per  cent,  or  more  of  iodine,  in  com- 
bination with  potash.  Rarely,  considerable  quantities 
of  tannin  have  been  observed  in  it.  It  has  been  loudly 
proclaimed  as  an  a^ent  to  reduce  obesity,  and  proprietary 
articles  sold  for  this  purpose  are  said  to  contain  it.  The 
dose  is  2  to  15  gm.  ( 3  ss.  to  iv.).    Most  manufacturing 


houses  prepare  both  fluid  and  solid  extracts.    The  dose 
of  the  latter  is  0.3  to  2  gm.  (gr.  v.  to  xxx.). 

H.  H.  Riuby. 

BLADON  SPRINGS.— Choctaw  County,  Alabama. 

Post-Office. — Bladon  Springs.     Hotel  and  cottac^es. 

Access. — Vi&  Mobile  and  Birmingham  Railroad  to 
Carson  Station,  thence  twenty-nine  miles  by  hack  to 
springs;  also,  by  Mobile  and  Ohio  Railroad  to  Bucka- 
tunna.  Miss.,  thence  twenty -ei^ht  miles  by  stage  or 
hack ;  also  by  steamer  from  Mobile,  Tuesday  and  &tur- 
day  service.  There  is  also  a  bi-weekly  south-bound 
steamer  service  from  Demopolis.  The  springs  are  four 
miles  from  the  steamer  landing  on  the  Tonibigbee  River. 

For  upward  of  thirty  years  the  Bladon  Springs  have 
been  a  favorite  resort  for  the  best  people  of  Alaliama  and 
the  neighboring  Gulf  States.  The  steaidy  influx  of  visitors 
of  late  years  renders  it  necessary  to  keep  the  hotel  open 
all  the  year. 

The  location  is  about  eighty  miles  from  the  Gulf  as 
the  crow  flies,  and  about  one  hundred  and  seventy  feet 
above  tide  water.  The  climate  is  mild  and  equable,  the 
mean  annual  temperature  being  75"  F.  The  nights  are 
delightfully  cool,  averaging  about  65"  F.  after  eight 
o'clock  during  July  and  August.  The  surrounding 
country  is  hilly  and  heavily  wooded  with  pines,  and  ex- 
cellently adapted  for  thorough  drainage.  The  resort 
offers  abundant  inducement  for  those  wishing  to  escape 
the  rigors  of  a  Northern  winter.  Game  is  abundant  dur- 
ing the  fall  and  winter  months,  and  it  is  said  that  deer 
are  killed  within  a  mile  of  the  hotel. 

We  are  indebted  to  Dr.  Showalter,  of  the  Springs,  for 
the  following  analyst's: 

One  United  States  Gallo.n  Contains: 


Solids. 

Vichy 

Spring. 

J.  L  A  W.  P. 

Ridden. 

Grains. 

Branch 
Spring. 
J.L.  AW.P. 
Ridden. 
Grains. 

Sulphur 
Spring. 
J.L.  AW.P. 
Ridden. 
Grains. 

Old 

Spring. 

R.  P. 

Brumby. 

Grains. . 

Sodium  carbonate  . 

Magnesium     " 

Calcium 

Iron 

Calcium  sulphate.. 

Iron 

^.33 

.29 

.87 

.49 

2.25 

■  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

2J» 

•  •  •  • 
«  •  •  • 

41.21 
.61 

2.14 
.23 

2.79 

•  •  •  • 

•  •  •  • 

•  •  •  « 

•  •  •  • 

1.90 

•  •  •  . 

•  •  •  • 

34.98 
.65 

2.42 
.76 

2.96 

•  ■  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  » 

1J» 

•  •  •  • 

•  •  •  • 

32.89 

1.86 

2.75 

.02 

•  •  •  • 

.24 

Sodium  chloride . 

Strontium 

Silica 

7.69 

.32 

2.10 

Organic  matter  . . . 

Crenic  acid 

Uypocrenicacid... 

".75 
.60 

Total 

52.49 

48.88 

42.97 

48.72 

Gases. 

Cubic  Inch. 

Cubic  inch. 

Cubic  Inch. 

Cubic  Inch. 

Carbonic  acid 

Sulphureted     h  y  - 
drogen 

65.44 

•  •  •  • 

1.84 

50.20 

•  •  •  • 

1.84 

52.88 

.56 

1.84 

82.56 

Chloruie 

Total 

67.28 

61.04 

55.28 

82.56 

The  waters  are  of  the  alkaline  type,  quite  plentifully 
charged  with  carbonic  acid.  They  are  useful  in  chronic 
indigestion,  in  syphilitic  cachexia,  in  advanced  nephritis, 
in  diabetes  meilitus,  and  in  rheumatism. 

James  K.  Crook. 
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